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Abstract: Websites in the post COVID-19 era play a very important role as the Internet gains more
visitors. A website may significantly contribute to the electronic presence of a cultural organization,
such as a museum, but its success should be confirmed by an evaluation experiment. Taking into
account the importance of such an experiment, we present in this paper DEWESA, a generalized
framework that uses and compares multi-criteria decision-making models for the evaluation of
cultural websites. DEWESA presents in detail the steps that have to be followed for applying and
comparing multi-criteria decision-making models for cultural websites” evaluation. The framework
is implemented in the current paper for the evaluation of museum websites. In the particular case
study, five different models are implemented (SAW, WPM, TOPSIS, VIKOR, and PROMETHEE II)
and compared. The comparative analysis is completed by a sensitivity analysis, in which the five
multi-criteria decision-making models are compared concerning their robustness.

Keywords: AHP; SAW; TOPSIS; PROMETHEE II; WPM; multi-criteria decision making; museum website

1. Introduction

The electronic presence of museums in the post COVID-19 era plays a very important
role as the number of visitors to the museums constantly reduces due to health constraints.
Therefore, many museums have concentrated on improving their online image and services.
However, creating the right electronic presence is not easy, and the success of a website can
only be confirmed by its evaluation. The evaluation of a website is a complex procedure,
which, despite its importance, is often omitted from the website life-cycle. As a result,
many researchers have highlighted the need for evaluating museum websites [1-8].

In an effort to help developers and stakeholders implement evaluation experiments,
several researchers have proposed frameworks, criteria, dimensions, and theories that
could be used for this purpose. In some evaluation experiments, a first phase is proposed
where experts independently extract the criteria that are going to be used in the next phases
of the experiment [9]. Other proposed specific frameworks define both the criteria and the
steps of the evaluation experiment (e.g., [2,4]).

A way of combining the dimensions and criteria that are taken into account while
evaluating a website is using a multi-criteria decision-making (MCDM) model. Different
models have been used in the past for this purpose. For example, Analytic Hierarchy
Process (AHP) [10] has been used solely [11] or in combination with other methods, such
as TOPSIS [2], fuzzy TOPSIS [5], WPM, fuzzy WPM, and fuzzy SAW [12,13].

Despite the fact that many MCDM methods are available, no single method has been
considered as the most suitable for all types of decision-making situations [14-16]. A major
criticism of MCDM is that different methods lead to different taxonomies when applied
to the same problem [15,17,18]. For this purpose, lately, different comparative analyses of
MCDM methods have been implemented in different domains [15,19-29].

In light of the above, the main contribution of this paper is on presenting a generalized
framework that uses and compares MCDM models for the evaluation of cultural websites.
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The framework is called DEWESA (dimensions for evaluating websites and sensitivity
analysis) and presents in detail the steps that have to be followed for selecting dimensions
and criteria, their weights of importance, the MCDM models that seem to be more appro-
priate for the specific category of websites, and the comparative analysis that has to be
performed to select which MCDM model is the most suitable.

DEWESA is implemented in the current paper for the evaluation of museum websites.
More specifically, we used the dimensions and the criteria defined during the application of
AHP for the evaluation of museums’ websites in a previous experiment [25]. New studies
confirm these criteria [17,18,30] but many have a different focus, e.g., some implement
heuristic evaluation [6]. Then, AHP was used for the estimation of the weights of the
criteria, and five different MCDM models were implemented in turn. More specifically, we
ran an inspection evaluation, in which expert users were asked to evaluate five websites
of worldwide well-known museums. The results of the evaluation were processed by the
different MCDM models, and their results were compared. For this purpose, we applied
simple additive weighting (SAW) [25,31], weighted product model (WPM) [15], TOPSIS
(technique for order of preference by similarity to ideal solution) [32], VIKOR model [33-35],
and PROMETHEE II (preference ranking organization method for enrichment evaluations
IT) [36,37]. As a next step of DEWESA, a comparative analysis of the five MCDM models
for the particular domain was implemented.

The main aim of this framework is the comparative analysis of the different models
with respect to their consistency and robustness and, therefore, a sensitivity analysis was
performed. Sensitivity analysis is an important procedure that allows testing the degree of
change in the overall ranking of the alternatives when input data are slightly modified. In
most approaches, the sensitivity analysis that takes place involves estimating the changes in
the scores of alternatives, for a given change in the weight of one criterion or to all criteria.
Although sensitivity analysis of the models has been implemented before in different
domains [27,38-40], it is the first time that it is implemented for estimating the consistency
of the MCDM models in museums’ website evaluation.

2. Framework

In this section, the generalized framework DEWESA for using MCDM models in
websites” evaluation is presented. The framework presents the steps that have to be
followed for selecting dimensions and their weights for website evaluation as well as the
MCDM models that seem to be more appropriate for the specific category of websites.

The main steps of the framework DEWESA are:

1.  Dimensions and Criteria. In this step, the dimensions and the criteria are defined. The
dimensions are used for the evaluation of the website. The value of each dimension
is affected by a subset of criteria. The criteria and the dimensions do not have the
same importance; therefore, their weights must be calculated. For this purpose, AHP
is used. The application of AHP involves setting a pair-wise comparison matrix
for the dimensions and a pair-wise comparison matrix for the sub-criteria of each
dimension. Then, an open-source decision-making software that implements AHP,
such as ‘Priority Estimation Tool” (PriEst) [41], could be used to estimate the weights.
For the case of museum websites” evaluation, this step is analyzed in Section 2.

2. Set of alternative websites. The set of alternative websites is set (Section 3).

3. Values of the Dimensions. A set of decision-makers is set in this step. The decision-
makers interact with the museum websites and give value to the criteria. The final
values of the criteria are estimated as a geometric mean of the corresponding values
of all decision makers. The values of the dimensions are acquired as a weighted sum
of the criteria. Section 4 provides an example of values of criteria and dimensions.

4. MCDM models. In this step, the different MCDM models are applied. The number of
MCDM models does not implementation of DEWESA. In the particular case study;,
five MCDM models are applied and compared (Section 5).
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5. Comparative Analysis. In order to compare the MCDM models, two statistical values
are calculated: the Pearson correlation coefficient for making a pair-wise comparison
of the values produced by the models and the Spearman’s correlation coefficient for
making a pair-wise comparison of the rankings of the alternative websites (Section 6).

6.  Sensitivity Analysis. A sensitivity analysis is performed in order to check the consis-
tency of the results produced by each MCDM model and evaluate the robustness of
each model. The implementation of the sensitivity analysis involves using a different
weighting scheme and re-calculating the final value for each alternative website using
each one of the MCDM models. Then, the values and rankings of each MCDM model
using the two different schemes are compared. This comparison involves calculating
the Pearson correlation coefficient for comparing the values of each model using
the different schemes of weights and checking the correlation of rankings. For the
comparison of ranking, DEWESA checks how many identical rankings were among
the rankings of each model using the different schemes and estimates the Spearman’s
rho correlation for each model using the two schemes of weights. This procedure is
given in detail for the comparison of SAW, WPM, TOPSIS, VIKOR, and PROMETHEE
II'in Section 7.

The analysis of the steps is presented in the subsequent sections, and an example for
museum websites evaluation is presented.

3. Dimensions and Criteria

In this step of the framework, the dimensions used for the evaluation of the websites
should be defined. Using the DEWESA, for the evaluation of museum websites, we had
to define the set of dimensions for museum websites evaluation. Therefore, we used as
a basis the dimensions proposed by Kabassi [2] based on the analysis of criteria used
in the evaluation experiments of museums” websites [14] and have gone through later
studies to check whether new dimensions have been proposed. New studies confirm
these criteria [3,16,17] but many have a different focus, e.g., some experiments implement
heuristic evaluation, in which the criteria are prefixed [6]. The three dimensions proposed
by Kabassi [2] are:

Usability
Functionality
Mobile Interaction

Each one of these dimensions depends on several criteria. The values of the different
criteria and their weights are used for calculating the final values of the dimensions. In this
approach, we focus on the values of the dimensions and not the values of the criteria.

The dimension ‘Usability” depends on eleven criteria: ucl: currency/clarity/text
comprehension, uc2: consistency, uc3: accessibility, uc4: quality content, uc5: user interface
and metaphors, ucé: overall presentation—design, uc?: structure/navigation/orientation,
uc8: interactivity and feedback, uc9: multimedia usability, ucl0: learnability, and ucll:
efficiency. The seven criteria that are taken into account within the context of ‘Functionality”’
are: fcl: multilingualism, fc2: multimedia features, fc3: service mechanisms, fc4: web
communities, fc5: maintainability, compliance, and reliability, fc6: adaptivity /adaptability,
and fc7: technical issues. The last dimension that is taken into account while evaluating
museums’ websites is ‘Mobile Interaction” [42]. The criteria that are evaluated within this
context are: mcl: whole experience in a mobile device, mc2: educational experience, and
mc3: effectiveness of learning.

The dimensions are not taken equally into consideration while evaluating a museum’s
website. Furthermore, the criteria are not taken equally important in the estimation of the
final value of each dimension. For this purpose, AHP is used for calculating the values of
the weights both of dimensions and criteria.

AHP has a formal method of estimating weights and supporting hierarchies of criteria
such as the one we have in the current experiment. According to AHD, a set of evaluators
consisting of both software engineers and domain experts was formed. Each expert had to
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complete one matrix for pair-wise comparison of the dimensions and three matrices for
pair-wise comparisons of the criteria of each dimension. The values that the experts used
for completing the tables varied from 1/9 to 9, as Saaty [10] proposed. The final matrices of
pair-wise comparisons of the criteria were formed by calculating the geometric mean of the
corresponding values of the experts’ matrices. This procedure resulted in Tables 1-4.

Table 1. Pair-wise comparison matrix of the main dimensions.

o1 Functionality Mobile Interaction
Usability (d1) 2 (d3)
Usability (d1) 1 4.95 2.45
Functionality (d2) 0.20 1 0.45
Mobile interaction (d3) 0.41 2.21 1

Table 2. Pair-wise comparison matrix of the sub-criteria of usability.

ucl uc2 uc3 uc4 ucb ucéb uc7 uc8 uc9 ucl0 ucll

ucl 1.00 0.50 2.63 0.27 1.11 0.71 0.84 3.00 271 3.00 3.00
uc2 2.00 1.00 3.00 0.50 3.00 0.23 0.50 3.72 3.46 3.72 3.72
uc3 0.42 0.33 1.00 0.21 0.33 0.14 0.27 2.00 2.00 2.00 2.00
uc4 3.72 2.00 4.68 1.00 423 0.93 3.22 4.73 4.86 473 473
uch 0.90 0.33 3.00 0.24 1.00 0.34 0.37 3.00 271 3.00 3.00
ucé 1.41 4.28 6.96 1.07 3 1.00 4.95 1.86 6.65 5.66 7.74
uc’ 1.19 2.00 3.66 0.33 271 0.20 1.00 5.00 6.00 6.74 6.74
uc8 0.33 0.27 0.50 0.21 0.33 0.54 0.20 1.00 221 2.00 0.45
uc9 0.37 0.29 0.50 0.23 0.37 0.15 0.17 0.45 1.00 2.00 0.45
ucl0  0.33 0.27 0.50 0.21 0.33 0.18 0.15 0.50 0.50 1.00 0.45
ucll  0.33 0.27 0.50 0.21 0.33 0.13 0.15 221 2.21 221 1.00

Table 3. Pair-wise comparison matrix of the sub-criteria of functionality.

fcl fc2 fc3 fcd fc5 fc6 fc7
fcl 1.00 4.12 4.12 2.00 443 3.00 3.00
fc2 0.24 1.00 0.22 2.00 2.00 2.00 2.00
fc3 0.24 4.47 1.00 4 3.46 3.22 3.22
fc4 0.50 0.50 0.25 1.00 0.50 0.50 1
fch 0.23 0.50 0.29 2.00 1.00 0.45 2.21
fc6 0.33 0.50 0.31 2.00 2.21 1.00 2.00
fc7 0.33 0.50 0.31 1 0.45 0.50 1.00

Table 4. Pair-wise comparison matrix of the sub-criteria of mobile interaction.

mcl mc2 mc3
mcl 1.00 4.61 495
mc2 0.22 1.00 2
mc3 0.20 0.5 1.00

As soon as the final matrices have been completed, the principal eigenvalue and the
corresponding normalized right eigenvector of each matrix give the relative importance
of the various criteria being compared. The elements of the normalized eigenvector are
the weights of dimensions or sub-criteria. These estimations are made using the ‘Priority
Estimation Tool’ (PriEst) [41] and are presented in Figure 1.
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Figure 1. Hierarchy of dimensions and criteria as well as their weights of importance according
to AHP.

4. Alternative Museums’ Websites and Criteria’s Values

The alternative museums’ websites that have been selected to be evaluated and com-
pared in the current experiment are those of the five big museums of European cities. More
specifically, the Louvre Museum in Paris, the British Museum in London, the Rijksmuseum
in Amsterdam, the Acropolis Museum in Athens, and the Del Prado Museum in Madrid
were selected (Figures 2—6). These websites were assigned to:

Al: Louvre Museum in Paris.

A2: British Museum in London.
A3: Rijksmuseum in Amsterdam.
A4: Acropolis Museum in Athens.
Ab: Del Prado Museum in Madrid.



Information 2021, 12, 407 6 of 16

=Q Menu  English ~ [‘ OUVRE % Online Boutique & Tickets

VISIT EXPLORE WHAT'S ON

HEALTH PASS
In accordance with government recommendations, all visitors to the Louvre aged 18 and over must show a Health Pass. From 30 September, this obligation will apply to all visitors aged 12 and over.

ESCAPEWITH THE
COUNMRKE

& Booktickets

Figure 2. The website of the Louvre museum on 30 September 2021.

The British
Museum

= Q Bezoek Stories Rijksstudio > \ ) Language  Inloggen  Giftshop Tickets

VERGEET ME NIET

Tentoonstelling | Vanaf 1 oktober . VRIENDEN
PHILIPS LOTERI)

Figure 4. The website of the Rijksmuseum on 30 September 2021.
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Figure 5. The website of the Acropolis museum today.
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Figure 6. The website of the Prado museum today.

The experts that evaluate the alternative websites interact with its interface and have
to provide values to the criteria. This procedure is presented in the next section.

5. Estimating Dimensions’ Values

Nine expert users (three web designers, one software engineer, three curators, and
two archaeologists) were asked to visit the websites of the museums and interact with
them. At the end of their interaction, they were asked to provide values to the sub-criteria
and not to the main dimensions. The final value of each sub-criterion was calculated as a
geometric mean of the nine values assigned by the nine evaluators (Table 5).

The values of the main dimensions will be calculated as a weighted sum of the
corresponding sub-criteria:

Uc(A Zwuauc,], Fc(A waafcz], Mc(Aj) = Zwmamcl]
i=1 i=1

As a result, the values of the dimensions for the five alternative museums’ websites
are presented in Table 6.
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Table 5. The data of the evaluation.

Al A2 A3 A4 A5
ucl 7.21 8.40 8.03 8.18 7.43
uc2 7.42 7.87 8.00 7.85 777
uc3 7.42 7.87 7.07 8.15 7.77
uc4 7.21 8.53 9.00 8.17 7.43
uch 5.89 4.36 7.68 6.97 6.75
uco 5.89 4.36 5.79 6.60 6.21
uc’/ 7.42 7.65 6.00 8.40 7.62
uc8 6.88 7.65 8.37 7.65 5.79
uc9 7.75 7.65 8.75 7.56 6.75
ucl0 7.78 6.98 8.28 7.14 6.01
ucll 7.53 777 7.04 7.84 6.87
fcl 7.54 8.29 6.63 7.07 5.98
fc2 8.43 7.52 8.88 7.63 6.30
fc3 7.88 7.52 8.53 7.03 6.40
fc4 6.87 6.98 7.18 6.52 5.10
fc5 8.75 777 7.63 7.65 7.10
fc6 7.49 6.54 8.17 7.93 7.65
fc7 8.75 7.74 7.84 7.73 6.41
mcl 7.26 777 7.95 7.82 7.85
mc2 8.09 7.30 6.49 7.62 7.31
mc3 8.75 7.65 6.95 7.75 7.40

Table 6. The values of the dimensions.

Al A2 A3 A4 A5
x1 6.891 6.908 7.360 7.642 7.037
x2 7.842 7.700 7.675 7.263 6.341
x3 7.586 7.667 7.566 7.777 7.700

6. Applying MCDM Models
The main dimensions of each website will be combined using different MCDM models.

6.1. SAW

The simple additive weighting (SAW) [31,32] method consists of estimating a function
U(A;) for every alternative A; and selecting the one with the highest value. The multi-
attribute utility function U is calculated as a linear combination of the values of the
n attributes:

n
U(A]) = 2 wl-xl-]-
i=1
where x;; is the value of the i dimension for the A; website.

6.2. WPM
In this paper, we use the approach of WPM proposed by Triantafyllou [15]. In
this alternative approach of WPM, the following value is calculated for each website:
10
P(A]) = H (xi]-)wi, fOI‘j = 1, ey 5.

The term P(Aj) denotes the total performance value of the website A;.

6.3. TOPSIS

The central principle in TOPSIS model is that the best alternative should have the short-
est distance from the ideal solution and the farthest distance from the negative-ideal solution.

Calculate Weighted Ratings. The weighted value is calculated as: v;; = w; - x;;, where
wj is the weight, and x;; is the value of the dimension i.
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Identify Positive-Ideal and Negative-Ideal Solutions. The positive ideal solution is the
composite of all best attribute ratings attainable and is denoted: A* = {v’{, vy, 03 }, where
v} is the best value for the dimension i among all alternatives. The negative-ideal solution is
the composite of all worst attribute ratings attainable and is denoted: A~ = {vl_ /Uy, Uy },
where v; is the worst value for the dimension i among all websites.

Calculate the separation measure from the positive-ideal and negative-ideal alterna-
tive. The separation of each alternative from the positive-ideal solution A* is given by the

3
n-dimensional Euclidean distance: S]’-‘ =4/ L (vij—7f )2, where j is the index related to the
i=1
alternatives, and i is one of the n attributes. Similarly, the separation from the negative-ideal

10
. . . —\2
solution A™ is given by ;" = El (vij —v; )"
Calculate Similarity Indexes. The similarity to positive-ideal solution, for alternative

S
j, is finally given by C]’-k == Ji = with 0 < C]’-k < 1. The alternatives can then be ranked
7T

according to C]’f in descending order.

6.4. VIKOR

The basic concept of the VIKOR model lies in defining the positive and negative ideal
points, which was first put forth by Opricovic and Tzeng [33,34].

The compromise ranking algorithm [43,44] is briefly reviewed as follows:

Estimating the best and worst values of all dimensions

+ i
fi _1%1%)(5]2]’] =
5 zlrg%ﬂj,] =13

where f;; is the weighted value of each dimension and is calculated as: f;; = w;x;;, where w;
is the weight, and xji is the value of the dimension j.
Computing the values

si= Lol 57/ (7= )) =15

si= e[ =1 )/ (5 57 )] 1=15
where wj, j = 1, 2, 3 are the weights of dimensions, representing the decision maker’s
relative preference for the importance of the dimensions.
Computing the values
S$* = min S;,
1<i<5

ST = min§;,
1<i<5

R* = min R;,
1<i<5

R™ = maxR;,
1<i<5

Determining the value of/for i = 1-5 and ranking the alternatives by the values of Q;

S;—§* R; — R*
Qi :Z’(s—s*) +<1U)<R—R*>
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The values of Q for each website are presented in Table 5. Taking into account these
values, the alternatives are sorted Q in ascending order and compared with the ranking
made also using S and R.

6.5. PROMETHEE II

PROMETHEE 1I creates a complete pre-order on the set of possible websites that
can be proposed to the decision-maker in order to solve the decision problem. The steps
of PROMETHEE II after having defined dimensions, their values, and their weights of
importance are:

Making comparisons and calculate preference degree. This step computes, for each
pair of websites and each dimension, the value of the preference degree. Let gj(a) be the
value of a dimension j for a website 2. We note d]-(a, b), the difference of the value of a
dimension j for two websites a and b.

di(a,b) = gj(a) — g;(b)

P;(a, b) is the value of the preference degree of a dimension j for two websites a and b.
The preference functions used to compute these preference degrees are defined such as:

Pi(a,b) =0, ifd;(a,b) <0

Pi(a,b) = di(a,b), ifd;(a,b) > 0

Aggregating the preference degrees of all dimensions for pair-wise websites. This step
consists of aggregating the preference degrees of all dimensions for each pair of possible
websites. For each pair of possible websites, we computed a global preference index. Let C
be the set of considered dimensions and w; the weight associated with dimension j. The
global preference index for a pair of possible websites a and b is computed as follows:

n(a,b) = [i wjpj(a/b)]/iwf
j=1 j=1

Calculate positive and negative outranking flow. This step, which is the first that
concerns the ranking of the possible websites, consists of computing the outranking flows.
For each possible website a, we computed the positive outranking flow ¢ («) and the
negative outranking flow ¢~ («). Let A be the set of possible websites and n the number of
possible websites. The positive outranking flow of a possible website a is computed by the
following formulae:

1 m

The negative outranking flow of a possible website a is computed by the following
formulae: ¢~ () = -1 f 7t(b,a) when o # b.
b=1

Calculate the net outranking flow. An outranking flow ¢(«) is calculated for each
alternative website as follows: ¢(a) = ¢™ (a) — ¢~ (a).

Ranking websites. The ranking of museums’ websites is performed according to the
value of ¢(a).

7. Comparison of the MCDM Models

As soon as all the MCDM models have been applied, the final value for each alternative
website using each one of the MCDM models is calculated. Those values are further used
for ranking the alternative websites. Both the values and the ranking order of the websites
using the five MCDM models are presented in Table 7.
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Table 7. Values and ranking of the alternatives based on SAW, WPM, TOPSIS, VIKOR, and
PROMETHEE II.

A1l A2 A3 A4 A5
SAW-values 7.187 7.201 7451 7.631 7.125
SAW-ranking 4 3 2 1 5
WPM-values 7.177 7.192 7.450 7.630 7.114
WPM-ranking 4 3 2 1 5
TOPSIS-values 0.280 0.268 0.643 0.873 0.189
TOPSIS-ranking 3 4 2 1 5
VIKOR-values (Q) 1 0.924 0.471 0 0.808
VIKOR-values (S) 0.854 0.752 0.506 0.047 0.715
VIKOR-values (R) 0.619 0.605 0.26 0.047 0.499
VIKOR-ranking 5 4 2 1 3
PROMETHEE II-values —0.628 —0.249 0.05 0.819 0.009
PROMETHEE Il-ranking 5 4 2 1 3

In order to compare the MCDM models, we calculated the Pearson correlation coeffi-
cient for making a pair-wise comparison of the values produced by the models and the
Spearman’s correlation coefficient for making a pair-wise comparison of the rankings of
the alternative websites (Tables 8 and 9). Spearman’s rho correlation is estimated by:

6y, d?
R=1-— % 1)
n(n?—1)
where d is the rank different at position i and n is the number of ranks.
Table 8. The Pearson correlation coefficient.
SAW WPM TOPSIS VIKOR PROMETHEE II
SAW 1 1 0.999 —0.952 0.818
WPM - 1 0.999 —0.951 0.816
TOPSIS - - 1 —0.950 0.808
VIKOR - - - 1 —0.947
PROMETHEE II - - - - 1
Table 9. Spearman’s correlation coefficient.
SAW WPM TOPSIS VIKOR PROMETHEE II
SAW 1 1 0.90 0.70 0.70
WPM - 1 0.90 0.70 0.70
TOPSIS - - 1 0.60 0.60
VIKOR - - - 1 1
PROMETHEE II - - - - 1

Both values of the Pearson and Spearman’s rho correlation coefficient revealed a high
correlation of SAW and WPM, which was quite expected, as the reasoning of these two
models is considered rather similar. A high correlation is also found between TOPSIS and
SAW or TOPSIS and WPM. The lower correlation was spotted between TOPSIS and VIKOR
or TOPSIS and PROMETHEE IL

In comparative studies, SAW has been compared with WPM [27,45], TOPSIS [27,28,45-47],
VIKOR [27,47], and PROMETHEE 1I [28]. WPM has only been compared with TOPSIS [27,45]
and VIKOR [27]. TOPSIS has been compared with SAW and WPM, as mentioned above, as
well as with VIKOR [47-49] and PROMETHEE 11 [28,38,49]. Finally, VIKOR has been also
compared with PROMETHEE II [49]. However, in most of these studies, general remarks
are made and not specific statistical values, except for the study of Valikipour et al. [47] that
uses Spearman’s rho and concludes that TOPSIS has a high correlation with SAW. This is in
line with the results of the current study. The study of Widianta et al. [28] revealed a high
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correlation of TOPSIS with PROMETHEE. This is not completely in line with the current
study, but the difference in the domain of application of the MCDM model justifies the
disagreement. Regarding the evaluation of websites of museums, a comparison of MCDM
models has been implemented for websites of museums’ conservation labs between fuzzy
SAW and fuzzy WPM [12] and another one for environmental websites between TOPSIS
and VIKOR [50].

8. Sensitivity Analysis of the MCDM Models

In order to check the consistency of the results produced by each MCDM model
and evaluate the robustness of each model, we performed a sensitivity analysis. A way
of performing sensitivity analysis in using a different scheme of weights or changing
the weights of the dimensions one by one. In this case, we use a different scheme of
weights, which uses the same weight for all dimensions. This means that all dimensions are
considered equally important in the reasoning process, and the weight of each dimension
is set to 0.333. We apply the second scheme of weights to the data of the dimensions as
these were given by the human experts and re-calculate the final value for each alternative
website using each one of the five MCDM models examined in this paper. After having
calculated the new values for each alternative, the new ranking of the alternative websites
is estimated. The values as well as the ranking of the alternatives using the five different
MCDM models are presented in Table 10.

Table 10. The values and ranking of the alternatives using the equal weighting scheme.

Al A2 A3 A4 A5
SAW-values 7.440 7.425 7.533 7.561 7.026
SAW-ranking 3 4 2 1 5
WPM-values 7.429 7.416 7.532 7.558 7.004
WPM-ranking 3 4 2 1 5
TOPSIS-values 0.660 0.643 0.784 0.676 0.109
TOPSIS-ranking 3 4 1 2 5
VIKOR-values (Q) 0.926 0.82 0.808 0 1
VIKOR-values (S) 0.333 0.325 0.333 0.128 0.333
VIKOR-values (R) 0.634 0.531 0.495 0.128 0.723
VIKOR-ranking 2 3 4 5 1
PROMETHEE II-values —0.167 —0.001 —0.167 0.501 —0.167
PROMETHEE II-ranking 5 2 3 1 4

The main aim of the sensitivity analysis is to check how sensitive the MCDM models
are in a change of weights of the dimensions. For this purpose, we calculated the Pearson
correlation coefficient for each MCDM model. More specifically, the values generated by
each MCDM using the two different schemes of weights were compared pair-wise, and
the Pearson correlation coefficient was estimated. However, the most important analysis
involves checking the rankings generated by the different models. We compared the
rankings of websites using the two different schemes by

e  checking how many identical rankings were among the rankings of each model using
the different schemes;

e estimating the Spearman’s rho correlation for each model using the two schemes
of weights.

Table 11 presents the Pearson correlation coefficient, the percentage of identical rank-
ing, and Spearman’s correlation coefficient for each model when the results of the same
models are compared using the two different weighting schemes.
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Table 11. The statistical analysis of the comparison.

Pearson Correlation Percentage of Spearman’s Rho
Coefficient Identical Rankings P
SAW 0.715 60% 0.900
WPM 0.721 60% 0.900
TOPSIS 0.568 60% 0.900
VIKOR 0.894 0% —0.700
PROMETHEE II 0.822 40% 0.700

One can easily observe that, although VIKOR and PROMETHEE II present a high
correlation of the values because they have high values of Pearson correlation coefficient,
they have low or null percentages of identical rankings and lower values of Spearman’s
correlation coefficient, which means that the correlation of their ranking is very low or
non-existent. As a result, VIKOR and PROMETHEE II appear to be very sensitive to
changes in weights. Both SAW and WPM have mediocre values of Pearson correlation
coefficient, a mediocre percentage of identical rankings, and a quite high Spearman’s
correlation coefficient. This means that SAW and WPM are very robust. Finally, TOPSIS has
a mediocre sensitivity as the percentage of identical rankings is medium and a quite high
Spearman’s correlation coefficient but not that high value of Pearson correlation coefficient.
In view of the statistical analysis presented in Table 11, VIKOR is presented to be the most
sensitive in the changing of weights for the dimensions, while SAW and WPM are the most
robust and less affected by changes in the weights of the criteria.

9. Conclusions

MCDM models have been used for evaluating and comparing cultural websites in
the past [2,12]. However, MCDM models have been criticized for producing different
results and no model has proved to be the best in all domains. The aim of this paper was to
present a generalized framework for implementing and comparing MCDM models for the
evaluation of cultural websites. The generalized framework gives the steps and the details
for their implantation in order to apply the MCDM models and compare them. In the light
of this information, many researchers can benefit since it would be easier for them to apply
and compare MCDM models for the evaluation of cultural websites.

DEWESA was designed for cultural websites and has been applied for the evaluation
of museum websites. However, the steps could be used by other researchers in the evalua-
tion of any website. Furthermore, they could make changes by adjusting the dimensions
and/or the MCDM models.

In this paper, DEWESA has been used to evaluate museum websites and, for this
purpose, we apply and compare five different MCDM models. The evaluation of the
museum websites is based on three main dimensions: usability, functionality, and mobile
interaction. The dimensions and the criteria defined in this paper based on a study of
Kabassi [2] and confirmed by other studies are used for the evaluation of museum websites
and could be also used for the evaluation of other websites, as well. For the processing
of the data of the evaluation and the aggregation of the values of the dimensions, five
different models are used in turn: SAW, WPM, TOPSIS, VIKOR, and PROMETHEE II.

The comparative analysis proposed by DEWESA involves the estimation of statistical
terms for comparing the values and the rankings of each model using the different schemes
of weights. More specifically, Pearson correlation coefficient is used for comparing the
values, and Spearman’s rho correlation is used for comparing the rankings of each model
using the different schemes of weights. These statistical terms proved very effective for the
extraction of conclusions on the similarity of results of MCDM models. In the implemen-
tation of DEWESA for museum websites, the statistical analysis of the comparison of the
MCDM models revealed a high correlation of SAW and WPM, which was quite expected
as the reasoning of these two models is considered rather similar. The lower correlation
was spotted between TOPSIS and VIKOR or PROMETHEE II.
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In order to check the robustness of the MCDM models, DEWESA implements a sen-
sitivity analysis. For this purpose, the generalized framework proposes using a different
scheme of weights, in which equal weights were used for all dimensions, and re-calculated
all the values of the alternatives using the different MCDM models. In the implementation
of DEWESA for the evaluation of museums’ websites, conclusions were drawn for the com-
parison of the five MCDM models applied: SAW, WPM, TOPSIS, VIKOR, PROMETHEE II.
Indeed, the pair-wise comparison of the models using the two different weighting schemes
revealed that VIKOR has the highest sensitivity in the change of the weights of criteria
while SAW and WPM are considered to be rather robust and maintain partly the ranking
of the alternatives despite the change of weights.

A possible limitation of the paper is that DEWESA has not been checked for the
evaluation of other cultural websites to test its effectiveness. Furthermore, its effectiveness
for the evaluation of other websites in other domains should be confirmed. Therefore,
it is among our future plans to implement DEWESA in the other cultural websites and
websites of different domains to check its usefulness and efficiency. Finally, it is intended
to use DEWESA for the comparison of more than five MCDM models for the evaluation of
museum websites.
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