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Preface

Decision making is the process of choosing one of the alternatives. The principal 
duties of the managerial positions in the public and private sectors are to decide. 
Decision-making is a process that requires a series of actions and needs to be 
considered with precision. Together with the process of globalization, competition 
between enterprises has increased. This increase in competition has brought about 
changing and differentiated customer demands and expectations. Customers have 
started to demand a higher quality product, faster delivery, more reliable, and 
lower prices. This situation also presents the concept of uncertainty. The future is 
uncertain. Businesses are struggling to survive against uncertainty of the future, 
increasing competition, and changing customer paradigm. Multi-criteria decision-
making- MCDM is the most advanced techniques used by decision-makers in 
decision-making in uncertain environments.

The MCDM is a set of mathematical techniques in which the criteria affecting 
our decision are weighted and included in the model while making decisions among 
multiple alternatives. These techniques are now widely used in decision making 
in uncertain environments. MCDM techniques are not just for selection; sorting, 
weighting and thus performance measurement. The usage areas are different as 
well as their aimed areas. In the literature; It is seen that these techniques are used 
in many different subjects such as supplier selection, machine selection, selection 
of the most suitable location, measurement of performance of companies, and even 
selection of spouses.

The main focus of this book is the measurement of the performances of websites 
by using MCDM techniques. In order to survive in aggravated competition and 
uncertainty environments, enterprises make serious investments in technology in line 
with the requirements of the era. Many of their activities and services are provided to 
customers through the websites they have prepared. However, only the existence of 
websites is not enough. Continuous monitoring of this investment and performance 
should be measured at regular intervals. The use of MCDM techniques to measure 
the performance of the websites is a relatively new field of study, considering other 
areas of use. Therefore, we believe that this book will be an important resource 

xii



Preface

for the managers in different fields of business in order to help the undergraduate 
and graduate students. We would like to thank the researchers who supported the 
completion of this project with the belief that this will be beneficial to the readers.

THE PURPOSE AND THE TARGET AUDIENCE OF THE BOOK

The main aim of the study is to perform the performance of the websites with multi-
criteria decision making techniques and to provide decision support to decision makers. 
Nowadays, the activities of the companies with the Internet technologies to perform the 
measurement of the performance of websites has made more significant. Enterprises 
that want to provide more qualified and high quality services to their customers 
also increase their investments in internet technologies. While the profitability of 
the enterprises with high performance is high, other enterprises disappear in heavy 
competition environments. Measuring the performance of the websites is crucial not 
only for private sector enterprises, but also for public organizations. States reduce 
the bureaucracy in the public sector with the electronic services they offer to their 
citizens while at the same time gaining serious savings. As a result of an effective 
performance measurement, public decision makers will also use resources more 
optimally. In this context, making these evaluations from a multi-criteria point of 
view will reduce the effects of the uncertainty of the future.

This book serves the following broad audience:

• Researchers in academia
• Business Executives and IT Personnel
• Students studying towards Management Information Systems, Business 

Administration, Statistics and both undergraduate and post graduate levels
• Web Design Developers and Marketing and Sales Managers.

Kemal Vatansever
Alanya Alaaddin Keykubat University, Turkey

Yakup Akgül
Alanya Alaaddin Keykubat University, Turkey
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ABSTRACT

The aim of this chapter is to evaluate the website of Turkish companies in service 
industry which are listed in İstanbul Stock Exchange. Within this framework, two 
different dimensions are identified by considering technology acceptance model. On 
the other side, six different criteria are also defined based on SERVQUAL method. 
Fuzzy DEMATEL method is used to weight dimensions and criteria. Moreover, fuzzy 
VIKOR and fuzzy TOPSIS approaches are considered to rank the service companies 
according to the website overall performance. The findings show that being user 
friendly is the most significant criterion with respect to the website effectiveness. 
Another important result is that banks are on the first rank for this aspect whereas 
telecommunication companies have the lowest performance. Therefore, it is 
recommended that telecommunication companies should firstly focus on improving 
the factors that make the use of website very easily for the investors. This situation 
attracts the attention of these investors and it has a positive influence on the financial 
performance of these companies.

Technology Acceptance 
Model-Based Website 
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2

Technology Acceptance Model-Based Website Evaluation of Service Industry

INTRODUCTION

Financial communication is a very significant aspect that has a direct effect on the 
financial performance of the companies. It refers to all news, strategies, tactics and 
other kind of information related to the companies which are aimed to be transferred 
to the shareholders (Rensburg and Botha, 2014). As it can be understood from 
these definitions that it plays a crucial role to build an effective relationship with 
the investors (Yüksel et al., 2018). Owing to this issue, it can be possible to attract 
the attention of the potential investors. Thus, it can have a positive influence on the 
profitability of the companies (Mayew, 2012).

Effective website is also important point for these companies with respect to 
the building strong communication with the shareholders (Tan and Wei, 2006). The 
main reason behind this situation is that website of the company is the first way of 
the investors to make analysis. If the website of a company is user-friendly and it 
is possible to reach all necessary information on this website easily, it can provide 
a competitive advantage for this company in comparison with its rivals. Because 
of this issue, most of the companies have a department of website management in 
order to provide an effective website to the shareholders (Pallud and Straub, 2014).

This situation gives information that having an effective website for the companies 
is a crucial aspect for the sustainable growth (Sreedhar et al., 2010). It also explains 
that websites of the companies should be evaluated periodically so as to understand 
the ways to make improvement. Otherwise, ineffective website has a reducing effect 
on the motivations of the investors. It can be seen that the method, which is used in 
the evaluation process, has a key role for this purpose. In other words, an effective 
methodology should be considered in this process to have better evaluation of the 
website (Yen et al., 2007).

Technology acceptance model is accepted as a successful methodology to evaluate 
the performance of the website. It was developed by Davis (1986) and it mainly 
gives information that how users accept the technology. In other words, regarding 
the website usage of the companies, this approach explains how customers think 
about the websites of the companies. This methodology considers two main factors 
which are perceived usefulness and perceived ease of use (Legris et al., 2003). With 
respect to the perceived usefulness, it focuses on the possibility of the technology 
to increase the performance (Ersoy, 2011). On the other side, as for perceived ease 
of use, it explains whether this technology can be used without too much effort 
(Pavlou, 2003).

In addition to the technology acceptance model, SERVQUAL is also an 
important methodology to understand customer expectations. This method was 
developed by Parasuraman et al. (1988) and five different dimensions are taken 
into the consideration. With respect to the dimension of reliability, the accuracy of 
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the service is considered. Moreover, the dimension of assurance gives information 
about the knowledge of the employees (Cronin and Taylor, 1994). Additionally, 
physical facilities of the companies are taken into the consideration in tangibles 
dimension. Furthermore, empathy refers to the paying attention to the customers 
whereas the willingness of help to the customers is considered in the dimension of 
the responsiveness (Basfirinci and Mitra, 2015).

Parallel to these aspects, in this study, it is aimed to evaluate the website of service 
companies. Within this scope, 5 significant Turkish companies in service industry 
are taken into the consideration. The main reason behind this aspect is that investor 
relationship is significant for the companies that are listed in the stock exchanges. 
In addition to this situation, the reason of selecting service companies is that the 
nature of service industry makes personnel communication very important. Within 
this framework, 2 different dimensions are identified by considering the factors 
emphasized in technology acceptance model. In this circumstance, “perceived 
ease of use” referrers to the situation in which people can use the website without 
much effort. Similarly, “perceived usefulness” is the second dimension which gives 
information that the usage of this website increases productivity. On the other side, 6 
different criteria are also defined for these dimensions. In this process, SERVQUAL 
methodology is considered.

With respect to the weighting dimensions and criteria, fuzzy DEMATEL method is 
taken into the consideration. Moreover, fuzzy VIKOR and fuzzy TOPSIS approaches 
are also taken into the consideration in order to rank the service companies according 
to the website overall performance. As a result of this evaluation, it can be possible 
to understand which factors have powerful impacts on this performance for service 
companies in Turkey. Hence, necessary recommendations can be proposed for these 
companies to improve the website overall performance.

This study has many different novelties. First of all, multicriteria decision making 
methodology is taken into the consideration firstly regarding website evaluation. 
Because these methods give effective results for decision making under uncertain 
environment, it is aimed to reach more meaningful results with the help of these 
approaches. In addition to this issue, technology acceptance model and SERVQUAL 
methodology are used together in this study to reach the objective. While considering 
these aspects, it is thought that this study makes a significant contribution to the 
literature.

This study has five different sections. In this introduction section, general 
information about the key concepts are given. Moreover, the second section includes 
literature review in which some important studies related to this subject are detailed. 
Furthermore, the third section explains the theoretical background of different methods 
used in this study. Additionally, the fourth section includes the application on Turkish 



4

Technology Acceptance Model-Based Website Evaluation of Service Industry

service industry. In the final section, necessary recommendations according to the 
analysis results are given.

LITERATURE REVIEW

Technology acceptance model (TAM) is a method which measures the performance 
of the technology used by the companies. In the literature, it is accepted as a valid 
methodology in comparison with others. This approach was generated by Davis 
(1986). The main purpose of this approach is to give information that how users accept 
the technology. That is to say, this method evaluates the thoughts of the customers 
with respect to the technology effectiveness of the companies. two main factors are 
mainly taken into the consideration in technology acceptance model. Regarding the 
perceived usefulness, this method analyzes whether the technology increases the 
performance of the company. On the other hand, with respect to the perceived ease 
of use, it explains whether this technology can be used without too much effort.

In the literature, technology acceptance model was evaluated in many different 
ways. Some of the studies aimed to analyze the performance of this approach. For 
example, King and He (2006) examines 88 related studies about technology acceptance 
model in the literature. They reached a conclusion that TAM is valid and robust 
model which can be widely used. Ukpabi and Karjaluoto (2017) also emphasized 
this situation by focusing on 71 different studies in period 2005-2016. Similar to 
these studies, Ayeh (2015), Kim et al. (2008) and Cheung and Vogel (2013) also 
concluded that technology acceptance model is very beneficial in many different 
industries. In spite of them, Legris et al. (2003) identified some aspects that can be 
very helpful to improve technology acceptance model.

In addition to these studies, it can be seen that technology acceptance model was 
mainly used to evaluate the performance of some issues. For instance, Brandon-
Jones and Kauppi (2018) made a study to measure e-procurement performance of 
the companies by using this approach. Within this framework, structural equation 
model is taken into the consideration to reach the objective. Similarly, Ha and 
Stoel (2009) measured the performance of e-shopping activities with technology 
acceptance model. For this purpose, a survey was conducted with 298 different 
participants about the quality, enjoyment and trust of the users. Furthermore, Pai 
and Huand (2011) examined the quality of healthcare information system with the 
help of this approach.

Moreover, the internet connection performance was also analyzed by technology 
acceptance model in many different studies. As an example, Maditinos et al. (2013) 
used this approach with the aim of measuring internet connection quality of online 
banking system. In this circumstance, the dimensions of technology acceptance 
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model are taken into the consideration. Similar to this study, Gao and Bai (2014) 
made another analysis in order to assess the internet connection effectiveness. In 
this study, perceived ease of use, perceived usefulness and trust are identified as the 
variables that give information about the quality of internet connection.

Furthermore, mobile commerce is also another factor that was examined by 
using technology acceptance model in the literature. For instance, Wu and Wang 
(2005) made an analysis to evaluate mobile commerce acceptance. In this study, the 
dimensions of technology acceptance model are taken into the consideration. Similar 
to this study, Park and Kim (2014) conducted a study to evaluate the mobile cloud 
services. In order to reach this objective, a survey was conducted with 1,099 people. 
In this survey, the questions are prepared by considering technology acceptance 
model dimensions. Additionally, Verma et al. (2018) used this approach for big data 
analysis and Carlos Martins Rodrigues Pinho and Soares (2011) conducted a survey 
with 150 university students about the quality of social networks.

In addition to the technology acceptance model, website evaluation is also a 
very popular subject in the literature. For example, Díaz and Martín-Consuegra 
(2016) made an analysis to measure the websites of airline companies. In this study, 
content analysis is taken into the consideration. Ass a result, three airline segments 
are concluded, these segments were influential, follower and passive. Also, Chiou 
et al. (2010) made a literature of website evaluation concept by focusing on 83 
different articles for the periods between 1995 and 2006. Moreover, Kang et al. 
(2016) and Tanjung and Dhewanto (2014) considered fuzzy TOPSIS approach in 
order to evaluate the website performance of e-commerce companies.

Furthermore, Tsai et al. (2010) made an analysis to measure the quality of the 
websites of national parks. For this purpose, DEMATEL, ANP and VIKOR methods 
are taken into the consideration. In addition to this study, Sun et al. (2017) used 
content analysis in order to evaluate the quality of the websites of tourism companies. 
User interface, marketing effectiveness and website quality are the topics mostly 
discussed in this article. Moreover, Lin (2010) used fuzzy AHP approach to measure 
course website quality. Similarly, Rocha (2012), Tan and Tung (2003) and Seock 
and Chen-Yu (2007) are other studies which focused on the website evaluations.

While considering all these studies, it can be understood that technology acceptance 
model and website evaluation are important topics. With respect to the technology 
acceptance model, many different studies were conducted in various concepts, such as 
analyzing the performance of e-procurement, e-shopping, internet connection quality 
and social networks. On the other side, regarding website evaluation subject, a lot of 
studies were made with the help of different methodologies like structural equation 
model, fuzzy DEMATEL and content analysis. Nonetheless, it is identified that 
there is a need for a new study which focuses on website evaluation by considering 
the dimensions of technology acceptance model.
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METHODOLOGY

Fuzzy DEMATEL

The term “The Decision-Making Trial and Evaluation Laboratory” refers to the 
DEMATEL. The main purpose of this approach is the decision making under 
uncertain environment. By weighting the different alternatives, the more important 
ones can be identified. In addition to this situation, causality relationship between 
these alternatives can be defined. DEMATEL approach is also considered with 
fuzzy logic in many different studies in the literature (Nosratabadi et al., 2011; 
Vafadarnikjoo et al., 2015; Dinçer et al., 2016).

In the first step of the analysis, the purpose is defined. Additionally, in the second 
step, there is an identification of the criteria. Within this framework, fuzzy linguistic 
scales (“no”, “low”, “medium”, “high”, “very high”) are used. In the third step, 
these criteria are assessed. In the evaluation process, firstly, average fuzzy matrix 
is created with the help of decision makers’ assessment (Dinçer et al., 2018). This 
matrix is demonstrated on equation (1)-(2)
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As it can be understood, there are p different decision makers in the analysis. 
Furthermore, Ž refers to the fuzzy matrixes. In the fourth step, there is a normalization 
of the direct relation fuzzy matrix (Yüksel et al., 2017). The details of this step are 
given on the equations (3)-(5).
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Moreover, on the equations (6)-(11), total relation fuzzy matrix is created, and 
this process is called as the fifth step.
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In the last step, there is a calculation of the values of 
� �
D R
i i

def
+( )  and 

� �
D R
i i

def
−( ) . 

In order to reach this objective, there is the defuzzification of the fuzzy numbers 
(Tadić et al., 2014). This situation is detailed on the following matrix.
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Fuzzy DEMATEL approach preferred in some studies in the literature. For 
instance, Raut et al. (2011), Chang et al. (2011), and Mavi and Shahabi (2015) aimed 
to analyze the best supplier with the help of fuzzy DEMATEL. In addition to these 
studies, Jeong and Ramírez-Gómez (2018) and Yeh and Huang (2014) tried to find 
the best location by considering this approach.

Fuzzy TOPSIS

The term “Technique for Order Preference by Similarity to Ideal Solution” explains 
the TOPSIS. This approach was developed by Hwang and Yoon (1981) with the 
aim of finding the ideal solution. Within this framework, different alternatives are 
determined, and they are ranked according to the importance level. In this process, 
the similarity with the ideal solution is identified. Thus, the shortest distance to the 
positive ideal solution gives information about the best alternative.

In the first step, fuzzy decision matrix is developed. The details of the calculation 
of this matrix are demonstrated on the equations (13) and (14).
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In the second step, the criteria are weighted. In this process, equation (15) is 
taken into the consideration.
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In equation (15), there are K different experts. Moreover, in the third step, the 
normalized fuzzy decision matrix is created with the help of following equations 
(16)-(17).
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Furthermore, the fourth step includes the normalization of fuzzy decision matrix. 
On the other side, the distances from positive ( )*d
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In the final step, the closeness coefficient is identified with the help of equation 
(20) (Şengül et al., 2015).

CC
d

d d
i m

i
i

i i

=
+

= …
−

−*
, , ,    1 2  (20)

Fuzzy TOPSIS methodology was considered by different researchers in the 
literature. For example, Chu (2002), Chu and Lin (2003), Dagdeviren et al. (2009), 
Kannan et al. (2014), Oenuet and Soner (2008), Taylan et al. (2014), Yong (2016) 
and Wang et al. (2009) used fuzzy TOPSIS methodology in order to select the best 
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alternatives, such as green supplier, facility location, robot, weapon, logistic provider, 
construction project and plant location.

Fuzzy VIKOR

VIKOR method has been developed for multi-criteria optimizations in complex 
systems. In this method, a weighted distance is determined for a compatible ranking 
list. The VIKOR method focuses on ranking alternatives. There are 3 stages in the 
VIKOR methodology (Opricovic and Tzeng, 2004;2007). In the first stage, the 
best (f*j) and the worst (fj) criteria are identified. These are given on equation (21).
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In the second stage, Si and Ri values are calculated with the following equations 
(22)-(23).
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In the last stage, index value (Qi) is calculated. In this process equation (24) is 
taken into the consideration (Rostamzadeh et al., 2015).
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Similar to the other approaches, fuzzy VIKOR is also a very popular methodology 
in the literature. Many studies such as decision making to improve airport quality 
of service (Liou et al., 2011), improvement of information security risk (Ou Yang 
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et al., 2009), decision about insurance company selection (Yucenur and Demirel, 
2012) in the delivery phase were conducted by using fuzzy VIKOR method.

AN APPLICATION ON THE FIRMS LISTED IN BIST

In this study, it is aimed to assess the website of Turkish service companies. Within 
this framework, 2 different dimensions are identified by considering the factors 
emphasized in technology acceptance model that are “perceived ease of use” and 
“perceived usefulness”. In addition to this condition, 6 different criteria are determined 
by considering SERVQUAL dimensions. The details of these dimensions and criteria 
are shown on Table 1.

Table 1 gives information that user friendly (C1) is the first criterion that gives 
information about how easy to use the website (Mulfari et al., 2015; Moritz et al., 
2017). Moreover, for the accessibility (C2) criterion, the different possible ways 
to access the companies’ websites, such as computer and mobile phone are taken 
into the consideration (Čáslavová and Čmakalová, 2015; Hamzah et al., 2015). 
Furthermore, the criterion of the responsiveness (C3) explains the effectiveness of 
the response to the problems by the companies (Tung et al., 2017; Bolumole et al., 
2016; Naor and Coman, 2017).

With respect to the dimension of perceived usefulness (D2), assurance (C4) 
is selected as the first criterion which focuses on the accuracy of the information 
given by the companies (Izogo, 2017; Stamatis, 2015; Levy, 2015; Jordan, 2018). 
In addition to this aspect, image (C5) is another criterion regarding this dimension. 
It gives information about the company perception in the eyes of the customer 

Table 1. The details of dimensions and criteria

Dimensions Criteria Supported Literature

Perceived Ease of 
Use (D1)

User Friendly (C1) Tonidandel and LeBreton (2015), Mulfari et al. (2015), Moritz 
et al. (2017)

Accessibility (C2) Čáslavová and Čmakalová (2015), Hamzah et al. (2015), Wuyts 
et al. (2015)

Responsiveness 
(C3)

Tung et al. (2017), Bolumole et al. (2016), Naor and Coman 
(2017)

Perceived 
Usefulness (D2)

Assurance (C4) Izogo (2017), Stamatis (2015), Levy (2015), Jordan (2018)

Image (C5) Zameer et al. (2015), Steinhoff et al. (2018), Dachyar and 
Rusydina (2015)

Experience (C6) Filardi et al. (2015), Gupta (2016), Bombiak and Marciniuk-
Kluska (2018)
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(Steinhoff et al. (2018; Dachyar and Rusydina, 2015). On the other side, the last 
criterion of perceived usefulness is the experience (C6). This criterion mainly 
explains that there is a positive correlation between the experience of the company 
with technology usage effectiveness and customer satisfaction (Filardi et al., 2015; 
Gupta, 2016; Bombiak and Marciniuk-Kluska, 2018).

Weighting the Dimensions and Criteria With Fuzzy DEMATEL

In the first phase of the analysis, dimensions and criteria are weighted according to the 
decision makers’ evaluations. In this circumstance, fuzzy DEMATEL methodology 
is taken into the consideration. Firstly, the initial direct relation fuzzy matrix is 
calculated. The details of this matrix are given on Table 2.

After this process, this matrix is normalized. The details of normalized direct 
relation fuzzy matrix are demonstrated on Table 3.

In the next process, the total relation fuzzy matrix for the dimensions is created 
which is given on Table 4.

In the last process of fuzzy DEMATEL analysis, total impact relationship 
degrees are identified. In addition to this situation, weights for the dimensions can 
be calculated in this process. The results are shown on Table 5.

Table 2. The initial direct-relation fuzzy matrix for the dimensions

Dimensions D1 D2

Perceived Ease of Use (D1) 0.000 0.000 0.000 0.500 0.750 1.000

Perceived Usefulness (D2) 0.250 0.500 0.750 0.000 0.000 0.000

Table 3. Normalized direct-relation fuzzy matrix for the dimensions

Dimensions D1 D2

Perceived Ease of Use (D1) 0.000 0.000 0.000 0.500 0.750 1.000

Perceived Usefulness (D2) 0.250 0.500 0.750 0.000 0.000 0.000

Table 4. The total-relation fuzzy matrix for the dimensions

Dimensions D1 D2

Perceived Ease of Use (D1) 0.143 0.600 3.000 0.571 1.200 4.000

Perceived Usefulness (D2) 0.286 0.800 3.000 0.143 0.600 3.000



13

Technology Acceptance Model-Based Website Evaluation of Service Industry

Table 5 gives information that perceived ease of use (D1) is more important 
dimension than perceived usefulness (D2). The main reason is that its weight (0.503) 
is greater than the second dimension’s weight (0.497). In this circumstance, the 
significant point is that there is no great difference between the weights of 0.503 and 
0.497. In other words, although the weight of D1 is higher than D2, it can be said 
that their importance is quite similar. Table 5 explains the results for the dimensions. 
This process is performed for all criteria under these dimensions. The details of 
the calculation process are shown on the appendix. On the other side, the summary 
results of the weights for the criteria are demonstrated on Table 6.

Table 6 explains that user friendly (C1) is the most significant criteria with 
the weight of 0.178. In addition to this situation, image (C5) is the second most 
important criteria since it has a weight of 0.177. On the other side, responsiveness 
(C3) is the least significant criterion because it has the lowest weight (0.156). The 
results give information that service companies should mainly focus on the factors 
so that customers can easily use the website. For this purpose, a survey can be 
conducted with the customers of the companies to understand the expectations. By 
considering these expectations, companies should arrange their websites, so these 
customers can use them very easily. Owing to this situation, these companies can 
increase their competitive power because they are preferred by the customers. In 
the literature, Tonidandel and LeBreton (2015), Mulfari et al. (2015) and Moritz et 
al. (2017) also underlined the importance of this issue in their studies.

Table 5. Total impact-relationship degrees and the weights for the dimensions

Criteria �D
i
def �R

i
def � �D R

i
def

i
def+ � �D R

i
def

i
def− Weights

D1 2.632 2.145 4.777 0.488 0.503

D2 2.121 2.609 4.729 -0.488 0.497

Table 6. Local and global weights of the dimensions and criteria

Dimensions Local 
Weights Criteria Local Weights Global Weights

D1 0.503

C1 0.354 0.178

C2 0.335 0.169

C3 0.311 0.156

D2 0.497

C4 0.322 0.160

C5 0.356 0.177

C6 0.322 0.160



14

Technology Acceptance Model-Based Website Evaluation of Service Industry

RANKING THE ALTERNATIVES WITH 
FUZZY TOPSIS AND FUZZY VIKOR

After weighting the dimensions and criteria, website effectiveness of the services 
companies is measured. Within this framework, 5 significant Turkish companies 
in service industry are taken into the consideration. The main reason behind this 
aspect is that investor relationship is significant for the companies that are listed 
in the stock exchanges. In addition to this situation, the reason of selecting service 
companies is that the nature of service industry makes personnel communication 
very important. The details of these companies are given on Table 7.

In addition to this condition, fuzzy TOPSIS and fuzzy VIKOR methods are 
taken into the consideration to rank these companies with respect to the website 
effectiveness. The first analysis is performed by using fuzzy TOPSIS approach and 
within this context, firstly, aggregated fuzzy decision matrix is created by considering 
the evaluations of the decision makers. The details of this matrix are given on Table 8.

After that, these services companies are ranked by calculating the values of 
D D CC
i i i
* and, − . Analysis results are shared on Table 9.
Table 9 indicates that A4 and A5 have the highest performance with respect to 

the website effectiveness. On the other hand, A2 and A3 are the companies that have 
the lowest performance. This situation explains that banks are the most successful 
companies whereas telecommunication companies are the worst companies. In 
addition to the fuzzy TOPSIS methodology, similar analysis is also performed with 
the help of fuzzy VIKOR approach. Analysis results are demonstrated on Table 10.

Table 10 shows that the companies operating in the banking industry have the 
highest performance. On the other side, telecommunication companies are on the 
last rank. It can easily be understood that the results of fuzzy TOPSIS and fuzzy 
VIKOR are quite similar. This situation increases the validity of the results.

Table 7. The details of the companies

Companies / Alternatives Industry Information

A1 Airline

A2 Telecommunication

A3 Telecommunication

A4 Banking

A5 Banking
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SOLUTIONS AND RECOMMENDATIONS

In this study, it is identified that user friendly is the most significant criteria with 
respect to the website evaluation. In addition to this issue, it is also defined that as 
a result of both fuzzy TOPSIS and fuzzy VIKOR analysis, the companies operating 
in the banking industry have the highest performance whereas telecommunication 
companies are the worst companies regarding this subject. Therefore, it can be 
said that telecommunication companies should mainly focus on the factors for the 
customers to use the website easily. For this purpose, they may conduct a survey 
among their customers in order to understand their expectations.

FUTURE RESEARCH DIRECTIONS

This study evaluates the website of 5 significant Turkish companies listed in İstanbul 
Stock Exchange. In order to reach this objective, fuzzy DEMATEL, fuzzy TOPSIS 

Table 9. The values of D D andCC
i i i
*, −  and ranking the alternatives with fuzzy 

TOPSIS

Alternatives D
i
* D

i
− CC

i
Ranking

A1 6.640 0.373 0.053 3

A2 6.729 0.289 0.041 5

A3 6.703 0.314 0.045 4

A4 6.632 0.380 0.054 2

A5 6.602 0.406 0.058 1

Table 10. The values of S R andQ
i i i
,  and ranking the alternatives with fuzzy VIKOR

Alternatives S
i

R
i

Q
i

Ranking

A1 0.256 0.082 0.280 3

A2 1.000 0.178 1.000 5

A3 0.818 0.178 0.906 4

A4 0.185 0.082 0.243 2

A5 0.036 0.036 0.000 1
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and fuzzy VIKOR approaches are taken into the consideration. Nevertheless, it the 
future studies, a new analysis can be conducted with an original methodology, such 
as interval type 2 fuzzy logic.

CONCLUSION

Effective financial communication has a significant effect on the financial performance 
of the companies. The main reason is that in case of having an effective relationship 
with the investors, the companies can be preferred more. In this circumstance, 
website design plays a very important role. Because website of the company is the 
first way of the investors to make analysis, it influences the thought of the investors 
about the companies. Due to this statement, many companies make a great effort to 
design and control their websites.

The aim of this study is to measure the website of service companies. For this 
purpose, 5 significant Turkish companies in service industry, which are listed in 
İstanbul Stock Exchange, are considered. Firstly, 2 different dimensions are identified 
by considering the factors emphasized in technology acceptance model. After that, 
6 different criteria are also defined for these dimensions based on SERVQUAL 
methodology. In addition to these issues, fuzzy DEMATEL method is used to weight 
the dimensions and criteria and fuzzy VIKOR and fuzzy TOPSIS approaches are 
considered to rank these service companies.

As a result of fuzzy DEMATEL, it is defined that perceived ease of use is more 
important dimension than perceived usefulness. Moreover, it is also concluded that 
user friendly is the most significant criteria. Additionally, it is also identified that 
image is the second most important criteria. On the other side, according to the 
results of fuzzy TOPSIS and fuzzy VIKOR, it is determined that the companies 
operating in the banking industry have the highest performance. However, another 
important conclusion is that telecommunication companies are on the last rank with 
respect to the effectiveness of the website design.

While considering the aspects emphasized in this study, it can be said that 
telecommunication companies should give more importance to the website design. 
Within this scope, they should firstly focus on the factors which provide easy use 
for the investors. When investors think that the websites of these companies are user 
friendly, they can be preferred more. This situation has a positive influence on the 
financial performance of these companies. Otherwise, it can be very difficult for 
these companies to survive in competitive environment.
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KEY TERMS AND DEFINITIONS

BIST: İstanbul Stock Exchange.
DEMATEL: It refers to the “decision making trial and evaluation laboratory.”
MCDM: Multi-criteria decision making model.
TAM: Technology acceptance model.
TOPSIS: It is “technique for order preference by similarity to ideal solution.”
VIKOR: It is an acronym for “Vise Kriterijumska Optimizacija I Kompromisno 

Resenje”.
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APPENDIX

Table 11. The initial direct-relation fuzzy matrix for the criteria of D1

Criteria C1 C2 C3

User Friendly (C1) 0.000 0.000 0.000 0.500 0.750 1.000 0.500 0.750 1.000

Accessibility (C2) 0.500 0.750 1.000 0.000 0.000 0.000 0.250 0.500 0.750

Responsiveness (C3) 0.250 0.500 0.750 0.250 0.500 0.750 0.000 0.000 0.000

Table 12. Normalized direct-relation fuzzy matrix for the criteria of D1

Criteria C1 C2 C3

User Friendly (C1) 0.000 0.000 0.000 0.250 0.375 0.500 0.250 0.375 0.500

Accessibility (C2) 0.250 0.375 0.500 0.000 0.000 0.000 0.125 0.250 0.375

Responsiveness (C3) 0.125 0.250 0.375 0.125 0.250 0.375 0.000 0.000 0.000

Table 13. The total-relation fuzzy matrix for the criteria of D1

Criteria C1 C2 C3

User Friendly (C1) 0.120 0.455 2.333 0.320 0.727 2.667 0.320 0.727 2.667

Accessibility (C2) 0.302 0.679 2.485 0.102 0.406 2.152 0.213 0.606 2.424

Responsiveness (C3) 0.178 0.533 2.182 0.178 0.533 2.182 0.067 0.333 1.909

Table 14. Total impact-relationship degrees and the weights for the criteria of D1

Criteria Di
def

Ri
def

 D Ri
def

i
def+  D Ri

def
i
def− Weights

C1 2.825 2.517 5.342 0.308 0.354

C2 2.550 2.517 5.066 0.033 0.335

C3 2.177 2.517 4.694 -0.341 0.311
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Table 15. The initial direct-relation fuzzy matrix for the criteria of D2

Criteria C4 C5 C6

Assurance (C4) 0.000 0.000 0.000 0.500 0.750 1.000 0.250 0.500 0.750

Image (C5) 0.500 0.750 1.000 0.000 0.000 0.000 0.500 0.750 1.000

Experience (C6) 0.250 0.500 0.750 0.500 0.750 1.000 0.000 0.000 0.000

Table 16. Normalized direct-relation fuzzy matrix for the criteria of D2

Criteria C4 C5 C6

Assurance (C4) 0.000 0.000 0.000 0.250 0.375 0.500 0.125 0.250 0.375

Image (C5) 0.250 0.375 0.500 0.000 0.000 0.000 0.250 0.375 0.500

Experience (C6) 0.125 0.250 0.375 0.250 0.375 0.500 0.000 0.000 0.000

Table 17. The total-relation fuzzy matrix for the criteria of D2

Criteria C4 C5 C6

Assurance (C4) 0.111 0.467 3.364 0.333 0.800 4.000 0.222 0.667 3.636

Image (C5) 0.333 0.800 4.000 0.167 0.600 4.000 0.333 0.800 4.000

Experience (C6) 0.222 0.667 3.636 0.333 0.800 4.000 0.111 0.467 3.364

Table 18. Total impact-relationship degrees and the weights for the criteria of D2

Criteria Di
def

Ri
def

 D Ri
def

i
def+  D Ri

def
i
def− Weights

C4 3.457 3.457 6.914 -0.001 0.322

C5 3.817 3.816 7.633 0.001 0.356

C6 3.457 3.457 6.914 -0.001 0.322
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ABSTRACT

The aim of this chapter is to investigate the effects of website quality criteria that 
affect the customer purchasing intentions. Website quality criteria are categorized 
as security, privacy, usability and web design, convenience, trust and confidence, 
product value, and product customization. In this study, the criteria are chosen in 
accordance with the two main criteria of the technology acceptance model. In this 
chapter, Decision-Making Trial and Evaluation Laboratory (DEMATEL) is used to 
evaluate the effects of criteria on each other from a causal perspective. According 
to the research findings, security, trust and trustworthiness, product value, and 
product customization criteria are more effective than privacy, usability, and web 
design convenience criteria.
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INTRODUCTION

As we begin to live in a digitalized world in all aspects, businesses cannot resist to 
this change. Even though the mobile apps are becoming current trend, websites are 
still the most common way of businesses’ digital existence.

Technology, which is one of the biggest focuses of globalization, is one of the 
most important facts of today. First of all, it is almost impossible to ignore the effect 
of technology in people’s communication with each other and trade. In addition to 
the fact that technology provides comfort in trade in many respects, it has shown 
as online purchase / online commerce that connects the customer directly to the 
company. For this reason, in order to provide more competitive advantage, parallel 
to the popularity of online commerce, firms must do what the platform needs. It is 
therefore important to have a better website and determine what criteria the customers 
are paying attention to on their website.

Websites’ performances can be considered as an indicator of firm performance, 
thus website performances are one of the subject that is been studied by both 
researchers and business analysts, throughly. From that point, this study try to focus 
on website quality criteria that affect the customer purchasing intentions of the 
companies. By doing that, these criteria are not just mentioned but also discussed 
the effects on each other.

In order to draw a picture of the general trend of related studies, a through literature 
review had been conducted and this reiew takes place in second part. As a method 
that can analyze previously mentioned relations between criteria, DEMATEL has 
been chosen as the research method of this study and introduced in the third part.

RELATED LITERATURE

The Technology Acceptance Model developed by Davis (1986), describes how 
users accept technology, and consider customer reviews in relation to the technology 
effectiveness of the institutions. The two main criteria that cause people to accept 
and reject information teonology are the main factors of Technology Acceptance 
Model (Davis,1989). The first is the perceived usefullness, and the second is the 
perceived ease of use. Perceived usefullness states that people can use information 
technologies to the extent that they believe and improve their performance. Perceived 
ease of use, is that information technology can be used without too much effort and 
that is the reason for people to prefer.
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In the literature, as regards the technology acceptance model which examines 
the behavior of the consumer engaged in internet shopping, there are different 
studies based on Technology Acceptance Model’s main criterias, new criteria and 
application areas of technology acceptance. In addition to common application areas 
such as e-procurement, e-shopping, internet connection quality and analysis of social 
networks, it is also involved in differentiated applications such as e–declaration, 
Health Information Systems, effects of website quality on online purchase intention. 
Determining the factors that affect customer satisfaction and customer buying 
intention in online shopping websites is also an application of the mononology 
acceptance models.

Liu and Arnett (2000) evaluated the factors affecting the success of the website 
in electronic commerce. As a result of factor analysis, the four factors for the success 
of the website in electronic commerce, information and service quality, usability, 
entertainment, system design quality as stated.

Yang et al. (2004) developed a reliable and valid measurement to measure the 
quality of online service. In the study, the dimensions of online service quality were 
determined as reliability, responsiveness, competence, ease of use, confidentiality, 
product portfolio.

Schaupp & Bélanger (2005) showed that 3 criteria were the result of the conjoint 
analysis on customer satisfaction in online shopping: merchandising (product facade), 
privacy (technology factor) and convenience (shopping factor). The sub-factors of 
the main factors in research are respectly security, privacy, usability and web design; 
convenience, trust and trustworthiness, delivery ; mechandising, product value and 
product customization

Lee & Kozar (2006) identified website quality factors and examined the relative 
importance of choosing the most preferred website and the relationship between 
website preference and financial performance. In the study, the quality of the website 
is discussed in 4 dimensions: information quality, service quality, systems quality 
and vendor-specific quality. According to the findings of this study, system quality is 
seen as the most important factor and the website with the highest quality produced 
the highest business performance.

Yüksel (2007) evaluated the quality dimensions of internet sites and determined 
the quality dimensions as 5 factors, security, reaction, confidence, empathy and 
concrete objects as a result of the literature survey.

Bai et al. (2008) emphasized the increasing popularity of online shopping and 
China’s effective market in online trading. In particular, researchers investigating the 
online buying behavior of Chinese customers have found that web site quality has 
positive effects on customer satisfaction and customer buying intent. In the research, 
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the quality of the website is discussed in 5 functions as purchase information, service/
products information, destination information, quality of information and contact 
information. Usability is another variable of the research model.

Al- Manasraa at al (2013) examined the impact of websites quality which was 
measured by usability, information quality and service interaction of four major 
Jordanian telecommunication organizations on the consumer’s satisfaction. As a 
result of this study, it was found that there are very important factors that directly 
affect the satisfaction of consumers according to test model of usability and service 
interaction.

Nilashi & Bin İbrahim (2014) emphasized that the perception and attitude of 
people towards E-commerce and B2C websites significantly affect their online 
purchase intentions and determined the customer’s purchase intent in online shopping 
by using Topsis and Fuzzy Logic Methods, using the criterias in the Schaupp & 
Bélanger’s (2005) study.

Hasanov & Khalid (2015) examined the influence of website quality on consumers’ 
intention to purchase organic food online based on the Malaysian perspective. In 
this study, which categorizes the quality of the website as security, satisfaction, 
information quality, ease of use and quality of service, it is concluded that the 
quality of the website has an indirect effect through the full mediation of customer 
satisfaction in online purchasing intentions of health foods in Malaysia.

Li at all (2017) investigated the potential theoretical relationships among 
economy hotel website quality,eTrust, and online booking intentions in China. In 
the study, the quality of the website is discussed in 4 dimensions: usability, ease of 
use, entertainment, and complementarity.

Kocabulut and Albayrak (2017) discussed the relationship between service quality 
and customer satisfaction of a national airline website in Turkey and examined the 
website service quality in four dimensions: entertainment, convenience and response 
time, private communication, confidence.

The evaluation criteria for website quality are summarized in Table 1. In the 
context of this brief summary, when determining criteria, delivery and merchandising 
criteria have been disabled from the Schaupp & Bélanger(2005) study, which has 
a wide range of criteria. Therefore web site quality criteria are defined as security, 
privacy, usability and web design, convenience, trust and trustworthiness, product 
value and product customization. Table 2 contains information about the criteria.
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METHODOLOGY

The Decision Making Trial And Evaluation Laboratory (DEMAEL) method was 
developed between 1972 and 1976 in the scope of the Geneva Battelle Memorial 
Institute, Science and Human Relations program, to be used in the solution of 
complex research and problem groups (Huang, Shyu ve Tzeng, 2007). DEMATEL 
method is used as a kind of structural modeling approach to analyze the cause and 
effect relationships between the components of a system (Si et all.2018). This method 
uses the knowledge of experts to regulate a structural model (Liou, Yen, and Tzeng, 
2008). The Criteria weights are determined and criteria can be sorted according to 
their importance by using DEMATEL. In addition, the degree of influence between 
the criteria can be measured by DEMATEL.

Table 1. Summarized result of the previous studies based on website quality criteria

References Methodology Criteria of Websites quality

Liu and Arnett (2000) Factor Analysis Information and service quality, usability, 
entertainment learning capability, system quality,

Yang et al. (2004) SERVQUAL Reliability, responsiveness, competence, ease of use, 
confidentiality, product portfolio

Schaupp & Bélanger 
(2005) Conjoint Analysis

Security, privacy, usability and web design; 
convenience, trust and trustworthiness, delivery 
; merchandising, product value and product 
customization

Lee & Kozar (2006) Analytic Hierarchy 
Process

Information quality, service quality, systems quality 
and vendor-specific quality

Yüksel (2007) SERVQUAL security, reaction, confidence, empathy and concrete 
objects

Bai et al. (2008)

Confirmatory factor 
analysis and Structural 
Equation Modeling 
(SEM)

Purchase information, service/products information, 
destination information, quality of information and 
contact information

Al- Manasraa at al 
(2013) Factor Analysis Usability, information quality and service interaction

Nilashi & Bin Ibrahim 
(2014)

TOPSIS and Fuzzy 
Logic Model

Security, privacy, usability and web design; 
convenience, trust and trustworthiness, delivery 
; merchandising, product value and product 
customization

Hasanov & Khalid 
(2015)

A WebQual Model 
Approach

Security, satisfaction, information quality, ease of use 
and quality of service

Li at all (2017) Factor Analysis Usability, ease of use, entertainment, and 
complementarity.

Kocabulut and Albayrak 
(2017)

Penalty-reward contrast 
analysis

Entertainment, convenience and response time, 
private communication, confidence.
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After taking the opinions of the experts, the DEMATEL method in 5 steps is as 
follows (Sumrit & Anuntavoranich,2013; Vatansever and Akgül,2017):

Step 1: Create a direct relationship Matrix Z
Step 2: Create a direct relationship matrix to normalize D
Step 3: Prepare the total relationship Matrix T
Step 4: İdentify the sender and receiver group
Step 5: Adjust the threshold value and obtain the effect-oriented graph diagram

Table 2. Criterias of website quality

Main Criteria Feature

Security (C1)

(1) Encryption of information for data transmission provided by the website 
(Glass,1998; Schaupp & Bélanger 2005) 
(2) setting an account as required on the website of an account with an ID and 
password by the user (Ranganathan &Ganapathy,2002; Schaupp & Bélanger 
2005) 
(3) the digital certificates that the website offers to verify the identity and 
consumer identities (Nilashi & Bin Ibrahim,2014)

Privacy (C2)

(1) The presenting a privacy statement (Schaupp & Bélanger 2005; Gordon, & 
Schoenbachler,2002 as cited in Nilashi & Bin Ibrahim, 2014) 
(2) Requesting customer consent to share or distribute private information 
(Ranganathan &Ganapathy,2002) 
(3) Customer request confirmation in cookie usage (Schaupp & Bélanger 2005)

Usability and Web 
Design (C3)

(1) Have a user-friendly interface and ease of use (Schaupp & Bélanger 2005) 
(2) Have the ability to search quickly and accurately (Schaupp & Bélanger 2005) 
(3) Providing rich content and interactive mechanisms (Schaupp & Bélanger 
2005)

Convenience (C4)

To minimize the effort spent by the consumers during the shopping process and 
to save time with easy shopping presentation process ( 
(1) Product categorization for ease of shopping (Schaupp & Bélanger 2005) 
(2) he existence of various payment methods (eg credit card, bank transfer and 
online money transfer) (Ranganathan &Ganapathy,2002) 
(3) product exchange and return services (Nilashi & Bin Ibrahim,2014) 
(4) online forum service that allows consumers to share information (Nilashi & 
Bin Ibrahim,2014)

Trust and 
Trustworthiness (C5)

(1) using a vendor-approved transaction platform (Bellanger et all,2002) 
(2) instant disclosure and online help provided by the seller in the event of 
problems encountered by the consumer (Nilashi & Bin Ibrahim,2014) 
(3) transaction contracts provided by the seller specifying the rights and 
responsibilities of trading organizations ((Nilashi & Bin Ibrahim,2014)

Product Value (C6)

(1) product characteristics, price and cost match the customer expectation 
(Brukcs et all.2000) 
(2) product pricing reflects the product brand (Turban et all.2006) 
(3) Continuous service before and after sales (Anand, 2007)

Product Customization 
(C7)

(1) presentation of special products by sellers (Schaupp & Bélanger 2005; 
Anand, 2007) 
(2) Wide range of products by venders (Schaupp & Bélanger 2005; Anand, 2007
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While determining the relations between the criteria by the expert group, The 
comparison scale used can be made between 0-3 or 0-4 (Karaoğlan,2016). The 
Comparison scale is shown in Table 3.

Step 1: If the number of experts evaluating the criteria is more than one, the 
arithmetic average of the points given is taken. Then, these values are placed 
in the diagonal of the matrix and “0” are obtained in an asymmetric matrix. 
This matrix is called the direct relationship matrix (Z).
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Step 2: After obtaining the direct relationship matrix, the maximum sum of each 
row and column is obtained as shown in Equation 1

s Z Z
j

n

ij
i

n

ij
=











= =
∑ ∑max max ,

1 1

 (1)

Then each element of the matrix is divided by the value “s” and normalized 
direct relationship matrix (D) is generated.

 D Z
s

=  (2)

Table 3. The comparison scale

Numeric Value Definition

0 Non-effective

1 Low effective

2 Mediun effective

3 Highly effective

4 Very highly effective

Source: Karaoğlan,2016:13
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Step 3: Matrix D is subtracted from the unit matrix, the opposite is taken and 
multiplied by the matrix D again as shown in Equation 3. Thus, the total 
relationship Matrix (T) is obtained.

lim
K

KD D D D
→∞

+ + +…+2 3  

T D D D D D DK= + + +…+ = −( )−2 3 1
1  

Step 4: The sum of the total direct relationship matrix T is R and the column sum 
C is calculated:

R t C t
j

n

ij
i

n

ij
= =

= =
∑ ∑

1 1

  ,  (3)

The R+C value indicates the positive or negative relationship between each 
criterion and the other criterion. The R-C value shows the net effect of the criteria 
on the system. These values are used to determine which receiver and sender criteria.

If R-C value is positive, that criterion is accepted as a cause or sender criterion 
as it has a higher effect on others than the combined effect of other on itself. On the 
other hand, if the R-C value is negative, this criterion is considered as the receiever 
criterion (Kaya, 2017).

Step 5: The effect-directional graph diagram is obtained by the points (R + C, R-C) 
on the coordinate plane that is the horizontal axis R+C and the vertical axis R-C.

The value of the threshold to be used can influence the relationship between 
the criteria and allows the solution to be simple or much more complex (Gürbüz & 
Çavdarcı,2018). The following equations are used to determine the criteria weights 
(Eroğlu,2014):

w R C R C
i i i i i
= + + −( ) ( )2 2  
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RESULTS AND DISCUSSIONS

The criteria were evaluated by experts using the comparison scale in Table 3. As 
a result of the evaluations of the experts, The Direct Relationship Matrix (Z) in 
Table 4 is obtained.

It has determined that the S value mentioned in Equation (1) is 13.250 by the 
direct reletionship matrix (Z). Subsequently, the Normalized Direct Relationship 
Matrix (D) obtained in Table 5 is obtained by dividing each element of the matrix 
by this value.

Once the normalized Direct Relationship Matrix is established, the transaction 
in Equation 3 is performed and the Total Relationship Matrix (T) is shown in Table 
6 is obtained.

After obtaining the Total Relationship Matrix, R, C, R+C and R-C is found and 
is shown in Table 7.

When Table 7 is examined, it is seen that negative R-C values are provided for 
Privacy, Usability and Web Design Convenience criteria. Each of these criteria is a 
receiver criteria. And similarly, it is seen that positive R-C values are provided for 
Security, Trust and Trustworthiness, Product Value and Product Customization. This 
shows that these criteria are sender criteria. It should not be forgotten that sender 
criteria are more effective in the system. The fact that the criteria remain in the 
positive zone of the distribution chart (see Figure 1) also shows that they are senders.

Table 4. The direct relationship matrix (Z)
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Table 6. The total relationship matrix (T)

C1 C2 C3 C4 C5 C6 C7 Total

C1 0,2958 0,6806 0,6014 0,6308 0,4848 0,4102 0,2918 3,3954

C2 0,3771 0,4366 0,5476 0,5448 0,4825 0,3417 0,2479 2,9783

C3 0,2707 0,4822 0,3488 0,5344 0,3581 0,3002 0,2187 2,5131

C4 0,3199 0,6225 0,5649 0,4332 0,4437 0,3753 0,2671 3,0267

C5 0,4423 0,7098 0,6864 0,6602 0,3892 0,4100 0,2873 3,5853

C6 0,3358 0,4830 0,5252 0,5459 0,3499 0,2574 0,2858 2,7829

C7 0,2487 0,3767 0,3677 0,4556 0,3063 0,3607 0,1535 2,2691

Total 2,2903 3,7914 3,6420 3,8049 2,8144 2,4556 1,7520  

Table 7. Affecting and affected factor groups

R C R+C R-C

Security 3,3954 2,2903 5,6857 1,1051

Privacy 2,9783 3,7914 6,7697 -0,8131

Usability and Web Design 2,5131 3,6420 6,1551 -1,1290

Convenience 3,0267 3,8049 6,8316 -0,7782

Trust and Trustworthiness 3,5853 2,8144 6,3998 0,7709

Product Value 2,7829 2,4556 5,2385 0,3273

Product Customization 2,2691 1,7520 4,0211 0,5170

Table 5. The normalized direct relationship matrix (D)

C1 C2 C3 C4 C5 C6 C7 Total

C1 0,0000 0,2264 0,1509 0,1698 0,1321 0,1132 0,0755 0,8679

C2 0,1321 0,0000 0,1509 0,1321 0,1887 0,0755 0,0566 0,7358

C3 0,0566 0,1321 0,0000 0,2075 0,0943 0,0755 0,0566 0,6226

C4 0,0566 0,2264 0,1698 0,0000 0,1321 0,1132 0,0755 0,7736

C5 0,1509 0,2264 0,2264 0,1698 0,0000 0,0943 0,0566 0,9245

C6 0,1132 0,0943 0,1698 0,1698 0,0566 0,0000 0,1132 0,7170

C7 0,0566 0,0566 0,0566 0,1509 0,0755 0,1698 0,0000 0,5660

Total 0,5660 0,9623 0,9245 1,0000 0,6792 0,6415 0,4340  
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Finally, the benchmark weights are found in the final stage of the DEMATEL 
method and the criteria are listed according to their priority. The benchmark weights 
is shown in Table 8.

As seen in Table 8, the most leading factor in the ranking of criteria was 
conveinence with 0.16571 weight. It is followed by privacy criteria with a weight 
value of 0.16433.

Figure 1. Distribution chart

Table 8. The criteria weights and criteria priorities table

R C+( )2 R C−( )2 R C R C+( ) + −( )2 2 The Criteria 
Weights

Criteria 
Priorities

Security 32,327 1,22121 5,79208 0,13959 5

Privacy 45,8292 0,6611 6,81838 0,16433 2

Usability and Web 
Design 37,8854 1,27453 6,25779 0,15082 4

Convenience 46,671 0,60567 6,87581 0,16571 1

Trust and 
Trustworthiness 40,957 0,59424 6,44602 0,15535 3

Product Value 27,4414 0,10712 5,24867 0,1265 6

Product 
Customization 16,1694 0,26733 16,4367 0,09771 7
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CONCLUSION

The main purpose of the study is to determine the effectiveness levels of the website 
quality criteria that affect the purchasing tendency of the customer. In this study, it is 
emphasized that what are the web site quality criteria and which criteria are chosen 
by choosing from the studies in the literature.In this context, it can be said that the 
criteria set for the study are the website quality criteria accepted by many researchers 
and the criteria that lead the customer to buy for the performance of the company.

As a result of the research, Convenience, Privacy, Trust and Trustworthiness’ 
s have 0.116571, 0,16433 and 0,15535 weights respectively and they formed the 
first three rankings in severity. However, the sender criteria are more effective on 
the system: security, trust and reliability, product value and product customization.

Website quality criteria are considered for all companies providing online 
commerce services. It is not a sector application. There may be a limitation of this 
research. For this reason, it is recommended to evaluate websites of different sectors 
using criteria in the research.
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ABSTRACT

Wikipedia is a source that has been used at many universities around the world for 
students to gain some skills and be motivated positively. In higher education, some 
academicians have a positive view on the teaching usefulness of Wikipedia, and 
some of them are determined to use classical teaching. In this chapter, teaching use 
of Wikipedia in all faculty members of the Universitat Oberta de Catalunya are used 
as data. Then an entropy-based decision tree algorithm was developed. Wikipedia 
users and non-users are classified according to some aspects with this decision tree. 
Thus, it can be understood that whether Wikipedia has been used as a teaching tool 
by academicians or not. So, researchers can have information about the usefulness 
of Wikipedia in teaching and the intentions in use of it by academicians. 
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INTRODUCTION

In advance, people who referred to multi-volume encyclopedias, such as the 
Encyclopedia Britannica to access information have promoted to the online 
encyclopedia with easy and fast access to information as the internet begins to be 
in our lives recently. Wikipedia is one of the world’s most visited and used online 
encyclopedia. Its content is jointly created by volunteers from all over the world. 
However, Wikipedia cannot be thought as a reliable source for academic writing or 
research, since its content can be changed at any time. On the other hand, in terms 
of providing easy access to information on any topic. 

Wikipedia is a source that has been used at many universities around the world for 
students to gain some skills and be motivated positively. So, there are two different 
idea on the teaching use of Wikipedia in higher education: Some academicians 
have got a positive view on the teaching usefulness of Wikipedia, some of them are 
determined to use classical teaching use instead of Wikipedia use. 

OpenCourseWare (OCW) is a project that is included the course lessons created 
at universities and published for free via the Internet. It allows students to become 
better prepared for classes. The OpenCourseWare (OCW) movement began in 2001 
with the creation of the initiative OpenCourseWare (OCW) at MIT (Massachusetts 
Institute of Technology), then many universities have created this project. The 
Universitat Oberta de Catalunya (UOC) launched in 1994, is a pure virtual online 
university located in Barcelona. As a pioneering university, UOC provides all 
community members with a Virtual Campus where all teaching activities are carried 
on, including the use of web 2.0 tools such as blogs or wikis, among others (Aibar 
et al., 2013).

In this chapter, by using an entropy-based decision tree algorithm, it is investigated 
that whether Wikipedia has been used as a teaching tool by academicians or not. For 
this purpose, teaching use of Wikipedia in all faculty members of the Universitat 
Oberta de Catalunya are used as data. Thus, the researchers can have information 
about the usefulness of Wikipedia in teaching and the intentions in use of it by 
academicians. In addition, Wikipedia users and non-users are classified according 
to their age, gender, academic title, department, teaching experience, and their effect 
on Wikipedia usage with this decision tree.
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BACKGROUND

Data mining recognized as a sub-process of Knowledge Discovery in Databases 
(KDD) is a process to extract information from big data. It is an interdisciplinary 
field of finding correlations that enable us to make predictions about the future from 
large data sets to provide us information bringing algorithms and methods together 
from different areas such as artificial intelligence, machine learning, statistics, 
mathematics, and database systems. 

The main goal of the data mining is to transform the extracted information into 
a comprehensible structure for further use.

Data mining functionalities are used to specify the kinds of patterns or knowledge 
to be found in data mining tasks. The functionalities include characterization and 
discrimination; the mining of frequent patterns, associations, and correlations; 
classification and regression; cluster analysis; and outlier detection (Han and 
Kamber, 2012).

Table 1 includes some of the historical developments of data mining and, in brief, 
the processes that the data mining has gone through from the 1960s to the present.

Data classification is an essential part of data mining. Classification is learning 
a function that maps (classifies) a data item into one of several predefined classes 
(Weiss and Kulikowski, 1991; Hand 1981; Fayyad et al., 1996). So, data classification 
is a two-step process, consisting of a learning step where a classification model 
is constructed and a classification step where the model is used to predict class 
labels for given data (Han and Kamber, 2012). Classification method makes use of 
mathematical techniques such as decision trees, linear programming, neural network 
and statistics (Fakhimi, 2015).

At present, decision tree model is one of the most effective and widely used 
methods for data mining. They are used as a convenient method for classification and 

Figure 1. The data mining process
Source: (Bigus, 1996)
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estimation problem due to its simple and easy to understand structure. A decision 
tree is a classifier expressed as a recursive partition of the training instances. It is 
constructed in a top-down manner, in each iteration, the instance space is partitioned 
by choosing the best attribute to split them (Agrawal and Gupta, 2013; Patel and 
Singh 2015).

Compared to other classification methods, decision tree classifiers are popular 
because those are easier to configure and have good accuracy. The construction of 
decision tree classifiers does not require any domain knowledge or parameter setting, 
and therefore is appropriate for exploratory knowledge discovery. Decision trees 
can handle multidimensional data. The learning and classification steps of decision 
tree induction are simple and fast. Decision tree induction algorithms have been 
used for classification in many application areas such as medicine, manufacturing 
and production, financial analysis, astronomy, and molecular biology (Han and 
Kamber, 2012).

There are several decision tree algorithms. Some of them are Iterative Dichotomizer 
version 3 (ID3) (Quinlan, 1986) and C4.5 (an industrial version of ID3) (Quinlan, 
1993) which are entropy-based algorithms. ID3 decision tree algorithm was first 
introduced by J. Ross Quinlan (1986), a researcher in machine learning, to minimize 
the computational cost of classifying a given dataset. It is based on an inductive 

Table 1. Historical process of data mining

Developmental 
Steps

Answered 
Decision Problem

Usable 
Technologies Product Providers Characteristics

Data Collection 
(1960s)

“ What was my 
total revenue in the 

last 5 years?”

Computers, Tape, 
Discs IBM, CDC Backward, Static 

Data Distribution

Data Access 
(1980s)

“ What were unit 
sales in New 
England last 

March? “

Relational 
Databases, SQL, 

ODBC

Oracle, Sybase, 
Informix, IBM, 

Microsoft

Backward 
Dynamic Data 
Distribution at 
Record Level

Data Warehouses 
and Decision 

Support Systems 
(1990s)

“ What were unit 
sales in New 
England last 

March? Drill down 
to Boston. “

OLAP, 
Multidimensional 
Database Systems, 
Data Warehouses

Pilot, Comshare, 
Arbor, Cognos, 
MicroStrategy

Backward 
Dynamic Data 
Distribution at 
Multiple Levels

Data Mining 
(Today)

“What’s likely to 
happen to Boston 

unit sales next 
month and why?”

Advanced 
Algorithms, 

Multiprocessor 
Computers, Large 

Databases

Pilot, Lockheed, 
IBM, SGI, SPSS, 
SAS, Microsoft, 

etc.

Proactive 
Information 

Distribution for 
Future

(Source: An Introduction to Data Mining, Pilot Software Whitepaper, Pilot Software, 1998)



48

Classification of the Usage of Wikipedia

learning and heuristic concept introduced by Hunt et al. (1966). ID3 decision 
trees apply the notion of entropy introduced by Shannon (1948) to select the most 
appropriate attributes as the nodes of a classification tree (Li and Claramunt, 2006).

Quinlan later presented an entropy-based discretization with the C4.5 algorithm (a 
successor of ID3) (Quinlan, 1993). One of the latest studies that compares decision 
trees and other learning algorithms shows that C4.5 has a very good combination 
of error rate and speed (Hssina et al., 2014; Lim et al., 2000). The algorithm has 
the ability to handle an incomplete training dataset (Laencina et al., 2015), and to 
prune the resulting decision tree in order to reduce its size and optimize the decision 
path (Cherfi et al., 2018).

METHODOLOGY

Decision Tree Method

Decision tree algorithm constructs a flowchart-like structure where each internal 
(non-leaf) node denotes a test on an attribute, each branch corresponds to an outcome 
of the test, and each external (leaf) node denotes a class prediction. The topmost node 
in a tree is the root node. At each node, the algorithm chooses the “best” attribute 
to partition the data into individual classes (Han and Kamber, 2012).

The steps of the construction of a decision tree algorithm are as follows:

1.  Create the S learning set.
2.  Identify the best splitting attribute in a S set.
3.  Create a node of the tree with the selected attribute and create sub-nodes 

or sub-leaves of the tree from that node. Identify the sample of sub-data set 
belonging to sub-nodes. 

4.  For each sub-data set created at the 3rd step 
a.  If all samples belong to the same class 
b.  If there is no attribute to split samples
c.  If there is no sample held the value of remaining attributes, end the 

process.

In all other cases, to split sub-dataset continue from the 2nd step (http://mail.
baskent.edu.tr/~20410964/DM_8.pdf).
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Figure 2 displays an example of a decision tree with 3 variables and 3 separate 
classes. The most important point in constructing decision trees is to determine 
which variable is the first node, that is, the root node.

The ID3 decision tree algorithm, first introduced by J. Ross Quinlan is a 
classification algorithm based on Information Entropy. It depends on the idea that 
all examples are mapped to different categories according to different values of the 
condition attribute set (Adhatrao et al., 2013). 

C4.5, an extension of ID3, is a well-known decision tree algorithm to select the 
best attribute for classification. As a statistical classifier, C4.5 develops ID3 with 
the following changes: handling training data with missing values of attributes, 
handling differing cost attributes, pruning the decision tree after its creation and 
handling attributes with discrete and continuous values (Adhatrao, 2013).

For identifying the best splitting attribute of decision tree methods such as 
ID3, C4.5, the information gain is measured for each attribute. Entropy is used in 
the information gain measurement. The higher the information gain, the lower the 
entropy. Then, one can converge to the optimum classification.

Entropy is a measurement of uncertainty or randomness in a data set and it is 
a number between 0 and 1, independently of the size of the set. If all data in a set 
belong to a single class, then the entropy is zero (i.e., there is no uncertainty). The 
entropy would be maximum when the probabilities are all equal.

Given a database state D, H(D) finds the entropy in that state by using the 
following formula.

Figure 2. An example of a decision tree
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information. For splitting purposes, C4.5 uses the largest Gain Ratio that ensures a 
larger than average information gain (Dunham, 2012).

C4.5 maps the training set and uses the information gain ratio as a measurement 
to select splitting attributes and generates nodes from the root to the leaves (Cherfi, 
2018). At each node of the tree, C4.5 chooses one attribute of the data that most 
effectively splits data set of samples S into subsets that can be one class or the other 
(Xiaoliang et. al., 2009). It is the normalized information gain (difference in entropy) 
that results from choosing an attribute for splitting the data. The attribute factor 
with the highest normalized information gain is considered to make the decision. 
The C4.5 algorithm then continues on the smaller sub-lists having next highest 
normalized information gain (Adhatrao, 2013). 

Weka

Weka is the name of the software developed at the University of Waikato in New 
Zealand in 1993 for the purpose of machine learning and consists of the initials 
of the words “Waikato Environment for Knowledge Analysis”. It includes most of 
the widely used data mining algorithms and methods. Basically, three data mining 
operations can be done with Weka: Classification, clustering and association. (https://
tr.wikipedia.org/wiki/Weka)
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Data

For the application of the study, the data used from the web site https://archieve.ics.
uci.edu/ml/datasets/wiki4HE. It is an online survey delivered to all faculty members 
of the Universitat Oberta de Catalunya (UOC). Data were collected through this 
online survey sent to all full-time and part-time professors (2,128 people) at the 
university at the end of 2012 (Meseguer-Artol et. al., 2016).

Measurement

A 41-question questionnaire was held to measure effects of some aspects of the 
teaching use of Wikipedia in higher education. Some of the questions were scaled 
by 5-point Likert scale, ranging from “Strongly disagree (1)” to “Strongly agree 
(5)” (level of agreement) or from “Never (1)”to “Very often (5)” (frequency) (Aibar 
et al., 2013).

CLASSIFICATION OF THE USAGE OF WIKIPEDIA

Data in the dataset are classified by C4.5 algorithm with Weka programming. At 
the end of the classification the correct classification rate is calculated as 89,0323%. 
Since the correct classification rate is a high value, the classification made by C4.5 
algorithm can be thought that it is successful. Related confusion matrix is formed 
as follows:

The decision tree algorithm and the decision tree table obtained by using C4.5 
algorithm can be seen in Appendix 1 and Appendix 2, respectively. Since the 
information gain is the largest for the condition “I contribute to Wikipedia”, this 
condition became the root node of the tree and the tree started to branch from here. 
As can be seen from the decision tree table, there are 46 leaves and 59 branches on 
the generated decision tree. In the decision tree, while each rectangular represents 
a class, each ellipse represents a condition.

Formed 46 classes in the decision tree are as follows:

Table 2. The confusion Matrix

Non-user User

236 6 Non-user

28 13 User
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C1. Academicians who never contribute to Wikipedia.
C2. Female academicians who contribute to Wikipedia rarely.
C3. Male academicians who have no Ph.D. and contribute to Wikipedia rarely.
C4. Male academicians who have Ph.D. and contribute to Wikipedia rarely and who 

are strongly disagree with the thought that “Wikipedia improves visibility of 
students’ work”.

C5. Male academicians who have Ph.D. and contribute to Wikipedia rarely and 
who are disagree with the thought that “Wikipedia improves visibility of 
students’ work”.

C6. Male academicians who have Ph.D. and contribute to Wikipedia rarely and who 
are neutral with the thought that “Wikipedia improves visibility of students’ 
work”.

C7. Male academicians who have Ph.D. and contribute to Wikipedia rarely and who 
are agree with the thought that “Wikipedia improves visibility of students’ work”.

C8. Male academicians who have Ph.D. and contribute to Wikipedia rarely and 
who are strongly agree with the thought that “Wikipedia improves visibility 
of students’ work”.

C9. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues never.

C10. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues rarely.

C11. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues once in a while.

C12. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues very often and who are neutral about the 
thought that “It is easy to have a record of the contributions made in Wikipedia”.

C13. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues very often and who are strongly disagree 
with the thought that “It is easy to have a record of the contributions made in 
Wikipedia”.

C14. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues very often and who are disagree with the 
thought that “It is easy to have a record of the contributions made in Wikipedia”.

C15. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues very often and who are agree with the thought 
that “It is easy to have a record of the contributions made in Wikipedia”.
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C16. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues very often and who are strongly agree with the 
thought that “It is easy to have a record of the contributions made in Wikipedia”.

C17. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues sometimes and who are strongly disagree 
with the thought that “Wikipedia is useful for teaching”.

C18. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues very often and who are disagree with the 
thought that “Wikipedia is useful for teaching”. 

C19. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues very often and who are neutral about the 
thought that “Wikipedia is useful for teaching”.

C20. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues very often and who are strongly agree with 
the thought that “Wikipedia is useful for teaching”.

C21. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues sometimes and who are agree with the thought 
that “Wikipedia is useful for teaching” and who are strongly agree with the 
thought that “I agree my students use Wikipedia in my courses”.

C22. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues sometimes and who are agree with the thought 
that “Wikipedia is useful for teaching” and who are strongly disagree with the 
thought that “I agree my students use Wikipedia in my courses”.

C23. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues sometimes and who are agree with the thought 
that “Wikipedia is useful for teaching” and who are neutral about the thought 
that “I agree my students use Wikipedia in my courses”.

C24. Academicians who contribute to Wikipedia once in a while, consult Wikipedia 
for other academic related issues sometimes and who are agree with the thought 
that “Wikipedia is useful for teaching” and who are disagree with the thought 
that “I agree my students use Wikipedia in my courses”.

C25. Professors who contribute to Wikipedia once in a while, consult Wikipedia for 
other academic related issues sometimes and who are agree with the thought 
that “Wikipedia is useful for teaching” and “I agree my students use Wikipedia 
in my courses”.

C26. Lecturers who contribute to Wikipedia once in a while, consult Wikipedia for 
other academic related issues sometimes and who are agree with the thought 
that “Wikipedia is useful for teaching” and “I agree my students use Wikipedia 
in my courses”.
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C27. Instructors who contribute to Wikipedia once in a while, consult Wikipedia for 
other academic related issues sometimes and who are agree with the thought 
that “Wikipedia is useful for teaching” and “I agree my students use Wikipedia 
in my courses”.

C28. Adjunct professors who contribute to Wikipedia once in a while, consult 
Wikipedia for other academic related issues sometimes and who are agree with 
the thought that “Wikipedia is useful for teaching” and “I agree my students 
use Wikipedia in my courses”.

C29. Associate professors who contribute to Wikipedia once in a while, consult 
Wikipedia for other academic related issues sometimes and who are agree with 
the thought that “Wikipedia is useful for teaching” and “I agree my students 
use Wikipedia in my courses”.

C30. Assistant professors who contribute to Wikipedia once in a while, consult 
Wikipedia for other academic related issues sometimes and who are agree with 
the thought that “Wikipedia is useful for teaching” and “I agree my students 
use Wikipedia in my courses”.

C31. Academicians who contribute to Wikipedia sometimes and who never 
recommend their students to use Wikipedia.

C32. Academicians who contribute to Wikipedia sometimes and who recommend 
their students to use Wikipedia once in a while.

C33. Academicians who contribute to Wikipedia sometimes and who recommend 
their students to use Wikipedia sometimes.

C34. Academicians from UOC who contribute to Wikipedia sometimes and who 
recommend their students to use Wikipedia very often.

C35. Academicians not from UOC who contribute to Wikipedia sometimes and 
who recommend their students to use Wikipedia very often.

C36. Academicians who contribute to Wikipedia sometimes and who recommend 
their students to use Wikipedia rarely and who are neutral about the thought 
that “To design educational activities using Wikipedia, it would be helpful: a 
best practices guide”.

C37. Academicians who contribute to Wikipedia sometimes and who recommend 
their students to use Wikipedia rarely and who are strongly disagree with the 
thought that “To design educational activities using Wikipedia, it would be 
helpful: a best practices guide”.

C38. Academicians who contribute to Wikipedia sometimes and who recommend 
their students to use Wikipedia rarely and who are disagree with the thought 
that “To design educational activities using Wikipedia, it would be helpful: a 
best practices guide”.
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C39. Academicians who contribute to Wikipedia sometimes and who recommend 
their students to use Wikipedia rarely and who are agree with the thought that 
“To design educational activities using Wikipedia, it would be helpful: a best 
practices guide”.

C40. Academicians who contribute to Wikipedia sometimes and who recommend 
their students to use Wikipedia rarely and who are strongly agree with the 
thought that “To design educational activities using Wikipedia, it would be 
helpful: a best practices guide”.

C41. Academicians who contribute to Wikipedia very often and who are agree with 
the thought that “In the future, I will recommend the use of Wikipedia to my 
colleagues and students”.

C42. Academicians who contribute to Wikipedia very often and who are strongly 
disagree with the thought that “In the future, I will recommend the use of 
Wikipedia to my colleagues and students”.

C43. Academicians who contribute to Wikipedia very often and who are disagree 
with the thought that “In the future, I will recommend the use of Wikipedia 
to my colleagues and students”.

C44. Academicians who contribute to Wikipedia very often and who are strongly 
agree with the thought that “In the future, I will recommend the use of Wikipedia 
to my colleagues and students”.

C45. Female academicians who contribute to Wikipedia very often and who are 
neutral about the thought that “In the future, I will recommend the use of 
Wikipedia to my colleagues and students”.

C46. Male academicians who contribute to Wikipedia very often and who are neutral 
about the thought that “In the future, I will recommend the use of Wikipedia 
to my colleagues and students”.

SOLUTIONS AND RECOMMENDATIONS

The study is structured as follows. First, the data were analyzed by the Weka 
program using 60 percent of data for training 40 percent of data for testing. Then 
an entropy-based decision tree algorithm was developed. With this decision tree, 
it can be understood that whether Wikipedia has been used as a teaching tool by 
academicians or not. Thus, the researchers can have information about the usefulness 
of Wikipedia in teaching and the intentions in use of it by academicians. In addition, 
Wikipedia users and non-users are classified according to some of their aspects and 
their effect on Wikipedia usage with this decision tree.



56

Classification of the Usage of Wikipedia

FUTURE RESEARCH DIRECTIONS

For the future studies, it can be investigated that when the type of entropy (calculated 
entropy for each node) has been changed, there would be found different decision 
trees. In addition, by using different decision tree algorithms instead of C4.5, it can 
be compared the success of different algorithms and classes generated by them. In 
this study, since some of the variables (such as age, teaching experience, etc.) are 
numerical, those cannot be observed in the classification. When those variables 
were categorized it would be tested whether those are in the classification or not.

CONCLUSION

In this study, the teaching use of Wikipedia in higher education was investigated 
by using decision trees. With Weka programming, 46 classes are obtained by using 
the algorithm C4.5 which has the correct classification rate 89,0323%. When the 
classes are examined, it is seen that academicians who are in the class of 21 from 
46 classes in the decision tree are Wikipedia users and academicians in 25 classes 
are not Wikipedia users. Thus, it can be concluded that the researchers have had 
some idea about the usefulness of Wikipedia in teaching and the intentions in use 
of it by academicians. 

It can be said that the condition “I contribute to Wikipedia once in a while” is 
an important condition in the classification, since, it has the most branching on 
the decision tree. With this in mind, the sub-branches of the condition “I consult 
Wikipedia for other academic related issues” and the condition “Wikipedia is useful 
for teaching” can be said to be important conditions in the classification.

After the classification, some profiles of academicians who are Wikipedia users 
and non-users are given in the following: 

• Academicians who never contribute to Wikipedia are not users.
• Academicians who contribute to Wikipedia once in a while and consult 

Wikipedia for other academic related issues very often are users.
• Academicians who contribute to Wikipedia once in a while and consult 

Wikipedia for other academic related issues never or rarely are not users.
• Academicians who contribute to Wikipedia once in a while and consult 

Wikipedia for other academic related issues sometimes and strongly agree 
with the thought that “Wikipedia is useful for teaching” are users.

• Professors, lecturers, instructors and adjuncts who contribute to Wikipedia 
once in a while, consult Wikipedia for other academic related issues sometimes 
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and who are agree with the thought that “Wikipedia is useful for teaching” 
and “I agree my students use Wikipedia in my courses” are not users.

• Associate and assistant professors who contribute to Wikipedia once in a 
while, consult Wikipedia for other academic related issues sometimes and 
who are agree with the thought that “Wikipedia is useful for teaching” and “I 
agree my students use Wikipedia in my courses” are users.

• Academicians from UOC who contribute to Wikipedia sometimes and 
recommend their students to use Wikipedia very often are users.

• Academicians not from UOC who contribute to Wikipedia sometimes and 
recommend their students to use Wikipedia very often are not users.

• Academicians who contribute to Wikipedia sometimes and who recommend 
their students to use Wikipedia rarely and who are neutral about the thought 
that “To design educational activities using Wikipedia, it would be helpful: a 
best practices guide” are not users and in contrast who are not neutral about 
the thought that “To design educational activities using Wikipedia, it would 
be helpful: a best practices guide” are users.

• Academicians who contribute to Wikipedia very often and who are agree 
with the thought that “In the future, I will recommend the use of Wikipedia 
to my colleagues and students” are not users.

• Academicians who contribute to Wikipedia once in a while, consult 
Wikipedia for other academic related issues very often and who are neutral 
about the thought that “It is easy to have a record of the contributions made 
in Wikipedia” are not users, in contrast who are not neutral about the thought 
that “It is easy to have a record of the contributions made in Wikipedia” are 
users.

• Female academicians who contribute to Wikipedia rarely are not users, in 
contrast who contribute to Wikipedia very often and who are neutral about 
the thought that “In the future, I will recommend the use of Wikipedia to my 
colleagues and students” are users.

• Male academicians who contribute to Wikipedia very often and who are 
neutral about the thought that “In the future, I will recommend the use of 
Wikipedia to my colleagues and students” are not users.

• Male academicians who have no Ph.D. and contribute to Wikipedia rarely 
are not users.

• Male academicians who have Ph.D. and contribute to Wikipedia rarely and 
who are disagree or strongly agree with the thought that “Wikipedia improves 
visibility of students’ work” are users.
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KEY TERMS AND DEFINITIONS

C4.5: A well-known decision tree algorithm to select the best attribute for 
classification.

Data Mining: A process to extract information from big data.
Decision Tree Model: A convenient method for classification and estimation 

problem.
Entropy: A measurement of uncertainty or randomness in a data set.
OpenCourseWare: (OCW): Course lessons created at universities and published 

for free via the internet.
Weka: A software program which includes most of the widely used data mining 

algorithms and methods.
Wikipedia: Is one of the world’s most visited and used online encyclopedias.
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APPENDIX 

The classes generated by C4.5 algorithm

 

Exp4 = 1: 0 (580.0/26.0) 

Exp4 = 2 

|   GENDER = 0 

|   |   PhD = 1 

|   |   |   Vis1 = 3: 0 (17.0/6.0) 

|   |   |   Vis1 = 2: 1 (5.0) 

|   |   |   Vis1 = 4: 0 (9.0/2.0) 

|   |   |   Vis1 = 5: 1 (3.0) 

|   |   |   Vis1 = 1: 0 (0.0) 

|   |   PhD = 0: 0 (68.0/13.0) 

|   GENDER = 1: 0 (74.0/8.0) 

Exp4 = 3 

|   Exp2 = 4 

|   |   PU3 = 3: 0 (5.0) 

|   |   PU3 = 2: 0 (2.0) 

|   |   PU3 = 4 

|   |   |   Use5 = 4 

|   |   |   |   UOC_POSITION = 2: 1 (2.0) 

|   |   |   |   UOC_POSITION = 3: 1 (1.0) 

|   |   |   |   UOC_POSITION = 4: 0 (0.0) 

|   |   |   |   UOC_POSITION = 5: 0 (0.0) 

|   |   |   |   UOC_POSITION = 1: 0 (0.0) 

|   |   |   |   UOC_POSITION = 6: 0 (9.0/1.0) 

|   |   |   Use5 = 2: 1 (1.0) 

|   |   |   Use5 = 1: 0 (0.0) 

|   |   |   Use5 = 3: 1 (6.0/1.0) 

|   |   |   Use5 = 5: 0 (2.0) 

|   |   PU3 = 5: 1 (4.0/1.0) 

|   |   PU3 = 1: 0 (1.0) 

|   Exp2 = 2: 0 (7.0) 

|   Exp2 = 5 

|   |   Vis2 = 3: 0 (10.0/2.0) 

|   |   Vis2 = 4: 1 (6.0/1.0) 

|   |   Vis2 = 2: 1 (3.0) 

|   |   Vis2 = 5: 1 (3.0) 



63

Classification of the Usage of Wikipedia

|   |   Vis2 = 1: 1 (2.0) 

|   Exp2 = 3: 0 (40.0/3.0) 

|   Exp2 = 1: 0 (1.0) 

Exp4 = 4 

|   Use3 = 1: 0 (2.0) 

|   Use3 = 3: 0 (9.0/2.0) 

|   Use3 = 5 

|   |   UNIVERSITY = 1: 1 (6.0) 

|   |   UNIVERSITY = 2: 0 (3.0/1.0) 

|   Use3 = 4: 1 (11.0/2.0) 

|   Use3 = 2 

|   |   Inc1 = 5: 1 (0.0) 

|   |   Inc1 = 4: 1 (3.0) 

|   |   Inc1 = 3: 0 (2.0) 

|   |   Inc1 = 1: 1 (1.0) 

|   |   Inc1 = 2: 1 (0.0) 

Exp4 = 5 

|   BI1 = 2: 1 (0.0) 

|   BI1 = 1: 1 (0.0) 

|   BI1 = 3 

|   |   GENDER = 0: 0 (3.0) 

|   |   GENDER = 1: 1 (2.0) 

|   BI1 = 5: 1 (7.0) 

|   BI1 = 4: 0 (3.0)
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ABSTRACT

The digital revolution has transformed many offline retailers to perform their 
business activities online, resulting in tough competition in a dynamic marketing 
environment. A well-built, user friendly, and attractive e-commerce website will 
result in high traffic intensity and eventually impact the market position of the online 
vendor. Over the past few decades, a number of studies have been done to predict 
the key determinants of e-commerce system success. This chapter considers the 
criteria, namely system quality, content quality, use, trust, support, personalization, 
and electronic word-of-mouth. Evaluating objects based on a single criterion may 
pose to be subjective, which have shifted these decisions towards multiple criteria, 
and hence has popularized the concept of multi-criteria decision making (MCDM). 
This chapter combines Pythagorean fuzzy analytic hierarchy process (PFAHP) and 
complex proportional assessment of alternatives with grey relations (COPRAS-G), 
under multiple decision makers, to select the best e-commerce website from five 
alternatives.
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INTRODUCTION

The unstoppable growth and rapid advancement in the internet technologies have given 
rise to electronic shopping (e-shopping) and selling through e-commerce websites. 
E-shopping is an activity of purchasing product/service using the internet. In the 
last ten years, the internet based technologies have continuously gained momentum 
and changed the way of marketing and selling the product/service by companies. In 
2015, more than 12 billion devices were connected to the internet and it is expected 
to grow 8 billion within the period of 2015 – 2020, from 12 to 20 billion (Evans, 
2015). This significant growth of technology has led to the enhancement in virtual 
shops, which become popular as e-shopping. E-shopping seems to be growing in 
all over the world including developing nations. A market research report published 
in 2015 on the growth of online shoppers across the globe indicates that online 
consumers will grow from 1.079 in 2013 to 1.623 billion in 2019(Evans, 2015). 
E-commerce provides various options such as payment alternatives, delivery options, 
convenience, and also allows flexibility regarding product/service. This saves cost, 
time, and creates an opportunity to generate high revenue from consumers’ as well 
as retailers’ prospective (Anu Gupta; Aggarwal & Aakash, 2018). It is an interactive 
medium which is not bound to any place, people, or time. Online shopping is a 
more convenient way to shop in comparison to brick and mortar stores, as it enables 
the customers to avoid travel related hassle to reach physical store for buying their 
desired products/services.

The technology revolution has changed the way of doing businesses online. 
In this digital world, there is a growing need of many offline retailers to do their 
business online due to sturdy competition in a dynamic market environment (Andam, 
2003). One of the basic requirements of e-business is its website. Therefore, many 
companies are endowing huge finance in maintaining their website, through which 
customers can buy the required products/services. Indeed, customers are buying 
online more than offline, but the number of prospect customers does not actually 
transform into actual buyers (Hidayanto, Herbowo, Budi, & Sucahyo, 2014). This 
shows that customers might browse for product/service but do not make an actual 
purchase. From marketers’, management’s, and customers’ prospective, there exists a 
number of factors that affect buying intention as well as website selection decision, 
which helps e-tailers to provide products/services accordingly. Due to availability 
of a number of e-commerce sites offers identical products/services, customers as 
well as marketers find it difficult to choose the best site for buying & selling goods. 
Thus, the main goal of this chapter is to provide the best solution for selecting the 
best e-commerce websites on the basis of various success factors with respect to 
customers. Over the last two decades, studies concerning the variables affecting 
information system (IS) success factors have been a topic of interest among the 
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researchers (DeLone & McLean, 1992, 2003). Various combinations of these factors 
have been adopted by them to predict the key determinants of e-commerce system 
success. Though, much of the initial studies focused on the success with respect to 
the online system, recent studies have succeeded in adding the customer oriented 
measures that lead to success of these online platforms (Aggarwal; & Aakash, 
2017; Molla & Licker, 2001). In the light of these studies, this chapter considers the 
criteria namely System Quality (SQ), Content Quality (CQ), Use (US), Trust (TR), 
Support (SUP), Personalization (PER), and Electronic word-of-mouth (EWOM).

There is more than one factor which affects the selection of e-commerce websites, 
which brings this problem comes under multiple criteria decision-making (MCDM). 
A large number of MCDM method have beings covered in the literature. But analytical 
hierarchy process (AHP) proposed by Saaty is one of the most famous and practical 
technique based on crisp values in the literature (Saaty, 1980). The crisp data cannot 
properly handle many real life problems related to MCDM as it is unable to handle 
subjectivity of human judgments and vagueness in decision making. To overcome 
this difficulty, Zadeh (1965) proposed a fuzzy set theory, which includes the degree 
of belongingness and non-belongingness (Zadeh, 1965). The fuzzy sets still have 
some drawbacks and there is growing need to develop new MCDM techniques. 
Moreover, fuzzy sets were extended by Atanassov to intuitionistic fuzzy sets (IFS) 
which includes ‘hesitancy degree’ in addition to the degree of belongingness and 
non-belongingness (Atanassov, 1986). A number of studies focus on the use of 
IFS in MCDM (Aggarwal, Sharma, & Tandon, 2017; H.-y. Zhang, Peng, Wang, 
& Wang, 2017). The IFS are proficient in the case of inexact data and imperative 
treatment (Ureña, Chiclana, Fujita, & Herrera-Viedma, 2015). On the other hand, 
the Pythagorean fuzzy sets (PFS) have grown as an active instrument to handle the 
vagueness in multiple criteria decision-making (MCDM) problems (Peng, Yuan, 
& Yang, 2017; Yager, 2014). The PFS is classified as sum of membership and non-
membership degree whose additive squares should be maximum one. Hence, IFS 
fails to deal with this type of situation. For illustration, if a decision maker gives 
membership and non-membership measures as .7 and .4, respectively, then it can 
only be operative for PFS as all the IFS degree are subsets of PFS degree. Therefore, 
PFS are more efficient to handle vagueness than IFS. Additionally, there are many 
possible selection techniques namely PROMETHEE, ELECTRE, TOPSIS, VIKOR, 
MOORA, COPRAS, and many more.

In this study, we propose a model that combines Pythagorean fuzzy AHP (PFAHP) 
and COPRAS-G for selecting e-commerce websites under group decision making. 
Till now, PFAHP technique has few applications in the field of e-commerce. The 
distinguishing reason for taking COPRAS-G in comparison to other outranking 
approaches is that it uses significance and utility degree for systematic ranking of 
the alternatives. Using the extended e-commerce success model (A. Aggarwal & 
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Aakash, 2018), this paper explores SQ, CQ, US, TR, SUP, PER, and EWOM as 
main selection criteria. For calculating criteria weights, PFAHP technique is used 
and then COPRAS-G is used to select the best e-commerce website. A real-life case 
study considering top five e-commerce websites as alternatives is provided to validate 
the model. The research findingsmay help online retailers as well as marketers to 
form a clear picture of e-commerce website success criteria and then selecting the 
best e-commerce website for selling or promoting their offerings. Thus, proposed 
model presents an effective way for selecting best e-commerce website. Moreover, a 
group decision making technique is constructed for the selection of best e-commerce 
website. MCDM approaches are based on the information retrieved from a single 
expert, which may be a biased approach (Pérez, Alonso, Cabrerizo, Lu, & Herrera-
Viedma, 2011). Thus, multi criteria group decision making (MCGDM) approaches 
were introduced to get the best solution based on inputs provided by multiple decision 
makers. Even though the decision makers may have same objective, their opinion 
towards the problem may vary. Earlier each decision maker was allocated equal 
weights, but later weighing them according to their expertise was found to be more 
reliable approach (Ureña et al., 2015).

The remaining chapter is structured as follows: the literature related to e-commerce 
success criteria and website selection using various combinations of MCDM 
techniques will be reviewed in the next section. Following that, the preliminaries 
and proposed PFAHP COPRAS-G methodology structure will be explained. After 
that, a real-life case study for XYZ Company will be presented. Then, PFAHP 
COPRAS-G steps and related calculation will be provided to implement the hybrid 
model. The results are discussed and interpreted in the penultimate section of this 
study, while the last section presents our conclusions and future scope.

LITERATURE REVIEW

E-Commerce Success Criteria

The early 90’s witnessed the introduction of electronic commerce with the deployment 
of internet-based technologies and computer-to-computer communication. Ataburo, 
Muntaka, and Quansah (2017) defined e-commerce as “the sharing of business 
information, maintaining business relationships and conducting business transactions 
by means of telecommunications networks”. According to them, the e-commerce 
system can be converted into a hierarchical form with three meta-levels: infrastructure, 
services/products, and structure; where all the lower levels operationally support to 
the higher ones. The e-commerce system provides many advantages over its offline 
counterpart such as: in-depth information, retailer-purchaser interaction, buying/
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selling, distribution, delivery, and payment process among online vendors and 
purchasers. Also, the advent of e-commerce enabled the customers some amount 
of self-service by allowing them to perform activities such as affording credit cards, 
changing address, obtain customer feedbacks, and adding new products or services 
to their purchasing cart.

Table 1 gives the summary of the criterion used in e-commerce system success 
evaluation model in the literature. DeLone and McLean (D&M) have done a significant 
research in the area of IS success (DeLone & McLean, 1992, 2003, 2004). They 
identified six major dimensions namely: system quality, service quality, information 
quality, use, user satisfaction, and net benefits. As per these models, mainly first three 
criteria determine the level of IS success. A comprehensive list of past e–commerce 
success studies and their respective criteria is provided in Table 1.

Many researchers and practitioners analyzed the quality of e-commerce system 
on the basis of the customers. Some discussed the criteria of e-commerce website 
quality in detailed manner (Agarwal & Venkatesh, 2002; Andreou et al., 2005; 
Barnes & Vidgen, 2001; Barnes & Vidgen, 2006; Bauer et al., 2005; Guo & Shao, 
2005; Jayawardhena, 2004; S. Kim & Lee, 2006; S. Kim & Stoel, 2004; Moustakis 
et al., 2006; Palmer, 2002; Y. A. Park & Gretzel, 2007; Ranganathan & Ganapathy, 
2002; C.-C. Sun & Lin, 2009; Van Iwaarden et al., 2004; Yang et al., 2005) while 
other focused on the success criteria of customer satisfaction towards e-shopping 
(Bai et al., 2008; Choshin & Ghaffari, 2017; C. Kim et al., 2012; Koufaris, 2002; 
Loiacono et al., 2002; Rana et al., 2015; San Lim et al., 2016; Wu et al., 2003).

The pioneering work in the area of IS success measure, was done by DeLone 
and McLean (1992). They discussed a success model which concentrated on various 
variables impacting IS success. Their model stated an urgency to evaluate the 
success of e-commerce systems at three different levels: individual, system, and 
organizational. Moreover, the content quality, which is different from technical quality, 
affects the e-commerce systems (X. Zhang et al., 2000). E-commerce researchers 
also noticed the usability criterion by assessing the use level and satisfaction of 
users toward e-commerce systems (Jones & Kayworth, 1999). Though the topic has 
been researched and significant contributions have been made in this field, but less 
emphasis is put on integrating the dependent variable (customer satisfaction) and the 
independent variables. According to DeLone & McLean, use and user satisfaction 
were considered to be the dependent variables in the e-commerce system.

The Molla and Licker (2001) model of e-commerce revolutionized the previous 
studies by spanning all the online transaction processes and e-commerce systems’ 
purposes. In order to capture the constructs ignored in previous model, few changes 
in the criteria were made in their model, by renaming the variables. The substitution 
of ‘user satisfaction’ by ‘customer e-commerce satisfaction’ warrants overcoming 
the association ambiguity between user satisfaction and organizational performance. 
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Table 1. E-commerce system success criteria (Compiled by Authors)

Authors Criteria of e-commerce system success

(DeLone & McLean, 1992) System Quality, Information quality, Use, User satisfaction, 
Individual Impact, Organizational Impact

(Bell & Tang, 1998) Access, Content, Transactions, Usage, Structure, Navigation, 
Graphics, Usefulness, Features, User friendliness

(Jones & Kayworth, 1999) Effectiveness, User needs, Performance, Usage

(Kardaras & Karakostas, 1999) Effectiveness, Organizational impact, Use, Customer Support

(E. Kim, 1999) Customization, Interactivity, Vividness, Understandability, 
Reliability, Relevance

(Nielsen, 1999) Usability

(X. Zhang, Keeling, & Pavur, 2000) Content Quality, Navigation, Presentation

(Liu & Arnett, 2000) Information quality, Learning capability, Playfulness, System 
Quality, Use, Service quality

(Young & Benamati, 2000) Information, Transaction, Frequently asked questions

(Smith, 2001) Ease-of-use, Information content

(Molla & Licker, 2001) System Quality, Content Quality, Use, Trust, Support, E-commerce 
customer satisfaction

(Schubert & Selz, 2001)
Ease-of-use, Navigation, Information quantity, Product quality, 
Global availability, Customization, Security, Tracking order status, 
Privacy

(Barnes & Vidgen, 2001) Tangibles, Reliability, Responsiveness, Assurance, Empathy

(Palmer, 2002) Navigation, Interactivity, Responsiveness, Content Quality, Use, 
Download speed

(Torkzadeh & Dhillon, 2002) Electronic payment, Electronic product choice, Electronic vendor 
trust, Shopping travel

(Koufaris, 2002) Ease-of-use, Usefulness, Shopping enjoyment, Perceived control, 
concentration

(Ranganathan & Ganapathy, 2002) Information content, Design, Security, Privacy

(Loiacono, Chen, & Goodhue, 2002) Usefulness, Ease-of-use, Entertainment, Complementary 
relationship

(Schmitz & Latzer, 2002) Navigation, Information, Delivery services, Payment procedure, 
Consumer rights and data protection, Refund policy.

(Agarwal & Venkatesh, 2002) Content, Ease-of-use, Promotion, Made-for-the-medium, Emotion

(Delone & McLean, 2003) Information quality, System Quality, Service quality, Intention to 
use, user satisfaction, Net benefits

(Wu, Mahajan, & Balasubramanian, 
2003)

Privacy, Technical support, Visual appearance, Information 
content, Enjoyment, Navigation, Cognitive outcomes

(S. Kim & Stoel, 2004) Appearance, Entertainment, Informational fit-to-task, Transaction 
capability, Response time, Trust

(Van Iwaarden, Van Der Wiele, Ball, 
& Millen, 2004) Assurance, Empathy, Responsiveness, Reliability, Tangibles

continued on following page
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Authors Criteria of e-commerce system success

(Jayawardhena, 2004) Website interface, Interaction, Reliability, Responsiveness, 
Assurance, Empathy

(Delone & Mclean, 2004) System Quality, Information quality, Service quality, Usage, User 
satisfaction, Net benefits

(Bauer, Hammerschmidt, & Falk, 
2005)

Service quality, Security, Trust, Payment transactions, 
Responsiveness

(Andreou et al., 2005) Functionality, Reliability, Usability, Efficiency, Security, Ease-of-
use

(Yang, Cai, Zhou, & Zhou, 2005) Information quality, System Quality

(Guo & Shao, 2005) Transaction, Navigability, System Quality, Useful links

(Moustakis, Tsironis, & Litos, 2006) Content, Navigation, Design and structure, Appearance and 
multimedia, Uniqueness

(S. Kim & Lee, 2006) Information fit-to-task, Trust, Response time, Design, Visual 
appeal, Innovativeness, Interactivity, Transaction

(Barnes & Vidgen, 2006) Usability, Information quality, Website design, Trust, Empathy

(Y. A. Park & Gretzel, 2007) Ease-of-use, Responsiveness, Security and privacy, Visual 
appearance, Information quality, Trust, Interactivity

(Bai, Law, & Wen, 2008) Functionality, Usability, Customer satisfaction

(C.-C. Sun & Lin, 2009) Service quality, Holdup cost, Technology acceptance factor

(Ramanathan, 2010)
Accessibility, Payment process, Privacy experience, Comparative 
prices, On-time delivery, Customer support, Ease-of-refunds, 
Satisfaction with claims, Customer loyalty

(Yu, Guo, Guo, & Huang, 2011) Service quality, Product, Design, Technology, Logistics companies

(C. Kim, Galliers, Shin, Ryoo, & Kim, 
2012) System Quality, Information quality, Service quality

(Chen, Rungruengsamrit, Rajkumar, 
& Yen, 2013) Information quality, System Quality, Service quality

(Ahmad, Abu Bakar, Faziharudean, & 
Mohamad Zaki, 2015)

Technological context, Organizational context, Environmental 
context

(Rana, Dwivedi, Williams, & 
Weerakkody, 2015)

System Quality, Information quality, Service quality, Perceived 
usefulness, Perceived ease-of-use, Perceived risk

(San Lim, Heng, Ng, & Cheah, 2016) Usability, Credibility, Service quality, Transaction costs

(Choshin & Ghaffari, 2017) Customer satisfaction, Awareness and knowledge, Costs, 
Infrastructures

(A. Aggarwal & Aakash, 2018) System Quality, Content Quality, Usage, Trust, Customer support, 
Online customer feedback, Personalization

Table 1. Continued
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These changes were made to bring into the customer satisfaction agenda, which is 
centric to the modern marketing management policy. Also, two additional factors- 
trust and support captured the transactional and customer support components, and 
validate the association between use and CES. Though, the replacement of ‘Use’ 
with ‘Usefulness’ by many researchers has been proved to be an ambiguous concept. 
In their model, their key concept was Customer E-commerce Satisfaction (CES). 
The objective of retrieving information and conducting various activities convey 
the need for user’s and customer’s e-commerce satisfaction and extends beyond 
interpersonal dynamics of services and informational purpose.

After a decade, Delone and McLean (2003) extended their previous model by 
introducing a new construct ‘net benefits’ which mainly focused on the impact of 
service quality on the IS success. The updated D&M model is consistent with the 
latest changes in e-commerce system by enabling the customers and suppliers to make 
buying and selling decisions and do transactions using the internet. Later, another 
model was established byDelone and Mclean (2004), which further extended the 
success factors related to system success, but it was not consistent with literature 
related to the relationship between the website quality, customer satisfaction, and 
customer loyalty. It was observed that the net benefit introduced is a much diversified 
construct and needed a precise definition (Delone & Mclean, 2004). However, an 
attempt was made to extend the Molla and Licker model which concentrated on 
customer satisfaction influencing e-commerce system success by Wang (2008). In 
his study, some of the criteria introduced by Molla and Licker were replaced by 
System Quality, Information Quality, and User Satisfaction. Moreover, the Support 
and Trust criteria were incorporated into a single construct namely Service Quality. 
Thus, success of an online platform is found to be a multidimensional construct which 
over time has converged towards critical success factors and website service quality 
success factors. The extant studies have focused on website service by showing a 
structural relationship between user satisfaction, service quality, and e-commerce 
system success. Though, the objective here is to fill the gaps in previous literature 
based on customer oriented success factors.

Website Selection

An e-commerce website is a platform which enables the businesses to sell and 
promote their products/services as well as generate their market share. Regretfully, 
the consumer conversion rate is very low. Hence, developing an efficient website 
selection model has attracted researchers as well as practitioners. Many website 
selection studies has been reported in the literature, for example: the selection of 
airline websites (Apostolou & Economides, 2008; Chong & Law, 2018), travel 
websites (Law, 2007; P. Sun, Cárdenas, & Harrill, 2016), hotel websites (Ip, Law, & 
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Lee, 2012; Qi, Law, & Buhalis, 2017), apparel websites (E. J. Park, Kim, Funches, 
& Foxx, 2012), and destination websites (Qi, Law, & Buhalis, 2008; T. Zhang, 
Cheung, & Law, 2018).

Many researchers have utilized MCDM techniques to handle selection problems 
(Aghdaie, Zolfani, & Zavadskas, 2013; Kahraman et al., 2017; Zolfani, Chen, 
Rezaeiniya, & Tamošaitienė, 2012). Y. Lee and Kozar (2006) used AHP technique 
to select travel and electronics websites. Application of an integrated AHP-TOPSIS 
technique for selecting best B2C e-commerce website has been done (A. Aggarwal & 
Aakash, 2018). Bueyuekoezkan and Ruan (2007) applied FAHP and Fuzzy TOPSIS 
for prioritizing thirteen government websites on the basis of six criteria. Zolfani 
et al. (2012) applied AHP and COPRAS-G technique to select and rank suppliers. 
Aggarwal; and Aakash (2017) applied an integrated ME-OWA and FAHP approach 
for selecting best B2C e-commerce website. Aghdaie et al. (2013) presented a hybrid 
FAHP-COPRAS-G technique for selecting and evaluating marketing segments. Garg, 
Kumar, and Garg (2018) proposed an approach to select as well as rank e-learning 
websites using Fuzzy COPRAS method. Kaya and Kahraman (2011) utilized an 
integrated FAHP-ELECTRE method to rank bank websites. Aggarwal et al. (2017) 
proposed a hybrid IFAHP and IFMOORA method to rank OTA websites. Kahraman 
et al. (2017) represented an intuitionistic fuzzy (IF) technique for solid waste disposal 
website selection with the help of integrated IF-EDAS method.

AHP and Combination With Other MCDM 
Techniques for Website Selection

In the last two decades, AHP is widely used for selecting e-commerce websites. 
Table 2 gives a brief summary of e-commerce website selection using AHP as well 
as their combination with other MCDM techniques. These studies mainly focused 
into three categories, namely, e-commerce, e-learning, hotel and other websites. 
From these studies, out of eighteen selection experiments four uses solely AHP, one 
use solely FAHP, twelve uses a combination of AHP and FAHP, and only one use 
Single-Valued-Trapezoidal-Neutrosophic-Numbers (SVTNSs) with other theories 
and techniques.

More specifically, AHP has been used for selecting websites in e-commerce 
(Anu G Aggarwal & Aakash, 2018; N. Y. Lee & Choi, 2001; Moustakis et al., 
2004; Ngai, 2003; Y. Zhu & Buchmann, 2002), fashion websites(N. Y. Lee & Choi, 
2001), web sources (Y. Zhu & Buchmann, 2002), online advertising (Ngai, 2003), 
cell phone providers (Moustakis et al., 2004)and B2C-e-commerce websites (Anu 
G Aggarwal & Aakash, 2018). For example,N. Y. Lee and Choi (2001)have used 
AHP to evaluate 4fashion websites in Korea.
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Table 2. E-commerce website selection using MCDM techniques (Compiled by 
Authors)

References Market Technique Used Domain No. of 
Websites Criteria

(N. Y. Lee & Choi, 
2001) Korea AHP Fashion 

Websites 4 Price, Place, Product, Promotion

(Y. Zhu & 
Buchmann, 2002) Germany AHP Web Sources 4 Source Stability, Data Quality, 

Application Specific

(Ngai, 2003) Hong 
Kong AHP Online 

Advertising 5
Impression Rate, Monthly Cost, 
Audience Fit, Content, Look 
& Feel

(Moustakis, Litos, 
Dalivigas, & 
Tsironis, 2004)

Greece AHP Cell Phone 
Providers 3

Content, Navigation, Structure 
and Design, Appearance and 
Design, Uniqueness

(Bilsel, 
Büyüközkan, & 
Ruan, 2006)

Turkish Fuzzy-AHP- 
PROMETHEE

Hospital 
Websites 9

Tangible, Reliability, 
Responsiveness, Assurance, 
Empathy, Quality of 
Information, Integration of 
Communication

(Bueyuekoezkan & 
Ruan, 2007) Turkey Fuzzy-VIKOR E-learning 

Websites 13

Tangibles, Reliability, 
Responsiveness, Empathy, 
Quality of Information, 
Integration of Communication

(C.-C. Sun & Lin, 
2009) Taiwan Fuzzy-AHP- TOPSIS

Online 
Shopping 
Websites

4
Specific holdup cost, Website 
service quality, Technology 
acceptance factor

(Büyüközkan, 
Arsenyan, & Ertek, 
2010)

Turkish Fuzzy-AHP- TOPSIS E-learning 
Websites 12

Right and understandable 
content, Complete 
Content, Personalization, 
Security, Navigation, 
Interactivity, User interface

(Yu et al., 2011) China Fuzzy-AHP- TOPSIS
E-commerce 
Websites in 
E-alliance

5
Product, Design, Technology, 
Service Quality, Logistics 
Companies

(AYDIN & 
Kahraman, 2012) Turkey Fuzzy-AHP- VIKOR E-commerce 

Websites 3
Ease of use, Product, Security, 
Customer relationship, 
Fulfillment

(Qi, Law, & 
Buhalis, 2013)

USA and 
Hong 
Kong

Fuzzy-AHP- TOPSIS Hotel 
Websites 6

General Information, 
Reservation Information, 
Website Management, 
Surrounding Information, 
Accessibility, Navigation, Ease 
of use

(X. Zhu, Zhang, 
Zhang, & Yang, 
2013)

China Fuzzy-AHP- TOPSIS
B2C 
E-commerce 
Websites

10
Website design, 
Transmission Speed, Popularity, 
Information Quantity, Service

(Akincilar & 
Dagdeviren, 2014) Turkey AHP- PROMETHEE Hotel 

Websites 15
Customer Oriented, Technology 
Oriented, Marketing Oriented, 
Security Oriented, Other Factors

(Panigrahi & 
Srivastava, 2015) India Fuzzy-AHP Travel 

Websites 6

Response Time, 
Security, Reliability, Ease-of-
use, Communication Facilities, 
Awareness

continued on following page
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The conventional AHP assumes that expert’s judgment is exact and using crisp 
values leading to inconsideration of uncertainty which comes through linguistic 
variables. In some cases the crisp value is not feasible for a particular problem, then 
fuzzy value is used. Fuzzy AHP has been used for selecting websites in e-commerce 
(AYDIN & Kahraman, 2012; Kang et al., 2016; C.-C. Sun & Lin, 2009; Yu et al., 
2011; X. Zhu et al., 2013), e-learning (Bueyuekoezkan & Ruan, 2007; Büyüközkan 
et al., 2010; Garg et al., 2018), hotels (Qi et al., 2013), and other portals (Bilsel et 
al., 2006; Panigrahi & Srivastava, 2015).

The out ranking technique that is most commonly combined with FAHP is 
TOPSIS. This combination is mainly used in the selection of e-commerce websites. 
For example, Zhu et al. (2013) have used an integrated FAHP-TOPSIS technique to 
select B2C e-commerce websites (X. Zhu et al., 2013). Similarly, FAHP combined 
withTOPSIS for e-learning websites (Büyüközkan et al., 2010) and hotel websites 
(Qi et al., 2013). Similarly, the second most common combination of FAHP is with 
VIKOR for selecting e-commerce websites (AYDIN & Kahraman, 2012; Kang et 
al., 2016), and e-learning websites (Bueyuekoezkan & Ruan, 2007).

References Market Technique Used Domain No. of 
Websites Criteria

(Kang, Jang, & 
Park, 2016) Korea Fuzzy-AHP-TOPSIS, 

VIKOR, and GRA

B2C 
E-commerce 
Websites

6 Efficiency, System Availability, 
Fulfillment, Privacy

(Liang, Wang, & 
Zhang, 2017) China

Single-Valued-
Trapezoidal-
Neutrosophic-
Numbers(SVTNSs)-
DEMATEL

B2C 
E-commerce 
Websites

6 Efficiency, System Availability, 
Fulfillment, Privacy

(Garg et al., 2018) India Fuzzy-AHP-
COPRAS

E-learning 
Websites 8

Functionality, Maintainability, 
Portability, Reliability, 
Usability, 
Efficiency, 
Ease of Learning Community, 
Personalization, 
System Content, 
General Factors

(A. Aggarwal & 
Aakash, 2018) India AHP-TOPSIS

B2C 
E-commerce 
Websites

5

System Quality, 
Content Quality, 
Usage, 
Trust, 
Customer Support, 
Customer Feedback, 
Personalization

Table 2. Continued
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Furthermore, Table 2 gives the literature of last eighteen years related to the 
e-commerce website selection using the combination of AHP and FAHP with other 
various outranking techniques. For example, combination have been highlighted with 
other MCDM techniques such as AHP-PROMETHEE (Akincilar & Dagdeviren, 
2014) and FAHP-PROMETHEE (Bilsel et al., 2006). Similarly, a combination of 
FAHP with the ranking technique COPRAS has been reported for the selection of 
e-learning websites (Garg et al., 2018). A single valued trapezoidal neutrosophic 
(SVTN) has also been combined with specialized out ranking technique such as 
DEMATEL for selecting B2C e-commerce website in Chinese market (Liang et 
al., 2017).

PRELIMINARIES

Customer Oriented Success Criteria

Here we discuss the various criteria considered in this study.

Content Quality (CQ)

It refers to the inner structure, layout, and format of the website design. It also conveys 
the customer’s perception of public communication by an e-commerce system 
(Berger & Matt, 2016). Any e-commerce website in which information obtained 
and services are not available are considered valueless. The success of a website 
and its customer conversion and retention can be determined via its content quality. 
Various attributes taken up under this factor are: up-to-datedness, understandability, 
timeliness, and preciseness. By ‘up-to-datedness’ we mean the competence of the 
website to inform the customers about the product and their arrivals/departures of 
goods. ‘Timeliness’ implies the visitors obtain the information about the goods/
services in no time. ‘Understandability’ means how well is the data displayed on the 
website. Exact information regarding the products/services without any discrepancies 
is termed as ‘preciseness’.

System Quality (SQ)

System quality refers to “structural characteristics of an e-commerce system and 
taps into its performance dynamics such as availability, adaptability, and response 
time” (Xu, Benbasat, & Cenfetelli, 2013). The design of the websites which explains 
how the content is available to the user and its ease of use makes the site more 
successful. The attributes considered under this are: online response time, 24-hour 
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availability, page loading speed, and visual appearance. ‘Online response time’ means 
the effectiveness of the interface system of the website. By ’24-hour availability’ 
we mean that the e-commerce website is available the whole day and there are no 
off hours. The time taken by the website to reload or refresh and to migrate from 
various search results represents ‘page loading speed’. By ‘visual appearance’ we 
mean the attractiveness of the website and also the readability of its content.

Trust (TR)

Trust is considered to be an important criterion for e-commerce success since 
customer is concerned about the privacy and security of his personal data including 
personal details and transaction details (Hidayanto et al., 2014). They stated that, 
“When providing online information, the level of security presents the major concern 
for customers”. ‘Security’ represents the capability of an e-commerce system to 
assure the customers that there is no breach of customers’ personal information 
while making a transaction. The capability of an e-commerce system to keep the 
customers’ personal information confidential and protect the customers’ data from 
being included into any database is termed as ‘privacy’.

Use (US)

The usefulness of the website to the customers determines its success. For this, the 
number of ‘hits’ and ‘visits’ are used as an indicator of popularity of an e-commerce 
firm. Venkatesh, Morris, Davis, and Davis (2003)defined information and transaction 
as two components of ‘use’. By ‘information’ we mean the significance of the 
content available on the website and the ‘transaction’ represents the how smoothly 
and effectively the payment process is carried out.

Support (SUP)

Another customer oriented criterion which helps in customer retention is support. The 
criterion includes tracking order status, payment alternatives, and Frequently Asked 
Question (FAQ) (Tarasewich & Warkentin, 2000). ‘Tracking order status’ represents 
the ability of the website to provide the customers to track the delivery status of 
their purchased product/service. Payment alternatives refer to the various payment 
options being provided by the e-commerce firm to its customers. ‘Frequently asked 
questions’ represents the potential of the firm’s customer care to handle queries. 
Nowadays, online firms are providing ‘price comparison’ factor through which the 
customers can compare the online firm’s product price with other competitor firms.
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Personalization (PER)

Personalization is the process of customizing the goods and services as per customers’ 
needs and wants. The importance of personalization lies in its dynamic nature 
in website structure or content (Bhati, Thu, Woon, Phuong, & Lynn, 2017). The 
attributes considered in the factor are: individual preferences, cross-selling, and 
up-selling. ‘Individual preferences’ means giving the customer an opportunity to 
build his own shopping cart and select the products/service by considering various 
filter searches based on their constraints. ‘Up-selling’ and ‘Cross-selling’ are two 
key variables for an online retailer to provide a supplementary or complementary 
product or service to potential buyers so as to convert him into a multiple product 
buyer instead of single.

Electronic Word-of-Mouth (EWOM)

The advancements in internet technology has enabled the purchasers to offer their 
consumption related experience to the potential customers (Baek, Oh, Yang, & Ahn, 
2017), which in this study is termed as ‘electronic word-of-mouth’. It refers to the 
feedback given by online customers regarding a product or service for others to see 
over the internet. Two major attributes considered under E-WOM are: online reviews 
and star ratings. ‘Online reviews’ mean the linguistic comments given by the previous 
purchasers on the e-commerce websites for the product/service purchased by them. 
Some of the applications provide the consumers the option to rate the offering by 
selecting stars, called the ‘star ratings’, which is consistent with the likert scale used 
by researchers (Ye, Law, & Gu, 2009).

Fuzzy Set Theory

The concept was introduced as a solution to the problem of uncertainty encountered 
by practitioners while using decision making models, whose judgments were based 
on crisp set (Zadeh, 1965). The fuzziness was incorporated into the set theory in such 
a way that it handled the human linguistic vagueness while making a decision or 
evaluation. Previous researchers have proved that these sets possess the characteristics 
of ordinary sets but have wider applicability in practical situations due to its generality 
(Bueyuekoezkan & Ruan, 2007). Fuzzy sets provide a mathematical framework to 
tackle problems which involve fuzzy criteria, relations, or phenomena. Next, we 
define these sets and the mathematical operations defined for them.
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Definition 1: If Y  is a collection of objects denoted by y  then a fuzzy set F  in 
Y  is defined as F y y y Y

F
= ( ) ∈{( , |θ  where θ

F
y( )  is called a membership 

function which maps Y  to the membership space (which is a crisp value). Its 
range is a subset of non-negative finite real numbers whose supremum is finite.

However, there exist some fuzzy sets which have fuzzy membership functions. 
They are defined as:

Definition 2: A type-m fuzzy set is a fuzzy set whose membership values are type 
m m− >1 1,  fuzzy sets on 0 1,


 .

Next we define the intersection and union operation with respect to fuzzy sets.
Definition 3: The membership function for intersection of two fuzzy numbers 

F  and G  may be defined as

θ θ θ
F G F G
y Min y y y Y∩ ( ) = ( ) ( )( )∀ ∈,  (1)

Definition 4: The membership function for union of two fuzzy numbers F  and G  
may be defined as

θ θ θ
F G F G
y Max y y y Y∪ ( ) = ( ) ( )( )∀ ∈,  (2)

In literature two types of fuzzy numbers namely triangular and trapezoidal 
have been discussed widely. However, much of the studies have adopted triangular 
numbers due to its ease in application (Garg et al., 2018).

Definition 5: A triangular fuzzy number (TFN) may be denoted as p q r, ,( )  
representing the smallest possible, most promising, and largest possible value, 
respectively. The membership function may be stated as:
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Pythagorean Set Theory

Initially the fuzzy sets were extended to intuitionistic fuzzy sets (IFS) to provide a 
clearer picture of decision making under fuzziness which introduce a membership 
function as well as a non-membership function. They were able to handle the 
subjectivity in the input data by incorporating an additional ‘hesitancy degree’ 
apart from the degree of belongingness and non-belongingness (Atanassov, 1986). 
Nowadays, fuzzy sets have witnessed another extension under extant studies, namely 
Pythagorean fuzzy sets (PFS). One relaxation provided by these sets is that the 
sum of square of membership and non-membership degrees must be at most one, 
rather than the sum of membership and non-membership being at most one as in 
intuitionistic approaches (Yager, 2013). Below we define PFS and mathematical 
operations related to it.

Definition 6: Let Y  be the universe of discourse. A PFS P  in Y  is defined as

P y a y b y y Y
P P

= ( ) ( ) ∈{ , , | }  (4)

where a b Y
P P
, : ,→ 


0 1  denote the degree of membership and degree of non-

membership, respectively. The degree of indeterminacy is given by 
c y a b
P P P( ) = − −1 2 2 . Here, 0 1≤ + ≤a b

P P
.

Definition 7: For any PFN p  the score function and accuracy function may be 
defined as

s p a b
P P( ) = −2 2  (5)
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ac p a b
P P( ) = +2 2  (6)

For any two PFNs p p
1 2
, . If s s

p p1 2
>  then p p

1 2
� .

1.  If s s
p p1 2
=  then

a.  If ac ac
p p1 2
>  then p p

1 2
� . If ac ac

p p1 2
=  then p p

1 2
∼ .

Definition 8: Let p . p
1
. and p

2
.be three PFNs, and scalar α > 0 . then their 

operations are defined as

p p a a a a b b
1 2 1

2
2
2

1
2

2
2

1 2
⊕ = + −( ),  (7)

p p a a b b b b
1 2 1 2 1

2
2
2

1
2

2
2⊗ = + −( ,  (8)

α
α
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Next we discuss the MCDM approaches used in this paper.

PFAHP COPRAS-G METHODOLOGY

Pythagorean Fuzzy Analytic Hierarchy Process (PFAHP)

AHP is used to handle both qualitative and quantitative data under multiple criteria. 
Overall, the technique is made up of three processes namely decomposition, 
comparative judgment, and priority synthesis (Zolfani et al., 2012). The key 
distinction of this method is that it makes possible to convert a complex problem into 
a hierarchical structure consisting of a goal, criteria, and various alternatives which 
are to be evaluated, which covers the decomposition part. Comparative judgment 
includes the pairwise comparison matrices constructed to measure the contribution of 
each criterion/alternative (at same level) to the overall objective fulfillment. Finally, 
the priority synthesis deals with the relative preference of the alternatives, based on 
the weights of the criteria. Thus, it is demarcated as an order preference technique, 
rather than an outranking approach. AHP has been extended by previous researchers 
over fuzzy and intuitionistic environment. This study attempts to further take it over 
Pythagorean framework, which is a less explored topic by extant scholars. The steps 
of the method are discussed below.

Step 1: Establish decision makers, criteria, and alternatives. Let i l= …1 2, , ,  be 
alternatives; j m= …1 2, , ,  be criteria; K k= …1 2, , ,  be decision makers.

Step 2: Calculate weight for each decision maker

σ
k

k k
k

k k

k k k
k

k k

a
a

a b

a
a

a b

=

+
+











+
+















∑

c

c







= …� , , ,k K1 2  (13)

Step 3: Compute aggregated pair-wise matrix U  using Interval Valued Pythagorean 
Fuzzy Weighted Averaging (IVPFWA) operator for group decision maker

IVPFWA a b g h m
gh gh

k
k= −∏ −( ) ∏











= …1 1 1 22
σ σ, , , , ,  (14)
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Step 4: Compute difference matrix E e
gh mXm

= ( ) .e a b
gh
L

gh
L

gh
U= −

2 2

 (15)

e a b
gh
U

gh
U

gh
L= −

2 2

 (16)

Step 5: Compute interval multiplicative matrix V v
gh mXm

= ( ) .

v
gh
L egh

L

= 1000  (17)

v
gh
U egh

U

= 1000  (18)

Step 6: Calculate determinacy value β β= ( )gh mXm
β
gh gh

U
gh
L

gh
U

gh
La a b b= − −( )− −( )1

2 2 2 2

 (19)

Step 7: Calculate weight matrix O o
gh mXm

= ( )

o
h h

gh

gh
L

gh
U

gh
=

+









2
β . (20)

Step 8: Calculate normalized weights

w
o

oj

gh

gh

=
∑

∑∑
 (21)

COPRAS-G

A decision making problem is concerned with the selection of the best alternative by 
the decision maker(s). Therefore, a robust method must be used for their evaluation. 
COPRAS is a preference ranking technique which tackles the maximization and 
minimization influences on the evaluation results separately. The whole selection 
process is based on the ideal and anti-ideal solutions obtained during its application 
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(Zavadskas, Kaklauskas, Turskis, & Tamošaitiene, 2008). Since most of the 
alternatives deal with uncertain future as the values of the criteria cannot be judged 
through crisp sets, researchers suggest to extend it over fuzzy sets or consider it in 
interval form. This motivates us to apply COPRAS-G for selection, whose steps 
are discussed below.

Step 1: Construct the decision matrix by each decision maker.

Step 2: Aggregate decision matrix G y y
ij ij

= 





,

FWA y y
ij ij

k k

= ∏ ∏








σ σ
,  (22)

Step 3: Obtain weights of the criteria.

Step 4: Construct the normalized decision matrix � � �G y y
ij ij

lXm

=












�,� .using Fuzzy 

Weighted Averaging (FWA) operator

y
y

y y
ij

ij

i ij ij

� =
+
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2
 (23)

y
y

y y
ij

ij

i ij ij

� =
+



∑

2
 (24)

Step 5: Calculate weighted normalized decision matrix Ĝ

Ĝ G w= ⋅�  (25)

Step 6: Calculate the criterion sums P
i
 and R

i
 whose larger and smaller values are 

preferred

P y y
i

j

t

ij ij
= +

=
∑

1
2 1

( )� �  (26)
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R y y
i

j t

m

ij ij
= +

= +
∑

1
2 1

( )� �  (27)

For j t= …1 2, , ,  are the criteria which need to be maximized and remaining 
m t−( )  are the criteria which need to be minimized.

Step 7: Calculate the relative significance of each alternative

Q P
R

R
R

i i
i

i
i

= +
∑

∑
1

 (28)

Step 8: Determine the priority order of the alternatives.

Proposed Computational Steps

In this subsection, we give the step by step method for the hybrid approach PFAHP 
and COPRAS-G under multiple decision makers. A pictorial representation of the 
proposed methodology is shown in Figure 1.

Step 1: State the number of alternatives, criteria, and the experts to be used in the 
model.

Step 2: Construct the pair-wise comparison matrix for comparing each criterion 
with the other using the linguistic scale provided in Table 3, for all the decision 
makers.

Step 3: Calculate weights for each decision maker using equation (13).
Step 4: Aggregate the ratings provided by each expert to form an aggregate decision 

matrix U  using formula for IVPFWA given in equation (14).
Step 5: Compute difference matrix E  using equations (15) and (16).
Step 6: Compute interval multiplicative matrix V  using equations (17) and (18).
Step 7: Calculate determinacy value β  using equation (19).
Step 8: Calculate weight matrix O  using equation (20).
Step 9: Obtain the normalized global weights using equation (21).
Step 10: Obtain the decision matrix by each decision maker, by rating each alternative 

over every criterion, using the linguistic scale provided in Table 4.
Step 11: Considering the weight for each decision maker obtained from Step 3, 

formulate an aggregated decision matrix G  using FWA operator given in 
equation (22).
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Step 12: Construct the normalized decision matrix �G  using equations (23) and 
(24).

Step 13: Calculate weighted normalized decision matrix Ĝ  considering the weights 
obtained in Step 9, using equation (25).

Step 14: Calculate the criterion sums P
i
 and R

i
 for beneficial and non-beneficial 

criteria, respectively, using equations (26) and (27).
Step 15: Calculate the relative significance of each alternative Q

i
 using equation 

(28).
Step 16: Rank the alternatives in the decreasing values of Q

i
.

CASE STUDY

Company Background

The proposed technique has been implemented for a retailer who wants to sell its 
products online. The identity of the company is not disclosed due to some privacy 
concerns. In this chapter, the firm is referred as XYZ Company. The XYZ Company 
was established in 1999 and deal with shoes and also with recognized offline 

Figure 1. The proposed methodology
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suppliers. Selecting the best e-commerce website to sell its products online is a key 
concern for them. XYZ is well aware that selling their product online reduces set-up 
and operational cost. It will help to reach a wider customer base, thereby enhancing 
its sales opportunities.

Implementation of the Proposed Integrated MCDM Techniques

The XYZ’s mission is to find out the best e-commerce website that can satisfy its 
needs. Five e-commerce websites have been considered as alternatives. At this 
stage, e-commerce experts’ experience with these websites’ alternatives is taken as 
reference. A description of these alternative e-commerce websites are provided below.

• Snapdeal: It is an online platform with its base Delhi. It provides wide range 
of products at reasonable prices.

Table 4. Grey scale (Zavadskas et al., 2008)

Linguistic variables Grey Numbers

Very Weak (VW) [1,2]

Weak (W) [2,4]

Medium (M) [4,6]

Good (G) [6,8]

Very Good (VG) [8,9]

Table 3. Pythagorean linguistic scale (Pérez-Domínguez, Rodríguez-Picón, Alvarado-
Iniesta, Luviano Cruz, & Xu, 2018)

Linguistic Scale

Certainly low important (CLI) .00 .00 .90 .00

Very low important (VLI) .10 .20 .80 .90

Low important (LI) .20 .35 .65 .80

Below average important (BAI) .35 .45 .55 .65

Average important (AI) .45 .55 .45 .55

Above average important (AAI) .55 .65 .35 .45

High important (HI) .65 .80 .20 .35

Very high important (VHI) .80 .90 .10 .20

Certainly high important (CHI) .90 .00 .00 .00

Exactly equal (EE) .1965 .1965 .1965 .1965
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• ShopClues: An online retail website, situated in Gurgaon, started in Silicon 
Valley. Among the most progressive online platforms in India, introduced in 
July 2011 in Silicon Valley.

• Flipkart: An e-commerce firmstarted in 2007, andfunctions only in India. 
It offers various product categories such as movies, music, games, mobiles, 
cameras, computers, healthcare and personal care.

• Myntra: Indian online shopping place based in Bangalore for shoes, clothing 
accessories for men and women.

• Jabong:The Indian lifestyle e-commerce site, selling apparel, footwear, 
accessories, beauty products, fragrances, home accessories for men, women 
& kids.

The criteria determined for the purpose of selecting and ranking e-commerce 
websites’ alternatives are SQ, CQ, U, TR, SUP, PER, and EWOM. Two e-commerce 
experts are chosen for responses. These two experts are the quality assurance manager 
and sales coordination manager at XYZ firm. XYZ’s quality assurance manager has 
been employed since 2007 and is one of the most experienced and oldest service 
staff of the firm. XYZ’s sales coordination manager is working in the firm since 
2011. In the past, he worked in various departments of company but currently 
working as a sales coordination manager. His role is to develop sales strategies and 
assessing the firm’s progress. The conceptual framework in the form of a hierarchy 
is presented in Figure 2.

Moreover, the two decision makers DM1 and DM2 considered may be labeled 
as proficient and expert, respectively. This distinction is based on number of working 
years in the field of online marketing. Thus, to flout complexity we consider the 
preference weights of decision makers as DM DM DM= { } = { }1 2 0 7 0 3, . , . . The 
pair-wise comparison matrix for the criteria, as provided by each decision maker, 
is given in Table 5 and 6.

Next, we evaluate an aggregated pair-wise matrix using equation (14). After 
performing Steps 4 – 8, we obtain the normalized weight for each criterion, as 
shown in Table 7.

According to the above table, it may be noted that electronic word-of-mouth 
(.288), personalization (.232), and system quality (.180) are more important as 
compared to trust (.115), content quality (.100), support (.052), and use (.032), with 
respect to our overall objective. Now, we obtain the decision matrix based on the 
linguistic scale by each decision maker for different alternatives, which is presented 
in Table 8 and 9.

Aggregating the decision matrices using equation (22) and performing Steps 
12-16, we obtain the ranking results as provided in Table 10.
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Table 5. Pair-wise comparison matrix by DM1(Compiled by Authors)

DM1 SQ CQ US TR SUP PER EWOM

SQ EE AI AAI AI AAI HI VHI

CQ AI EE AAI AI AAI HI VHI

US BAI BAI EE AAI AI AI VHI

TR AI AI BAI EE BAI AI HI

SUP BAI BAI AI AAI EE AI AAI

PER LI LI AI AI AI EE AI

EWOM VLI VLI VLI LI BAI AI EE

Figure 2. Hierarchy of the problem
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According to the methodology adopted, higher value of relative significance 
Q
i( )  or utility degree N

i( )  implies better option. This implies that the website 
having the larger relative significance or a utility degree among all alternatives will 
be ranked at first, whereas the alterative with lowest relative significance or utility 
degree will be placed at the bottom of the list. The comparative selection of all five 

Table 6. Pair-wise comparison matrix by DM2(Compiled by Authors)

DM2 SQ CQ US TR SUP PER EWOM

SQ EE HI VHI HI AI HI VHI

CQ LI EE AI BAI LI VHI HI

US VLI AI EE LI VLI HI VHI

TR LI AAI HI EE BAI HI AI

SUP AI HI VHI AAI EE AI AAI

PER LI VLI LI LI AI EE AI

EWOM VLI LI VLI AI BAI AI EE

Table 7. PFAHP results(Compiled by Authors)

Criterion name Global Weights

System Quality .180

Content Quality .100

Use .032

Trust .115

Support .052

Personalization .232

EWOM .288

Table 8. Decision matrix by DM1(Compiled by Authors)

DM1 SQ CQ US TR SUP PER EWOM

Snapdeal W M M W G G VW

ShopClues G M W M M G G

Flipkart G G W W G M M

Myntra M M M W W VW VW

Jabong M W W VW VW G G
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e-commerce websites on the basis of seven e-commerce success criteria is provided 
in Table 10 and Figure 3.

In Figure 3, we can see that e-commerce website Flipkart having the largest 
utility degree percentage as 22.62% is ranked one, trailed by Snapdeal at number 2, 
and Myntra at three. The e-commerce website ShopClues is ranked 5, i.e., having 
the lowest utility degree percentage. The results obtained in this case study depict 
that Flipkart should be preferred by XYZ Company, whereas ShopClues is least 
preferable. If XYZ Company will select Flipkart for selling their products online then 
they will get better results as compared to other alternatives. The hybrid approach 
based on PFAHP and COPRAS-G method can provide a simple, understandable 
and valid technique for practitioners as well as researchers. There are many reasons 
which make it preferable over other MCDM techniques such as simple formulations, 
less complexity, and better handling of vagueness in MCDM problems.

Table 9. Decision matrix by DM2 (Compiled by Authors)

DM2 SQ CQ US TR SUP PER EWOM

Snapdeal M M M VW W W G

ShopClues W W M G M W VW

Flipkart M W M W G G M

Myntra G G W M M W M

Jabong G M M W W M G

Table 10. COPRAS-G results (Compiled by Authors)

Alternative Ni
Rank

Snapdeal .172 .017 .199 19.92% 2

ShopClues .173 .039 .185 18.52% 5

Flipkart .204 .021 .226 22.62% 1

Myntra .177 .024 .195 19.52% 3

Jabong .159 .013 .194 19.42% 4
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CONCLUSION AND FUTURE SCOPE

Today’s marketing environment has become dynamic and firms need to implement 
right decisions about various marketing problems. Selection of e-commerce websites 
has become a significant marketing activity in the electronic era, which involves 
various e-commerce success criteria. Selection helps a company in various ways such 
as choosing its target segments, resources, competitive advantages, and satisfying 
customer’s needs. E-commerce website selection can influence brand awareness, 
customer reach, accessibility, and monetary costs. Therefore, it is significant to select 
the best e-commerce website for every company. However, selecting best website 
is a challenging job since this problem involves complexity under the presence of 
multiple criteria. MCDM methods are used for evaluating, selecting, ranking, and 
comparing with multiple criteria and alternatives. If there are multiple alternatives 
available, then MCDM techniques can be used, since a decision needs to be taken 
that is favorable over others. The e-commerce website selection problem is usually 
influenced by uncertainty and vagueness in practice since the judgments of decision 
makers (DM) cannot be explained precisely in crisp values. Thus, DM’s selection 
and preferences are usually expressed in terms of linguistic scale. Some previous 
studies extended the typical MCDM techniques to the fuzzy and Intuitionistic fuzzy 
(IF) environment. Many different MCDM, fuzzy MCDM, and IF MCDM techniques 
have been proposed in the literature (such as AHP, SWARA, PROMETHEE, CODAS, 
EDAS, TOPSIS, ELECTRE, etc.). Some unfavorable aspects of human statements 
are vagueness, ambiguity, and subjectivity that sometimes cannot be sufficiently 
handled in Fuzzy and IF fuzzy sets.

Figure 3. Comparative selection obtained from PFAHP and COPRAS-G method
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Pythagorean fuzzy sets (PFS) are useful tools to investigate vagueness in DM’s 
judgments in terms of lack of information or data related to the problem. Therefore, this 
chapter proposed a hybrid model to select the best quality e-commerce website. This 
hybrid model integrates the Pythagorean fuzzy AHP (PFAHP) and the COPRAS-G 
with group decision making approach. First, the PFAHP technique used to calculate 
the success criteria weights. Then COPRAS-G method was used to rank different 
e-commerce website. Multiple decision makers are usually preferred than a single 
DM to avoid the biases in decision making process. Additionally, a real-life case 
study was presented to demonstrate the applicability of the hybrid model.

To the best of authors’ knowledge, this chapter is the first to implement a PFAHP 
and COPRAS-G hybrid model to select the best e-commerce website. We have 
reported and discussed the results obtained in a case study involving an actual firm. 
In particular, this chapter showed that Flipkart was the best e-commerce website 
followed by Snapdeal and Myntra based on seven e-commerce success criteria. We 
also noted that EWOM was the most significant criterion followed by personalization 
in order to take e-commerce website selection decisions. Improving system quality 
in a highly competitive market and increasing consumer trust towards e-commerce 
website revealed to be two criteria of high importance. Use was ranked as the least 
important criterion as compared to other criteria. The results presented in this 
chapter may be beneficial to any firm who wants to construct their business online. 
These findings will also be helpful for e-commerce practitioners, in accordance to 
better understand their consumers’ needs with respect to the success of e-commerce 
website. Even though the model application focuses e-commerce sector, this model 
may be adopted in other sectors in order to handle a selection problem. Moreover, 
this model made use of COPRAS-G technique to obtain alternatives’ weights, which 
can also be obtained by other MCDM techniques in the future, such as TOPSIS, 
VIKOR, PROMTHEE, CODAS, EDAS, ELECTRE, etc. Only seven criteria are 
used for this research. More e-commerce success criteria can be used to enhance 
the effectiveness of the website selection process. Also, this study only considers 
Pythagorean fuzzy sets. Another promising future study would be to consider the 
hesitant Pythagorean fuzzy sets. These extensions give an idea for future research.
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ABSTRACT

The share of electronic commerce (e-commerce) in total trade is increasing. There 
are many kinds of services and products within the scope of e-commerce. These 
products and services are subdivided according to their sales forms and product 
groups. In this chapter, only the private shopping websites in the online sales group 
were examined. Private shopping sites are the sites where the members buy certain 
products with limited stock in limited time. In this chapter, six leading sites are defined 
as alternatives for the purpose of comparison. When the studies in the literature are 
examined, it is seen that multi-criteria decision making methods are used in order 
to sort the special shopping sites by taking into consideration the criteria. Entropy 
method was used to determine the weights of the criteria under each main topic 
determined in the study. Moosra method was chosen from multi-criteria decision 
making methods in order to rank alternative websites. As a result, alternative sites 
were listed separately and then examined as to whether there was a relationship 
between these groups.
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INTRODUCTION

The medium where information is most available in today’s age is the Internet and 
websites, which are the most important part of the Internet. Websites are one of the 
most effective tools used to establish and maintain relations with organizations and 
individuals worldwide (Özsarı, et al., 2016:210).

With the increase in shopping through websites, the manufacturers of goods and 
services have begun to develop various competitive instruments to reach a wide range 
of customers. Opportunity sites strategy is one of the methods whose popularity 
has been increasing in recent years. Every day, dozens of businesses publicize their 
discount campaigns or benefits through opportunity sites (Yalçın and BAŞ., 2012:3).

Websites offer major opportunities for both businesses and consumers. Their 
benefits to businesses include savings in costs, effectiveness in sales and marketing 
activities, better customer relationships, customer continuity and loyalty, access 
to global markets, time-saving, equal opportunities, access to new markets and 
competitive advantage, efficiency and rich information. Their benefits to consumers, 
on the other hand, include easy shopping, time-saving, rich information, and 
comparison of products and services, and a controllable purchasing process. In 
addition, due to the fact that all stages of the sales from order to payment take 
place in a virtual environment, most of the costs in traditional sales are eliminated, 
providing a reduction in the costs, which is another important benefit of the Internet 
(Dündar, et al., 2007:289).

Consumers may be satisfied with their shopping experience from websites; 
however, the fact that there are many similar shopping sites may also cause them to 
be indecisive. Furthermore, consumers may be dissatisfied with the products they 
buy from websites. They may even be dissatisfied with or make complaints about the 
shopping websites. For this reason, managers of shopping websites should learn the 
reasons of these dissatisfactions and design consumer-oriented activities in order to 
satisfy consumers (Yılmaz, et al.,2016:103)). In addition, shopping websites should 
be designed so as to provide the best user experience (Genç, 2010:485).

Due to this increase in the websites, consumers, on the other hand, may have 
difficulties in making a decision on which shopping site to use. In this decision-
making process, the properties of the websites play an important role. Decision-
making is a part of daily life. People, big companies and even countries constantly 
need to make decisions. Even if the decision-making unit is a human or a machine, 
the decision maker must perform the following functions. A decision-maker receives 
information, collects information in itself, processes it in intelligence and makes a 
decision (Chankong & Haimes, 2008:3). Although people sometimes make decisions 
based on only one criterion, real life is much more complex. The decision-making 
problem is usually a complex process that requires multiple parameters to be evaluated 



105

Comparison of Private Shopping Sites With User Data From Entropy-Based Moosra Method

together. The selection of the best alternative among a number of alternatives and a 
series of decision criteria is a Multi-Criteria Decision Making (MCDM) problem. 
Many MCDM methods have been developed to solve this problem. There is no clear 
evidence as to which is the best one of these methods (Evangelos, 2000:5). Examples 
of these methods include AHP, TOPSIS, PROMETHEE, VIKOR, and MOOSRA.

These methods have also been used in the selection of private shopping websites 
with multiple alternatives and criteria. in this study, six leading private shopping 
websites operating in Turkey have been compared with the Entropy-Based MOOSRA 
a method. MOOSRA method has been used to sort the websites. Entropy method, 
which is frequently used in the literature, has been used in the use of weights. These 
websites were compared in 3 different dimensions and the results were presented 
methodology. In this study, Entropy method, which is frequently used in weighting 
the criteria of MCDM problems, was used. the steps of the method are explained in 
detail and some studies conducted with this method in the literature are mentioned. 
after the weights were determined, MOOSRA method was used to sort the alternatives. 
The steps of the method and some studies with this method were mentioned.

ENTROPY METHOD

Entropy used to measure the disorder of a system in the natural sciences is adapted 
to measure the degree of uncertainty of a system in the social sciences (Han et, all., 
2015: 218). By using Entropy, the uncertainty between the criteria in multi-criteria 
decision-making methods can be eliminated and weights can be assigned to criteria 
without the need for the personal opinion of the experts (Perçin & Sönmez, 2018: 570). 
Entropy is a very good scale in different decision making and evaluation processes 
and can be used to evaluate decision making units (Wu, 2011: 5163). Entropy method 
is used in the literature with many multi-criteria decision making methods for the 
performance evaluation of automotive companies, the Entropy-based MAUT method 
was used (Ömürbek et al., 2016). Performance measurement of insurance companies 
using entropy method combined with TOPSIS method (Wu, 2011). Entropy was 
used in the geographical market selection by using PROMETHEE method (Yavuz, 
2016). The method was used to evaluate EU countries in terms of quality of life in 
combination with ARAS and MOOSRA methods (Ömürbek et al., 2017). ARAS, 
MOOSRA and COPRAS methods were used in the evaluation of the sustainability 
performance of banks and the weight of these methods were determined by Entropy 
method (Ömürbek et al., 2017).

The Entropy method consists of the following steps (Karami & Johansson, 2014: 
524).



106

Comparison of Private Shopping Sites With User Data From Entropy-Based Moosra Method

Step 1: Normalization of Decision Matrix Pij
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MSRA METHOD

This method helps the decision-makers to eliminate inappropriate alternatives 
after selecting the most appropriate alternatives to strengthen existing selection 
procedures. It is seen that the method is very robust, understandable and easy to 
calculate. MOORA and MOOSRA methods Compared to other alternative MCDM 
methods, the calculation time is low, the calculation is simple, transparent and flexible 
methods. With these methods, the relative importance of all criteria are taken into 
consideration and the alternatives can be ordered more accurately (Sarkar, 2015: 
340). To some extent, the MOOSRA method is parallel to the MOORA method, but 
is more robust compared to MOORA (Ray, 2014: 560). The MOOSRA method was 
first introduced in 2012. The method used in the selection of cutting fluid for green 
production in 2014 was compared with AHP (Ray, 2014). Also, in the literature, 
MOORA and MOOSRA method were used in machine selection (Sarkar, 2015). 
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The MOOSRA method has been used in the selection of materials compared to 
PROMETHEE II, ORESTE and OCRA methods (Kumar & Ray, 2015). Considering 
the studies, it is seen that MULTIMOORA and MOOSRA methods are used for 
laptop selection (Adalı & Işık, 2017). The Entropy Based MOOSRA method was 
used in the selection of the logistics center (Ulutaş, 2018). MULTIMOORA, TPOP 
and MOOSRA method were used to select the critical path for the project (Dorfeshan, 
2018). For the selection of UPS, the MOOSRA method was used which’s weights 
was calculated by the CRITIC method (Demircioğlu & Coşkun: 2018).

The MOOSRA method consists of the following steps (Ray, 2014: 561-562):

Step 1: Creation of decision matrix with n criteria and m alternative X
ij
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Step 2: The values are normalized in the range of formula (2.6) to 0-1. Normalized 
data is shown as X

ij
 * X

ij
. * shows that i. alternative normalized value on j.
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Step 3: The determination of alternative values according to the benefit and cost 
criteria can be calculated by the equation (2.7) Y
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where g is the maximum value, w
j
 is the weight value.

Step 4: The alternatives can be listed in formula (2.8).
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APPLICATION

There are many private shopping site in Turkey. In this study six leading website in 
the sector in Turkey were selected as alternatives. The alternatives in the study are 
trendyol.com (Trendyol), markafoni.com (Markafoni), morhipo.com (Morhipo), 1v1y.
com (1v1y), tozlu.com, lidyana.com (Lidyana). The alternatives were evaluated in 
terms of search engines statistics, website usage statistics, user evaluations, social 
media interactions and three dimensions were determined. These dimensions can 
be called web statistics, user reviews and feedback, and social media performance. 
Each dimension consists o5 sub-criteria. Three dimensions and criteria are shown 
in table 1.

Alternatives according to determined dimensions and criteria are listed by Entropy 
based MOOSRA method. The hierarchical model is given in figure 1.

Table 1. The details of dimensions and criteria

Dimensions Criteria

Web Statistics (D1)

Google Trend (C1)

Daily Page Views per Visitor (C2)

Daily Time on Site (C3)

Bounce Rate (C4)

% of Traffic From Search (C5)

User Evaluations and Feedback (D2)

Satisfaction Level (C1)

Total Interaction (C2)

Thanks Rate (C3)

Response Rate (C4)

Response Time (C5)

Social Media Performance (D3)

Number of Facebook Followers (C1)

Number of Twitter Followers (C2)

Number of Tweets (C3)

Number of Instagram Followers (C4)

Number of Instagram Posts (C5)
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In the next part of the study, the criteria for each dimension are explained. Ranking 
according to each dimension.

Ranking According to Dimension: Web Statistics

The first dimension is the web statistics generated by the users on the websites 
reviewed. The first criterion used in this dimension was taken from trends.google.com

• Google Trend (C1): Trends.google.com consists of statistics on Google.
com, the world’s largest search engine. The interest shown over time in a 
search by regional or subject is ranked as 0-100. The higher the score shows 
the more searched website. Therefore, c1 criterion is taken as benefit criteria. 
As an example of other criteria, the data of the alternatives for the last 3 
months as of 18.09.2018 are shown in Figure 2.

• Daily Page Views per Visitor (C2): The number of web pages that users 
view on the website daily. The number of pages displayed on similar websites 
may be indicative that the site is richer in content. Therefore, this criterion is 
taken as the criterion of benefit.

• Daily Time on Site (C3): Users’ time spent on the web site is taken as 
seconds. The high duration of this site may be indicative of its rich and 
popular content. Therefore, these criterion is taken as the criterion of benefit.

Figure 1.  
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• Bounce Rate (C4): The bounce rate are indications that users are not standing 
on the site. This criterion, which was kept as a percentage, was taken as the 
cost criterion.

• % of Traffic from Search (C5): This is the criterion and the rate of coming 
to the site through the search engine. This is a cost criterion because it is 
considered that popular websites are not searched through the search engine.

The decision matrix according to the first dimension criteria is formed as in 
Table 2.

The weights determined by Entropy and criteria are given in table 3.
The criterion C1 in table 3 is more important than the other criteria.

Figure 2. 

Table 2. The decision matrix according to dimension: web statistics

Google Trend 
(C1)

Daily Page 
Views per 

Visitor (C2)

Daily Time on 
Site (C3)

Bounce Rate 
(C4)

% of Traffic 
From 

Search (C5)

Trendyol 68,43 8,21 540 32,3 34,4

Markafoni 3,32 4,57 314 33,5 42,7

Morhipo 15,99 5,85 401 33,6 34,3

1v1y 3,26 5,45 371 32,1 29,3

Tozlu 6,87 7,55 502 25,4 38

Lidyana 1 3 151 51 46
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The steps of the MOOSRA method are performed in sequence. In step 4, Y
i
 

values are calculated from equality 2.8. The rankings with Y
i
 values are given in 

table 4.
Table 4 shows that Trendyol, the leading company in the sector, is the first in 

the ranking. Lidyana is the last one.

Ranking According to Dimension: User 
Evaluations and Feedback

www.sikayetvar.com is the world’s first and biggest complaint platform operating 
since 2001. Ctomers can complain about the company and their opinions on this 
platform. The data used for rking in the second dimension consist of the evaluation 
of the websites of the users on this platform and feedbacks. Under this dimension, 
5 criteria determined are as follows.

• Sfaction Level (C1): The first criterion is the percentage of satisfaction from 
the websites of the users. The criterion was taken as the criterion of benefit 

Table 3. Determined weights by entropy

Google 
Trend (C1)

Daily Page 
Views per 

Visitor (C2)

Daily Time on 
Site (C3) Bounce Rate (C4)

% of 
Traffic 
From 

Search 
(C5)

w 0,85 0,05 0,07 0,02 0,01

Table 4. Ranking according to dimension: web statistics

Web Site
j

g

j ij
w X

=
∑

1

*
j g

n

j ij
w X

= +
∑

1

* Y
i

Ranking

Trendyol 0,886 0,012 73,425 1

Markafoni 0,078 0,013 5,783 5

Morhipo 0,240 0,012 19,411 2

1v1y 0,084 0,011 7,389 4

Tozlu 0,144 0,011 13,167 3

Lidyana 0,033 0,018 1,836 6

http://www.sikayetvar.com
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because it was positive for the company that the urs were satisfied with the 
companies.

• Total Interaction (C2): The second criterion, the total interaction, is 
expressed as the sum of the complaint and thanks about the site. If the total 
interaction is over, it may be an indication of the size of the firm. Therefore, 
this criterion has been taken as a benefit criterion.

• Thanks Rate (C3): The rate of thanks in the total interaction is the third 
criterion. The Thanks rate, which is an indicator of the satisfaction of the 
company’s services, has been taken as a benefit criterion.

• Response Rate (C4): The rate of responding to customer requests indicates 
the rate of respecting the user satisfaction of the website. Sites with high 
response rates may be considered interested in users’ requests and complaints. 
And these sites can be considered as having provided better quality services. 
Therefore, this criterion has been taken as a benefit criterion.

• Response Time (C5): The company’s response time to the complaints in 
minutes is the last criterion. It can be said that the sites that have returned 
to their customers in a short time provide good service. The short duration 
of this period is better for the company. This criterion was taken as the cost 
criterion.

The decision matrix according to the second dimension criteria is formed as in 
Table 5.

The weights determined by Entropy and criteria are given in table 6.
Table 6 shows that the weight of C3 and C5 is high and C4 is low.
The steps of the MOOSRA method are performed in sequence. In step 4, Y

i
 

values are calculated from equality 2.8. The rankings with Y
i
 values are given in 

table 7.

Table 5. The decision matrix according to dimension: user evaluations and feedback

Satisfaction Level 
(C1)

Total 
Interaction 

(C2)

Thanks 
Rate (C3)

Response 
Rate (C4)

Response Time 
(C5)

Trendyol 51 10363 0,14 99 56

Markafoni 48 194 0,11 98 120

Morhipo 53 4200 0,18 100 8

1v1y 52 1218 0,23 100 60

Tozlu 91 588 0,37 96 300

Lidyana 22 267 0,05 70 2880
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It is seen that Morhipo was the first company in Table 7. Trendyol, the leading 
company in the sector, follows the Morhipo as the second. Finally, Lidyana has 
worst ranking as in Table 2.

Ranking According to Dimension: Social Media Performance

Social media is used for double-sided media sharing and especially for websites to 
reach and inform customers. Social media networks, the most popular in social media, 
were used in this dimension. These social networks are as follows: www.facebook.
com, www.instagram.com, and www.twitter.com.In this dimension, 5 criteria were 
formed with the data from social networks. These 5 criteria are explained as follows.

• Number of Facebook Followers (C1): The first criterion is the number of 
Facebook followers. The number of followers on Facebook, the largest social 
media platform in the world, indicates the popularity of the company. The 
criterion was taken as the benefit criterion.

• Number of Twitter Followers (C2): The second is the number of followers 
on twitter, another popular social media platform similar to the first criterion. 
This criterion is a benefit criterion, such as the previous criterion.

Table 6. Determined weights by entropy

Satisfaction 
Level (C1)

Total 
Interaction 

(C2)

Thanks Rate 
(C3) Response Rate (C4) Response 

Time (C5)

w 0,040 0,084 0,397 0,004 0,475

Table 7. Ranking according to dimension: user evaluations and feedback

Web Site
j

g

j ij
w X

=
∑

1

*
j g

n

j ij
w X

= +
∑

1

* Y
i

Ranking

Trendyol 0,406 0,009 44,255 2

Markafoni 0,040 0,020 2,055 5

Morhipo 0,195 0,001 148,515 1

1v1y 0,099 0,010 10,035 3

Tozlu 0,110 0,049 2,235 4

Lidyana 0,026 0,471 0,054 6

http://www.facebook.com
http://www.facebook.com
http://www.instagram.com
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• Number of Tweets (C3): The third criterion is the number of tweets tweeted 
from the official twitter account of the web site. This criterion is taken as a 
criterion of benefit that shows the activity of social media departments.

• Number of Instagram Followers (C4): The number of followers on 
Instagram, which is another popular social media platform, is the fourth 
criterion. Similarly to the C1 and C2 criteria, it was taken as a benefit criterion.

• Number of Instagram Posts (C5): The number of posts on the Instagram 
account of the website. This criterion has been taken as a benefit criterion as 
the other criteria.

The decision matrix according to the third dimension criteria is formed as in 
Table 8.

The weights determined by Entropy and criteria are given in table 9.
When Table 9 is examined, it is seen that the number of followers on social 

media platforms is more important than the number of shares. It is noteworthy that 
the number of Instagram followers is more important than other criteria.

The steps of the MOOSRA method are performed in sequence. In step 4, Y
i
 

values are calculated from equality 2.8. The rankings with Y
i
 values are given in 

table 10.

Table 8. The decision matrix according to dimension: social media performance

Number of 
Facebook 

Followers (C1)

Number 
of Twitter 
Followers 

(C2)

Number of 
Tweets (C3)

Number of 
Instagram 
Followers 

(C4)

Number of 
Instagram Posts 

(C5)

Trendyol 2202910 147000 50700 1052641 5447

Markafoni 1341437 141000 36000 187468 6279

Morhipo 1074175 99300 25100 305745 5859

1v1y 151047 36800 11700 51206 4592

Tozlu 2128719 12000 14100 879368 9805

Lidyana 192279 29600 9616 287554 6561

Table 9. Determined weights by entropy

Satisfaction Level 
(C1)

Total Interaction 
(C2)

Thanks Rate 
(C3)

Response Rate 
(C4)

Response Time 
(C5)

w 0,265 0,246 0,161 0,3 0,028
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In Table 10 Trendyol is first web site. Unlike other dimensions, 1v1y was the 
last in this dimension.

In the literature, there are studies in which web site content is evaluated by 
users opinion. In this study, real numerical data were used. The Internet is used as 
a source of information, the data of the internet search engines, web page statistics, 
users’ web evaluations and data of social media platforms have been used in the 
rankings. The rankings in the three dimension previously determined are given 
together in Table 11.

When Table 11 is analyzed, it is seen that there is a positive relationship 
between Web Statistics and User Evaluations and Feedback (correlation =0,88). 
The correlation between Web Statistics and Social Media Performance is 0.54. The 
correlation between User Evaluations and Feedback and Social Media Performance 
is 0.31. It can be assumed from this point of view that only User Evaluations and 
Feedback can be used to get a great idea about Web Statistics. Likewise, it can be 
said that Web Statistics can explain User Evaluations and Feedback. Social Media 
Performance in not effective for explaining other two dimensions.

Table 10. Ranking according to dimension: social media performance

Web Site
j

g

j ij
w X

=
∑

1

* Y
i

Ranking

Trendyol 0,666 0,666 1

Markafoni 0,383 0,383 3

Morhipo 0,317 0,317 4

1v1y 0,096 0,096 6

Tozlu 0,404 0,404 2

Lidyana 0,139 0,139 5

Table 11. Ranking according to three dimensions

Web Site Web Statistics User Evaluations and Feedback Social Media Performance

Trendyol 1 2 1

Markafoni 5 5 3

Morhipo 2 1 4

1v1y 4 3 6

Tozlu 3 4 2

Lidyana 6 6 5
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CONCLUSION

Businesses with special shopping sites within the website, first of all the number 
of online visitors to do is to increase as much as possible. Thus, they will have the 
opportunity to sell their products more. Businesses in order to build relationships 
with customers, clients need to understand that they have established preferences 
and how they interact with websites. The focus is on designing a website that can 
appeal to consumers to re-visit their website and identify the content of the website. 
Website owners should be able to determine the advantages and weaknesses of their 
websites, the opportunities offered by their sites and the threats they receive from 
other sites, in other words, SWOT analysis.

Businesses should evaluate their own websites and compare them with other sites 
in order to gain competitive advantage. Multi-criteria decision-making methods may 
be preferred in the evaluation of websites. Entropy-based MOOSRA method was 
used in this study. In this article study, the websites were examined in 3 dimensions. 
In the first dimension evaluation, the search statistics of the websites, the daily 
web pages, the time spent on the customers’ website and the site being recognized, 
theTrendyol website became the first.

In the second dimension, the percentages of satisfaction from the websites, the 
total number of grievances and gratitude about the site, the rate of gratitude, the 
rate of responding to the customer requests, and the time to answer the complaints 
were taken into consideration. When we listed the websites, the first place was the 
Morhipo website, the 2nd Trendyol website.

In the evaluation in the third dimension, it is also important to follow the websites 
in social media. The first leading website is Trendyol, which is the leading firm in 
the sector. In the last row, 1v1y is seen as different from other dimensions. In the 
last row of other dimensions, Lidyana is seen as the second.

The Trendyol which is first ranked in dimension D1 and D3, should further 
develop itself according to the D2 dimension. This means that Trendyol must to 
pay more attention to customer needs and their complaints. Websites can improve 
themselves by taking a look at the rankings based on the top ranked web sites. By 
using social media departments more actively, they can carry higher D3 rankings.

In the future, our recommendation to work on the evaluation of websites is to 
compare websites that do business around the world. In addition, different criteria 
and different multi-criteria decision making methods can be done with this type of 
studies. working with different methods and comparing the results.
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KEY TERMS AND DEFINITIONS

MCDM: Multi-criteria decision making.
TOPSIS: It is an acronym for “technique for order preference by similarity to 

ideal solution.”
UPS: Universal power supply.
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ABSTRACT

This chapter uses intuitionistic fuzzy VIKOR (IFVIKOR) for the application of 
ERP software selection. First, priority values of criteria in ERP software selection 
problem have been determined by using the judgments of the experts. IFWA operator 
is utilized to integrate the judgments of the experts about the weights of criteria. 
Then, the result of the IFVIKOR can be employed to define the most appropriate 
ERP alternative in uncertain environment. Intuitionistic fuzzy numbers are presented 
in all phases in order to overcome any vagueness in the decision-making process. 
The final decision depends on the degree of importance of each decision so that 
wrong degree of importance causes the mistaken result. The researchers generally 
determine the degrees of importance of each decision makers according to special 
characteristics of each decision maker as subjectivity. In order to overcome this 
subjectivity in this chapter, the judgments of decision makers are degraded to unique 
decision by using the importance degree of each expert. There is no study about 
ERP software selection using IFVIKOR.

ERP Software Selection 
Based on Intuitionistic 
Fuzzy VIKOR Method

Burak Efe
Necmettin Erbakan University, Turkey
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INTRODUCTION

An enterprise resource planning (ERP) system is a business process management 
software that combines a number of modular software implementations to meet all the 
needs of a firm. An ERP system is the knowledge framework of a firm that automates 
and combines whole business tasks like purchase, sales, inventory control, human 
resource, production planning and finance. Applications of ERP systems are one of 
the most important investment projects due to the difficulty, high cost and adaptation 
risks. Firms have spent billions of dollars and utilized many amounts of man-hours 
for installing detail ERP software systems (Yusuf et al., 2004). Unprecedented market 
competition has impressed whole facets of business environment with the conclusion 
that firms need to decrease total costs, be more sensitive to customer requirements 
and reduce lead times. To overcome these challenges, novel software systems known 
in the business environment as ERP systems have surfaced in the market targeting 
primarily large scale organizations (Karsak and Ozogul, 2009). Any ERP software 
in market cannot fully meet the needs and expectations of companies, because every 
company runs its business with different strategies and goals. Thus, to increase the 
chance of success, management must choose appropriate software that most closely 
suits its requirements (Ayağ and Özdemir, 2007). Therefore, ERP software selection 
is an extremely serious and difficult decision making problem for managers. Many 
firms apply their ERP software hastily without exactly understanding the inclusions 
for requirements of their business strategies and goals. The conclusion of this hurry 
approach is the failure in ERP software selection that leads to the failure of project 
or firm performance will get weakened (Liao et al., 2007).

This chapter consists of five sections. The second presents the related literature 
review. The third section consists of methods that used IFWA operator and IFVIKOR 
in ERP software selection. Section four is related with ERP software selection 
application of the developed decision making approach. The conclusion of this 
chapter is presented in Section five.

BACKGROUND

Lee et al. (2004) studied on SWOT based ERP software selection. Wei et al. (2005) 
defined AHP model which enables a firm to determine the factors of ERP software 
selection. Liao et al. (2007) introduced a similarity degree based algorithm about 
ERP systems, which may be defined by various linguistic statements. A linear 
programming model is set up for deciding the most convenient ERP software. Ayağ 
and Ozdemir (2007) adopted the fuzzy extension of the analytic network process 
(ANP) based intelligent approach to select the most convenient ERP software 
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alternative. Karsak and Ozogul (2009) suggested a comprehensive framework for the 
proper ERP selection among possible choices based on quality function deployment 
(QFD), fuzzy linear regression and zero-one goal programming. Sen and Baracli 
(2010) adopted fuzzy QFD approach to select the best ERP software. Méxas et al. 
(2012) proposed AHP approach to investigate the opinions of information technology 
experts about the importance of ERP software evaluation criteria and sub-criteria in 
the construction industry. Asl et al. (2012) proposed an integrated approach, which 
defines the most important criteria of ERP software using Delphi method and ranks 
these criteria using Shannon Entropy method. Gürbüz et al. (2012) suggested an 
assessment framework using an integration approach that utilizes ANP, Choquet 
integral and Measuring Attractiveness by a Categorical Based Evaluation Technique 
for the evaluation of four ERP software alternatives. Oztaysi (2015) used interval 
type-2 fuzzy number based AHP approach to evaluate ERP selection problem. Khan 
and Faisal (2015) examined grey theory based approach for ERP vendor selection. 
Efe (2016) presented fuzzy AHP method to determine the weights of ERP selection 
criteria and fuzzy TOPSIS method to rank four ERP alternatives. Borissova et al. 
(2016) focused on ERP selection by using SMART and combinatorial optimization. 
Çakır (2016) introduced fuzzy linguistic preference relations to define the weights 
of ERP selection criteria and fuzzy TOPSIS method to rank ERP alternatives. López 
and Ishizaka (2017) proposed group AHP sorting method for cloud based ERP 
solutions. Peng and Wang (2017) suggested hesitant uncertain linguistic Z-numbers 
based aggregation operators and VIKOR (VIsekriterijumska optimizacija i KOm-
promisno Resenje) approach to evaluate ERP options. Gupta and Naqvi (2017) 
applied fuzzy TOPSIS approach for critical success factors based ERP selection. 
Temur and Bolat (2018) used the cloud-based design optimization approach for 
ERP selection under uncertain environment. İbrahim et al. (2018) presented AHP 
and support vector machine approach to increase user satisfaction level in ERP.

ERP selection process includes defining of expert decision makers to make 
selection, determining suitable alternatives, determining ERP selection criteria, 
weighting the criteria and evaluation of alternatives phases. A real life application 
is presented in order to provide the better understanding of the proposed approach. 
The firm wants to select the most suitable ERP software so the managers assign the 
five experts committee comprising of experts in ERP software domain. After initial 
elimination, ten alternatives have been remained for further assessment. An expert team 
of five decision makers E1, E2, E3, E4 and E5 were asked to fill a questionnaire in 
order to define the most proper alternative. E1, E2 and E3 are a software engineering, 
a computer engineering and an electronic engineering, respectively while E4 and E5 
are academicians. They worked in website area for least 5 years so that they have 
enough knowledge and experience about ERP evaluation. The importance degree of 
decision makers are assigned in order to show their differences in the group decision 
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making problem so that the importance degrees of E1, E2, E3, E4 and E5 decision 
makers can be defined as (0.20, 0.25, 0.15, 0.15, 0.25), respectively.

This study proposes intuitionistic fuzzy number based VIKOR (IFVIKOR) for 
ERP selection problem. Priorities of ERP evaluation criteria have been defined by 
utilizing IFWA (intuitionistic fuzzy weighted averaging) operator. The selection 
rankings of ERP alternatives are defined by using IFVIKOR. There is no study 
about ERP selection using IFVIKOR approach.

Firstly, this chapter defined purchasing fee (C1), updating fee (C2), product quality 
(C3), quick response to customer demands (C4), online customer service support 
and help (C5), easy to find needs (C6), easy to get different pages in website (C7), 
completing a transaction quickly (C8), on-time delivery (C9), accurate delivery of 
products (C10), accurate billing (C11).

Secondly, the priorities of criteria in software selection will be determined by 
IFWA operator. The specialists’ opinions are used to obtain the priorities of criteria 
by employing the linguistic scale, which is demonstrated in Table 1. Eleven criteria 
based ten ERP software alternatives are evaluated according to five experts’ judgments. 
Group opinion of five experts are acquired after opinions are degraded to only one 
value by using IFWA operator so it is used for the ERP selection in IFVIKOR stage. 
Finally, the ranking of ERP alternatives will be identified by using IFVIKOR. The 
ranking evaluations of alternatives will be defined by using the scale in Table 1. 
Figure 1. presents a systematic approach for ERP software selection.

MAIN FOCUS OF THE CHAPTER

IFWA Operator

IFWA operator, which is called an intuitionistic fuzzy weighted averaging, can be 
utilized to aggregate the opinions of experts based on intuitionistic fuzzy decision 

Table 1. Linguistic values for criteria of software selection

Linguistic variables IFNs

Very high (VH) (0.95,0.05,0.00)

High (H) (0.75,0.15,0.10)

Medium (M) (0.50,0.40,0.10)

Equal (E) (0.50,0.50,0.00)

Low (L) (0.25,0.65,0.10)

Very low (VL) (0.05,0.95,0.00)
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matrix. In the group decision-making process, the judgments of all decision makers 
must be aggregated to obtain the aggregated decision matrix as a group judgment 
without loss of knowledge. Thus, this chapter used IFWA operator in Eq 1. IFWA 
operator handles the weights of the decision makersλ

k
, the membership degree of 

the IFN of preference relation on j of i according to kth decision makerµ
ij

k( ) , the 
non-membership degree of the IFN of preference relation on j of i according to kth 
decision maker v

ij

k( )( ) .R r
k

ij

k

m n

( ) ( )
×

= ( )  be an intuitionistic fuzzy decision matrix of 

the kth expert. Letλ λ λ λ= { }1 2
, , ...,

t
be the importance degree of all experts where 

λ λ
k k

k

t

= ∈ 



=
∑ 1 0 1

1

, , .  IFWA operator, which is presented by Xu (2007), is used in 

order to aggregate the opinions of all experts. IFWA operator is presented in Eq 1.

Figure 1. A systematic approach for ERP selection
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rij shows the preference relation on j of i. R shows the group judgment in decision 
making process. Each decision maker has a judgment about the preference relation 
on j of i. The judgment of each decision maker must be aggregated for a general 
evaluation. R is acquired by aggregating the judgments of the decision makers (Efe 
et al., 2015).

Intuitionistic Fuzzy VIKOR Method

The VIKOR method was developed by Opricovic (1998) and Opricovic and Tzeng 
(2004) for multi-criteria decision making problems. VIKOR method focuses to rank 
and to select a set of alternatives. It also defines a compromise solution, which is 
the closest to the ideal solution, for a complex problem so that the decision makers 
obtain a final decision. VIKOR method calculates positive and negative ideal 
solutions as ratio. Nevertheless, VIKOR method provides a compromise solution 
in an advantageous ratio. The compromise solution means reaching agreement with 
a common consensus in a decision making problem involving conflicting criteria. 
The IFVIKOR method, which integrates VIKOR method and IFS, is employed to 
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rank the alternatives for a risk evaluation in an uncertain environment in this chapter. 
The IFVIKOR method can be presented in Eq. 3-10 (Chatterjee et al., 2013):

Step 1: Define the intuitionistic fuzzy positive ideal solution f v
j j j
* * *,= ( )µ and the 

intuitionistic fuzzy negative ideal solution f v
j j j
− − −= ( )µ , values of all criteria 

ratings, j=1,2,…,n. This step is realized by using Eqs 3-4:

f
r for benefit criteria

r for t criteria
i

j
i ij

i ij

*
max

min cos
, ,.= = 1 2 ...,m
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Step 2: Calculate the normalized intuitionistic fuzzy difference d
ij

 using Euclidean 
distance in Eqs 5-7
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* * * *,( ) = −( ) + −( ) + −( )








1
2

2 2 2
µ µ π π  (6)

d f f v v
j j j j j j j j
* * * *, − − − −( ) = −( ) + −( ) + −( )








1
2

2 2 2
µ µ π π  (7)

Step 3: Calculate the values Si and Ri and Qi, i=1,2,…,m. This step is realized by 
using Eqs 8-10:
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S w d
i j ij

j

n

= ×
=
∑
1

 (8)

R w d
i j j ij
= ×( )max  (9)

Q v
S S

S S
v
R R

R Ri
i i=
−

−
+ −( ) −

−− −

*

*

*

*
1  (10)

where S  min S  S  max S  R  min R  R  max R
i i i i i i i i

* *, , ,= = = =− − , wj is the 
weight of jth criterion and v  is presented as a weight for the strategy of maximum 
group utility, whereas 1-v  is the weight of the minimum individual regret. The 
value ofv  is handled to 0.5 in this chapter. The first part maximum group utility 
and the second part minimum individual regret of Eq 10 are calculated by using 
Eqs 5-7.

Step 4: Rank the alternatives sorting by the values S, R and Q. The final result can 
be presented by three ranking lists.

Step 5: Propose a compromise solution of the alternative (a1), which is the best 
ranked by the measure Q (minimum), if the following two conditions are 
satisfied (Opricovic and Tzeng; 2007):

1.  Acceptable Advantage: Q(a2)- Q(a1)≥DQ, where (a2) is the alternative with 
the second position in the ranking list by Q; DQ=1/(m-1); m is the number of 
alternative.

2.  Acceptable Stability in Decision Making: Alternative (a1) must also be the 
best ranked by S or/and R. The best alternative, ranked by Q, is the one with 
minimum value of Q.

SOLUTIONS AND RECOMMENDATIONS

A ERP evaluation process includes defining of expert decision makers to make 
selection, determining suitable ERP alternatives, determining criteria that examined 
in evaluation phases, weighting the criteria and evaluation of alternatives phases. 
A real life application is presented in order to provide the better understanding of 
the proposed approach.
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A questionnaire study was presented to fill to five decision makers E1, E2, 
E3, E4 and E5 in order to determine the most appropriate ERP alternative. E1, 
E2 and E3 are a software engineering, a computer engineering and an electronic 
engineering, respectively while E4 and E5 are academicians. They worked in 
website area for least 5 years so that they have enough knowledge and experience 
about ERP evaluation. The importance degree of decision makers are assigned in 
order to show their differences in the group decision making problem so that the 
importance degrees of E1, E2, E3, E4 and E5 decision makers can be defined as 
(0.20,0.25,0.15,0.15,0.25), respectively. Table 2 introduces the importance degree of 
each criteria according to five experts. IFWA operator can be utilized to aggregate 
the judgments of experts based on importance degree of experts. The group opinion 
of five experts is shown in Table 3.

IFVIKOR method is proposed to evaluate the ERP alternatives under an 
intuitionistic fuzzy environment. Five experts utilize the linguistic rating variables 
indicated in Table 1 to determine the rating of ERP alternatives based on each 
criteria. Five experts presented their judgments about five ERP alternatives based 
on the eleven criteria. They are shown in Table 4.

Table 2. The importance degree of each criteria according to each expert

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

E1 VH M M M L M L M H L M

E2 H M H L M L VL L M M M

E3 H H M H L L L M L H L

E4 H H M M L H L L M L H

E5 M M M M VL M M L L M M

Table 3. The group opinion of five experts

C1 C2 C3 C4

Weight (0.785,0.154,0.062) (0.594,0.298,0.108) (0.580,0.313,0.107) (0.501,0.390,0.109)

C5 C6 C7 C8

Weight (0.281,0.633,0.086) (0.470,0.419,0.111) (0.281,0.633,0.086) (0.349,0.548,0.102)

C9 C10 C11

Weight (0.488,0.399,0.113) (0.481,0.409,0.110) (0.521,0.371,0.108)
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The group decision of five experts based on their importance is obtained with 
using IFWA operator and the aggregated intuitionistic fuzzy rating of each alternative 
under eleven criteria is shown in Table 5. This chapter used IFWA operator to 
aggregate the judgments of the decision makers.

The values of S, R, and Q are computed by using Eqs 8-10 for the ten alternatives 
and are presented in Table 6. The rankings of the ten alternatives by values of S, R, 
and Q are indicated in Table 7. Alternative 8 is the most appropriate ERP software 
according to the results of S, R, Q.

CONCLUSION

This study has examined the intuitionistic fuzzy VIKOR in ERP software selection 
problem that includes ten alternatives. The initial five experts’ opinions and the 
literature review investigated the framework, which performed as the fundamental for 
modeling the suggested eleven criteria (purchasing fee, updating fee, product quality, 
quick response to customer demands, online customer service support and help, easy 
to find needs, easy to get different pages in website, completing a transaction quickly, 
on-time delivery, accurate delivery of products, accurate billing) to assist ERP software 
selection. All judgments of experts are characterized based on linguistic values by 
intuitionistic fuzzy numbers, which deals with uncertainty. IFWA operator is used 
to integrate the judgments of the experts. IFWA operator is utilized to obtain the 
weights of criteria that considers in software selection. Intuitionistic fuzzy VIKOR 
approach is used to rank the ERP alternatives in uncertain environment. IFVIKOR 
approach is preferred instead of the classical VIKOR approach when the decision 
makers evaluate the alternative/criteria as linguistic variables. Crisp numbers cause 
information loss in uncertain environment. This chapter presents the intuitionistic 
fuzzy VIKOR approach in order to overcome this limitation in uncertain environment. 
The weights acquired from the judgments of experts are incorporated in IFVIKOR 
calculations and the ten alternatives priorities are defined for selecting the most 
suitable ERP software. In future studies, the proposed method can be utilized for 
dealing with vagueness under IT2TrF set environment for ERP software selection.



133

ERP Software Selection Based on Intuitionistic Fuzzy VIKOR Method

Ta
bl

e 
5.

 T
he

 g
ro

up
 o

pi
ni

on
 o

f f
iv

e 
ex

pe
rt

s f
or

 a
lte

rn
at

iv
es

A
1

A
2

A
3

A
4

A
5

C
1

(0
.7

20
,0

.1
74

,0
.1

04
)

(0
.6

89
,0

.2
01

,0
.1

10
)

(0
.4

47
,0

.4
52

,0
.1

02
)

(0
.5

70
,0

.3
12

,0
.1

18
)

(0
.4

70
,0

.4
19

,0
.1

11
)

C
2

(0
.4

58
,0

.4
41

,0
.1

01
)

(0
.5

25
,0

.3
62

,0
.1

13
)

(0
.4

00
,0

.4
98

,0
.1

02
)

(0
.6

73
,0

.2
17

,0
.1

11
)

(0
.8

16
,0

.1
54

,0
.0

30
)

C
3

(0
.7

29
,0

.1
98

,0
.0

74
)

(0
.5

95
,0

.2
90

,0
.1

15
)

(0
.5

97
,0

.2
91

,0
.1

12
)

(0
.7

30
,0

.2
23

,0
.0

47
)

(0
.5

69
,0

.3
21

,0
.1

10
)

C
4

(0
.5

80
,0

.3
13

,0
.1

07
)

(0
.5

49
,0

.3
45

,0
.1

05
)

(0
.3

75
,0

.5
22

,0
.1

02
)

(0
.4

47
,0

.4
52

,0
.1

02
)

(0
.9

36
,0

.0
59

,0
.0

05
)

C
5

(0
.5

49
,0

.3
45

,0
.1

05
)

(0
.6

21
,0

.2
70

,0
.1

09
)

(0
.4

01
,0

.4
85

,0
.1

13
)

(0
.9

19
,0

.0
70

,0
.0

12
)

(0
.5

80
,0

.3
13

,0
.1

07
)

C
6

(0
.4

01
,0

.4
85

,0
.1

13
)

(0
.6

21
,0

.2
70

,0
.1

09
)

(0
.4

01
,0

.4
85

,0
.1

13
)

(0
.0

94
,0

.8
81

,0
.0

26
)

(0
.5

80
,0

.3
13

,0
.1

07
)

C
7

(0
.8

66
,0

.1
06

,0
.0

28
)

(0
.3

75
,0

.5
22

,0
.1

02
)

(0
.2

94
,0

.6
04

,0
.1

01
)

(0
.8

88
,0

.1
04

,0
.0

08
)

(0
.9

25
,0

.0
66

,0
.0

09
)

C
8

(0
.5

49
,0

.3
45

,0
.1

05
)

(0
.5

49
,0

.3
45

,0
.1

05
)

(0
.4

85
,0

.3
99

,0
.1

16
)

(0
.8

04
,0

.1
27

,0
.0

69
)

(0
.5

65
,0

.3
29

,0
.1

07
)

C
9

(0
.7

19
,0

.2
38

,0
.0

43
)

(0
.6

34
,0

.2
57

,0
.1

09
)

(0
.4

12
,0

.4
86

,0
.1

02
)

(0
.1

05
,0

.8
64

,0
.0

31
)

(0
.5

80
,0

.3
13

,0
.1

07
)

C
10

(0
.8

58
,0

.1
02

,0
.0

40
)

(0
.5

87
,0

.2
98

,0
.1

16
)

(0
.4

69
,0

.4
30

,0
.1

01
)

(0
.5

49
,0

.3
45

,0
.1

05
)

(0
.8

77
,0

.1
05

,0
.0

18
)

C
11

(0
.3

36
,0

.5
62

,0
.1

02
)

(0
.5

94
,0

.2
98

,0
.1

08
)

(0
.4

58
,0

.4
41

,0
.1

01
)

(0
.9

19
,0

.0
70

,0
.0

12
)

(0
.6

46
,0

.2
45

,0
.1

09
)

A
6

A
7

A
8

A
9

A
10

C
1

(0
.8

01
,0

.1
46

,0
.0

53
)

(0
.7

66
,0

.1
63

,0
.0

71
)

(0
.3

36
,0

.5
62

,0
.1

02
)

(0
.7

72
,0

.1
77

,0
.0

51
)

(0
.6

92
,0

.2
01

,0
.1

06
)

C
2

(0
.8

45
,0

.1
20

,0
.0

34
)

(0
.8

22
,0

.1
47

,0
.0

31
)

(0
.3

07
,0

.6
11

,0
.0

81
)

(0
.5

49
,0

.3
45

,0
.1

05
)

(0
.5

49
,0

.3
45

,0
.1

05
)

C
3

(0
.8

69
,0

.0
97

,0
.0

35
)

(0
.8

04
,0

.1
27

,0
.0

69
)

(0
.7

92
,0

.1
53

,0
.0

55
)

(0
.6

92
,0

.2
01

,0
.1

06
)

(0
.7

13
,0

.1
83

,0
.1

05
)

C
4

(0
.6

08
,0

.2
84

,0
.1

09
)

(0
.5

70
,0

.3
12

,0
.1

18
)

(0
.7

03
,0

.1
92

,0
.1

06
)

(0
.9

25
,0

.0
66

,0
.0

09
)

(0
.8

40
,0

.1
35

,0
.0

24
)

C
5

(0
.6

33
,0

.2
51

,0
.1

17
)

(0
.0

94
,0

.8
81

,0
.0

26
)

(0
.2

85
,0

.6
38

,0
.0

77
)

(0
.6

46
,0

.2
93

,0
.0

61
)

(0
.6

34
,0

.2
57

,0
.1

09
)

C
6

(0
.5

01
,0

.3
90

,0
.1

09
)

(0
.5

60
,0

.3
28

,0
.1

12
)

(0
.8

97
,0

.0
82

,0
.0

21
)

(0
.8

59
,0

.1
27

,0
.0

13
)

(0
.5

49
,0

.3
45

,0
.1

05
)

C
7

(0
.4

56
,0

.4
29

,0
.1

15
)

(0
.4

61
,0

.4
19

,0
.1

21
)

(0
.8

14
,0

.1
32

,0
.0

53
)

(0
.8

69
,0

.0
97

,0
.0

35
)

(0
.8

49
,0

.1
18

,0
.0

33
)

C
8

(0
.6

92
,0

.2
01

,0
.1

06
)

(0
.1

36
,0

.8
16

,0
.0

48
)

(0
.2

68
,0

.6
63

,0
.0

69
)

(0
.7

61
,0

.1
78

,0
.0

61
)

(0
.9

29
,0

.0
68

,0
.0

02
)

C
9

(0
.5

03
,0

.3
80

,0
.1

17
)

(0
.5

54
,0

.3
28

,0
.1

18
)

(0
.9

36
,0

.0
59

,0
.0

05
)

(0
.8

74
,0

.1
15

,0
.0

11
)

(0
.6

08
,0

.2
84

,0
.1

09
)

C
10

(0
.6

58
,0

.2
33

,0
.1

08
)

(0
.6

71
,0

.2
16

,0
.1

13
)

(0
.7

23
,0

.1
74

,0
.1

04
)

(0
.9

05
,0

.0
78

,0
.0

18
)

(0
.7

64
,0

.1
86

,0
.0

50
)

C
11

(0
.5

44
,0

.3
45

,0
.1

11
)

(0
.1

25
,0

.8
32

,0
.0

43
)

(0
.4

12
,0

.4
86

,0
.1

02
)

(0
.6

21
,0

.2
70

,0
.1

09
)

(0
.7

47
,0

.2
05

,0
.0

48
)



134

ERP Software Selection Based on Intuitionistic Fuzzy VIKOR Method

Table 6. The values of S, R and Q for alternatives

S R Q

A1 (0.9759,0.0077,0.0165) (0.7389,0.1945,0.0666) 0.9170

A2 (0.9841,0.0043,0.0116) (0.7097,0.2213,0.0690) 0.9046

A3 (0.9765,0.0052,0.0183) (0.5403,0.3528,0.1069) 0.7146

A4 (0.9805,0.0054,0.0142) (0.5677,0.3596,0.0727) 0.7351

A5 (0.9579,0.0147,0.0274) (0.5796,0.3130,0.1074) 0.7142

A6 (0.9842,0.0044,0.0114) (0.7845,0.1539,0.0616) 0.9869

A7 (0.9896,0.0023,0.0081) (0.7634,0.1725,0.0641) 0.9771

A8 (0.7887,0.1198,0.0916) (0.3366,0.5757,0.0877) 0.0000

A9 (0.9438,0.0247,0.0315) (0.7607,0.1748,0.0644) 0.8615

A10 (0.9523,0.0192,0.0285) (0.7114,0.2198,0.0689) 0.8286

Table 7. The ranking of alternatives by S, R and Q

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10

S 5 8 6 7 4 9 10 1 2 3

R 7 5 2 3 4 10 9 1 8 6

Q 8 7 3 4 2 10 9 1 6 5
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ABSTRACT

We cannot find any website without advertisements on it. As the number of websites 
has increased enormously, marketers are trying every niche to target the consumers. 
While designing a website, a lot of elements are kept in mind. Type of website, ad 
layout opted, type of internet ad, duration, and position of the ad on the website will 
be discussed. As the research is based on Harold Laswell model of communication 
(i.e., who says what, to whom, which channel, and with what effect), the role of the 
marketers and the way the message is communicated to the online consumers will 
be discussed. Earlier researches done under this topic will be discussed so as to 
understand the scope of the research conducted and model suggested. The chapter 
will include the model suggested at the end of the research and how the basic model 
of communication by Harold Laswell has diversified over a period of time.
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INTRODUCTION

India within a span of last 10 years has been the apple eye of the Global market 
with context to not just the ratio of population but also the relevance of free capital 
market. Advertising has been the nervous system of today’s business and what has 
added to its addiction is its amalgamation with Information, Communication and 
Technologies resulting into ecommerce business. Nowadays, we cannot find any 
website without advertisements on it. As the numbers of websites have increased 
enormously, marketers are trying every niche to target the Consumers through 
various social platforms. Therefore, the demand exists to understand the scope of 
online advertisements on various websites especially the homepages.

Essential Requirements of Posting Online 
Advertisements on Homepage

Digital media has shrunken the whole world in a form of global village where 
every minute detail regarding any corner of the world is available on the click of 
the mouse. Being an audio-visual-textual medium, all the marketers and advertisers 
try their level best to attain the attention of the netizen towards their websites. He 
tries to upturn every stone that forms the base of developing an informative and 
aesthetic website. A successful website is an amalgamation of many elements such 
as graphics, colors, text, headlines, etc. Therefore the researcher tends to study the 
following aspects of websites and online advertisements on it:

Different Formats of Website

These days we notice that online market is flooded with number of websites that can 
be categorised under various formats. Though the whole journey was triggered off 
with social media as key indicator, the formats have expanded over period of time. 
From informational web portals to social networking sites, news portals to classified 
websites, company website to retailer website, every business is available on the 
internet. Whether it is product promotion, company popularity, social awareness or 
dissemination of information, websites are designed in the way of their objectivity. 
Thus the type of website decides the category of the product to be advertised on it.
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Formats of Internet Ad

With the change of era from traditional advertising to web advertising, advertisers 
have gone smarter in reaching out to their customers. While surfing, the advertisers 
adopts various advertising formats like banner ads, interstitials, pop up, pop under, 
floating ads and many more to target the netizen and enhance their visibility and 
usage of the product. It is very essential to choose and adapt right kind of format as 
all are not successful among the netizens as some ads are completely ignored and 
treated as irritating element.

Design Layout of Advertisement

A layout refers to rough designing of the advertisement and portrays the placement 
of the print ad elements in the advertisement. Though designing is a part of creative 
aspect but there are specific categories of layouts like Big picture layout, Copy 
Heavy Layout, Multipanel Layout, Mondrain Layout, etc. that designer can opt 
for designing the advertisement and getting the maximum click is also important 
criteria for the marketers.

Longevity of the Ad

Being the medium with media convergence where advertisements are designed in 
different audio, visual and graphical formats, the advertisers uses every method to 
attract the consumers in which the longevity of the ad on homepage makes a lot of 
difference.

As we all notice that many times the ads appearing on the webpage are either 
flickering or appear permanently on the home page. There is also a category when 
other options or buttons on the homepage are clicked the ad displayed on the 
homepage gets changed while some ads remain unchanged.

Placement of the Ad

The advertisement should be designed in such an aesthetic way that it creates 
maximum attraction among netizen. Opportunity to Read (OTR) & Opportunity to 
See (OTS) are quintessential concepts used in OOH advertising but with context to 
digital media placement of advertisements on homepages makes an impact on the 
visibility of the ad among consumers.

Therefore, it becomes crucial to place and position the online advertisements at 
a place that is easily noticeable and catches the eye of the netizen.
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Persuasive Technique

Persuasion is regarded as major function of advertising and words used for persuading 
the buyer makes a lot of impact. We generally notice the action oriented words like 
buy now, 50% discount freebies, etc. being used on advertisements to pull netizen 
towards making a purchase. All the ads uses persuasion words as per their objective 
to sell, brand recall, creating awareness, etc.

Depending on the category of the website, it is also essential to decide whether 
the site should carry purchase option with the advertisements or not. As in context 
to e-commerce and classified portal, providing purchasing option to the consumer 
is mandatory but not for other type of websites such as Rediff that has created a 
separate ecommerce page titled Rediff shopping. Also, advertising doesn’t work on 
sales building nowadays rather than brand building through interactive marketing 
is there aim.

Homepage Layout

The type of page layout of the website also decides the online advertisement to be 
uploaded on the homepage and the placement of the ad as well. Depending upon 
different type of layouts few advertisements are placed above the mast head, whereas 
few are placed on the both sides of the webpage.

STATEMENT OF PROBLEM

Online advertising is the new marketing trend that includes persuading the consumer 
through online display of goods, ideas and services that have flooded the market with 
brands and has given a lucrative platform to the marketers and retailers. Therefore, 
this subject has led to a lot of research studies that have been conducted on various 
aspects of online advertising from websites to particular homepages, types of internet 
advertisements, factors affecting advertisements, etc. Homepages are the first point 
of contact among consumers that decide whether to further surf the site or not (Singh 
& Dalal, 1999). It is also researched that lot of connection exists between website 
reputation & website content (Shamdasani, Stanaland & Tan, 2001).

On one hand where majority of studies have been conducted on the political, 
business and library websites, there exist contradiction between usage of internet 
advertisements because of their popularity and irritating properties. Communication 
of correct information in context to products and offers on the front page of local 
websites was found to be top priority (Vihonen, 2013).
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Though lot of aspects of online advertising are studied but there are various 
gaps that need to be filled and further researched on. The reviewed studies show 
that informational category of websites has not been studied to the extent; therefore 
a lot of scope prevails for further research in this aspect. Most of the studies are 
on aesthetics of homepages but its layout aspect is yet to be examined which leads 
to the proposed study. The creative aspect and creative parameters in context to 
online advertisements are also the area which has been not studied at a length so 
the proposed study aims for that angles so that a new dimension may be carved out.

As most of the studies have been conducted in context to customer’s preference 
with the website layout and its content on them. Hence, it is also essential to study 
the customer’s preference with the aesthetics of the homepage and layouts of the 
advertisements, their placement and information displayed on them.

OBJECTIVES OF THE STUDY

The study was undertaken to achieve the following objectives:

• To analyse the content of online advertisements appearing on the homepage 
of the websites on various parameters like layouts of website, types of internet 
advertisements, product category, placement of websites, etc.

• To understand how consumers respond towards advertisements on those 
websites.

• To analyse the layout designs used for the advertisements and homepage of 
the website.

RESEARCH METHODOLOGY

In order to achieve the objectives of the research, it is very important to conduct the 
research in a systematic order by forming a methodology and following it step by step.

Therefore for conducting the research on the selected topic, the researcher adopted 
two research methodologies for data collection and its analysis i.e.

1.  Content Analysis
2.  Survey
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Content Analysis

The researcher selected and analysed the homepages of four websites based on their 
popularity on different parameters selected through literature review.

1.  Survey: An online survey was conducted among netizens as it was study on 
online ads.
a.  Sample Size: The study was conducted through an online survey among 

500 respondents as sample size.
b.  Sampling Technique: The questionnaire used for collecting data was 

designed through Google form and later Chi-square was applied through 
SPSS was applied on data collected for further calculations.

THEORETICAL FRAMEWORK OF THE STUDY

Harold Lasswell’s model of communicaion also known as action model is the best 
model for stuyding the basic commuication process and components used in it. He is 
accredated for providing invaluable inputs to study propoganda in context to media 
context which was later used and applied by other media fields. Therefore in order 
to study the communication process being used bt advertisrs for online media, this 
theory was selected to be apt.

Figure 1. Components of Harold Laswell Model (Sneha, 2017)
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In his model, he explained the questions asked during the process of communication 
that is made up of statement like who is saying? What is being said? Who is being 
affected?, where content i.e. ‘What is being said’ is analysed as content (Macnamara, 
2003).

So, lets study the components of Laswell model that forms the basic model of 
communication. The communication process kick starts with the communicator 
‘Who’ is the sender or source of the message and has full control over the message. 
He could be an advertiser or marketer who designs the message i.e. ‘Says What’. The 
messages refer to the content posted on homepages of the website in form of online 
advertisement. Then these messages are carried through a medium i.e ‘Channel’ 
which is internet in context to this study. Later this channel carries the message to 
the receiver i.e. netizen in this study and stands for component ‘To Whom’ and the 
last component studies the effect of the message in form of feedback given by the 
consumers.

REVIEW OF LITERATURE

The researcher declared that people engage 90 percent more with modern looking 
sites than the traditional looking sites. Consumers are able to engage and recall more 
than 50% content of the news sites that are image heavy and modular looking in 
design as compared to sites with more staid, newspaper-inspired designs (Lichterman, 
2015). Another researcher found that webpages displaying clean structure, easy 

Table 1. Components of Harold Lasswell model with analysis
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usability and wide options are the strength of webpage and local pages were found 
to be boring by customers. Hence, the potential of local store web pages still remains 
unexplored. It was found that only 10% of the visitors leave the page after entering 
the front page (Vihonen, 2013).

Creativity was found to be the most influential variable considered by the 
advertising agencies whereas the other core variables affecting the activities of 
advertising agencies includes internal variables like relationship management, 
account manager, creativity, uncluttered homepage and external variables like direct 
email and sponsored ads (Behboudi, 2012). Another research concluded that clean 
webpages have high preference for advertisers and consumers. Consumers prefer 
sites that less cluttered with ads as they have recall value and empower brands. It 
was also found that consumers spend twice the time on clean webpages that carry 
one or two ads of particular brand Mitchel (2012).

CONCLUSION

After conducting the research, it was found that most internet ads appearing on 
the homepage of the websites fall under the category of banner advertisements 
and appear in formats of Skyscraper, Rectangular and Square formats followed 
by Pop-up ads. 970*250 and 300*250 pixels are the standardised banner sizes 
used by advertisements displayed on the homepage of the website. It was also 
found that most of the homepages were designed in different layouts out of which 
Headline & Gallery, Power Grid and Fixed Sidebar are the most commonly applied 
website layouts used by the web designers. The researcher also concluded that the 
advertisements related to products like ecommerce, clothing, etc. were designed in 
big picture layout whereas advertisements of service oriented products like banks 
were designed in copy heavy layouts. With context to the usage of persuasive words, 
services ads contain persuasive words like apply now; know more while following 
the copy heavy advertisement layout whereas product advertisements contain words 
like discount offers, and shop now, schemes and prices. Additional information like 
address panel, offers and images of the product is also carried in some of the online 
advertisements.

The result concluded that most of the online advertisements appearing on 
homepage where that of banking and insurance i.e. service oriented products whereas 
advertisements of product categories like E-commerce and mobile phone dominated 
in terms of number of advertisements on homepages. It was found that rich ads i.e. 
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visual or movable advertisements are more liked by the netizens especially the ones 
displaying the functionality of the product. It was found that advertisements placed 
above the mast head and on the right side of the homepage is the most preferred areas 
for the placement and also attracts the consumer and is more visible. It is concluded 
that though consumers get attracted to motion or visual ads but bright colors also 
appeal them. It was also found that persuasive information is equally important for 
them such as discount or promotional offers.

Suggestive Model for the Process Posting 
Advertisements on the Homepage of the Website

Taking Harold Lasswell model as the base for the study, five basic elements of 
communication process have been studied i.e. who, says what, through which 
channel, to whom and with what effects in context to the online advertising. In it, 
the content and consumer’s perception regarding online advertisements appearing 
on the homepage of the website were studied and the researcher has proposed the 
above model that demonstrates the process whose explanation is mentioned below:

• Who: In this model ‘who’ i.e. sender refers to the online marketing strategist 
or the advertiser who selects the particular website for their product, idea or 
service campaign and design the content to be inserted in the advertisement. 
As the controller of the message they can design to what extend the message 
needs to be effectively communicated to the consumers.

• Says What: In the next step i.e. ‘says what’ the content present on the website 
is analysed. The research finds that the website content should be in relation 
to the content of the online advertisement uploaded on the website. There are 
few factors which should be kept in mind while designing the website and 
designing the online advertisement that attracts the viewers and increases its 
visibility and clicks.

• Part I: While selecting the website for campaign, the advertiser should check 
the website layout, website reputation and also the elements of uncluttered 
website are important for effective display.

• Part II: Whereas while designing the online advertisements, the advertisers 
should make it sure that advertisement is designed as per the suitable layout 
as per product, idea or service oriented ad. Also other factors like color, 
placement, functionality, information displayed are aptly highlighted.
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• Which channel: Channel here stands for the medium which is used to carry 
the messages from one place to another i.e. internet through which the internet 
advertising runs.

• Whom: The next element of who stands for the consumers who can also 
be referred as viewers and netizens for whom the online advertisement are 
designed.

• What Effect: Last but the most essential element of this process is the 
feedback i.e. what is the effect of the whole process of displaying the online 
advertisements on the homepage of the website.

In this model, feedback is attained by the sender at two levels. First is the 
immediate feedback where the viewer rejects (close) or clicks the advertisements 
and other another is an indirect feedback to the sender where he needs to understand 
the consumer perception about the website and online advertisement preference and 
strategise his online campaign as per their needs.

Figure 2. Process of posting advertisements on the homepage of the website (Kalia, 
2018)
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ACADEMIC AND MANAGERIAL IMPLICATIONS

As the maximum time is spent on the digital platform these days, researches are 
in continuous process of understanding the consumer psychology that makes him 
understand his behavioural patterns with context to online purchase. Therefore, 
this chapter will give researchers new dimensions for their academic research, as 
management and digital marketing course being structured in many universities 
across world.

As a netizen of the digital world, this research could be of great help to professionals 
of advertising industries, marketers, designers, online strategist and brand owners 
who are trying very hard to reach to the niche consumers when one is flooded with 
number of brands in the online market. The research will give then an insight as 
to how website should be selected for posting the advertisements so as to get the 
maximum clicks and what format should be used for designing those ads. This 
chapter will also propel them to understand which ad formats should be used and 
where the ads should be placed on the homepages, so that it has maximum visibility 
as per the consumers preference.
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ABSTRACT

The internet has become an indispensable tool for humanity to access any knowledge. 
Many companies use the internet to provide their customers with information about 
their organizations. Website development is a tiring process that requires huge 
investments. If the performance of the website falls below the expected performance, 
it will have a negative impact on the website owner. Therefore, the measurement 
of website performance is an important task for companies. Since many factors or 
criteria affects the website performance, the use of multi-criteria decision-making 
methods will be helpful to the performance measurement. In this chapter, fuzzy 
SWARA and WASPAS-F methods are used to evaluate the performance of 10 state 
universities’ websites located in Turkey. According to the results, the website of 
Erciyes University has been determined to have the best performance among the 10 
universities evaluated. Future research may extend the sample size of the websites 
of universities.
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INTRODUCTION

Nowadays, the internet has become undoubtedly the most important and indispensable 
part of our lives. In many areas, such as commercial activities, cultural activities, and 
educational activities etc., the internet has become an inevitable tool for accessing 
the information and communication. Many organizations that provide services to 
their customers present information about their enterprise on their websites using 
the internet. Website development has a complicated and exhausting process, 
requiring huge investments. Despite all this, if the website does not show the expected 
performance value, it will result in a negative effect on the website owner. Therefore, 
the evaluation of website performance has become a necessity for organizations.

There are many factors that affect the performance of the website. Factors vary 
with respect to the type of website to be evaluated, but some general criteria may be 
as follows; accessibility, content, and personalization etc. If the alternatives need to be 
evaluated with respect to the performance levels in the factors or the criteria and the 
number of factors or criteria is high, MCDM methods are used to solve these types of 
problems. In the literature, there are some single MCDM methods used to evaluate 
websites. For instance, Guo and Zhao (2010) proposed analytic hierarchy process 
(AHP) to assess the quality of information service of high-tech industry information 
centre located in China. Kumar and Zayaraz (2011) used AHP to choose the right 
web service based on QoS constraints. Additionally, there are also integrated model 
to evaluate the performance of websites. Büyüközkan and Ruan (2007) proposed 
fuzzy AHP and fuzzy TOPSIS (Technique for order preference by the similarity to 
ideal solution) to rank Turkish government websites. Kaya and Kahraman (2011) 
integrated fuzzy AHP and fuzzy ELECTRE to evaluate the quality level of the 
e-banking websites. Burmaoglu and Kazancoglu (2012) used fuzzy AHP and fuzzy 
VIKOR to evaluate e-government websites from a group of chosen European Union 
countries. Kabak and Burmaoğlu (2013) combined fuzzy DEMATEL (Decision 
Making Trial and Evaluation Laboratory) and fuzzy ANP (Analytic Network Process) 
to evaluate the performance of electronic public procurement websites. Ecer (2014) 
integrated AHP and COPRAS-G (grey complex proportional assessment) to evaluate 
and rank bank websites. Vatansever and Akgül (2014) proposed fuzzy AHP to assess 
the quality of private shopping websites in Turkey. Kang et al. (2016) developed 
fuzzy hierarchical TOPSIS based on E-S-QUAL to assess e-commerce websites. 
Büyüközkan et al. (2016) proposed intuitionistic fuzzy AHP and intuitionistic fuzzy 
VIKOR methods to assess hospital web services. Stanujkic et al. (2017) developed 
fuzzy MCDM model based on triangular intuitionistic fuzzy numbers to assess 
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the quality of hotel websites. Vatansever and Akgül (2018) developed a model 
including Entropy method and grey relational analysis to measure the performance 
of the airline websites. Rouyendegh et al. (2018) combined AHP and Intuitionistic 
Fuzzy TOPSIS to assess the performance of E-commerce websites. Abdel-Basset 
et al. (2018) developed neutrosophic VIKOR (VlseKriterijumska Optimizacija I 
Kompromisno Resenje) method to assess e-government websites. In the literature, 
there are some studies to evaluate the quality of university websites. For instance, 
Stanujkic et al. (2012) used AHP and ARAS (Additive Ratio Assessment) method 
to assess the websites of some universities located in Serbia. Nagpal et al. (2015) 
integrated two fuzzy MCDM methods including fuzzy AHP and fuzzy TOPSIS to 
evaluate and rank university websites. In this study, the quality of four university 
websites were evaluated based on four criteria including response time, ease of 
use, ease of navigation, and informative. In another attempt, Nagpal et al. (2016) 
used fuzzy AHP and Entropy method to assess usability of academic institutes’ 
websites. Authors divided criteria into two parts (subjective and objective) due to 
the containing of the data type. They were able to use ease of use and informative 
as objective criteria while taking ease of navigation and response time as objective 
criteria. To evaluate subjective criteria, they used fuzzy AHP and to evaluate objective 
criteria, they used entropy method. The one of the current research, Pamučar et al. 
(2018) integrated interval rough AHP and interval rough MABAC (Multi Attributive 
Border Approximation Area Comparison) methods to evaluate 15 faculties in the 
University of East Sarajevo (Bosnia and Herzegovina). The authors have obtained 
data related to the evaluation process from nine experts.

In this study, a fuzzy hybrid model including fuzzy SWARA (Step-wise Weight 
Assessment Ratio Analysis) and WASPAS-F (Fuzzy Weighted Aggregated Sum-
Product Assessment) to evaluate the performance of university websites. The 
performances of Sivas Cumhuriyet University (SCU) and 9 state universities, 
which are İnönü University (IU), Erciyes University (EU), Tokat Gaziosmanpaşa 
University (TGU), Yozgat Bozok University (YBU), Kahramanmaraş Sütçü İmam 
University (KSU), Ordu University (OU), Giresun University (GU), Erzincan Binali 
Yıldırım University (EBYU), and Abdullah Gül University (AGU), in neighbouring 
provinces of Sivas city were measured by the proposed fuzzy model. The weights 
of these criteria were determined by the fuzzy SWARA method. After determining 
the weights of the criteria, the performances of ten universities’ web sites were 
evaluated by the WASPAS-F method. This study presents one contribution to the 
literature. These two models consisting of fuzzy SWARA and WASPAS-F were first 
used together for the first time to evaluate the performance of university websites.
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METHODOLOGY

Basic Operations in Fuzzy Numbers

Let us suppose that �F l m u
F F F

= ( ), ,  and �G l m u
G G G

= ( ), ,  are fuzzy triangular 
numbers. Basic operations are performed on these fuzzy numbers as follows (Gani 
and Assarudeen, 2012):

� �F G l l m m u u
F G F G F G

+ = + + +( , , )  (1)

� �F G l u m m u l
F G F G F G
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� �F G l ll l u u l u u m m l l u
F G F G F G F G F G F G F G
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/ (min( max(/ , / , / , / ), / , / , / ,= uu l u u
F G F G

/ , / ))  
(4)

Additionally, the power of these fuzzy numbers can be calculated as follows 
(Turskis et al., 2015):

� �F l m uG l

F

u

F

m

F
G G G= ( , , )  (5)

Fuzzy SWARA

In this study, fuzzy SWARA is utilised to identify the weights of criteria. Crisp 
SWARA was developed by Keršuliene et al. (2010). Crisp numbers are not sufficient 
to handle uncertainty; therefore, fuzzy numbers are used to do this. Fuzzy SWARA’s 
steps are indicated as follows (Mavi et al., 2017; Zarbakhshnia et al., 2018):

Step 1: Criteria are sorted with respect to their importance level.
Step 2: After sorting of criteria by importance levels, commencing from the second 

criterion, each criterion is compared with the above criterion to obtain �a
j
 (the 
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comparative importance of average value). The comparison between criteria 
is made by using linguistic expressions indicated in Table 1. These expressions 
are converted into fuzzy numbers showed in Table 1.

Step 3: The �c
j
 (coefficient) is calculated as follows:
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Step 4: The �t
j
 (recalculated weight) is computed as follows:
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Step 5: By using Equation 8, the weight of each criterion ( �w
j
) is obtained for each 

decision maker individually. Equation 9 is utilised to consolidate the weights 
of criteria and they are transferred into WASPAS-F:

�
�

�
w

t

t
j

j

k
k

n
=

=
∑
1

 (8)

Table 1. Linguistic expressions and fuzzy numbers for criteria comparison (Chang, 
1996)

Linguistic Expressions Fuzzy Numbers

Equally Important (1,1,1)

Moderately Less Important (2/3,1,3/2)

Less Important (2/5,1/2,2/3)

Very Less Important (2/7,1/3,2/5)

Much Less Important (2/9,1/4,2/7)
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WASPAS-F

To rank university websites with respect to their performance, WASPAS-F (Turskis 
et al., 2015) is utilised in this study. Crisp WASPAS was presented by Zavadskas et 
al. (2012). The steps of WASPAS-F are showed as follows. Step 1: Linguistic scores 
presented in Table 2 are assigned by decision makers to evaluate the performance 
of university websites under defined criteria. Then, these scores are transformed 
into fuzzy scores by utilising Table 2.

Step 1: Fuzzy scores gathered from decision makers are combined by using Equation 
9 to develop fuzzy decision matrix showed in Equation 10:
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Step 2: In order to normalize fuzzy decision matrix, Equation 11 is used. �′y
ij

 is an 
element of �′Y  (normalized fuzzy decision matrix):
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Table 2. Linguistic and fuzzy scores

Linguistic Scores Fuzzy Scores

Very Good (8,9,10)

Good (6,7,8)

Medium (4,5,6)

Bad (2,3,4)

Very Bad (0,1,2)
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Step 3: Fuzzy weighted sum model (WSM) ( �Q
i
) and fuzzy weighted product model 

(WPM) ( �P
i
) are computed as:
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Step 4: Fuzzy weighted sum model (WSM) ( �Q l m u
i Q Q Qi i i
= ( ), , ) and fuzzy weighted 

product model (WPM) ( �P l m u
i P P Pi i i
= ( ), , ) are converted into crisp values (

Q
i
,P
i
) by using Equations 14 and 15:
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Step 5: In the final step, overall performance score (K
i
) for each website is computed 

as:

K Q P
i i i
= × + ×0 5 0 5, ,  (16)
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APPLICATION

In this study, fuzzy SWARA and WASPAS-F methods are proposed to measure 
the performance of 10 state universities’ websites (Sivas Cumhuriyet University 
(SCU), İnönü University (IU), Erciyes University (EU), Tokat Gaziosmanpaşa 
University (TGU), Yozgat Bozok University (YBU), Kahramanmaraş Sütçü İmam 
University (KSU), Ordu University (OU), Giresun University (GU), Erzincan Binali 
Yıldırım University (EBYU), and Abdullah Gül University (AGU)). An expert team 
including two academicians and one informatics specialist was formed to assess the 
performance of the websites of universities. The list of criteria in the literature for 
evaluating the performance of the websites was shown to the expert team and the 
team is asked to choose criteria from this list, which they wish to use to evaluate the 
university websites. The team unanimously has set seven criteria for the evaluation 
process. These seven criteria are Ease Of Use (EOU), Security (S), Navigation 
(N), Content (C), Response Time (RT), Aesthetics (AS), and Accessibility (AY). 
First, fuzzy SWARA is implemented to the collected data from experts in order to 
determine criteria weights. Table 3 presents the results of fuzzy SWARA of data 
obtained from Expert 1.

The computation process of criteria weights will be similar for other experts. 
Equation 9 is used to combine the determined criteria weights for each expert. 
Combined weights are indicated in Table 4.

Table 3. The results of fuzzy SWARA (Expert 1)

Criteria Ranking Criteria �a
j

�c
j

�t
j

�w
j

EOU 3 S (1,1,1) (1,1,1) (0.372,0.434,0.514)

S 1 C (0.667,1,1.5) (1.667,2,2.5) (0.4,0.5,0.6) (0.149,0.217,0.308)

N 5 EOU (0.667,1,1.5) (1.667,2,2.5) (0.16,0.25,0.36) (0.059,0.109,0.185)

C 2 RT (0.4,0.5,0.667) (1.4,1.5,1.667) (0.096,0.167,0.257) (0.036,0.073,0.132)

RT 4 N (0.667,1,1.5) (1.667,2,2.5) (0.038,0.084,0.154) (0.014,0.036,0.079)

AS 7 AY (0.667,1,1.5) (1.667,2,2.5) (0.015,0.042,0.092) (0.006,0.018,0.047)

AY 6 AS (1,1,1) (2,2,2) (0.008,0.021,0.046) (0.003,0.009,0.024)
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The criteria according to the weights found with fuzzy SWARA indicated in Table 
4 are listed as follows; Security (S), Navigation (N), Ease Of Use (EOU), Content 
(C), Response Time (RT), Aesthetics (AS), and Accessibility (AY). According to 
Table 4, the most important criterion is determined as Security (S). After using fuzzy 
SWARA to determine the weights of criteria, WASPAS-F will be used to evaluate 
the performance of websites of universities. Fuzzy decision matrix is presented in 
Table 5.

To normalize fuzzy decision matrix, Equation 11 is utilised. Normalized fuzzy 
decision matrix is presented in Table 6.

After structuring of fuzzy normalized matrix, Equations 12-16 are used to obtain 
overall performance scores of university websites. The results of WASPAS-F are 
presented in Table 7.

The order of the websites of universities according to Table 7 is as follows; EU 
> AGU > YBU > SCU > KSU > TGU > GU > EBYU > OU > IU. According to 
the results, the website of Erciyes University has been determined to have the best 
performance among the ten universities evaluated.

Table 4. Combined weights

Criteria �w
j

S (0.372,0.434,0.514)

N (0.138,0.203,0.289)

EOU (0.099,0.157,0.238)

C (0.044,0.082,0.141)

RT (0.031,0.059,0.106)

AS (0.010,0.023,0.048)

AY (0.005,0.016,0.040)
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CONCLUSION

Many organizations serving customers offer information about their business 
through the website. Website development is a complex and tiring process that 
requires large investments. However, if the website does not indicate the expected 
performance value, it will have a negative impact on the website owner. Thus, 
evaluation of website performance has become a requirement for organizations. To 
measure the performance of websites, the use of MCDM methods can be helpful 
due to the performance measurement of websites containing many factors or criteria. 

Table 5. Fuzzy decision matrix

Universities
Criteria

EOU S RT N

SCU (6,7,8) (4.667,5.667,6.667) (6.667,7.667,8.667) (6,7,8)

IU (4,5,6) (4.667,5.667,6.667) (6,7,8) (1.333,2.333,3.333)

EU (6.667,7.667,8.667) (6,7,8) (6,7,8) (7.333,8.333,9.333)

TGU (4.667,5.667,6.667) (5.333,6.333,7.333) (5.333,6.333,7.333) (2.667,3.667,4.667)

YBU (4.667,5.667,6.667) (6,7,8) (6,7,8) (4.667,5.667,6.667)

KSU (5.333,6.333,7.333) (4.667,5.667,6.667) (5.333,6.333,7.333) (6,7,8)

OU (6,7,8) (4,5,6) (3.333,4.333,5.333) (4,5,6)

GU (6,7,8) (4,5,6) (4.667,5.667,6.667) (5.333,6.333,7.333)

EBYU (4.667,5.667,6.667) (4,5,6) (4.667,5.667,6.667) (4.667,5.667,6.667)

AGU (6,7,8) (4.667,5.667,6.667) (6,7,8) (7.333,8.333,9.333)

Universities
Criteria

C AS AY

SCU (3.333,4.333,5.333) (7.333,8.333,9.333) (6,7,8)

IU (1.333,2.333,3.333) (2.667,3.667,4.667) (4,5,6)

EU (6.667,7.667,8.667) (4,5,6) (6,7,8)

TGU (6,7,8) (6.667,7.667,8.667) (5.333,6.333,7.333)

YBU (6,7,8) (1.333,2.333,3.333) (4,5,6)

KSU (3.333,4.333,5.333) (4,5,6) (4,5,6)

OU (5.333,6.333,7.333) (4.667,5.667,6.667) (3.333,4.333,5.333)

GU (4.667,5.667,6.667) (3.333,4.333,5.333) (3.333,4.333,5.333)

EBYU (6,7,8) (2.667,3.667,4.667) (4,5,6)

AGU (6,7,8) (4.667,5.667,6.667) (4.667,5.667,6.667)
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Table 6. Normalized fuzzy decision matrix

Universities
Criteria

EOU S RT N

SCU (0.900,0.913,0.923) (0.778,0.810,0.833) (1,1,1) (0.818,0.840,0.857)

IU (0.600,0.652,0.692) (0.778,0.810,0.833) (0.900,0.913,0.923) (0.182,0.280,0.357)

EU (1,1,1) (1,1,1) (0.900,0.913,0.923) (1,1,1)

TGU (0.700,0.739,0.769) (0.889,0.905,0.917) (0.800,0.826,0.846) (0.364,0.440,0.500)

YBU (0.700,0.739,0.769) (1,1,1) (0.900,0.913,0.923) (0.636,0.680,0.714)

KSU (0.800,0.826,0.846) (0.778,0.810,0.833) (0.800,0.826,0.846) (0.818,0.840,0.857)

OU (0.900,0.913,0.923) (0.667,0.714,0.750) (0.500,0.565,0.615) (0.545,0.600,0.643)

GU (0.900,0.913,0.923) (0.667,0.714,0.750) (0.700,0.739,0.769) (0.727,0.760,0.786)

EBYU (0.700,0.739,0.769) (0.667,0.714,0.750) (0.700,0.739,0.769) (0.636,0.680,0.714)

AGU (0.900,0.913,0.923) (0.778,0.810,0.833) (0.900,0.913,0.923) (1,1,1)

Universities
Criteria

C AS AY

SCU (0.500,0.565,0.615) (1,1,1) (1,1,1)

IU (0.200,0.304,0.385) (0.364,0.440,0.500) (0.667,0.714,0.750)

EU (1,1,1) (0.545,0.600,0.643) (1,1,1)

TGU (0.900,0.913,0.923) (0.909,0.920,0.929) (0.889,0.905,0.917)

YBU (0.900,0.913,0.923) (0.182,0.280,0.357) (0.667,0.714,0.750)

KSU (0.500,0.565,0.615) (0.545,0.600,0.643) (0.667,0.714,0.750)

OU (0.800,0.826,0.846) (0.636,0.680,0.714) (0.556,0.619,0.667)

GU (0.700,0.739,0.769) (0.455,0.520,0.571) (0.556,0.619,0.667)

EBYU (0.900,0.913,0.923) (0.364,0.440,0.500) (0.667,0.714,0.750)

AGU (0.900,0.913,0.923) (0.636,0.680,0.714) (0.778,0.810,0.833)

Table 7. The results of WASPAS-F

Universities

Results

�Q
i

�P
i

Q
i

P
i

K
i

Rankings

SCU (0.559,0.810,1.177) (0.734,0.829,0.889) 0.849 0.817 0.833 4

IU (0.417,0.611,0.902) (0.351,0.581,0.741) 0.643 0.558 0.601 10

EU (0.691,0.960,1.351) (0.960,0.983,0.994) 1.001 0.979 0.990 1

TGU (0.528,0.757,1.101) (0.616,0.756,0.849) 0.795 0.740 0.768 6

YBU (0.602,0.834,1.178) (0.711,0.843,0.914) 0.871 0.823 0.847 3

KSU (0.536,0.773,1.115) (0.666,0.792,0.871) 0.808 0.776 0.792 5

OU (0.472,0.702,1.037) (0.573,0.717,0.817) 0.737 0.702 0.720 9

GU (0.498,0.734,1.077) (0.623,0.755,0.840) 0.770 0.739 0.755 7

EBYU (0.474,0.704,1.041) (0.583,0.725,0.820) 0.740 0.709 0.725 8

AGU (0.594,0.856,1.232) (0.809,0.879,0.917) 0.894 0.868 0.881 2
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In this study, fuzzy SWARA and WASPAS-F methods are used to measure the 
performance of 10 universities’ websites. The order of the websites of universities 
according to the results is as follows; EU > AGU > YBU > SCU > KSU > TGU 
> GU > EBYU > OU > IU. According to the results, the website of Erciyes 
University (EU) has been determined to have the best performance among the ten 
universities evaluated. This study presents one contribution to the literature. These 
two models consisting of fuzzy SWARA and WASPAS-F were first used together 
for the first time to evaluate the performance of university websites. Future research 
may implement these fuzzy methods so as to address another MCDM problem, 
such as third party logistics provider selection, warehouse selection and supplier 
performance evaluation. Additionally, future research may extend the sample size 
of the websites of universities.
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ABSTRACT

In recent years, with the development of the internet, there has been an increase 
in interest in the internet thanks to other technological developments. In the face 
of increased user demand, educational institution websites have to maintain high 
quality of service for a sustainable success. The authors present the possibility 
degree based TOPSIS method with IT2F numbers as an extension of TOPSIS method 
to evaluate the educational institution websites. In contrast to precise numbers in 
TOPSIS method, the merit of fuzzy TOPSIS method is to handle the fuzzy numbers to 
evaluate the alternatives. Type-1 fuzzy numbers consider crisp membership degrees 
to express fuzzy numbers but IT2F numbers handle more uncertainties than type-1 
fuzzy numbers. The subjective judgments of the decision makers are aggregated by 
using the IT2F number operations to determine the weights of these criteria. IT2TrF 
numbers-based TOPSIS phase is employed to rank alternatives based on criteria so 
that assessment process is completed. The proposed method is applied to evaluate 
the educational institution websites.
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INTRODUCTION

Information storage is one of the basic attributes of corporation performance. 
Internet, which is indispensable for our daily activities, ensures storing large datasets. 
Internet affects marketing methods as handling relationships between consumers 
and corporations. Websites of big corporations present interactive experience to 
the consumers to help deciding between buying alternatives. Similarly, educational 
institutions must develop their websites to increase the content and quality of 
information for users. The future and current students can reach the desired information 
more easily. The quality of the institution websites also help to the institution’s own 
teaching personel looking for specific information related to the teaching process 
and scientific research (Pamučar et al., 2018).

Pamučar et al. (2018) considered the integration of interval rough AHP and 
interval rough MABAC methods for evaluating university web pages. Akıncılar and 
Dağdeviren (2014) presented the combination of AHP and PROMETHEE methods 
for evaluating hotel websites. Tzeng et al. (2005) handled fuzzy based Choquet 
integral model for evaluating enterprise intranet web sites. Stanujkic et al. (2015) 
used the intuitionistic fuzzy set for measuring website quality. Roy et al. (2017) 
presented AHP approach to consider the quality of academic websites. Hsu and 
Shih (2016) considered ANP, Kano model, DEMATEL and VIKOR methods the 
e-service quality of house rental websites. Bilsel et al. (2006) presented AHP and 
fuzzy PROMETHEE methods for measuring performance of hospital websites. Yu 
et al. (2011) utilized AHP and fuzzy TOPSIS methods for e-commerce websites. Lee 
and Kozar (2006) investigated the effect of website quality on e-business success 
by using AHP approach. Büyüközkan and Ruan (2007) employed fuzzy AHP and 
fuzzy TOPSIS methods for evaluating the quality of government websites. Dominic 
et al. (2013) considered to determine the best university website by using fuzzy AHP 
and linear weightage model.

We present the possibility degree based TOPSIS method with IT2F numbers as 
an extension of TOPSIS method. In contrast to precise numbers in TOPSIS method, 
the merit of fuzzy TOPSIS method is to handle the fuzzy numbers to evaluate the 
alternatives. Type-1 fuzzy numbers consider crisp membership degrees to express 
fuzzy numbers but IT2F numbers handle more uncertainties than type-1 fuzzy 
numbers. IT2F numbers ensure us with additional information to describe the fuzziness 
and the uncertainty of the real-life world. This study aims to extend the TOPSIS 
method by utilizing interval type-2 trapezoidal fuzzy (IT2TrF) numbers in order to 
model more uncertainties of the subjective judgments in complex problems. The 
aim of this study is to introduce a novel IT2F TOPSIS method based on possibility 
mean value and possibility degree. This study uses the approximate positive and 
negative ideal solutions with IT2TrF numbers to evaluate the alternatives. This 



168

Website Evaluation Using Interval Type-2 Fuzzy-Number-Based TOPSIS Approach

study presents the possibility mean value and possibility degree measures instead of 
distance measures in current TOPSIS to define a comparative index. The closeness 
coefficient based on the possibility degree of each alternative is calculated according 
to the approximate positive and negative ideal solutions. This study also uses the 
IT2F number operations to aggregate the subjective judgments of the decision makers 
about the relative importance of criteria and criteria based alternative evaluations. 
The subjective judgments of the decision makers are aggregated by using the IT2F 
number operations to determine the weights of the criteria. These weights with 
IT2TrF numbers are used into IT2TrF numbers based TOPSIS phase to rank the 
alternatives. The proposed method is applied to evaluate the university websites.

PRELIMINARIES

If a IT2FS A A AU L
≈

= ( , ),� � �AU  and �AL  show the upper membership function and 
the lower membership function, respectively. These upper and lower membership 
functions are type-1 membership functions.
H A
j

L( )�  shows the membership value of the element a
j
L
+1  in the upper trapezoidal 

membership function: 

�AL , 

1 2≤ ≤j . H A H A H A H AU U L L
1 2 1 2

0 1 0 1 0 1 0 1( ) [ , ], ( ) [ , ], ( ) [ , ], ( ) [ , ],� � � �∈ ∈ ∈ ∈  

and

1≤ ≤i n.  

Chen and Lee (2010) introduced some arithmetic operations between trapezoidal 

IT2F sets. Let A
≈

1  and A
≈

2  be trapezoidal IT2F sets, where:

A A A a a a a H A H AU L U U U U U U
≈

= =1 1 1 11 12 13 14 1 1 2 1
( , ) (( , , , ; ( ), ( )),(� � � � aa a a a H A H AL L L L L L

11 12 13 14 1 1 2 1
, , , ; ( ), ( )))� �  

and:
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A A A a a a a H A H AU L U U U U U U
≈

= =2 2 2 21 22 23 24 1 2 2 2
( , ) (( , , , ; ( ), ( )),(� � � � aa a a a H A H AL L L L L L

21 22 23 24 1 2 2 2
, , , ; ( ), ( )))� �  

The addition operation between the trapezoidal IT2F numbers ��A
1
 and ��A

2
 is 

defined as follows:

A A A A A A a a a a aU L U L U U U U U
≈ ≈

⊕ = ⊕ = + +1 2 1 1 2 2 11 21 12 22 13
( , ) ( , ) (( , ,� � � � ++ +

+ +

a a a

H A H A a a a a

U U U

U U L L L
23 14 24

1 1 2 1 11 21 12

, ;

min{ ( ), ( )}),( ,� �
222 13 23 14 24 1 1 2 1
L L L L L L La a a a H A H A, , ;min{ ( ), ( )}))+ + � �

 

The multiplication operation between the trapezoidal IT2F numbers ��A
1
 and ��A

2
 

is defined as follows:

A A A A A A a a a a aU L U L U U U U U
≈ ≈

⊗ = ⊗ = × ×1 2 1 1 2 2 11 21 12 22 13
( , ) ( , ) (( , ,� � � � ×× ×

× ×

a a a

H A H A a a a a

U U U

U U L L L
23 14 24

1 1 2 1 11 21 12

, ;

min{ ( ), ( )}),( ,� �
222 13 23 14 24 1 1 2 1
L L L L L L La a a a H A H A, , ;min{ ( ), ( )}))× × � �

 

If k is a crisp value, the multiplication operation between k and ��A
1
 is defined as 

follows:

k A k A A k a k a k a k a H AU L U U U U U× = × = × × × ×
≈

1 1 1 11 12 13 14 1 1
( , ) (( , , , ; ( )� � � )),( , , , ; ( )))k a k a k a k a H AL L L L L× × × ×

11 12 13 14 1 1
�  

where k>0.

The Interval-Valued Possibility Mean Value 
and Possibility Degree of IT2FS

This study used the possibility mean value and possibility degree of IT2F numbers 
proposed by Gong et al. (2015). Let ��A  be a trapezoidal IT2F set, where:

�� � �A A A a a a a h a a a a hU L U U U U
U

L L L L
L

= =( , ) (( , , , ; ),( , , , ; ))
1 2 3 4 1 2 3 4
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The lower possibility mean value is defined as follows:

M A a a h a a hU U
U

L L
L*

( ) ( ) ( )� = + + +
1
6

2
1
6

2
1 2

2
1 2

2  

The upper possibility mean value is defined as follows:

M A a a h a a hU U
U

L L
L

*( ) ( ) ( )� = + + +
1
6

2
1
6

2
4 3

2
4 3

2  

Let M A M A M A( ) [ ( ), ( )]
*

*� � �
1 1 1
=  and M A M A M A( ) [ ( ), ( )]

*
*� � �

2 2 2
=  be interval 

valued possibility mean values of IT2F numbers �A
1
 and �A

2
,  respectively.

The possibility degree of IT2F numbers is defined as follows (Gong et al., 2015):

p A A
M A M A

M A M A M A M
( ) min max

( ) ( )

( ) ( ) ( )

*
*

*
*

*
*

� � �
� �

� � �1 2
1 2

1 1 2

=
−

− + − (( )
, ,�A

2

0 1


























 

METHODOLOGY

Interval Type-2 Fuzzy TOPSIS Method

TOPSIS, which is developed by Hwang and Yoon (1981), ranks suitable solutions 
presenting the farthest distance from negative ideal solution (NIS) and the shortest 
distance from positive ideal solution (PIS) simultaneously (Hwang and Yoon, 1981). 
In this study, we propose the possibility degree based TOPSIS method with IT2F 
numbers as an extension of TOPSIS method. Let X be a set of alternatives X={x1, 
x2,…, xn}, F be a set of attributes F={f1, f2,…, fm}, and D be a set of decision makers 
D={D1, D2,…, Dl}. The set F of attributes can be separated into two sets: benefit and 
cost attributes. The proposed method is now introduced as follows:

Step 1: Define the weighting matrix Wl of the attributes:
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W w
f f f

w w wl i
l

m
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l l
m
l= ( ) = 



×

��
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�� �� � ��1

1 2

1 2
 

�� ��w w w
i l i
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=
=
∑
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��w
i
 is a trapezoidal IT2F number, 1 1≤ ≤ ≤ ≤i m l k, .  k is the number of 

decision makers. wl is the importance degree of the decision maker Dl. ��wi
l is the 

importance degree of attribute fi according to the decision maker Dl. 

Step 2: Define the decision matrix Yl of the decision maker Dl and construct the 
average decision matrix Y , respectively:

Y f

x x x

f

f

f

f f f

f fl ij
l
m n

n

m

l l
n
l

l= =×( )��
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�

�� �� � ��
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11 12 1
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f f f

� ��

� � � �
�� �� � ��



























 

Y f ij m n=
≈

×( )  

�� ��f w f
ij l

l

k

ij
l=

=
∑

1

.  

��f
ij

 is a trapezoidal IT2F number, 1 1 1≤ ≤ ≤ ≤ ≤ ≤i m j n l k, , .  k is the number 
of decision makers.

wl is the importance degree of the decision maker Dl. �
�f
ij

l  is the judgment of the 

decision maker Dl for ��f
ij
.

Step 3: Define the average weighting matrix W :
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W v
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where �� �� ��v w f i m
ij i ij
= ⊗ ≤ ≤, ,1  and 1≤ ≤j n. ��v

ij
 is a trapezoidal IT2F number.

Step 4: Define the approximate positive and negative ideal solution 
x v v v

m
+ + + += ( , ,..., )

1 2
 and x v v v

m
− − − −= ( , ,..., )

1 2
 with respect to benefit and cost 

attributes. Let A
≈

 be a trapezoidal IT2F set, where:
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It is shown as follows:
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where F1 and F2 show the set of benefit and cost attributes, respectively, ∨  and ∧  
show max and min, respectively, and 1≤ ≤i m.

Step 5: Define the possibility degree p v v
i i

( )�� � ��+  between each alternative ��v
i
 and 

the approximate positive ideal solution ��v
i
+,  the possibility degree p v v

i i
( )�� � ��−  

between each alternative ��v
i
 and the approximate negative ideal solution ��v

i
−,  

shown as follows:
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where:
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Step 6: Define the possibility degree based closeness coefficientPC
i
 for each 

alternative, shown as follows:

PC
p v v
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i ij

m

i i i ij

m
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− +

=

∑
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1

 

where 1≤ ≤i n.

Step 7: Rank the values of PC
i
 in a decreasing order, where 1≤ ≤i n.  The higher 

the possibility degree based closeness coefficient PC
i
,  the better alternative 

xi.
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APPLICATION OF THE MOST APPROPRIATE 
WEBSITE SELECTION

A website evaluation process includes defining of expert decision makers to make 
selection, determining suitable website alternatives, determining criteria that examined 
in evaluation phases, weighting the criteria and evaluation of alternatives phases. 
A real-life application is presented in order to provide the better understanding of 
the proposed approach.

A questionnaire study was presented to fill to five decision makers E1, E2, E3, 
E4 and E5 in order to determine the most appropriate university website for the 
students. E1, E2 and E3 are a software engineering, a computer engineering and 
an electronic engineering, respectively while E4 and E5 are academicians. They 
worked in website area for least 5 years so that they have enough knowledge and 
experience about website evaluation. Firstly, evaluation criteria for a university 
website are determined by five experts. These criteria are content (C1), authority 
(C2), search ability (C3), usability (C4), appearance (C5), security/privacy (C6) 
and interactivity (C7). Seven criteria based fifteen university websites are evaluated 
according to five experts’ judgments.

Results

The subjective judgments of experts are established to obtain priorities of evaluation 
criteria by employing the linguistic scale, which is demonstrated in Table 1.

The five decision makers construct the importance degrees of evaluation criteria 
as showing in Table 2. The importance degree of decision makers are assigned in 
order to show their differences in the group decision making problem so that the 
importance degrees of E1, E2, E3, E4, and E5 decision makers can be defined as 
(0.15, 0.25, 0.15, 0.20, 0.25), respectively.

Table 1. Transformation between linguistic terms and IT2TrF numbers

Linguistic Term IT2TrF Numbers

Very low (VL) (0.08,0.11,0.15,0.18;0.8),(0.04,0.09,0.17,0.22;1)

Low (L) (0.20,0.25,0.33,0.36;0.8),(0.17,0.22,0.38,0.43;1)

Medium (M) (0.40,0.45,0.54,0.57;0.8),(0.30,0.40,0.60,0.66;1)

High (H) (0.77,0.80,0.86,0.90;0.8),(0.72,0.75,0.90,0.95;1)

Very high (VH) (0.95,0.97,0.98,0.99;0.8),(0.92,0.96,0.99,1.00;1)
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The subjective judgments of experts based on importance degrees of experts 
are aggregated. After aggregation process, the importance degrees of the criteria 
for the combining result of five decision makers are defined and shown in Table 3.

TOPSIS approach is proposed to evaluate the university websites under IT2F set 
environment. Five decision makers utilize the linguistic rating variables indicated 
in Table 1 to determine the rating of university websites based on each criteria. 
The rating of fifteen university websites based on the seven criteria from the five 
decision makers are presented in Table 4.

The linguistic evaluations indicated in Table 4 are converted into the IT2TrF 
numbers by using Table 1. The group decision of the five decision makers based on 
their importance is obtained with using IT2F number operations and the aggregated 
IT2TrF evaluative rating of university websites under the seven criteria is shown in 
Table 5. The weighted aggregated IT2TrF evaluative rating of university websites 
is obtained and is indicated in Table 6.

Table 3. Importance degrees of criteria for the combining result of five decision 
makers

Criteria IT2TrF Numbers

C1 ((0.312,0.359,0.440,0.470;0.800),(0.235,0.318,0.492,0.548;1.000))

C2 ((0.590,0.628,0.688,0.716;0.800),(0.534,0.592,0.729,0.772;1.000))

C3 ((0.551,0.583,0.637,0.668;0.800),(0.496,0.547,0.671,0.717;1.000))

C4 ((0.226,0.267,0.333,0.363;0.800),(0.164,0.234,0.374,0.428;1.000))

C5 ((0.713,0.746,0.796,0.821;0.800),(0.653,0.712,0.831,0.869;1.000))

C6 ((0.705,0.738,0.798,0.831;0.800),(0.645,0.694,0.839,0.885;1.000))

C7 ((0.158,0.201,0.267,0.297;0.800),(0.125,0.175,0.307,0.357;1.000))

Table 2. The importance degrees of criteria for five decision makers

Decision Makers
Criteria

C1 C2 C3 C4 C5 C6 C7

DM1 VL M H L M VH VL

DM2 M H H VL VH M L

DM3 M M VH M VH H L

DM4 L L M VL M H VL

DM5 M VH VL M H H L
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Table 4. Evaluation data of alternatives

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15

DM1

C1 VH H L L H VH M M H H H L H H M

C2 M VL M M VH H M VL L H H M M VH L

C3 L VH M M VL H M M VH H H M L H H

C4 M L M L VL L H H H M VH M H H M

C5 VH M L L VL L L M H M H H L H L

C6 M VL M M L L H M H L H H VH VH M

C7 L L L M VL L M M VH H L L H M H

DM2

C1 VH M L L L VH VH M H M M L L H H

C2 L H M M VH H M H H H H M L H M

C3 L VH H H H H M H M M M M L H M

C4 M L M L VL L H H L VH VH M H H L

C5 VH M L L VL H L L L M L H H H M

C6 M VL M M L M H L H L L H VH H H

C7 L L L M VL M L M H H M H L L M

DM3

C1 M M M L M M M L M H M M H H M

C2 L L M M VH H VH H M H H L M VH L

C3 M H H H VH H H H H VH H M L M H

C4 M L M L VL L L M M VH VH H H M L

C5 VH M L L VL H H L M M L M L H H

C6 M VL M M L M H L M L L M H VH M

C7 L L L M VL H L M M M M H H M H

DM4

C1 H L M VL M M M H VH H H H H H L

C2 H L M VL L M L L M M H M L H M

C3 H M M VL VH H VH H VH VH VH L L L H

C4 M L M L VL L L H L VH VH H H M L

C5 VH M L L VL H H L H L H H L H VH

C6 M VL M M L L H L H L H L VH VH H

C7 L L L M VL H L H L H L H H M VH

DM5

C1 VL M VL VL M L VL VL H H M L L L M

C2 H H M M H M H M M H H M M VH M

C3 VH L VH VH VH VH VH VH VH VH VH L L L L

C4 M H L L M M L M M L M M M H M

C5 H L M H M L L H L M L L L M L

C6 M H L M L M M L M M L M H H M

C7 H L M M M H H M H L M M M L L
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Table 5. The aggregated IT2TrF evaluative rating of university websites

A1

C1 ((0.614,0.643,0.683,0.707;0.800),(0.567,0.617,0.709,0.744;1.000))

C2 ((0.487,0.528,0.600,0.635;0.800),(0.437,0.486,0.647,0.699;1.000))

C3 ((0.532,0.570,0.630,0.657;0.800),(0.487,0.538,0.670,0.711;1.000))

C4 ((0.400,0.450,0.540,0.570;0.800),(0.300,0.400,0.600,0.660;1.000))

C5 ((0.905,0.928,0.950,0.968;0.800),(0.870,0.908,0.968,0.988;1.000))

C6 ((0.400,0.450,0.540,0.570;0.800),(0.300,0.400,0.600,0.660;1.000))

C7 ((0.343,0.388,0.463,0.495;0.800),(0.308,0.353,0.510,0.560;1.000))

A2

C1 ((0.416,0.463,0.546,0.578;0.800),(0.337,0.417,0.601,0.658;1.000))

C2 ((0.467,0.504,0.568,0.603;0.800),(0.426,0.466,0.609,0.659;1.000))

C3 ((0.626,0.661,0.712,0.735;0.800),(0.579,0.632,0.746,0.782;1.000))

C4 ((0.343,0.388,0.463,0.495;0.800),(0.308,0.353,0.510,0.560;1.000))

C5 ((0.350,0.400,0.488,0.518;0.800),(0.268,0.355,0.545,0.603;1.000))

C6 ((0.253,0.283,0.328,0.360;0.800),(0.210,0.255,0.353,0.403;1.000))

C7 ((0.200,0.250,0.330,0.360;0.800),(0.170,0.220,0.380,0.430;1.000))

� � � � � � � � � � � �

A14

C1 ((0.628,0.663,0.728,0.765;0.800),(0.583,0.618,0.770,0.820;1.000))

C2 ((0.869,0.894,0.926,0.950;0.800),(0.830,0.866,0.950,0.978;1.000))

C3 ((0.458,0.500,0.574,0.608;0.800),(0.410,0.459,0.621,0.673;1.000))

C4 ((0.641,0.678,0.748,0.785;0.800),(0.573,0.628,0.795,0.849;1.000))

C5 ((0.678,0.713,0.780,0.818;0.800),(0.615,0.663,0.825,0.878;1.000))

C6 ((0.860,0.885,0.920,0.945;0.800),(0.820,0.855,0.945,0.975;1.000))

C7 ((0.300,0.350,0.435,0.465;0.800),(0.235,0.310,0.490,0.545;1.000))

A15

C1 ((0.453,0.498,0.578,0.611;0.800),(0.379,0.452,0.631,0.687;1.000))

C2 ((0.340,0.390,0.477,0.507;0.800),(0.261,0.346,0.534,0.591;1.000))

C3 ((0.535,0.575,0.648,0.683;0.800),(0.478,0.530,0.695,0.748;1.000))

C4 ((0.280,0.330,0.414,0.444;0.800),(0.222,0.292,0.468,0.522;1.000))

C5 ((0.486,0.527,0.592,0.620;0.800),(0.435,0.493,0.635,0.680;1.000))

C6 ((0.567,0.608,0.684,0.719;0.800),(0.489,0.558,0.735,0.791;1.000))

C7 ((0.571,0.609,0.672,0.701;0.800),(0.518,0.572,0.713,0.758;1.000))
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Table 6. The weighted aggregated IT2TrF evaluative rating of university websites

A1

A1

C1 ((0.192,0.231,0.300,0.332;0.800),(0.133,0.196,0.348,0.408;1,000)

C2 ((0.287,0.331,0.413,0.454;0.800),(0.233,0.287,0.471,0.539;1,000)

C3 ((0.293,0.332,0.401,0.439;0.800),(0.242,0.294,0.449,0.510;1,000)

C4 ((0.090,0.120,0.180,0.207;0.800),(0.049,0.093,0.224,0.282;1,000)

C5 ((0.645,0.691,0.756,0.794;0.800),(0.568,0.646,0.804,0.858;1,000)

C6 ((0.282,0.332,0.431,0.474;0.800),(0.194,0.278,0.503,0.584;1,000)

C7 ((0.054,0.078,0.123,0.147;0.800),(0.038,0.062,0.156,0.200;1,000)

A2

C1 ((0.130,0.166,0.240,0.271;0.800),(0.079,0.132,0.295,0.360;1,000)

C2 ((0.276,0.316,0.391,0.431;0.800),(0.227,0.275,0.443,0.508;1,000)

C3 ((0.344,0.385,0.453,0.491;0.800),(0.287,0.345,0.501,0.561;1,000)

C4 ((0.077,0.103,0.154,0.180;0.800),(0.050,0.082,0.190,0.239;1,000)

C5 ((0.249,0.298,0.388,0.425;0.800),(0.175,0.253,0.453,0.523;1,000)

C6 ((0.178,0.208,0.261,0.299;0.800),(0.135,0.177,0.296,0.356;1,000)

C7 ((0.032,0.050,0.088,0.107;0.800),(0.021,0.038,0.116,0.153;1,000)

� � � � � � � � � � � �

A14

C1 ((0.196,0.238,0.320,0.359;0.800),(0.137,0.196,0.378,0.449;1,000)

C2 ((0.513,0.561,0.637,0.679;0.800),(0.443,0.512,0.692,0.754;1,000)

C3 ((0.252,0.292,0.365,0.406;0.800),(0.203,0.251,0.417,0.482;1,000)

C4 ((0.145,0.181,0.249,0.285;0.800),(0.094,0.147,0.297,0.363;1,000)

C5 ((0.483,0.531,0.621,0.671;0.800),(0.402,0.471,0.686,0.762;1,000)

C6 ((0.606,0.653,0.734,0.785;0.800),(0.529,0.593,0.792,0.863;1,000)

C7 ((0.047,0.070,0.116,0.138;0.800),(0.029,0.054,0.150,0.194;1,000)

A15

C1 ((0.141,0.179,0.254,0.287;0.800),(0.089,0.143,0.310,0.376;1,000)

C2 ((0.201,0.245,0.328,0.363;0.800),(0.139,0.205,0.389,0.456;1,000)

C3 ((0.295,0.335,0.412,0.456;0.800),(0.237,0.290,0.466,0.536;1,000)

C4 ((0.063,0.088,0.138,0.161;0.800),(0.036,0.068,0.175,0.223;1,000)

C5 ((0.346,0.393,0.471,0.508;0.800),(0.284,0.350,0.528,0.590;1,000)

C6 ((0.399,0.448,0.546,0.597;0.800),(0.315,0.387,0.616,0.700;1,000)

C7 ((0.090,0.122,0.179,0.208;0.800),(0.064,0.100,0.219,0.270;1,000)
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The approximate positive and negative ideal solutions of each criterion are 
denoted in Table 7. The lower and upper possibility mean values of each criterion 
are calculated by using Eqs. - and shown in Table 8.

The possibility degrees p v v
i i

( )�� � ��+  between each alternative ��v
i
 and the 

approximate positive ideal solution ��v
i
+  are calculated by using Eq. and shown in 

Table 9. The possibility degrees between p v v
i i

( )�� � ��−  each alternative ��v
i
 and the 

approximate negative ideal solution ��v
i
−  are also calculated by using Eq. and shown 

in Table 9.
The possibility degree based closeness coefficient PC

i
 for each alternative is 

calculated by using Eq. and shown in Table 10.

CONCLUSION

This study aims to present a method, which is the possibility degree based TOPSIS 
method with IT2F numbers, to evaluate the university websites. In contrast to precise 
numbers in TOPSIS method, the merit of fuzzy TOPSIS method is to handle the fuzzy 
numbers to evaluate the alternatives. The IT2F numbers ensure us more additional 
information than type-1 fuzzy numbers to describe the fuzziness and the uncertainty 
of the real-life world so that it is preferred the IT2F numbers in this study.

Table 7. The approximate positive and negative ideal solutions

Approximate 
positive 
ideal 
solution

C1 ((0.234,0.281,0.367,0.408;0.800),(0.164,0.235,0.429,0.502;1.000)

C2 ((0.513,0.561,0.637,0.679;0.800),(0.443,0.512,0.692,0.754;1.000)

C3 ((0.449,0.491,0.566,0.616;0.800),(0.382,0.439,0.619,0.690;1.000)

C4 ((0.184,0.224,0.290,0.321;0.800),(0.125,0.191,0.333,0.391;1.000)

C5 ((0.645,0.691,0.756,0.794;0.800),(0.568,0.646,0.804,0.858;1.000)

C6 ((0.619,0.666,0.744,0.793;0.800),(0.542,0.608,0.800,0.867;1.000)

C7 ((0.099,0.133,0.193,0.225;0.800),(0.072,0.109,0.234,0.289;1.000)

Approximate 
negative 
ideal 
solution

C1 ((0.046,0.067,0.109,0.131;0.800),(0.026,0.051,0.140,0.184;1.000)

C2 ((0.183,0.226,0.307,0.340;0.800),(0.129,0.189,0.365,0.429;1.000)

C3 ((0.110,0.146,0.210,0.240;0.800),(0.084,0.120,0.255,0.308;1.000)

C4 ((0.036,0.052,0.082,0.101;0.800),(0.017,0.039,0.104,0.141;1.000)

C5 ((0.114,0.145,0.197,0.228;0.800),(0.069,0.119,0.231,0.287;1.000)

C6 ((0.141,0.185,0.261,0.299;0.800),(0.110,0.153,0.296,0.356;1.000)

C7 ((0.025,0.039,0.066,0.082;0.800),(0.013,0.029,0.085,0.118,1.000)
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Table 8. The lower and upper possibility mean values

C1 C2 C3 C4 C5 C6 C7

M A
i*

( )
1

0,157 0,236 0,240 0,075 0,526 0,226 0,049

M A
i

*( )
1

0,283 0,383 0,367 0,182 0,657 0,408 0,127

M A
i*

( )
2

0,107 0,227 0,282 0,066 0,204 0,145 0,030

M A
i

*( )
2

0,239 0,362 0,409 0,155 0,366 0,246 0,095

M A
i*

( )
3

0,063 0,191 0,305 0,066 0,152 0,200 0,037

M A
i

*( )
3

0,161 0,353 0,449 0,165 0,292 0,370 0,108

M A
i*

( )
4

0,041 0,161 0,277 0,041 0,205 0,226 0,056

M A
i

*( )
4

0,115 0,304 0,403 0,115 0,344 0,408 0,149

M A
i*

( )
5

0,104 0,366 0,347 0,031 0,094 0,124 0,023

M A
i

*( )
5

0,234 0,502 0,465 0,086 0,191 0,258 0,071

M A
i*

( )
6

0,147 0,288 0,362 0,049 0,315 0,190 0,082

M A
i

*( )
6

0,279 0,454 0,508 0,132 0,469 0,355 0,187

M A
i*

( )
7

0,117 0,258 0,314 0,081 0,236 0,382 0,053

M A
i

*( )
7

0,235 0,408 0,450 0,179 0,380 0,565 0,136

M A
i*

( )
8

0,094 0,222 0,338 0,115 0,220 0,139 0,066

M A
i

*( )
8

0,207 0,363 0,483 0,238 0,366 0,280 0,165

M A
i*

( )
9

0,190 0,222 0,352 0,070 0,252 0,351 0,087

M A
i

*( )
9

0,349 0,379 0,483 0,166 0,402 0,534 0,191

continued on following page
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All judgments of decision makers are characterized based on linguistic terms 
by the IT2F numbers, which deals with uncertainty. IT2F number operations are 
used to aggregate the individual judgments of decision makers into a group opinion 
about the relative importance degrees of criteria and criteria based alternative 
evaluations. These relative importance degrees of criteria are taken into account 
of IT2TrF numbers based TOPSIS phase, which ranks the university websites. 
This study considers the approximate positive and negative ideal solutions with 
IT2TrF numbers to evaluate the alternatives due to its effectiveness and simplicity. 

C1 C2 C3 C4 C5 C6 C7

M A
i*

( )
10

0,171 0,332 0,352 0,128 0,209 0,149 0,079

M A
i

*( )
10

0,329 0,499 0,483 0,238 0,374 0,295 0,182

M A
i*

( )
11

0,134 0,368 0,339 0,152 0,236 0,232 0,047

M A
i

*( )
11

0,281 0,536 0,475 0,272 0,380 0,384 0,130

M A
i*

( )
12

0,090 0,178 0,141 0,098 0,331 0,289 0,082

M A
i

*( )
12

0,205 0,334 0,273 0,215 0,491 0,462 0,187

M A
i*

( )
13

0,125 0,152 0,097 0,125 0,205 0,501 0,074

M A
i

*( )
13

0,255 0,295 0,207 0,252 0,344 0,654 0,174

M A
i*

( )
14

0,160 0,419 0,207 0,118 0,389 0,490 0,043

M A
i

*( )
14

0,308 0,565 0,340 0,243 0,560 0,648 0,122

M A
i*

( )
15

0,116 0,165 0,239 0,054 0,285 0,320 0,080

M A
i

*( )
15

0,251 0,314 0,381 0,142 0,429 0,502 0,178

Table 8. Continued
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Table 9. The possibility degrees

C1 C2 C3 C4 C5 C6 C7

p v v
i i

( )�� � ��
1

+ 0,327 0,000 0,017 0,132 0,500 0,000 0,220

p v v
i i

( )�� � ��
1

− 1,000 0,797 1,000 0,928 1,000 0,935 0,829

p v v
i i

( )�� � ��
2

+ 0,166 0,000 0,171 0,016 0,000 0,000 0,044

p v v
i i

( )�� � ��
2

− 0,960 0,754 1,000 0,860 1,000 0,548 0,639

p v v
i i

( )�� � ��
3

+ 0,000 0,000 0,299 0,061 0,000 0,000 0,120

p v v
i i

( )�� � ��
3

− 0,702 0,659 1,000 0,869 0,834 0,844 0,714

p v v
i i

( )�� � ��
4

+ 0,000 0,000 0,149 0,000 0,000 0,000 0,314

p v v
i i

( )�� � ��
4

− 0,500 0,531 1,000 0,650 1,000 0,935 0,892

p v v
i i

( )�� � ��
5

+ 0,152 0,296 0,390 0,000 0,000 0,000 0,000

p v v
i i

( )�� � ��
5

− 0,949 1,000 1,000 0,500 0,500 0,524 0,500

p v v
i i

( )�� � ��
6

+ 0,305 0,112 0,500 0,000 0,000 0,000 0,477

p v v
i i

( )�� � ��
6

− 1,000 0,978 1,000 0,732 1,000 0,806 1,000

p v v
i i

( )�� � ��
7

+ 0,163 0,000 0,312 0,125 0,000 0,191 0,259

p v v
i i

( )�� � ��
7

− 1,000 0,875 1,000 0,967 1,000 1,000 0,863

p v v
i i

( )�� � ��
8

+ 0,063 0,000 0,414 0,354 0,000 0,000 0,381

p v v
i i

( )�� � ��
8

− 0,887 0,743 1,000 1,000 1,000 0,595 0,964

p v v
i i

( )�� � ��
9

+ 0,500 0,000 0,435 0,065 0,000 0,098 0,500

p v v
i i

( )�� � ��
9

− 1,000 0,758 1,000 0,889 1,000 1,000 1,000

continued on following page
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C1 C2 C3 C4 C5 C6 C7

p v v
i i

( )�� � ��
10

+ 0,439 0,257 0,435 0,372 0,000 0,000 0,457

p v v
i i

( )�� � ��
10

− 1,000 1,000 1,000 1,000 1,000 0,640 1,000

p v v
i i

( )�� � ��
11

+ 0,296 0,372 0,401 0,500 0,000 0,000 0,229

p v v
i i

( )�� � ��
11

− 1,000 1,000 1,000 1,000 1,000 0,952 0,816

p v v
i i

( )�� � ��
12

+ 0,055 0,000 0,000 0,265 0,000 0,000 0,477

p v v
i i

( )�� � ��
12

− 0,871 0,609 0,728 1,000 1,000 1,000 1,000

p v v
i i

( )�� � ��
13

+ 0,225 0,000 0,000 0,405 0,000 0,500 0,426

p v v
i i

( )�� � ��
13

− 1,000 0,500 0,500 1,000 1,000 1,000 1,000

p v v
i i

( )�� � ��
14

+ 0,383 0,500 0,000 0,371 0,111 0,473 0,190

p v v
i i

( )�� � ��
14

− 1,000 1,000 0,999 1,000 1,000 1,000 0,780

p v v
i i

( )�� � ��
15

+ 0,206 0,000 0,065 0,000 0,000 0,004 0,449

p v v
i i

( )�� � ��
15

− 1,000 0,556 1,000 0,776 1,000 1,000 1,000

Table 10. The possibility degree based closeness coefficient

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15

PCi 0,844 0,936 0,921 0,922 0,856 0,824 0,865 0,836 0,806 0,772 0,790 0,886 0,794 0,770 0,897

Rank 8 1 3 2 7 10 6 9 11 14 13 5 12 15 4

Table 9. Continued
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This study presents the possibility mean value and possibility degree measures 
instead of distance measures in current TOPSIS to define a comparative index. The 
closeness coefficient based on the possibility degree of each alternative is calculated 
according to the approximate positive and negative ideal solutions. In future papers, 
the proposed method can be utilized for dealing with vagueness under IT2TrF set 
environment in different applications such as personnel selection, software selection, 
and supplier selection.
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