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Abstract 
Website is the first interaction tool between user and organization in every online business. The 
basic goal of every website is to provide information through its content. Nowadays, website 
content is considered to be a strategic issue for online businesses which will contribute to user 
attraction and retention. In this paper a soft decision making approach is taken towards the website 
content selection problem. To tackle this problem, a multi criteria decision making algorithm is 
proposed based on PROMETHEE outranking methodology. To overcome the shortening of this 
methodology facing the inherent uncertainty in decision problems, a new method is developed, 
where the characteristics of the alternatives are represented by intuitionistic fuzzy sets. Finally, a 
numerical example for content selection of Iranian universities’ website is given to illustrate 
application of the intuitionistic fuzzy PROMETHEE method. The outcome shows the 
effectiveness of intuitionistic fuzzy PROMETHEE in accommodating the imprecise information 
in comparison with fuzzy PROMETHEE and original PROMETHEE. 
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Introduction 

Over the past decade, development of internet has changed every aspect of life and its main outcome is 
the emergence of online organizations offering electronic services. Among the different back end and 
front end technologies that are needed to deliver electronic services, website serves as a primary 
interface with users. Therefore, website quality is a critical success factor for online organizations to 
survive in competitive world of business [3]. The basic goal of every website is to provide user with 
information [1]. Hence website content is one of the key dimensions of website quality 
[15][19][21][22][12]. Content involves the information, features and services offered by the online 
organization [15]. High quality content which satisfies the informational and structural needs of user 
will help the user find the required information quickly and become enthusiast for the next visit. 

On the other hand, to meet the increasing demand for higher education, universities are also questing for 
new ways of delivering education and as a result, e-learning is being implemented more frequently each 
day, creating new opportunities for both educational institutions and students [25]. Likewise every 
online organization, website of an educational institution plays an important role in establishing long 
term relation with students. Hence this paper focuses on selecting proper content for university website 
from users’ perspective and providing a framework for Iranian university website. In line with multi-
dimensional characteristics of website quality, selecting proper content items for a website is a selection 
problem with different criteria influencing the optimal solution. Therefore multi criteria decision making 
provides an effective ranking framework to address this selection problem. 



Multi Criteria Decision Analysis (MCDA) is a powerful methodology concerned with complex 
evaluation and ranking problems in management, business, engineering and other areas of science. It 
formulates the problems by considering several, usually conflicting criteria which can be qualitative or 
quantitative. Numerous methods have been proposed for multi criteria decision making among which 
outranking models are developed to make a true ranking of real-life problems [13]. These models 
benefit from the concept that an alternative outranks others if and only if there is sufficient evidence to 
support the claim that alternative is superior or at least equal to the others [26]. ELECTRE and 
PROMETHEE are two main methods of outranking approach [11][17]. ELECTRE approaches [23] use 
complex comparisons and non-realistic thresholds which make it difficult for the decision maker to 
understand and use [13]. Besides, PROMETHEE family uses a transparent computational procedure and 
is quite simple in conception and application for non-specialist users [14][16]. Therefore PROMETHEE 
method is chosen as decision making tool in this paper. 

The main difference between PROMETHEE and other outranking approaches is the use of generalized 
criterion functions which were introduced to incorporate the inherent uncertainty in decision making 
problems. Criteria weights and performance values are two main sources of uncertainty in decision 
analysis. Generalized criterion functions do not take into account the uncertainty in criteria weights. 
Besides, selecting the suitable function and its associated thresholds for each criterion leads to additional 
source of uncertainty. Therefore, to overcome the deficiency of this method, an approach to face 
uncertainty in decision problems should be developed. 

Fuzzy sets, proposed by Zadeh (1965)[29], is introduced to model the uncertainty of human judgments. 
The main characteristic of fuzzy sets is the use of membership function which assigns a membership 
degree to each element in a universe of discourse and the non-membership degree which equals one 
minus the membership degree. In fuzzy set theory, the membership degree of an element to a fuzzy set 
is a single value in interval [0, 1]. But in real-life problems, non-membership degree of an element in a 
fuzzy set may not be equal to 1 minus the degree of membership. In other words, there may be some 
hesitation degree where the decision maker is undecided. As a result, intuitionistic fuzzy sets were 
introduced as a generalization of fuzzy sets by Atanassov in 1986. Since the intuitionistic fuzzy sets 
provide an extra possibility to represent imperfect knowledge and model real problems in a more 
adequate way, an extension of PROMETHEE is introduced to utilize the inclusion of uncertainty in 
original algorithm by using intuitionistic fuzzy sets. In this approach, the need to define generalized 
criterion functions and their associated thresholds is eliminated. Also, the uncertainty in criteria weights 
is taken into consideration. 

The remainder of this paper is organized as follows: PROMETHEE method is reviewed in section 2. 
The definition and properties of intuitionistic fuzzy sets are briefly introduced in Section 3. Multi criteria 
decision-making method based on intuitionistic fuzzy sets is then proposed in section 4. Section 5 
comprises a case study on university website to validate the application of the model. Conclusions are 
drawn in section 6. 

 

PROMETHEE 

PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluation) is a multi-
attribute decision making method developed by Brans et al in 1986. PROMETHEE method provides a 
simple and clear algorithm for decision makers and has been applied to various fields such as website 
evaluation [3], supplier selection [11], environmental assessments [13][14], finance [4] and etc. 



PROMETHEE belongs to outranking category of multi criteria decision making and divides the decision 
making process into two separate phases [18]: 

 

Construction of the outranking relations 

The PROMETHEE approach is based on the notion of generalized criterion functions which are used to 
state the decision maker’s preference for an alternative in relation to another with respect to each 
criterion. To calculate the preference value, the decision maker should choose a preference function Pk 
for each criterion. Pk(Ai,Aj) is a function of difference between performance values of pair of 
alternatives and shows the intensity of preference of Ai over Aj with respect to criterion k: 

𝑝𝑘(𝐴𝑖,𝐴𝑘) = 𝐹𝑗 �𝑑𝑗�𝐴𝑗,𝐴𝑘�� 

 
(1) 

Where: 
𝑑𝑗�𝐴𝑗,𝐴𝑘� =𝑎𝑗𝑖 − 𝑎𝑗𝑘 (2) 

  

𝑎𝑘𝑖 and 𝑎𝑘𝑗  are performance values of alternative Ai and Ak with respect to criterion j. Also Fj is a set 
of generalized criterion functions that can be chosen from the predefined functions or decision maker 
can build a special function to model his preferences. Table 1 shows the six types of predefined 
functions suggested by Brans and Vincke (1986)[6]. To delimit the indifference and preference area, (q) 
and (p) are defined as indifference and preference thresholds respectively. Considering two thresholds, 
for preference function we have: 

 

𝑎𝑗𝑖 − 𝑎𝑗𝑘 ≤  𝑞𝑗   =>  𝐹𝑗 �𝑑𝑗�𝐴𝑗,𝐴𝑘�� = 0 (3) 

𝑎𝑗𝑖 − 𝑎𝑗𝑘 ≥   𝑝𝑗  =>  𝐹𝑗 �𝑑𝑗�𝐴𝑗,𝐴𝑘�� = 0 (4) 

𝑞𝑗 ≤ 𝑎𝑗𝑖 − 𝑎𝑗𝑘 ≤  𝑝𝑗   =>   0 < 𝐹𝑗 �𝑑𝑗�𝐴𝑗,𝐴𝑘�� < 1 (5) 

   

Table 1. The shape of six basic generalized criterion functions in PROMETHEE algorithm 

Type I: Usual criterion Type IV: Level criterion 

𝑃(𝑑) = � 0 ,𝑑 = 0
1, |𝑑| > 0 

 

𝑃(𝑑) = �

0, |𝑑| ≤ 𝑞
1
2

, 𝑞 < |𝑑| ≤ 𝑝

1        , |𝑑| > 𝑝
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Type II: Quasi criterion 
Type V: Criterion with linear preference and 
indifference interval 

𝑃(𝑑) = �
0 , |𝑑| ≤ 𝑞
1, |𝑑| > 𝑞  

 

𝑃(𝑑)

=

⎩
⎨

⎧
0, |𝑑| ≤ 𝑞

|𝑑|− 𝑞
𝑝 − 𝑞

, 𝑞 < |𝑑| ≤ 𝑝

1        , |𝑑| > 𝑝

 

 

Type III: Criterion with linear preference Type VI: Gaussian criterion 

𝑃(𝑑) = �
|𝑑|
𝑝

 , |𝑑| ≤ 𝑞

1, |𝑑| > 𝑞
 

 

𝑃(𝑑) = 1 − 𝑒−
𝑑2

2𝜎2�  

 

  

To establish the outranking relation in PROMETHEE approach, preference index, is defined as the 
weighted average of the preference functions for all the criteria. Preference index shows the intensity of 
preference of the decision maker for alternative compared to alternative considering all the criteria: 

 

𝜋�𝐴𝑖 ,𝐴𝑗� =
∑ 𝑤𝑗 .𝑝𝑗(𝐴𝑖,𝐴𝑘)𝑗

∑ 𝑤𝑗𝑗
 

(6) 

 

Where  is the weight assigned to criterion j. Preference index, 𝜋�𝐴𝑖 ,𝐴𝑗�, assigns a value in interval [0 , 
1] for each pair of the alternatives and validates the credibility of the statement “the alternative Ai 
outranks the alternative A k[18] and can be represented by an outranking graph (Figure .2). 

Figure 1. Outranking graph between alternative Ai and Ak 

 

Exploitation of outranking relations rank the alternatives 

To obtain the alternative ranking, three new functions on the set of the alternatives are defined, namely 
inflow(𝜑−), outflow(𝜑+), and net flow(𝜑). Inflow for an alternative Ai, is a measure for how much 
alternative Ai is dominated by others and is calculated by:  
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𝜑−:𝐴 → [0,1] (7) 

𝜑−(𝐴𝑖) =
1

𝑚− 1� 𝜋𝑘,𝑖 =
𝑚

𝑘=1,𝑘≠𝑖

1
𝑚 − 1� 𝜋�𝐴𝑘,𝐴𝑗�

𝑚

𝑘=1,𝑘≠𝑖
    ∀𝐴𝑖 ∈ 𝐴 

(8) 

 

Outflow for an alternative Ai is a measure of how much alternative Ai dominates others and is 
calculated by: 

 

𝜑+:𝐴 → [0,1] (9) 

𝜑+(𝐴𝑖) =
1

𝑚− 1� 𝜋𝑖,𝑘 =
𝑚

𝑘=1,𝑘≠𝑖

1
𝑚− 1� 𝜋(𝐴𝑖,𝐴𝑘)

𝑚

𝑘=1,𝑘≠𝑖
    ∀𝐴𝑖 ∈ 𝐴 

(10) 

 

And the net flow is the difference between outflow and inflow: 

 

𝜑(𝐴𝑖) = 𝜑+(𝐴𝑖) − 𝜑−(𝐴𝑖)      ∀𝐴𝑖 ∈ 𝐴 (11) 

PROMETHEE I partially ranks the alternative based on the inflow and outflow values. Mathematically 
speaking, alternative Ai overclassifies Ak if one of the following conditions happens to be true:  

 

𝜑+(𝐴𝑖) >  𝜑+(𝐴𝑘) ⋀  𝜑−(𝐴𝑖) <  𝜑−(𝐴𝑘)  (12) 

𝜑+(𝐴𝑖) >  𝜑+(𝐴𝑘) ⋀  𝜑−(𝐴𝑖) =  𝜑−(𝐴𝑘) (13) 

𝜑+(𝐴𝑖) =  𝜑+(𝐴𝑘) ⋀  𝜑−(𝐴𝑖) <  𝜑−(𝐴𝑘) (14) 

Alternative Ai and Ak are incomparable if one of the following conditions happens:  

 

𝜑+(𝐴𝑖) >  𝜑+(𝐴𝑘) ⋀  𝜑−(𝐴𝑖) >  𝜑−(𝐴𝑘) (15) 

𝜑+(𝐴𝑖) <  𝜑+(𝐴𝑘) ⋀  𝜑−(𝐴𝑖) <  𝜑−(𝐴𝑘) (16) 

PROMETHEE II provides final ranking of the alternatives based on the net flows. The alternative with 
higher net flow overclassifies the other with lower net flow: 

𝜑(𝐴𝑖) ≥ 𝜑(𝐴𝑘) 

Figure 2. shows a graphical result of the ranking based on the partial preorder of PROMETHEE I or 
complete order of PROMETHEE II [13]. 



 

 

Figure 2. Graphical result of a partial preorder 

 

PROMETHEE methodology can be summarized in the following steps: 

 

 

 

Figure 3. PROMETHEE stepwise procedure 

 

Intuitionistic fuzzy sets 

Let X be a universe of discourse. Zadeh introduced the concept of fuzzy set as: 

𝐹 = {(𝑥, 𝜇𝐹(𝑥)|𝑥 ∈ 𝑋} (17) 



The main characteristic of fuzzy sets is that the sum of membership and non-membership degree is 
equal to one stating that there is no lack of knowledge. But in real applications the knowledge about a 
certain element of a fuzzy set may be incomplete. In this case, the sum of membership and non-
membership degree will be less than one. Ordinary fuzzy sets lack to model this incomplete knowledge. 
In other words, fuzzy sets cannot model the decision makers thinking when he is undecided. To 
overcome this problem, [2] added a new degree of freedom to the ordinary fuzzy concept and introduced 
Intuitionistic fuzzy sets(IFSs). Intuitionistic fuzzy sets are defined as followed: 

Definition 1. Intuitionistic fuzzy A, in the universe of discourse X is an object having the following form 
[2]: 

𝐴 = {(𝑥, 𝜇𝐴(𝑥), 𝜈A(𝑥)|𝑥 ∈ 𝑋}  (18) 

Where: 

𝜇𝐴:𝑋 → [0,1],          𝑥 ∈ 𝑋 → 𝜇𝐴(𝑥) ∈ [0,1], (19) 

𝜈𝐴:𝑋 → [0,1],          𝑥 ∈ 𝑋 → 𝜈𝐴(𝑥) ∈ [0,1], (20) 

With the condition: 

𝜇𝐴(𝑥) + 𝜈𝐴(𝑥) ≤ 1 ,∀𝑥 ∈ 𝑋 (21) 

 

𝜇𝐴(𝑥) and 𝜈𝐴(𝑥) denote a degree of membership and a degree of non-membership of x, respectively. 
For every intuitionistic fuzzy set, we call: 

𝜋𝐴(𝑥) = 1 − 𝜇𝐴(𝑥) − 𝜈𝐴(𝑥)   (22) 

the intuitionistic fuzzy index (or hesitation margin) of element x in the IFS A. It is obvious that for every 
𝑥 ∈X: 

0≤ 𝜋𝐴(𝑥) ≤ 1 (23) 

If 𝜋𝐴(𝑥) = 0, then the IFS A is reduced to a fuzzy set. 

A good example of intuitionistic fuzzy situation is voting, as human voters may be divided into three 
groups (Castillo et al. 2007): 

People who Vote for a candidate;  

People who Vote against a candidate;  

People who are undecided or abstain or give invalid votes.  

Third group is a proof for the concept of hesitation margin in intuitionistic fuzzy sets. Since the 
development of intuitionistic fuzzy sets, it has been applied to several multi attribute decision making 
methods[5][8][9]. In the next section, we propose an extension for PROMETHEE algorithm using 
intuitionistic fuzzy sets. 

 

Intuitionistic fuzzy PROMETHEE 



In this section, PROMETHEE methodology is utilized to encounter the inherent uncertainty in decision 
making problems. In the proposed approach, criteria weights and alternative performances are 
considered as two explicit sources of uncertainty and are represented by ordinary fuzzy and intuitionistic 
fuzzy sets respectively. The need to use generalized criterion functions is omitted. In return, a fuzzy 
inference engine is designed to determine the preference values based on intuitionistic fuzzy inputs. 
Similar to the original PROMETHEE, IF PROMETHEE methodology is divided into two phases: 
Establishing outranking relations and then exploiting relations to obtain the final ranking. We will 
explain both phases step by step in the following section: 

 

Establishing intuitionistic fuzzy decision matrix 

First step in every decision making problem is constructing the decision matrix which represents each 
alternative’s performance with respect to each criteria. Suppose that there exist an alternative set A= 
{A1, A2, …, Am} which consist of m alternatives and criteria set C= {C1, C2,…,Cn}, which consist of 
n criterion and decision maker set DM={ DM1,DM2,…,DMl} with l decision makers. λ={ 𝜆1, 𝜆2,…, 
𝜆𝑙} is showing the decision maker’s relative importance and∑ 𝜆𝑘 = 1𝑙

𝑘=1  Each alternative is going to be 
assessed on n criteria by l decision makers. Performance of Alternatives �𝑎𝑖𝑗� with respect to criterion 
𝐶𝑗 is an intuitionistic fuzzy set and this characteristic for alternative 𝐴𝑖 is defined as follows: 

𝑎𝑖𝑗𝑘 = �𝜇𝑖𝑗𝑘 , 𝜈𝑖𝑗𝑘 �   𝑖 = 1,2, … ,𝑚      𝑗 = 1,2, … , n (24) 

Where 𝜇𝑖𝑗  and 𝜈𝑖𝑗 are the membership and non-membership degree of alternative Ai with respect to 
criterion Cj assigned by decision maker k. Here, membership degree shows the degree which alternative 
Ai satisfies criterion Cj and non-membership degree indicates the degree which alternative Ai does not 
satisfy criterion Cj. In every group decision making approach, there is a need to aggregate all the 
individual decision opinions into a group opinion. In order to construct aggregated intuitionistic fuzzy 
decision, intuitionistic fuzzy weighted average proposed by Xu is used[28]: 

 

𝑎𝑖𝑗 = � 𝜆𝑘𝑎𝑖𝑗𝑘
𝑙

𝑘=1
= 𝜆1𝑎𝑖𝑗1 + 𝜆2𝑎𝑖𝑗2 + ⋯+ 𝜆𝑙𝑎𝑖𝑗𝑙

= [1 −� �1 − 𝜇𝑖𝑗𝑘 �
𝜆𝑘 , �𝜈𝑖𝑗𝑘 �

𝜆𝑘
𝑙

𝑘=1
] 

(25) 

With this background, aggregated intuitionistic fuzzy decision matrix will have the following form:  
 

cn …. c2 c1  

(𝜇1𝑛, 𝜈1𝑛) …. (𝜇12, 𝜈12) (𝜇11, 𝜈11) A1 

(𝜇2𝑛, 𝜈2𝑛) …. (𝜇22, 𝜈22) (𝜇21, 𝜈21) A2 

(𝜇3𝑛, 𝜈3𝑛) …. (𝜇32, 𝜈32) (𝜇31, 𝜈31) A3 

. . . . . 

. . . . . 

. . . . . 



Determination of criteria weights 

In multi criteria decision analysis, each criterion has different impact on the objective of the problem. 
The relative intuitionistic fuzzy importance of a criterion Cj from the criterion set C and assigned by 
decision maker k is defined as below:  

 

𝑤𝑗𝑘 = �𝜇𝑗𝑘, 𝜈𝑗𝑘� (26) 

It is also needed to aggregate decision maker’s opinion about the importance of the criteria. To do this, 
the mentioned aggregator used for alternative performance is used: 

 

𝑤𝑗 = � 𝜆𝑘𝑤𝑗𝑘
𝑙

𝑘=1
= 𝜆1𝑤𝑗1 + 𝜆2𝑤𝑗2 + ⋯+ 𝜆𝑙𝑤𝑗𝑙 = [1 −� �1 − 𝜇𝑗𝑘�

𝜆𝑘 , �𝜈𝑗𝑘�
𝜆𝑘

𝑙

𝑘=1
] 

(27) 

 

The aggregated intuitionistic fuzzy decision matrix will have the following form: 

𝑊 = [𝑤1,𝑤2, … ,𝑤𝑛] (28) 

Where:       𝑤𝑗 = �𝜇𝑗, 𝜈𝑗�      𝑗 = 1,2, … ,𝑛. (29) 

Determination of performance deviations based on pair-wise comparisons 

The differences between performances of alternatives with respect to criterion j can be expressed as 
matrix dj: 

 

𝑑(𝑗) =

⎣
⎢
⎢
⎡𝑑

(𝑗)(𝐴1,𝐴1) 𝑑(𝑗)(𝐴1,𝐴2) … 𝑑(𝑗)(𝐴1,𝐴𝑚)
𝑑(𝑗)(𝐴2,𝐴1) 𝑑(𝑗)(𝐴2,𝐴2) … 𝑑(𝑗)(𝐴2,𝐴𝑚)

⋮ ⋮ ⋱ ⋮
𝑑(𝑗)(𝐴𝑚,𝐴1) 𝑑(𝑗)(𝐴𝑚,𝐴2) … 𝑑(𝑗)(𝐴𝑚,𝐴𝑚)⎦

⎥
⎥
⎤
 (30) 

 

Where:𝑑(𝑗)(𝐴𝑖,𝐴𝑘) = �𝑑𝜇
(𝑗)(𝐴𝑖,𝐴𝑘),𝑑𝜈

(𝑗)(𝐴𝑖,𝐴𝑘)� = �𝜇𝐴𝑖
(𝑗)(𝑥) − 𝜇𝐴𝑘

(𝑗)(𝑥), 𝜈𝐴𝑖
(𝑗)(𝑥)−

𝜈𝐴𝑖
(𝑗)(𝑥)� 

(31) 

 

𝑑(𝑗)(𝐴𝑖,𝐴𝑘) is a two dimensional matrix with one dimension representing 𝑑𝜇
(𝑗)(𝐴𝑖,𝐴𝑘) and the other 

𝑑𝜈
(𝑗)(𝐴𝑖,𝐴𝑘) which denote deviation between alternatives based on their membership and non-

membership degree respectively. To calculate the differences between membership and non-
membership degrees the concept of hamming distance measure between two fuzzy sets is used [24].  

(𝜇𝑚𝑛, 𝜈𝑚𝑛) …. (𝜇𝑚2, 𝜈𝑚2) (𝜇𝑚1, 𝜈𝑚  Am 



 

Determination of preference index for each pair of alternatives 

To obtain the preference values, a fuzzy system is developed for each criterion. The fuzzy system maps 
the difference matrix 𝑑(𝑗) to the preference indices. The configuration of the system is shown in Figure 
4. 

 

 

Figure 4. Configuration of the fuzzy system for preference function modeling 

 

The fuzzy system consists of four components: Fuzzifier, fuzzy rule base, fuzzy inference engine and 
defuzzifier with following roles: 

 

Fuzzifier 



Fuzzifier is used to translate the crisp input values to linguistic terms using membership functions.  
Here,  input  values  are  two  dimensions  of  each  element  of  the  matrix 𝑑(𝑗)  (deviation based on 

membership and non-membership degree) and fuzzifier maps both dimensions to linguistic terms: very 
low, low, medium, high and very high. The membership function assigned to each of these linguistic 
terms is plotted in Figure 5. Triangular membership function is used due to its easiness in calculations. 

 

 

Figure 5. Membership functions for input variables 

 

Defuzzifier 

Defuzzifier is used to map a fuzzy value to a crisp output. Here, the output is the preference indexes. 
The linguistic terms for preference are defined as: very low, low, medium, high and very high and 
membership functions similar are assigned for each. Defuzzification is performed by the membership 
function of the output variable. Here, centroid defuzzifier is applied with the following formula: 

 

y∗ =
∫ yiµB(y)dy
∫µB(y)dy

 (32) 

 

Fuzzy rule base 

Fuzzy rule base is constructed to present decision maker’s opinions by means of combination of fuzzy 
If-Then rules. 21 fuzzy rules are derived based on the values of dimensions of each element: 

“IF membership degree deviation is low AND non-membership degree deviation is low THEN 
preference is low” 

“IF membership degree deviation is high AND non-membership degree deviation is low THEN 
preference is high” 



“IF membership degree deviation is very high AND non-membership degree deviation is low THEN 
preference is very high” 

 

Fuzzy inference engine 

The fuzzy inference engine is designed to calculate the preference index of each pair of alternatives. To 
do so, the engine performs tow tasks: first is to map the input values (elements of matrix 𝑑(𝑗)) to output 
values (elements of matrix 𝑝(𝑗)) using fuzzy rules. The second is weighting the preference matrices by 
intuitionistic fuzzy weights of criteria. In the first part, to aggregate the rules Mamdani minimum 
inference engine is applied where the minimum and maximum operators are used for all triangular norm 
and triangular conorms respectively. Also maximum operator is used for the aggregation of the rules. In 
the second part, multiplication operator is used to weighting the preference values by criteria weights. 
The multiplication operator for two IFSs A and B is defined as follows: 

A ⊗ B = {𝜇𝐴(𝑥).𝜇𝐵(𝑥), 𝜈𝐴(𝑥) + 𝜈𝐵(𝑥) − 𝜈𝐴(𝑥). 𝜈𝐵(𝑥) | 𝑥 ∈ 𝑋} (32) 

 

The output of fuzzy inference engine is a crisp preference index of each pair of alternatives which is 
used to calculate outflow, inflow and net flow of each alternative. Then the complete order of 
alternatives is obtained. The stepwise procedure is presented in Figure 6. 

 

Figure 6. Stepwise procedure of intuitionistic fuzzy PROMETHEE algorithm 

 

Case Study: university website (content selection) 



The algorithm for the soft decision analysis based on intuitionistic fuzzy PROMETHEE is demonstrated 
with a case study from university website which is used to rank the content items for the homepage of 
the university to enhance the informational and structural needs of users. In order to make up the 
decision problem, alternatives and design criteria of the ranking problem relative to a university website 
with e-learning component should be identified. In this regard, a list of content items is proposed for a 
university homepage. To classify contents of a university website with e-learning component, the items 
are divided into two groups: general contents of a university and specific content for e-learning which 
are located in three different sections: header, main body and footer. Table 1-4 represents the 
benchmarked items for header, main body and footer of a university homepage. The general items are 
benchmarked from the top ten universities in Webometrics ranking [10] and specific content from the 
Online Education Data Base[20]. 

 

Table 2. items benchmarked for header of a university homepage 

 No Header content Items No  Header Content Items  

 1 University Logo 6  Search in Website  

 2 University Name 7  Content in other Languages  

 3 University Contacts 8  Content in other Fonts  

 4 Site Map 9  University Directory  

 5 Website Index 10  Frequently Asked Questions 
 

 

Table 3. General items benchmarked for main body a university homepage 

 No General main body content Items No  General main body Content Items  

 1 About university 9  Higher Degree Education  

 2 University Chancellor 10  Direction of use  

 3 Education 11  University Staff  

 4 Research 12  Alumni  

 5 Academic Calendar 13  Employment Opportunities  

 6 University centers 14  Academic Programs  

 7 University Events 15  Student Affairs  

 8 University News 16  News Spotlight  

    

Table 4. Specific items benchmarked for main body a university homepage 



 No Specific main body content Items No  Specific main body content Items  

 1 Learning Management System 8  User Login  

 2 E-Content Development Center 9  Direction of use  

 3 Digital Library 10  Electronic news letter  

 4 Virtual Class 11  Discussion room  

 5 Online consulting 12  Online chat  

 6 Educational system 13  Forum  

 7 University virtual tour 14  Questionnaire  

       

Table 5. Footer items benchmarked for main body a university homepage 

 No Footer content Items No  Footer Content Items  

 1 University phone number 6  Website Guide  

 2 University Address 7  Privacy Statement  

 3 University Webmail 8  Trademark notice  

 4 Website Admin Email 9  Quick links  

 5 Last update date 10  Copy right  

 

To define the structural criteria of website design several research papers are reviewed. Then it is 
tailored for university website by e-learning website designers. These criteria are listed in table 5. 

 

Table 6. decision criteria for university website 

Criteria  Explanation 

Presentation  Visual appearance or general attractiveness of the site 

Usability  Quality of user experience interacting with website 

Accessibility  Enabling users with disabilities to interact with website 

Navigation  Easy access to website information or service 

Security  Making users rely on the website organization 

 



Then a soft decision making algorithm is applied to rank the items with respect to structural needs of the 
users. With this approach the content will be selected that both satisfy the informational and structural 
needs of the users. As an example, site map and search engine will convey navigation criterion, privacy 
statement and copyright will satisfy security criterion and font color and size will affect the accessibility 
criterion while Programs offered by a university is an informational need of the learner. Now, IF-
PROMETHEE algorithm will be applied to rank the benchmarked items according to structural criteria. 
The first step to run the model is to collect alternative performance and criteria importance data. To do 
so, an intuitionistic fuzzy questionnaire was designed to obtain the membership and non-membership 
degree of alternatives performances and criteria importance. In the questionnaire, decision makers are 
divided into three groups. The details are shown in table 7. 

 

Table 7. Statistical population of the research 

Decision maker group Number 

E-learning website designer 20 

Virtual university instructor 10 

Virtual university student 35 

 

Here, we will run the model for the header contents step by step: 

1. Establish group decision matrix based on the aggregated performance values of alternatives: Decision 
makers’ attitude about membership and non-membership degree of alternative performances with 
respect to defined criteria is obtained from the questionnaire and aggregated by the equation 28. The 
result is shown in table 8. 

 

Table 8. Aggregated intuitionistic fuzzy decision matrix data 

Criteria Presentation Usability Accessibility Navigation Security 

Content Items µ ʋ µ ʋ µ ʋ µ ʋ µ ʋ 

University Logo 0.67 0.07 0.65 0.16 0.38 0.09 0.44 0.09 0.48 0.11 

University Name 0.36 0.19 0.73 0.17 0.26 0.13 0.46 0.10 0.41 0.07 

University Contacts 0.14 0.09 0.54 0.21 0.21 0.15 0.64 0.10 0.37 0.14 

Site Map 0.29 0.11 0.73 0.12 0.25 0.11 0.70 0.12 0.34 0.14 

Website Index 0.22 0.14 0.58 0.17 0.21 0.13 0.72 0.09 0.25 0.14 

Search in Website 0.20 0.05 0.76 0.04 0.19 0.11 0.77 0.10 0.25 0.11 

Content in other Languages 0.27 0.09 0.42 0.12 0.78 0.04 0.34 0.09 0.35 0.11 



Content in other Fonts 0.29 0.13 0.46 0.14 0.78 0.02 0.40 0.09 0.31 0.14 

University Directory 0.18 0.09 0.42 0.10 0.21 0.13 0.50 0.07 0.35 0.14 

Frequently Asked Questions 0.14 0.13 0.60 0.10 0.23 0.11 0.48 0.06 0.45 0.14 

 

2. Establish group criterion matrix based on the aggregated importance values of criteria: 

Fuzzy importance of the criteria is asked from decision makers and the group decision about the weight 
of criteria is obtain by aggregation of their opinions. Then the aggregated fuzzy weights are defuzzified 
using center of area concept. The result is shown in table. 

 

Table 9. Decision criteria weights 

Criteria Weight 

Presentation (0.14,0.2) 

Usability (0.35,0.12) 

Accessibility (0. 42,0.16) 

Navigation (0.63,0.08) 

Security (0.52,0.15) 

 

3. Establish two dimensional deviation matrix based on membership and non-membership degrees of 
alternatives for each criterion: For each criterion, a deviation matrix is established which shows the 
differences between the performance of alternatives. The deviation matrix for header content is shown in 
tables 10-14. 

 

4. Apply Fuzzy inference system for determination of preference index of each pair of alternatives: For 
each criterion, a fuzzy system is developed to map the deviation matrix to preference indices. The fuzzy 
system is shown in Figure 7, fuzzy rule base in Figure 8. and preference matrix is presented in tables 15-
19. The preference index for each pair of alternatives is presented in table 20. 

 



 

Figure 7. Fuzzy inference engine developed by MATLAB fuzzy toolbox 

 

 

 

Figure 8. Fuzzy rule base designed by MATLAB fuzzy toolbox 

 



Table 10. Deviation matrix for criterion presentation for header content items 

Criteria Logo Name Contact Map Index Search 
Languag
es Fonts Directory FAQ 

Content 
items dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ 

Logo 0.00 0.00 
-
0.12 0.31 

-
0.02 0.53 

-
0.04 0.38 

-
0.06 0.45 0.03 0.47 

-
0.02 0.40 

-
0.05 0.38 

-
0.02 0.49 

-
0.05 0.53 

Name 0.12 
-
0.31 0.00 0.00 0.10 0.23 0.08 0.07 0.05 0.14 0.14 0.16 0.10 0.09 0.06 0.07 0.10 0.18 0.06 0.23 

Contact 0.02 
-
0.53 

-
0.10 

-
0.23 0.00 0.00 

-
0.02 

-
0.15 

-
0.05 

-
0.08 0.05 

-
0.06 0.00 

-
0.14 

-
0.04 

-
0.15 0.00 

-
0.05 

-
0.04 0.00 

Map 0.04 
-
0.38 

-
0.08 

-
0.07 0.02 0.15 0.00 0.00 

-
0.03 0.07 0.06 0.09 0.02 0.02 

-
0.02 0.00 0.02 0.11 

-
0.02 0.15 

Index 0.06 
-
0.45 

-
0.05 

-
0.14 0.05 0.08 0.03 

-
0.07 0.00 0.00 0.09 0.02 0.05 

-
0.05 0.01 

-
0.07 0.05 0.04 0.01 0.08 

Search 
-
0.03 

-
0.47 

-
0.14 

-
0.16 

-
0.05 0.06 

-
0.06 

-
0.09 

-
0.09 

-
0.02 0.00 0.00 

-
0.05 

-
0.07 

-
0.08 

-
0.09 

-
0.05 0.02 

-
0.08 0.06 

Languag
es 0.02 

-
0.40 

-
0.10 

-
0.09 0.00 0.14 

-
0.02 

-
0.02 

-
0.05 0.05 0.05 0.07 0.00 0.00 

-
0.04 

-
0.02 0.00 0.09 

-
0.04 0.14 

Fonts 0.05 
-
0.38 

-
0.06 

-
0.07 0.04 0.15 0.02 0.00 

-
0.01 0.07 0.08 0.09 0.04 0.02 0.00 0.00 0.04 0.11 0.00 0.15 

Director
y 0.02 

-
0.49 

-
0.10 

-
0.18 0.00 0.05 

-
0.02 

-
0.11 

-
0.05 

-
0.04 0.05 

-
0.02 0.00 

-
0.09 

-
0.04 

-
0.11 0.00 0.00 

-
0.04 0.05 

FAQ 0.05 
-
0.53 

-
0.06 

-
0.23 0.04 0.00 0.02 

-
0.15 

-
0.01 

-
0.08 0.08 

-
0.06 0.04 

-
0.14 0.00 

-
0.15 0.04 

-
0.05 0.00 0.00 

 

 

 

  

Table 11. Deviation matrix for criterion usability for header content items 

Criteria Logo Name Contact Map Index Search 
Languag
es Fonts Directory 

FA
Q  

Content 
items dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ 

Logo 0 0 0.12 0.31 0.2 0.53 0.4 0.38 0.6 0.45 0.03 0.47 0.2 0.4 0.5 0.38 0.2 0.49 0.5 0.53 

Name 0.12 0.31 0 0 0.1 0.23 0.08 0.07 0.05 0.14 0.14 0.16 0.1 0.09 0.06 0.07 0.1 0.18 0.06 0.23 



Contact 0.02 0.53 0.1 0.23 0 0 0.2 0.15 0.5 0.8 0.05 0.6 0 0.14 0.4 0.15 0 0.5 0.4 0 

Map 0.04 0.38 0.8 0.7 0.02 0.15 0 0 0.3 0.07 0.06 0.09 0.02 0.02 0.2 0 0.02 0.11 0.2 0.15 

Index 0.06 0.45 0.5 0.14 0.05 0.08 0.03 0.7 0 0 0.09 0.02 0.05 0.5 0.01 0.7 0.05 0.04 0.01 0.08 

Search 0.3 0.47 0.14 0.16 0.5 0.06 0.6 0.9 0.9 0.2 0 0 0.5 0.7 0.8 0.9 0.5 0.02 0.8 0.06 

Languag
es 0.02 0.4 0.1 0.9 0 0.14 0.2 0.2 0.5 0.05 0.05 0.07 0 0 0.4 0.2 0 0.09 0.4 0.14 

Fonts 0.05 0.38 0.6 0.7 0.04 0.15 0.02 0 0.1 0.07 0.08 0.09 0.04 0.02 0 0 0.04 0.11 0 0.15 

Director
y 0.02 0.49 0.1 0.18 0 0.05 0.2 0.11 0.5 0.4 0.05 0.2 0 0.9 0.4 0.11 0 0 0.4 0.05 

FAQ 0.05 0.53 0.6 0.23 0.04 0 0.02 0.15 0.1 0.8 0.08 0.6 0.04 0.14 0 0.15 0.04 0.5 0 0 

 

 

Table 12. Deviation matrix for criterion accessibility for header content items 

Criteria Logo Name Contact Map Index Search 
Languag
es Fonts Directory 

FA
Q  

Content 
items dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ 

Logo 0 0 0.4 0.12 0.6 0.17 0.2 0.13 0.4 0.17 0.2 0.19 0.04 0.41 0.06 0.41 0.4 0.17 0.2 0.15 

Name 0.04 0.12 0 0 0.2 0.05 0.02 0.01 0 0.05 0.02 0.07 0.09 0.52 0.11 0.52 0 0.05 0.02 0.03 

Contact 0.06 0.17 0.02 0.5 0 0 0.04 0.4 0.02 0 0.04 0.02 0.11 0.57 0.13 0.57 0.02 0 0.04 0.2 

Map 0.02 0.13 0.2 0.1 0.4 0.04 0 0 0.2 0.04 0 0.06 0.06 0.53 0.09 0.53 0.2 0.04 0 0.02 

Index 0.04 0.17 0 0.5 0.2 0 0.02 0.4 0 0 0.02 0.02 0.09 0.57 0.11 0.57 0 0 0.02 0.2 

Search 0.02 0.19 0.2 0.7 0.4 0.2 0 0.6 0.2 0.2 0 0 0.06 0.6 0.09 0.6 0.2 0.2 0 0.4 

Languag
es 0.4 0.41 0.9 0.52 0.11 0.57 0.6 0.53 0.9 0.57 0.6 0.6 0 0 0.02 0 0.9 0.57 0.6 0.55 

Fonts 0.6 0.41 0.11 0.52 0.13 0.57 0.9 0.53 0.11 0.57 0.9 0.6 0.2 0 0 0 0.11 0.57 0.9 0.55 

Director
y 0.04 0.17 0 0.5 0.2 0 0.02 0.4 0 0 0.02 0.02 0.09 0.57 0.11 0.57 0 0 0.02 0.2 

FAQ 0.02 0.15 0.2 0.3 0.4 0.02 0 0.2 0.2 0.02 0 0.04 0.06 0.55 0.09 0.55 0.2 0.02 0 0 

     

Table 13. Deviation matrix for criterion navigation for header content items 



Criteria Logo Name Contact Map Index Search 
Languag
es Fonts Directory 

FA
Q  

Content 
items dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ 

Logo 0 0 0.2 0.2 0.2 0.2 0.3 0.26 0 0.28 0.2 0.33 0 0.1 0 0.04 0.02 0.6 0.03 0.4 

Name 0.02 0.02 0 0 0 0.18 0.2 0.24 0.02 0.26 0 0.31 0.02 0.12 0.02 0.06 0.03 0.4 0.04 0.2 

Contact 0.02 0.2 0 0.18 0 0 0.2 0.6 0.02 0.8 0 0.14 0.02 0.3 0.02 0.24 0.03 0.14 0.04 0.16 

Map 0.03 0.26 0.02 0.24 0.02 0.06 0 0 0.03 0.2 0.02 0.8 0.03 0.36 0.03 0.3 0.05 0.2 0.06 0.22 

Index 0 0.28 0.2 0.26 0.2 0.08 0.3 0.02 0 0 0.2 0.6 0 0.38 0 0.32 0.02 0.22 0.03 0.24 

Search 0.02 0.33 0 0.31 0 0.14 0.2 0.08 0.02 0.06 0 0 0.02 0.43 0.02 0.37 0.03 0.28 0.04 0.29 

Languag
es 0 0.1 0.2 0.12 0.2 0.3 0.3 0.36 0 0.38 0.2 0.43 0 0 0 0.6 0.02 0.16 0.03 0.14 

Fonts 0 0.4 0.2 0.6 0.2 0.24 0.3 0.3 0 0.32 0.2 0.37 0 0.06 0 0 0.02 0.1 0.03 0.8 

Director
y 0.2 0.06 0.3 0.04 0.3 0.14 0.5 0.2 0.2 0.22 0.3 0.28 0.2 0.16 0.2 0.1 0 0 0.01 0.02 

FAQ 0.3 0.04 0.4 0.02 0.4 0.16 0.6 0.22 0.3 0.24 0.4 0.29 0.3 0.14 0.3 0.08 0.1 0.2 0 0 

 

Table 14. Deviation matrix for criterion security for header content items 

       Criteria 

 
Logo Name Contact Map Index Search Languages Fonts Directory FAQs 

Content 
items 

dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ dµ dʋ 

Logo 0.00 0.00 0.05 0.06 0.20 0.10 0.20 0.13 0.20 0.23 0.00 0.23 0.00 0.12 0.20 0.17 0.30 0.12 0.20 0.02 

Name 0.50 0.60 0.00 0.00 0.70 0.04 0.70 0.07 0.70 0.17 0.50 0.17 0.50 0.06 0.70 0.10 0.70 0.06 0.70 0.40 

Contact 0.02 0.10 0.07 0.40 0.00 0.00 0.00 0.03 0.00 0.12 0.02 0.12 0.02 0.02 0.00 0.06 0.10 0.02 0.00 0.80 

Map 0.02 0.13 0.07 0.70 0.00 0.30 0.00 0.00 0.00 0.09 0.02 0.09 0.02 0.10 0.00 0.03 0.10 0.10 0.00 0.11 

Index 0.02 0.23 0.07 0.17 0.00 0.12 0.00 0.90 0.00 0.00 0.02 0.00 0.02 0.10 0.00 0.60 0.10 0.10 0.00 0.21 

Search 0.00 0.23 0.05 0.17 0.20 0.12 0.20 0.90 0.20 0.00 0.00 0.00 0.00 0.10 0.20 0.60 0.30 0.10 0.20 0.21 

Languages 0.00 0.12 0.05 0.60 0.20 0.20 0.20 0.01 0.20 0.10 0.00 0.10 0.00 0.00 0.20 0.04 0.30 0.00 0.20 0.10 

Fonts 0.02 0.17 0.07 0.10 0.00 0.60 0.00 0.30 0.00 0.06 0.02 0.06 0.02 0.40 0.00 0.00 0.10 0.40 0.00 0.14 

Directory 0.03 0.12 0.07 0.60 0.01 0.20 0.01 0.01 0.01 0.10 0.03 0.10 0.03 0.00 0.01 0.04 0.00 0.00 0.01 0.10 

FAQ 0.02 0.20 0.07 0.04 0.00 0.08 0.00 0.11 0.00 0.21 0.02 0.21 0.02 0.10 0.00 0.14 0.10 0.10 0.00 0.00 



Table 15. Preference matrix for criterion presentation for header content items 

      Content 

items Logo Name Contact Map Index Search Languages Fonts Directory FAQ 

Logo 0.75 0.75 0.73 0.75 0.75 0.75 0.73 0.75 0.67 0.5 

Name 0.56 0.5 0.46 0.44 0.47 0.5 0.45 0.53 0.5 0.33 

Contact 0.5 0.5 0.45 0.46 0.47 0.5 0.45 0.5 0.39 0.25 

Map 0.55 0.49 0.5 0.48 0.46 0.5 0.5 0.53 0.5 0.27 

Index 0.49 0.47 0.49 0.47 0.45 0.5 0.48 0.47 0.46 0.25 

Search 0.5 0.5 0.5 0.47 0.5 0.5 0.5 0.5 0.45 0.25 

Languages 0.54 0.5 0.5 0.5 0.47 0.5 0.5 0.54 0.5 0.25 

Fonts 0.55 0.48 0.5 0.47 0.45 0.5 0.49 0.51 0.5 0.27 

Directory 0.5 0.5 0.49 0.5 0.47 0.5 0.49 0.5 0.43 0.25 

FAQ 0.5 0.47 0.45 0.46 0.45 0.5 0.45 0.47 0.39 0.25 

 

Table 16. Preference matrix for criterion usability for header content items 

                  Criteria 

Logo Name Contact Map Index Search Languages Fonts Directory FAQ 

Content items 

Logo 0.75 0.25 0.73 0.75 0.75 0.75 0.73 0.75 0.33 0.5 

Name 0.56 0.5 0.46 0.44 0.47 0.5 0.45 0.53 0.5 0.33 

Contact 0.5 0.5 0.45 0.46 0.47 0.5 0.45 0.5 0.39 0.25 

Map 0.55 0.49 0.5 0.49 0.46 0.5 0.5 0.53 0.5 0.27 

Index 0.49 0.47 0.49 0.47 0.45 0.5 0.48 0.47 0.46 0.25 

Search 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.45 0.25 

Languages 0.54 0.5 0.5 0.5 0.47 0.5 0.5 0.54 0.5 0.25 

Fonts 0.55 0.49 0.5 0.47 0.45 0.5 0.48 0.51 0.5 0.27 

Directory 0.5 0.5 0.49 0.5 0.47 0.5 0.49 0.5 0.08 0.25 

FAQ 0.5 0.47 0.45 0.46 0.45 0.5 0.45 0.47 0.08 0.24 

 



Table 17. Preference matrix for criterion accessibility for header content items 

                  Criteria 

Logo Name Contact Map Index Search Languages Fonts Directory FAQ Content items 

Logo 0.55 0.56 0.25 0.25 0.58 0.56 0.53 0.56 0.52 0.5 

Name 0.49 0.5 0.25 0.25 0.48 0.5 0.49 0.5 0.5 0.48 

Contact 0.47 0.49 0.25 0.25 0.47 0.49 0.47 0.5 0.49 0.44 

Map 0.5 0.5 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.47 

Index 0.49 0.5 0.25 0.25 0.49 0.5 0.49 0.5 0.5 0.44 

Search 0.5 0.5 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.42 

Languages 0.75 0.75 0.49 0.5 0.75 0.75 0.75 0.75 0.75 0.75 

Fonts 0.75 0.75 0.5 0.5 0.75 0.75 0.75 0.75 0.75 0.75 

Directory 0.49 0.5 0.25 0.25 0.49 0.5 0.49 0.5 0.5 0.44 

FAQ 0.5 0.5 0.25 0.25 0.5 0.5 0.5 0.47 0.5 0.45 

 

 

 

 

Table 18. Preference matrix for criterion navigation for header content items 

           Criteria 

Logo Name Contact Map Index Search Languages Fonts Directory FAQ Content items 

Logo 0.48 0.48 0.5 0.5 0.31 0.35 0.37 0.41 0.49 0.5 

Name 0.47 0.48 0.48 0.5 0.33 0.37 0.38 0.43 0.5 0.49 

Contact 0.52 0.51 0.6 0.64 0.46 0.48 0.5 0.5 0.57 0.57 

Map 0.55 0.54 0.63 0.68 0.48 0.48 0.5 0.48 0.6 0.6 

Index 0.59 0.58 0.68 0.73 0.5 0.5 0.5 0.5 0.64 0.65 

Search 0.62 0.62 0.7 0.75 0.5 0.48 0.5 0.54 0.67 0.67 

Languages 0.46 0.45 0.5 0.5 0.25 0.27 0.29 0.34 0.48 0.5 

Fonts 0.48 0.48 0.5 0.5 0.28 0.32 0.34 0.38 0.5 0.5 



Directory 0.49 0.5 0.5 0.55 0.35 0.4 0.41 0.46 0.5 0.5 

FAQ 0.5 0.5 0.5 0.54 0.34 0.38 0.4 0.45 0.5 0.5 

    

Table 19. Preference matrix for criterion security for header content items 

Criteria 

Logo Name Contact Map Index Search Languages Fonts Directory FAQ 

Content items           

Logo 0.59 0.48 0.56 0.56 0.59 0.59 0.56 0.58 0.47 0.5 

Name 0.51 0.5 0.45 0.44 0.46 0.49 0.45 0.49 0.5 0.44 

Contact 0.5 0.5 0.47 0.48 0.48 0.5 0.48 0.5 0.46 0.41 

Map 0.53 0.51 0.49 0.5 0.48 0.5 0.5 0.51 0.51 0.43 

Index 0.49 0.51 0.5 0.5 0.48 0.5 0.49 0.48 0.5 0.41 

Search 0.5 0.53 0.51 0.52 0.5 0.5 0.5 0.5 0.5 0.41 

Languages 0.54 0.52 0.5 0.5 0.47 0.48 0.49 0.51 0.52 0.44 

Fonts 0.54 0.53 0.5 0.49 0.46 0.49 0.49 0.51 0.52 0.44 

Directory 0.49 0.5 0.46 0.47 0.45 0.47 0.47 0.49 0.38 0.4 

FAQ 0.5 0.49 0.46 0.45 0.47 0.5 0.46 0.47 0.37 0.39 

 

 

Table 20. Preference index for header content items considering all the criteria 

Criteria 

Content 

Items 

Logo Name Contact Map Index Search Languages Fonts Directory FAQ 

Logo 0.59 0.48 0.56 0.56 0.59 0.59 0.56 0.58 0.47 0.5 

Name 0.51 0.5 0.45 0.44 0.46 0.49 0.45 0.49 0.5 0.44 

Contact 0.5 0.5 0.47 0.48 0.48 0.5 0.48 0.5 0.46 0.41 

Map 0.53 0.51 0.49 0.5 0.48 0.5 0.5 0.51 0.51 0.43 

Index 0.49 0.51 0.5 0.5 0.48 0.5 0.49 0.48 0.5 0.41 

Search 0.5 0.53 0.51 0.52 0.5 0.5 0.5 0.5 0.5 0.41 



Languages 0.54 0.52 0.5 0.5 0.47 0.48 0.49 0.51 0.52 0.44 

Fonts 0.54 0.53 0.5 0.49 0.46 0.49 0.49 0.51 0.52 0.44 

Directory 0.49 0.5 0.46 0.47 0.45 0.47 0.47 0.49 0.38 0.4 

FAQ 0.5 0.49 0.46 0.45 0.47 0.5 0.46 0.47 0.37 0.39 

 

5. Calculate inflow, outflow and net flow for each alternative: inflow, outflow and net flow is calculated 
using equations 7-9 and the result for header content is presented in table 21. 

 

 

Table 21. Inflow, outflow and net flow of the header alternatives 

Measure Inflow Outflow Net flow  

Content items  

Logo 9.45 7.16 2.29  

Name 8.04 8.06 -0.02  

Contact 8.14 8.64 -0.50  

Map 8.44 8.36 0.08  

Index 8.30 8.58 -0.29  

Search 8.50 8.22 0.28  

Languages 8.50 8.39 0.11  

Fonts 8.49 8.37 0.12  

Directory 7.75 8.65 -0.90  

FAQ 7.74 8.92 -1.18  

 

6. Determine complete ranking of the alternative based on PROMETHEE II: in this paper, the complete 
ranking of the alternatives is proposed and the header content ranking is presented in table 22. 

 

Table 22. Ranking of the header content items 

No Header content Items No Header Content Items 

    



1 University Logo 6 Site map 

2 University Name 7 Website Index 

3 Search in Website 8 University Contacts 

4 Content in other Fonts 9 University Directory 

5 Content in other Languages 10 Frequently Asked Questions 

 

Same procedure is taken to rank the content of the other sections of the homepage and the results are 
presented in tables 23-25. 

 

Table 23. Ranking of the general items of main body 

 No General main body content Items No  General main body Content Items  

 1 Academic Programs 9  Academic Calendar  

 2 Admission 10  University Events  

 3 Education 11  University News  

 4 Research 12  University centers and services  

 5 Higher Degree Education 13  Employment Opportunities  

 6 Student Affairs 14  University Chancellor  

 7 Academic staff 15  About university  

 8 Alumni 16  University Staff  

 

Table 24. Ranking of the specific items of main body  

 No Specific main body content Items No  Specific main body content Items  

 1 Virtual Class 8  Discussion room  

 2 Learning Management System 9  Forum  

 3 Educational system 10  Electronic news letter  

 4 User Login 11  University virtual tour  

 5 E-Content Development Center 12  Questionnaire  

 6 Online guide 13  Direction of use  

 7 Digital Library 14  Online chat  



    

Table 25. Ranking of the footer content items  

 No Footer content Items No  Footer Content Items  

       

 1 University phone number 6  Website Guide  

 2 University Address 7  Privacy Statement  

 3 University Webmail 8  Trademark notice  

 4 Website Admin Email 9  Quick links  

 5 Last update date 10  Copy right  

 

IF- PROMETHEE model validation 

To validate the model’s result and compare its efficiency, a framework for the homepage of university 
website is developed based on the ranking results of the model. Then it is evaluated by 50 university 
users (website designers, instructors and students). The experts’ assessment results are shown in table 
26. 

 

Table 26. experts’ satisfaction rate of university website framework 

          Criteria 

Expert 

Presentation Usability Accessibility Navigation Security 

(%) (%) (%) (%) (%) 

Website designer 92 98 100 100 100 

Instructor 95 100 100 100 100 

Student 94 100 100 100 100 

Average 93.8 99.3 100 100 100 

 

To show the efficiency of using intuitionistic fuzzy data, the research problem is solved with fuzzy 
PROMETHEE and PROMETHEE algorithm. Then based on the results a framework is designed for 
both approaches and assessed by the same experts. The result of this comparison is shown in Figure .9. 



 

 

Figure 9. Comparisons on the IF-PROMETHEE with PROMETHEE and F-PROMETHEE 

 

Sensitivity Analysis 

To perform the sensitivity analysis, each criterion weight is increased up to 100 percent and net flow of 
the alternatives is calculated. Figure .10-15 show the changes in the ranking while altering criteria 
weights of header content items. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Sensitivity Analysis for header items based on criterion presentation 

 



 

Figure 11. Sensitivity Analysis for header items based on criterion usability 

 

Figure 12. Sensitivity Analysis for header items based on criterion accessibility 

 

 

Figure 13. Sensitivity Analysis for header items based on criterion navigation 

 

Figure 14. Sensitivity Analysis for header items based on criterion security 



 

Sensitivity analysis shows that easy navigation and feeling are of great importance among the different 
criteria contributing to website quality. Also it can be concluded that increasing importance of the 
navigation criteria makes the maximum effect on the final ranking of the header items and is identified 
as the most critical criteria influencing website quality. 

 

Conclusion 

This study proposes content selection for university website with e-learning component. For ranking 
purpose, a novel soft decision making model is developed based on PROMETHEE method. To 
overcome the deficiency of PROMETHEE algorithm encountering imprecise information, intuitionistic 
fuzzy sets are applied to the methodology in which the characteristics of criteria weights and alternative 
performance are represented by intuitionistic fuzzy sets. The notion of intuitionistic fuzzy sets models 
decision maker’s judgments with more precision considering that the decision maker can be undecided 
and this results in more realistic ranking of the alternatives. Comparison between the outcomes of the 
proposed IF-PROMETHEE with original and fuzzy PROMETHEE confirms the efficiency of applying 
intuitionistic fuzzy concept. 

 

References 

[1] Angehrn, A., “Designing mature internet business strategies: The ICDT model”,  European 
Management Journal,  vol. 15, no. 4, pp. 361-369,1997.  

[2] Atanassov, K.T., “Intuitionistic fuzzy sets”,  Fuzzy Sets and Systems,  vol. 20, no. 1, pp. 87-96, 
1986.  

[3] Bilsel, R.U., Büyüközkan.G, “A fuzzy preference-ranking model for a quality evaluation of hospital 
web sites: Research Articles” Int. J. Intell. Syst.,  vol. 21, no. 11, pp. 1181-1197, 2006. 

[4] Bouri, A., Martel, J.M. & Chabchoub, H., “A multi-criterion approach for selecting attractive 
portfolio”,  Journal of Multi-Criteria Decision Analysis,  vol. 11, no. 4-5, pp. 269-277 , 2002.  

[5] Boran, F.E., Genç, S., Kurt, M. & Akay, D., “A multi-criteria intuitionistic fuzzy group decision 
making for supplier selection with TOPSIS method”, Expert Systems with Applications,  vol. 36, no. 
8, pp. 11363-11368, 2009.  

[6] Brans, J.P., Vincke, P. & Mareschal, B. , “How to select and how to rank projects: The Promethee 
method”, European Journal of Operational Research,  vol. 24, no. 2, pp. 228-238, 1986. 

[7] Alanis, A., Garcia, M. & Arias, H., “An intuitionistic fuzzy system for time series analysis in plant 
monitoring and diagnosis” Appl. Soft Comput., vol. 7, no. 4, pp. 1227-1233, 2007.  

[8] Chen, Z., Yang, M., “A new multiple attribute group decision making method in intuitionistic fuzzy 
setting”, Applied Mathematical Modelling, In Press, Corrected Proof, 2011.  

[9] Chen, Y., Li, B., “Dynamic multi-attribute decision making model based on triangular intuitionistic 
fuzzy numbers”, Scientia Iranica, In Press, Corrected Proof, 2011.   



[10] CybermetricsLab. “Ranking Web of World Universities”, [cited 2011]; Available from:  
www.webometrics.info,2011.  

[11] De Boer, L., van der Wegen, L. & J. Telgen, “Outranking methods in support of supplier selection”, 
European Journal of Purchasing & Supply Management,  vol. 4, no. 2-3, pp. 109-118,1998.  

[12] Gehrke, D., Turban, E., “Determinants of successful Website design: relative importance and 
recommendations for effectiveness”. System Sciences, 1999. HICSS-32.Proceedings of the 32nd 
Annual Hawaii International Conference on, 1999. 

[13] Geldermann, J., Spengler, T. & O. Rentz, O., “Fuzzy outranking for environmental assessment. 
Case study: iron and steel making industry”,  Fuzzy Sets and Systems, vol. 115, no. 1, pp. 45-
65,2000.  

[14] Goumas, M. , Lygerou, V., “An extension of the PROMETHEE method for decision making in 
fuzzy environment: Ranking of alternative energy exploitation projects”, European Journal of 
Operational Research, vol. 123, no. 3, pp. 606-613, 2000.  

[15] Huizingh, E.K.R.E., “The content and design of web sites: an empirical study. Information & 
Management”, vol. 37, no. 3, pp. 123-134, 2000.  

[16] Le Téno, J.F. & Mareschal, B., “An interval version of PROMETHEE for the comparison of 
building products' design with ill-defined data on environmental quality”, European Journal of 
Operational Research, vol. 109, no. 2, pp. 522-529,1998.  

[17] Li, W.-x., Li, B.-y. , “An extension of the Promethee II method based on generalized fuzzy 
numbers”,  Expert Systems with Applications, vol. 37, no. 7, pp. 5314-5319, 2010.  

[18] Martin, J. M., Fajardo, W., Blanco, A., & Requena, I, “Constructing linguistic versions for the 
multicriteria decision support systems preference ranking organization method for enrichment 
evaluation I and II”,  International Journal of Intelligent Systems, vol. 18, no. 7,  pp. 711-731,2003.  

[19] Middleton, I., McConnell, M., & Davidson, G., “Presenting a model for the structure and content of 
a university World Wide Web site”, Journal of Information Science, vol. 25, no. 3, pp. 219-
227,1999. 

[20] OEDB. “Online Education Data Base”, [cited 2011]; Available from:  http://oedb.org/rankings, 
2009.  

[21] Robbins, S. S., & Stylianou, A. C. “Global corporate web sites: an empirical investigation of 
content and design”,  Information & Management, vol. 40, no.3, pp. 205-212, 2003. 

[22] Rosen, D. E., & Purinton, E., “Website design: Viewing the web as a cognitive landscape”, Journal 
of Business Research, vol. 57, no. 7 , pp. 787-794, 2004.  

[23] Roy, B., “The outranking approach and the foundations of electre methods”, Theory and Decision, 
vol. 31, no. 1, pp. 49-73, 1991.  

[24] Szmidt, E., Kacprzyk, J., “Distances between intuitionistic fuzzy sets”, Fuzzy Sets and Systems, 
vol. 114, no. 3, pp. 505-518, 2000.  

http://www.webometrics.info/
http://www.webometrics.info/
http://oedb.org/rankings


[25] Wagner, N. L., Hassanein, K., & Head, M. M., “Who is responsible for E-Learning Success in 
Higher Education? A Stakeholders' Analysis”, Educational Technology & Society, vol. 11, no. 3, pp. 
26-36, 2008.  

[26] Wang, J., “Ranking engineering design concepts using a fuzzy outranking preference model”, 
Fuzzy Sets and Systems, vol. 119, no. 1, pp. 161-170, 2001.  

[27] Xu, Z., Yager, R.R., “Dynamic intuitionistic fuzzy multi-attribute decision making”, International 
Journal of Approximate Reasoning, vol. 48, no. 1, pp. 246-262, 2008.  

[28] Xu, Z., “Intuitionistic preference relations and their application in group decision making”, 
Information Sciences, vol. 177, no. 11, pp. 2363-2379, 2007. 

[29] Zadeh, L.A., “Fuzzy sets”,  Information and Control, vol. 8, no. 3, pp. 338-353, 1965.  



 


