
 
 

 

 
Abstract—Proliferation of health related information on the 

internet is both welcoming and a concern. For instance when 

solicited information goes wrong, it tends to have dire 

consequences on the general public. Assessing the quality of 

internet health information is often difficult but a rational and 

systematic approach can be useful in evaluating the quality of the 

services they render to the public. The paper proposes a fuzzy 

VIKOR framework for evaluating and ranking internet health 

information providers under a fuzzy environment where 

uncertainties and subjectivities are catered for with linguistic 

variables.  Linguistic variables with triangular fuzzy numbers 

(TFN) are used to evaluate weights of the evaluation criteria and 

the rankings of each internet health information provider. A 

numerical example is demonstrated using HIV/AIDS online 

information providers in the most adult prevalent country in the 

world. The proposed method is compared with TOPSIS and can be 

applied in evaluating the quality of other specific internet health 

information providers.   

I. INTRODUCTION 

EALTH information, until the advent of the internet, was 
the exclusive preserve of  medical professionals. Today, 
with high-speed broadband, smart mobile devices and 

wireless networks, more people rely on the internet for a range 
of health information support [1], [2]. Users often read about 
specific medical conditions, communicate in real-time with 
health care providers via chat rooms and answer health 
assessment questionnaires online [3], [4]. Majority of the 
people who search online for health advice do so to be better 
informed and prepared when consulting their physicians or just 
to reassure themselves of the status of their health. However, 
while most of the internet health information comes from 
authoritative sources such as governmental agencies, research 
institutions, product vendors, medical centres and individual 
professionals [45], a lot more of them also come from sources 
who though well-intentioned, tends to misinform and mislead 
users. This phenomenon breeds mistrust and presents issues of 
credibility regarding the source or the websites from which 
information is sought. 

In Korea and China where online health information assists 
the aged in particular to take good care of themselves by 
adhering to personal care practices and avoiding illnesses [5], 

                                                           
 

[6] misinformation can be fatal to their health. In the US, there 
are increasing numbers of citizens managing their health mainly 
from the information they seek online [7], [8] especially those 
who are unable to access certain health insurance supports. 
Such people are vulnerable to misleading information. 

The growth in the number of people searching for health 
related information online has seen a corresponding increase 
with unregulated sites offering unprofessional advice. 
Additionally, a study in [9] found that health anxious 
individuals often do not care about the credibility of an online 
health information forum provided the information is reassuring 
and allays their fears. Health anxiety [10], [11], raises fears and 
often misconception about potential severity of ones’ illnesses. 
In another study on changes occurring in the use of e-health 
services [12], two thirds of the respondents never checked for 
assurance of privacy of websites visited and 23% could not 
recollect the specific name of the site used. Whiles this is 
frightening, more worrying is that majority of the authors of 
online health information are not health professionals nor 
trained to author health information [13], [14], [15]. 
  Subsequently, a number of studies have come out with 
models and frameworks for assessing the quality of online 
health information. Some of the notable criteria used in 
evaluating the quality of internet health information are 
accuracy, authority, currency, disclaimer, design, and security 
among others. This study makes a contribution by using fuzzy 
mathematics and VIKOR multi-criteria decision making 
(MCDM) technique to demonstrate how online health 
information providers could be ranked on a number of 
established criteria. The purpose is to guide users in their choice 
of websites for health related information. The concept and 
steps in fuzzy VIKOR are explained and a numerical example is 
performed using the websites of top 4 HIV/AIDS support 
organizations in Swaziland to show the usefulness of the 
technique in ranking health related information providers in any 
topical area.  

II. FUZZY MCDM  

Multi-criteria decision making (MCDM) as a modelling and 
methodological tool is used to deal with complex decision 
making problems. MCDM has over the years become one of the 
most well-known branches of decision making [16], [17] 
applied in many disciplines. Fuzzy logic has proven to be a 
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useful and efficient way in approaching MCDM in situations of 
imprecise or subjective data in our natural language expression 
of thoughts and judgements. Since Bellman and Zadeh [18] 
proposed decision making in fuzzy environment, many 
extended theories and applications have been carried out to 
tackle various forms of MCDM. Among few of the Fuzzy 
MCDM applications are [19] where fuzzy Entropy and t-norm 
based fuzzy compromise programming is used in locating 
nuclear power plants in Turkey. In [20], a fuzzy linear 
programming MCDM model is used in allocating orders to 
suppliers in a supply chain under uncertainty environment, [21] 
employed fuzzy MCDM to measure the possibility of 
successful knowledge management. A hybrid fuzzy MCDM 
approach based on DEMATEL, ANP and TOPSIS is proposed 
by [22] to evaluate green suppliers and in [23] a conjunctive 
MCDM approach also based on DEMATEL, fuzzy ANP, and 
TOPSIS is modelled as an innovation support system for 
Taiwanese higher education. 

Fuzzy logic has been extended to almost all other MCDM 
techniques such as Analytic Hierarchy Process (AHP), Analytic 
Network Process (ANP), ELimination and Choice Expressing 
REality (ELECTRE), Grey Relational Analysis (GRA), 
Preference Ranking Organization Method for Enrichment 
Evaluation (PROMETHEE), Technique for Order Preference by 
Similarity to Ideal Solution (TOPSIS), Weighted Product 
Model and VIsekriterijumska optimizacija i KOmpromisno 
Resenje (VIKOR).  

III. FUZZY VIKOR METHOD  

VIKOR is a compromise ranking method introduced by 
Opricovic [24]. The VIKOR method first establishes (1) a 
compromise ranking-list, (2) a compromise solution, and (3) the 
weight stability intervals for the compromise solution [24], 
[25]. It then determines the positive-ideal solution and the 
negative-ideal solution to aid in ranking and selection [26]. The 
underlying principle of the VIKOR MCDM method is to deal 
with ranking and selection of alternatives which have multi-
conflicting or non-commensurable criteria [27].  

As is usual of most MCDM techniques, the VIKOR method 
was also extended to accommodate subjectivity and imprecise 
data under fuzzy environment [28]. A number of applications 
from various disciplines have been carried out using the fuzzy 
VIKOR method. In [29], fuzzy VIKOR is used in selecting 
insurance companies in a group decision making process whiles 
[30] employed fuzzy VIKOR to resolve multi-criteria decision-
making problems. The method is used by [31], [32] for supplier 
selection problems. In [32], however, the method is modified 
using entropy measure for objective weighting. In [33] fuzzy 
VIKOR is utilized for optimized partners’ choice in IS/IT 
outsourcing projects. In [34] the compromise method is used to 
select renewable energy project in Spain. Similarly in [35] an 
integrated fuzzy VIKOR and AHP methodology is used to plan 
renewable energy in Istanbul.  In [36] a combined form of fuzzy 
VIKOR and GRA techniques is utilized to evaluate service 
quality of airports, [37] applied fuzzy VIKOR for material 
selection and [38] used fuzzy VIKOR in a robot selection. 
Again in [39], fuzzy VIKOR based on DEMATEL and ANP is 

utilized in assessing information security risk control. The 
literature reviewed portrays the underlying principle of the 
VIKOR method for selecting and ranking problems but seldom 
applied in evaluation of service quality.  

 

IV. FUZZY SET THEORY  

The human language is filled with imprecision, subjectivities 
and vagueness when used to judge, describe and communicate 
information. In view of this, Zadeh [24] introduced the fuzzy 
set theory to model human judgements. The following are some 
useful definitions of the fuzzy set theory. 
 

Definition 1: Fuzzy Set. Let X be a nonempty set, the universe 

of discourse 
1 2{ , ,..., }nX x x x . A fuzzy set A of X is a set 

of ordered pairs:          1 1 2 2, , , , , ,A A n A nx f x x f x x f x , 

characterized by a membership function  Af x that maps each 

element x  in X to a real number in the interval  0,1 . The 

function value  Af x stands for the membership degree of x in

A. To capture the vagueness and variations in the subjective 
ratings of a decision maker, a fuzzy number is used. A Fuzzy 
number is an expression of membership functions of a linguistic 
term and ascribe a rating set between the interval [0, 1] for 
subjective ratings. The two most popular fuzzy numbers are the 
trapezoidal and triangular fuzzy numbers. In this paper we use 
the Triangular Fuzzy Number (TFN). 
 

Definition 2: Triangular fuzzy number. A triangular fuzzy 
number (TFN) is expressed as a triplet  , ,a b c . The membership 

function  Af x of a triangular fuzzy number is as defined in 

Eqn. 1 
 

 
0 ,

,

,

A

x a x b

x a
a x b

f x b a
c x

b x c
c b

         

                                                        (1)                

Fuzzy models that use TFNs prove to be effective for solving 
decision-making problems where the available information is 
subjective and vague [19, 20]. 
 

Definition 3: Basic TFN Operations:  Assuming  , ,A a b c
and  1 1 1, ,B a b c are two TFNs, the basic operations on these 

two fuzzy triangular numbers are as follows:  1 1 1 1 1 1( , , ) ( , , ) , ,A B a b c a b c a a b b c c                   (2) 

 1 1 1 1 1 1( , , ) ( , , ) , ,A B a b c a b c a c b b c a         (3)                

 1 1 1 1 1 1( , , ) ( , , ) , ,A B a b c a b c aa bb cc                   (4)                

1 1 1
1 1 1

( , , ) ( , , ) , ,
a b c

A B a b c a b c
c b a

       
                                         (5) 

V. EVALUATING QUALITY OF INTERNET HEALTH INFORMATION  

The growing interests and efforts at assessing the quality of 
health information on the Internet have generated several sets of 
criteria from a number of sources with little research work on 
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standardizing such criteria. This study first proposes a new set 
of criteria for evaluating quality of internet health information 
culled from several sources [40], [41], [42], [43], [44], [45], 
[46], [47], [48], [49] as shown in Fig. 1. Secondly, the criteria 
are used to construct a framework for evaluating the quality of 
internet health information using fuzzy VIKOR method. We 
propose that the decision makers be composed of consumer 
health information experts, self-help group representatives, 
clinical specialists, general practitioners, lay medical publishers, 
community health Association representatives, health 
journalists and information security experts. The criteria used in 
this study are grouped into four main clusters namely: (a) 
credibility (b) content (c) design and (d) security. With each 
cluster having a set of sub-criteria, the total criteria used in this 
study are fifteen (15). The rationale for selecting the four 
clusters and their sub-criteria are explained below. 

A. Credibility 
This cluster examines users’ trust in online health information 

[42], [49]. There are four indicators to measure the credibility 
of a website providing health information. These are the source, 
context, relevance and disclosure. The most important criterion 
for judging the credibility of an online health information 
provider is the source since it helps to defuse user doubts about 
the credibility of the information accessed.  

B. Content 
The content of a website providing health related information 

is equally deemed important for winning users trust. The sub-
criteria are accuracy, currency, disclaimer and authority [43], 
[45]. Accuracy is often regarded the most important criteria for 
evaluating “content” and seeks for the scientific validity of the 
information provided. Users expect proven solutions that are 
rooted in scientific theory [49].  

C. Design 
Design defines the quality features and the ease of use of a 

health information website [43]. Though design does not 
contribute directly to the quality of information on a website, it 
is a necessary requirement to ensure frequent delivery of 
information to users. This is made possible through logical 
organization of the website information for user understanding 
[45]. The sub-criteria are accessibility, attractiveness and links.  

D.  Security 
Security is essential in a website providing health related 

information because of the sensitive and confidential 
information shared in real-time interactions [49]. Some 
websites provide chat rooms where users seek advice on a range 
of issues. It is incumbent on the internet health information 
provider to assure users of their confidentiality. In this proposed 
framework, security is measured using caveat together with the 
CIA triad of confidentiality, integrity and availability. Caveat 
looks at a website’s ability to assure consumers through 
statements that personal information would not be transferred to 
third parties or even stored [45]. CIA triad [46], [47] is a widely 
applied model designed to guide and evaluates information 
systems security policies. The most obvious element of the CIA 
triad is confidentiality which ensures that data or an information 
system is accessed only by authorized persons. Confidentiality 

is achieved through the protection of user Id’s and passwords 
and other policy based security measures [45]. 

VI. PROPOSED FUZZY FRAMEWORK 

The fuzzy VIKOR approach used in this study is organized in 
the following order. First, the importance weights of the 
evaluation criteria are determined and then the performance 
rating matrix is constructed. Second is the computation of the 
fuzzy best and worst values of the criteria. Normalized fuzzy 
difference and the separation values are also computed. Lastly, 
the triangular fuzzy numbers are defuzzified into crisp values to 
determine rankings of the alternatives and consequently a 
compromise solution is proposed. 

 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: A framework for evaluating quality of internet Health Information 

 
Step 1: Determining linguistic Variables  

The first step in the fuzzy VIKOR method is to determine the 
linguistic variables; the criteria for evaluating the quality of 
internet health information. Linguistic terms transformed into 
fuzzy numbers are used by the experts to rate each linguistic 
variable. Linguistic terms are qualitative words or phrases of a 
natural language that reflect the subjective view of an expert 
about the criteria per each alternative under consideration [50]. 
In this study, triangular fuzzy numbers are used as shown in 
Table I and Table II respectively to capture the ratings of the 
criteria and alternatives on a scale of 0-1.  

 

Table I. Linguistic Scale for the importance of criteria 
Linguistic terms Triangular fuzzy number 
Very Low (VL) (0.0,0.1,0.3) 
Low (L) (0.1,0.3,0.5) 
Medium(M) (0.3,0.5,0.7) 
High (H) (0.5,0.7,0.9) 
Very High (VH) (0.7,0.9,1.0) 
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C12: Caveats 
C13: Confidentiality 
C14: Integrity 
C15: Availability 
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Table III. Linguistic scale for ratings of alternatives 
Linguistic terms Triangular fuzzy number 
Very Poor (VP) (0.0,0.0,0.2) 
Poor (P) (0.0,0.2,0.4) 
Fair (F) (0.2,0.4,0.6) 
Good (G) (0.4,0.6,0.8) 
Very Good (VG) 
Excellent (E) 

(0.6,0.8,1.0) 
(0.8,0.1,1.0) 

 

Step 2: Determining importance weight of criteria  
The evaluation criteria for determining the quality of internet 

health information providers are supposed to have different 
importance weights. To determine the importance weight of 
each criterion, the decision makers rate each criterion using the 
linguistic terms in Table I. This is expressed in Eq. 6 as vector

W :  1 2, ,..., 1,2,...,nW w w w j n                                                            (6) 

where jw  represents the weight of the jth  criterion based on 

the linguistic preference assigned by a decision maker. Each 

weight 1 2 3( , , )k k k k
j j j jw w w w   is expressed as a TFN. These 

preferences signify the importance attributed to a criterion by a 
decision maker. The study uses the graded mean integration 
method [51] to aggregate the decision makers’ opinions. The 
fuzzy importance weight  jw  for criterion jC is computed as: 

 1 2 3, ,k
j j j jw w w w where,  1 1min ,j k jkw w 2 2

1

1
,

k

j jk
k

w w
k 

 
 3 3maxj k jkw w   for 1,2,..., ; 1,2,...,i m j n                     (7)                                    

 

Step 3: Constructing the fuzzy decision matrix 
Consider a group of k decision-makers 1 2( , ,..., )kD D D  

presented with m alternatives 1 2( , ,..., )mA A A  against n set of 

criteria 1 2( , ,..., )nC C C  in a typical MCDM problem. A fuzzy 

multi-criteria decision-making is formally expressed as: 
          1 2 nC C C  

1 11 12 1

2 21 22 2

1 2

1,2,..., ; 1,2,...,

n

n

m m m mn

A x x x

A x x x
D i m j n

A x x x

        

       (8) 

where, mnx is the rating of alternative mA with respect to criterion 

jC . Note that for a decision maker k,  ( , , )k k k k
ij ij ij ijx a b c  is a 

TFN.  Similarly as in step 2, the graded mean integration 
method is used to aggregate the opinions of the decision makers 
concerning the ratings of the alternatives (websites).This is 

formally expressed as  , ,k k k k
ij ij ij ijx a b c where, 

   
1

1min , , max
k

k k k
ij k ij ij ij ij k ij

k

a a b b c ck 
   1,2,..., ; 1,2,...,i m j n     (9) 

Step 4: Fuzzy best value *
if and fuzzy worst value if  

The fuzzy best value  * * * *, ,i i i if a b c and the fuzzy worst values 

 , ,i i i if a b c are computed respectively using Eq. 10 and 11 

below [25], [30]. 
* max , min ,i ij i ij

jj
f f f a  for i B                                       (10) 

* min , max ,i ij i ij
j j

f f f a   for i C                                      (11) 

where B is the benefit criteria and C , the cost criteria. 
 

Step 5: Normalized fuzzy difference ijd  

To obtain the fuzzy difference ijd , it is computed as below: 

* *( ) /( )ij i ij i id f x c a        for i B                                  (12)                 

* *( ) /( )ij ij i i id x f c a       for i C                                   (13) 

where B is the benefit criteria and C , the cost criteria 
 

Step 6: Computing separation Measures jS and jR  

The next step computes the separation jS of alternative jA from 

the fuzzy best value *
if . Similarly, the separation of jR of 

alternative jA from the fuzzy worst value if  is also computed. 

These are respectively measured using Eq. 14 and 15:  

1

( )
n

j j ïj
i

S w d


                                                                (14) 

max( )j j ïj
i

R w d                                                             (15) 

where ( , , )a b c
j j j jS S S S is a fuzzy weighted sum of the 

separation measure of jA from the best value *
if [27]. 

Similarly, ( , , )a b c
j j j jR R R R is a fuzzy MAX which refers to the 

separation measure of jA from the worst value if  where jw is 

the importance weight of criterion jC . 
    

Step 7: Computing the value of jQ  

The value ( , , )j j j jQ a b c expressed in a triangular fuzzy 

number is computed as following: 
* * *( ) /( ) (1 )( ) /( )c a c a

j j jQ v S S S S v R R R R            (16) 

where *
j jS MIN S , c c

j jS MAX S , j jR MIN R 
c c

j jR MAX R  and ( 1/ 2 )v v n n  is taken as a weight for the 

strategy of “majority criteria” (or “maximum utility”), where 
1 v  represents the weight of the individual regret [28]. The 

best values of S and R are respectively *S and R . 
 

 

Step 8: Defuzifying jS , jR and jQ  

In fuzzy logic, defuzzification is the process of converting 
the fuzzy numbers into crisp values [50]. The defuzzification is 
computed by locating the Best Non fuzzy Performance (BNP). 
A range of defuzzification methods such as Center Of Area 
(COA), mean of maximum and weighted average method [53] 
can be used. This paper uses the defuzzification method of 
COA for ranking fuzzy numbers by [52, 53]. The 

defuzzification process converts jS , jR and jQ into crisp values 

S , R and Q . 
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Step 9: Ranking the alternatives 

This step ranks the alternatives by sorting the values of S , R

and Q in descending order resulting in three ranking lists 
S

A , 

 
S

R and  
S

Q respectively. The index iQ is the separation 

measure of iA  from the best alternative. Consequently, the 

smaller iQ , the better the alternative. 
 

Step 10: Proposing a Compromise solution 
A compromised solution is proposed at this stage where 

alternative (1)( )A is the best ranked by the measure Q
(minimum) if the following two conditions are satisfied: 
[Condition 1] : Acceptable advantage: 

(2) (1)( ( )Q A Q A DQ                                                 (17) 

where 
(2)A represents the alternative with second position in 

the ranking list{ }QA . Additionally, the threshold 

1/( 1)DQ n  where n  indicates the number of feasible 

alternatives.  
[Condition 2] : Acceptable stability in decision-making: 

The alternative 
(1)A must be the best ranked by S or/and R . 

Here if one of these conditions is not satisfied, then a set of 
compromise solution is proposed consisting of: 

1. Alternatives
(1)A and

(2)A if only condition 2 is not 
satisfied, or 

2. Alternatives
(1)A ,

(2)A ,…, ( )MA if condition 1 is not 

satisfied; 
( )MA is determined by the relation 

( ) (1)( ) ( )MQ A Q A DQ  for maximum M (the 

positions of these alternatives are in “closeness”). 

VII. NUMERICAL EXAMPLE 

This section demonstrates how the fuzzy VIKOR method can 
be used to evaluate and rank online health information 
providers. The numerical example in this paper assumes an 8-
member decision making team evaluating and ranking the 
websites of four HIV/AIDS organizations in Swaziland. 
Swaziland has the world’s highest HIV/AIDS adult prevalent 
rates [54].  The rise in internet rate in Africa leads to reliance on 
internet for information. In view of this, the quality of 
information provided by a website on health is crucial. The four 
websites used in this demonstration are shown in Fig 1. In the 
following steps, Fuzzy VIKOR is used to demonstrate how to 
arrive at decision-makers’ preferable compromise solution or 
alternative. The computational illustration of this numerical 
example is shown as follows: 
 

Step 1: Determining linguistic Variables 
The linguistic variables and the alternatives are as shown in 

Fig. 1. The linguistic terms for the importance weight criteria 
and the ratings for the alternatives per each criterion used in this 
paper are as subsequently shown in Table I and Table II.  
 

Step 2: Determining importance weight of criteria  
The evaluation is organized into four main clusters 

comprising 15 sub-criteria for the evaluation of the quality of 
online health information as shown in Fig 1. This second step in 
the fuzzy VIKOR MCDM process offers evaluators the chance 
to choose by rating the most important criteria for the 
evaluation guided by the linguistic terms in Table I. The 
linguistic preferences for our assumed eight decision makers 
concerning the importance attached to each criterion is as 
shown in Table III below. 
 

Table III. Importance weight of criteria 
 

 

The graded mean integration method defined in Eq. 7 is used 
to aggregate the decision makers’ opinions regarding the 
importance weightings of each criterion. The result of such 
aggregation is shown in Table IV. To determine the importance 
of each criterion by ranking, the fuzzy numbers are defuzzified. 
The paper uses the COA (center of area) method in computing 
the Best Non-Fuzzy Performance value (BNP) to rank the order 
of importance of each criterion. The BNP value of the fuzzy 
number ( , , )k wk wk wkW L M U  is calculated using the expression 

in Eq. 18. 
 

                    (18) 
                            

Table IV. Fuzzy aggregated weights of criterion                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For example, the BNP value for criteria 1 (C1) is computed as 
follows: 
=0.0 + [(0.90-0.0) + (0.35-0.0)]/3 = 0.417                            (19)                 

[( ) ( )]/ 3wk wk wk wk wk wkBNP L U L M L    

 D1 D2 D3 D4 D5 D6 D7 D8 

C1 VL M H VL L L M L 
C2 M H M M M H H H 

C3 VH M H H H VH M H 
C4 VH M H M H M M VH 

C5 VH H VH VH VH H VH H 
C6 VH M H VH VH M VH VH 
C7 M M VH H VH VH H VH 
C8 L L M H M VL L L 
C9 M M H H M L M VL 

C10 H M M H H M L H 

C11 H M H M M H H L 
C12 H M VH H VH VH M VH 
C13 M M M H H H M VH 
C14 M H H VH M L M VH 
C15 VH M M VH VH M H H 

 
TFN BNP Rank 

C1 (0.0, 0.35, 0.9) 0.417 15 

C2 (0.3, 0.60, 0.9) 0.600 10 
C3 (0.3, 0.70, 1.0) 0.667 5 
C4 (0.3, 0.65, 1.0) 0.650 7 

C5 (0.5, 0.83, 1.0) 0.775 1 

C6 (0.3, 0.78, 1.0) 0.692 2 
C7 (0.3, 0.74, 1.0) 0.679 4 
C8 (0.0, 0.38, 0.9) 0.425 14 
C9 (0.0, 0.48, 0.9) 0.458 13 
C10 (0.1, 0.58, 0.9) 0.525 11 
C11 (0.1, 0.58, 0.9) 0.525 11 
C12 (0.3, 0.75, 1.0) 0.683 3 
C13 (0.3, 0.63, 1.0) 0.642 8 
C14 (0.1, 0.75, 1.0) 0.617 9 
C15 (0.3, 0.70, 1.0) 0.667 5 
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By the BNP value computation, the major influential criteria 
out of the 15 are C5 with a rank of 1 and (C6, C12 and C7) with 
a rank of 2, 3 and 4 respectively. The least important criterion 
would be C1 with a rank of 15. 
 

Step 3: Constructing the fuzzy decision matrix 
Similarly as in step 2, the decision makers rate the various 

online health information providers using linguistic terms in 
Table II. These linguistic judgments would represent the 
opinions of the evaluators in rating and ranking the four 
HIV/AIDS organizations. Table V demonstrates assumed 
ratings of evaluators which have been aggregated using Eq. 9.  

 

Table V. Aggregated fuzzy decision matrix 

 
 

Step 4: Fuzzy best value *
if and fuzzy worst value if  

The study utilizes Eqs. 10 and 11 to determine the fuzzy best 
and fuzzy worst values for the evaluation criteria. The result of 
this process is shown in Table VI.  
 

Table VI. Fuzzy best value *
if and fuzzy worst value if  

Criteria     *
if  if  

C1 (4.48,6.68,8.68) (2.46,4.46,6.46) 
C2 (5.34,7.34,9.18) (2.68,4.68,6.68) 
C3 (4.19,6.19,8.19) (2.19,4.19,6.19) 
C4 (4.52,6.50,8.42) (2.19,4.02,6.02) 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 

(4.53,6.53,8.44) 
(5.19,7.19,9.02) 
(4.69,6.69,8.60) 
(4.69,6.69,8.44) 
(4.70,6.70,8.61) 
(4.91,6.91,8.75) 
(5.29,7.29,9.12) 
(4.73,6.73,8.71) 
(4.78,6.78,8.52) 
(4.76,6.76,8.67) 
(4.79,6.79,8.68) 

 (3.02,5.02,7.02) 
(1.85,3.69,5.69) 
(2.85,4.85,6.85) 
(2.09,4.01,6.01) 
(1.70,3.53,5.53) 
(3.08,5.10,7.08) 
(1.95,3.79,5.79) 
(2.89,4.89,6.89) 
(2.58,4.42,6.42) 
(1.76,3.59,5.59) 
(2.53,3.78,5.59) 

 

Step 5: Normalized fuzzy difference ijd  

In this step, the normalized fuzzy difference ijd is computed 

using Eqs. 12 and 13.  For example, 
1Ad is computed as below. 

1

[(4.48,6.68,8.68) (3.18,5.18,7.18)]

8.68-2.46Ad
                         (20) 

[(4.48-7.18),(6.68-5.18),(8.68-3.18)]
( 0.434,0.241,0.884)

6.22
    

The rest of the normalized fuzzy differences are calculated in 
the same manner.   
 

Step 6: Computing separation Measures jS and jR  

The separation measures of jS and jR of alternative jA  from 

the fuzzy best and worst values respectively are computed using 
Eqs. 14 and 15. The resulting Table VII is as shown below: 

 

Table VII. Index jS and jR  

 

Step 7: Computing the value of jQ  

* ( 1.850,0.588,10.078)S   ; * (0.00,0.25,1.00)R  , 13.69885ocS  ; 1.069024ocR  . 

For example 1jAQ  is computed using Eq.16 as shown below: 

1 {0.5[( 1.18 10.08,2.46 0.59,12.64 1.84)]/(13.69 1.84)}

{1 0.5[0 1,0.25 0.25,1 0]/(1.06 0)}

( 0.82995,0.06028,0.93366)

jAQ      
     
   

 By same calculation, the values of the other alternatives are 

2 0.85130,0 .01637,0. ( )88359jAQ   , 3 0.85116 ,0.04898,0. ( )85327jAQ    

4 0.82831,0 .14579,0. ( )96772jAQ    

Step 8: Defuzifying jS , jR and jQ  

The defuzzification process converts jS , jR and jQ into crisp 

numbers S , R and Q . The results are shown in Table VIII. 

 

Table VIII. Defuzzified values of S , R and Q  

 
Step 9: Ranking the alternatives 

The crisp value of the alternatives for Q  is ranked from the 

smallest value to the highest value. The alternatives are ranked 
as shown in Table IX below.  

 
 

 A1 A2 A3 A4 
C1 (3.18,5.18,7.18) (4.01,6.01,8.01) (4.48,6.68,8.68) (2.46,4.46,6.46) 
C2 (3.26,5.18,7.18) (4.51,6.51,8.43) (5.34,7.34,9.18) (2.68,4.68,6.68) 
C3 (2.19,4.19,6.19) (3.85,5.85,7.78) (4.19,6.19,8.19) (3.02,5.02,7.02) 
C4 (3.21,5.21,7.21) (4.52,6.50,8.42) (4.10,6.02,7.85) (2.19,4.02,6.02) 
C5 (3.19,5.19,7.19) (4.85,6.85,8.69) (4.53,6.53,8.44) (3.02,5.02,7.02) 
C6 (3.02,5.02,7.02) (4.69,6.69,8.52) (5.19,7.19,9.02) (1.85,3.69,5.69) 

C7 (3.10,5.02,7.02) (4.69,6.69,8.60) (4.35,6.35,8.35) (2.85,4.85,6.85) 
C8 (4.69,6.69,8.44) (3.51,5.34,7.34) (2.51,4.34,6.34) (2.09,4.01,6.01) 
C9 (4.70,6.70,8.61) (4.36,6.36,8.28) (3.03,5.03,7.03) (1.70,3.53,5.53) 
C10 (3.08,5.10,7.08) (4.91,6.91,8.75) (4.59,6.59,8.50) (3.25,5.25,7.25) 
C11 (3.12,5.12,7.12) (4.79,6.79,8.62) (5.29,7.29,9.12) (1.95,3.79,5.79) 
C12 (3.14,5.06,7.06) (4.73,6.73,8.71) (4.39,6.39,8.39) (2.89,4.89,6.89) 
C13 (2.58,4.42,6.42) (2.17,4.09,6.09) (4.78,6.78,8.52) (3.58,5.42,7.42) 
C14 
C15 

 

(3.09,5.09,7.09) 
(2.73,5.49,7.34) 

 

(4.42,6.42,8.34) 
(4.45,7.12,8.36) 

(4.76,6.76,8.67) 
(2.53,3.78,5.59) 

(1.76,3.59,5.59) 
(4.79,6.79,8.68) 

 

 A1 A2 A3 A4 
C1 (0,0.084,0.795) (0.0,0.037,0.67) (0.0,0.0,0.61) (0.0,0.12,0.90) 
C2 (-0.085,1.99,1.0) (-0.14,0.08,0.65) (-0.177,0.0,0.53) (-0.062,0.24,0.9) 
C3 (-1.0,2.33,1.0) (-0.18,0.04,0.72) (-0.2,0.0,0.67) (-0.14,0.136,0.86) 
C4 (-0.13,0.13,0.84) (-0.19,0.0,0.63) (-0.16,0.05,0.69) (-0.072,0.26,1.0) 
C5 (-0.25,0.21,0.97) (-0.38,-0.05,0.66) (-0.36,0.0,0.72) (-0.23,0.23,1.0) 
C6 (-0.08,0.24,0.84) (-0.14,0.05,0.6) (-0.16,0.0,0.53) (-0.021,0.38,1.0) 
C7 (-0.12,0.21,0.96) (-0.2,0.0,0.68) (-0.19,0.04,0.74) (-0.11,0.24,1.0) 
C8 (0.0,0.0,0.53) (-0.0,0.08,0.7) (0.0,0.14,0.84) (0.0,0.16,0.90) 
C9 (0.0,0.0,0.51) (-0.0,0.024,0.55) (0.0,0.116,0.73) (0.0,0.22,0.90) 

C10 (-0.04,0.185,0.9) (-0.068,0.0,0.61) (-0.06,0.03,0.66) (-0.04,0.17,0.87) 
C11 (-0.30,0.17,0.75) (-0.05,0.04,0.54) (-0.05,0.0,0.48) (-0.006,0.28,0.9) 
C12 (-0.12,0.21,0.96) (-0.20,0.0,0.68) (-0.188,0.04,0.74) (-0.11,0.288,1.0) 
C13 (-0.08,0.25,1.0) (-0.066,0.28,1.06) (-0.188,0.0,0.63) (-0.13,0.14,0.83) 
C14 
C15 

 

jS  

 

jR  

(-0.03,0.18,0.81) 
(-0.12,0.14,0.97) 
 
(-1.185,2.46,12.6) 

 
(0.0,0.25,1.0) 

(-0.05,0.04,0.62) 
(-0.17,-0.03,0.68) 

 
(-1.84,0.58,10.07) 
 
(0.0,0.285,1.07) 

(-0.056,0.0,0.56) 
(-0.039,0.34,1.0) 

 
(-1.84,0.77,10.14) 
 
(0.0,0.34,1.0) 

(-0.012,0.34,1.0) 
(-0.189,0.0,0.63) 

 
(-1.13,3.22,13.70) 

 
(0.0,0.38,1.0) 

 A1 A2 A3 A4 

Q  0.54661 0.016218 0.017031 0.095065 

S  4.63946       2.939804 3.021934 5.263415 

R  0.416768 0.451442 0.447534 0.460251 
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Table IX. Rank for alternatives 

 
Step 10: Proposing a Compromise solution 

In Table IX, the best ranked alternative is A2 which happens 
to be the best compromise solution. According to the values of 

jQ and jS  as shown in Table VIII, the ascending rank of the 

four HIV/AIDS online information providers in Swaziland is  

2 3 1 4A A A AQ Q Q Q  and 2 3 1 4A A A AS S S S  

Now by the ascending rank order, the HIV/AIDS support 
organization known as Swabcha (A2), which had the minimum 
of jQ and jS , would be said to have the best quality in terms of 

provision of online HIV/AIDS information in Swaziland. 

VIII. COMPARISON WITH FUZZY TOPSIS 

This stage compares the fuzzy VIKOR results from the study 
with another popular MCDM method called the Technique for 
Order Preference by Similarity to Ideal Solution (TOPSIS). 
Fuzzy VIKOR and TOPSIS are both widely used for various 
selection and ranking solutions. The TOPSIS technique was 
proposed by [55] but extended to fuzzy TOPSIS by [56]. The 
technique introduces the shortest distance from the Fuzzy 
Positive Ideal Solution (FPIS) and the farthest distance from the 
Fuzzy Negative Ideal Solution (FNIS) simultaneously for the 
best rank.  

In view of this, Fuzzy TOPSIS technique was found ideal in 
comparison with fuzzy VIKOR since both  methods arrive at a 
scalar (crisp) value in their ranking that considers the best and 
worst fuzzy values in calculation [56],[57]. They are both found 
also to be theoretically robust [56]. In Table X, the ranking of 
the alternatives for both the fuzzy TOPSIS method and the 
fuzzy VIKOR are presented. The results show that both 
methods yielded the same order of ranking of the alternatives 
based on the same data used. Note that in TOPSIS unlike 
VIKOR, the bigger the value of the relative closeness 
coefficient, the better the alternative. 

 

Table X: Compared ranking of fuzzy VIKOR and fuzzy TOPSIS 
results 

Alternatives Fuzzy VIKOR Fuzzy TOPSIS 
Results ( Q ) Rank 

Results ( iCC ) 
Rank 

A1 0.05466 3 0.4600 3 
A2 0.0162 1 0.4928 1 
A3 0.0170 2 0.4719 2 
A4 0.0951 4 0.4085 4 

IX. IMPLICATIONS 

The growth of the internet means an increase in consumers of 
online information for a range of purposes. One critical use of 
the internet is seeking for health information which hitherto was 
the exclusive preserve of health professionals. Health delivery 
challenges and shortage of medical professionals in some parts 
of the world especially in Africa could let people become 
overly dependent on online health information. To ensure that 

users access quality online information for improved health, 
providers of such health related information must be evaluated 
regularly. To lead in this direction, the proposed fuzzy VIKOR 
framework could prove handy in ranking health information 
providers to among other things (1) help users or self-help 
groups know which websites have the mandate and the 
competence to educate the public on topical health issues (2) 
aid health information consumer groups and associations in 
their resolve to ensuring quality of health information on the 
internet (3) create competition among specific area health 
information providers. For example, the evaluation and ranking 
could introduce competition among diabetes online health 
information providers or malaria information providers to 
improve upon their website content and design.  

X. CONCLUSION 

In this paper, a fuzzy VIKOR framework is proposed for 
evaluating and ranking internet health information providers. 
To demonstrate how the framework can be used, a numerical 
example is carried out using HIV/AIDS organizations in 
Swaziland who provide internet information related to 
HIV/AIDS for the Swazis. The organizations used in the study 
are real organizations providing HIV/AIDS support information 
and care in Swaziland but the results of the ranking in this paper 
is just for demonstration purposes.  

The study first proposes a new set of criteria for evaluating 
quality of internet health information. A fuzzy VIKOR 
framework is then used to demonstrate how this can be carried 
out experimentally. The results show a methodology that can 
prove effective in evaluating online health information on any 
topic. The outcome of results compare favorably to the fuzzy 
TOPSIS technique justifying its reliability.  
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