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Abstract

:

The quality of content and the attractiveness of an environmental website can create an environmentally friendly attitude before one visits a secured area. However, a website should be evaluated to ensure that its goal is met. For this reason, the websites of environmental content have been evaluated using a combination of AHP and PROMETHEE II. More specifically, the websites of environmental content that have been selected to be evaluated are the websites of the national parks of Italy. The main contribution of the particular paper is on comparing PROMETHEE II with three other common MCDM models (SAW, WPM, TOPSIS) and performing a sensitivity analysis to make the comparison more thorough. As a result, the conclusions drawn by this experiment involve the appropriateness of PROMETHEE II for the ranking of environmental websites as well as the robustness of the different MCDM models. The experiment revealed that the PROMETHEE II model was found to be very effective in ranking environmental websites and is the most robust model compared to the other ones. Furthermore, the evaluation of the websites of national parks in Italy revealed that the electronic presence of national parks is at an early stage.
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1. Introduction


Several researchers have highlighted the advantages of parks and protected areas, not only for the protection of the environment but for the economic development of the areas as well [1]. Websites constitute the most common way to promote environmental information and promote a national park (NP) as an eco-touristic destination [2,3]. The important role of the websites in the promotion of environmental information has been highlighted by several researchers [4,5,6,7,8]. The information available involves characteristics of a protected area (PA), the landscape, the culture, and generally its profile. The website can influence potential visitors and lead them to form an environmental attitude. However, the confirmation that the goals of the website are met can only be achieved through an evaluation experiment [9].



For the evaluation of websites, several researchers have used criteria [10,11] and some have used Multi-Criteria Decision Making (MCDM) models for combining these criteria in order to evaluate websites in different domains that are related to environmental content [9,12,13]. In some cases environmental websites have also been evaluated with the use of MCDM models [9,14]. Previous work on the evaluation of websites of environmental content [14,15,16] has revealed the criteria and the weights of importance of these criteria using the Analytic Hierarchy Process (AHP) [17,18].



Taking into account the information provided in the previous experiments, in this paper we implement an evaluation experiment of the websites of the NPs in Italy. For this purpose, a combination of AHP with PROMETHEE II (Preference Ranking Organization METHod for Enrichment Evaluations II) [19,20] is used. PROMETHEE has seen much use in environmental management, hydrology and water management, business and financial management, chemistry, logistics and transportation, manufacturing and assembly, energy management, and agriculture [21], but only once before for website evaluation [22]. The PROMETHEE II outranking method was adopted for this evaluation experiment to aggregate the opinions of decision-makers that evaluate websites of environmental content. This method is software-driven, user-friendly, provides a direct interpretation of parameters, and analyzes the sensitivity of results.



The combination of AHP with PROMETHEE II has been effectively used mainly in other domains and not for the evaluation of environmental websites (e.g., [23,24,25]). The only time that this combination has been used for the evaluation of environmental websites was with Kabassi et al. [22], in which the websites of NPs of Greece and Italy were evaluated and compared. However, the main difference of the current work is that we focus on the sensitivity analysis of the application of PROMETHEE II tor the evaluation of environmental websites. The sensitivity analysis can help one draw conclusions on the robustness of the method and the consistency of the results [26]. The robustness is also checked in comparison with other methods such as TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) [27], SAW (Simple Additive Weighting) [27] and WPM (Weighted Product Model) [28,29].



The main body of the paper is organized as follows: Section 2 presents the materials and methods. More specifically, its subsections present the websites of the PAs and their role in Italy, the criteria used for the evaluation as well as the steps of PROMETHEE II for the evaluation of environmental websites. In Section 3, the results of the application of PROMETHEE II, the comparison of that model with the three other MCDM models, and the sensitivity analysis, are presented. In Section 4, the discussion of this work is done by comparing this work with other similar experiments. In the last section, the conclusions drawn by this work are analyzed, the limitations are given and future work is announced.




2. Materials and Methods


This section presents and analyzes the alternative websites of the protected areas in Italy that are evaluated (Section 2.1) and the criteria that are used for the evaluation as well as their weights of importance (Section 2.2). In the last subsection, the application of PROMETHEE II is given in detail (Section 2.3).



2.1. Protected Areas in Italy and Their Websites


The creation of the PAs was based on national and European legislation and aimed at protecting the natural and cultural heritage of the country. In Italy, the categories of PAs are as follows: 25 national parks, 147 state-owned natural reserves, 30 state-owned marine reserves, 151 regional natural parks, 419 regional natural reserves, and 576 other protected areas.



The situation of NPs in Italy has never been fully satisfactory, despite the fact that Italy was one of the first countries in Europe to establish a NP (the Gran Paradiso National Park in 1922). Today, Italian NPs cover about 5% of the country’s land (Figure 1). PAs are managed by the Ministry of Environment and there are a total of 3496 PAs in Italy, of which 2621 are Natura 2000 sites and 875 sites are designated under national law.



Since 1997, Italy has implemented the Habitats Directive and designated Natura 2000 sites in the country [30]. Natura 2000 sites are sources or ecosystem services that can prevent the loss of biodiversity [31]. Furthermore, economic development of the areas that support sustainability may also contribute to their preservation. Indeed, as Tomaskinova et al. [32] point out, besides conservation of biodiversity, PAs provides several social and economic advantages that can contribute to the economic development of an area (CEETO, 2018). Schagner et al. [33], argue that PAs are places where the conservation of nature should not only focus on the protection of biodiversity and the environment but should also take recreational co-benefits into account. Moreover, Gantioler et al. [34], and Schirpke et al. [35], report that PAs are responsible not only for protecting the environment but for constituting the area a tourist destination. In this way, they can contribute in the protection of the environment and help the economic empowerment of local communities through the frame of sustainable development. Empirical studies have demonstrated that PAs represent an efficient mechanism for combining sustainable land use with socio-economic development [36,37,38]. Because of its high naturalness and biodiversity, PAs are becoming increasingly important for recreational opportunity, providing benefits in terms of physical and mental health through outdoor experiences [35,39,40]. However, as highlighted by Dudley [41], in the case of a NP, economic development is mostly supported through tourism. Tourism can contribute effectively to the local and national economies.



The importance of the websites for promoting ecotourism and improving the electronic presence of national parks and protected areas through the internet is indisputable [9,28]. A website may provide a virtual perception of the areas that can expedite the decision to visit an area easier [42]. As a result, Italian NPs were collected (Table 1) and they were evaluated regarding their electronic presence.



The websites of PAMPBs are considered to be the alternatives in our decision making problem.




2.2. Evaluation Criteria and Weights of Importance Using AHP


Τhe evaluation of environmental websites is based on the criteria selected from a pool of criteria previously proposed by Tsai, Chou, & Lai [43]. This selection took place in a previous experiment [22,28] and revealed the following criteria:



c1-Quality of content.



c2-Attractiveness.



c3-Navigability.



c4-Relevancy.



c5-Accessibility.



c6-Responsiveness.



c7-Links.



c8-Multilingualism.



c9-Quality of mobile interactiveness.



c10-Services.



In order to calculate the values of the weights of the criteria, Kabassi & Martinis [14] used AHP. That particular model was selected because it has a very well-defined method for calculating the weights of the criteria, unlike many other decision-making models such as SAW, etc. The weights of the criteria estimated by Kabassi & Martinis [14] are presented in Table 2.




2.3. Application of PROMETHEE II


The main steps of the outranking method PROMETHEE II after having defined the criteria and their weights of importance are:



Forming a set of evaluators. In this phase of the evaluation, an inspection method is used and, therefore, the group of evaluators is comprised only of expert users. More specifically, eight users participated in the experiment. Some of these particular users were environmentalists and other software engineers that had experience with environmental websites.



Calculating the values of the criteria. In this step, the evaluators selected in step 1 are asked to visit the websites of the NPs of Italy that are presented in Section 2, and to provide values to the 10 criteria of the evaluation (Section 3). Those values must be taken from a nine-number scale to ensure that the values will be comparable. As soon as all the values of the eight decision-makers are collected, the geometric mean for the corresponding values of each criterion for each website is calculated. The results are shown in Table 3.



Calculating the preference degree. For each pair of websites and for each one of the 10 criteria, the value of the preference degree is calculated. Let    g j  ( a )   be the value of a criterion j for a website a. We note    d j  ( a , b )  , the difference of the value of a criterion j for two websites a and b.


   d j  ( a , b ) =  g j  ( a ) −  g j  ( b )  











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


    P j  ( a , b ) = 0   ,   if    d j  ( a , b ) < 0   










    P j  ( a , b ) =  d j  ( a , b )   ,   if    d j  ( a , b ) > 0   











Aggregating the preference degrees. For each pair of possible websites, we compute a global preference index as follows:


  π ( a , b ) = [   ∑  j = 1  n    w j   P j  ( a , b )   ] /   ∑  j = 1  n    w j    ,    








   w j    is the weight associated to criterion j



Calculate positive and negative outranking flow. For each website a, we compute the positive outranking flow    ϕ +  ( α )   by the following formulae:


    ϕ +  ( α ) =  1  m − 1     ∑  b = 1  m   π ( α , b )       when   α ≠ b   










    ϕ −  ( α ) =  1  m − 1     ∑  b = 1  m   π ( b , a )       when   α ≠ b   











Calculate the net outranking flow. The outranking flow   ϕ ( α )   is calculated for each alternative website as follows:   ϕ ( α ) =  ϕ +  ( α ) −  ϕ −  ( α )  . The results for all the websites are presented in Figure 2 and Table 4.





3. Results


3.1. Ranking Websites with PROMETHEE II


The application of PROMETHEE II assigned a value   ϕ ( α )   to each website. The   ϕ ( α )   values of all alternative values are presented in Table 4. The higher the value of   ϕ ( α )   is for an environmental website, the higher the ranking is of that website.



All websites of the NPs contained general information about the NP, such as information about its structure, objectives, financial statements, etc. Additionally, all of them contained information about the ecosystem of the PA and gave contact information. This also confirms the results of another study for the NPs of Greece [14].



A graphic depiction of the quality of the websites is presented in Figure 2, taking into account the values   ϕ ( α )  . According to Figure 2 and Table 4, almost half of the websites are considered good. The best one is the website of Della Majiella (A17). The value of   ϕ ( α )   for A17 is much higher than the value of   ϕ ( α )   all the other websites. The websites of the NPs that have a value   ϕ ( α )   that is lower than zero are not considered very good at promoting environmental information and need a redesign and update of content.




3.2. Comparison with Other MCDM


In order to check whether PROMETHEE II is effective in ranking environmental websites, a comparison with three other common MCDM models was conducted. More specifically, SAW, WPM and TOPSIS, were selected for this purpose. These three models are very popular and have been implemented in the past for the evaluation of websites and have proved to be rather effective [9,16,22].



For this purpose, we use the values of criteria given by all users that are presented in Table 3. According to SAW, we calculate the multi-attribute utility function  U  for each one of the 23 websites as a linear combination of the values of the 10 criteria:


  U (  A j  ) =   ∑  i = 1   10     w i     x  i j   ,  








where    A j    is one alternative website and    x  i j     is the value of the  i  criterion for the    A j    website.



Similarly, according to WPM the utility function  U  is calculated for each one of the same websites.


  U (  A j  ) =   ∏  i = 1   10      ( u  x  i j   )    w i      ,  








for j = 1,…,23.



The term   U (  A j  )   denoted the total performance value of the alternative    A j   .



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



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 1 *  ,  v 2 *  ,  v 3 *  }  








where    v i *    is the best-weighted rating for the dimension  i  among all alternatives. The negative-ideal solution is the composite of all worst attribute ratings attainable, and is denoted:


   A −  = {  v 1 −  ,  v 2 −  ,  v 3 −  }  








where    v i −    is the worst value for the dimension  i  among all websites.



Calculate the separation measure from the positive-ideal and negative-ideal alternative. The separation of each alternative from the positive-ideal solution    A *    is given by the n-dimensional Euclidean distance:


   S j *  =     ∑  i = 1  3     (  v  i j   −  v i *  )  2      ,    








where  j  is the index related to the alternatives and  i  one of the  n  attributes. Similarly, the separation from the negative-ideal solution    A −    is given by


   S j −  =     ∑  i = 1   10      (  v  i j   −  v i −  )  2      .  











Calculate Similarity Indexes. The similarity to positive-ideal solution, for alternative j, is finally given by


   C j *  =    S j −     S j *  +  S j −     








with   0 ≤  C j *  ≤ 1  . The alternatives can then be ranked according to    C j *    in descending order.



The values of utility function  U  using SAW, WPM, C of TOPSIS, and the final value   ϕ ( α )   of PROMETHEE II for each alternative website are used for ranking the 23 websites. The higher the value of  U , C or   ϕ ( α )  , the better the website is considered. The values of  U  according to SAW and WPM, the values of C according to TOPSIS and the values of   ϕ ( α )   according to PROMETHEE II as well as the ranking order to the websites using the four different models are presented in Table 4.




3.3. Sensitivity Analysis


In order to evaluate the consistency of the results of PROMETHEE II, a sensitivity analysis was performed. The main aim of a sensitivity analysis is to evaluate how the MCDM models change the ranking of the alternatives when input data are slightly modified [44]. For this purpose, we used a second scheme of weights which assigned equal weight to each of the criteria [45,46]. Since there are 10 criteria, the weight for each criterion was determined to be 0.1. The values of the utility function  U  using SAW or WPM, the values of C using TOPSIS and the values of   ϕ ( α )   for each website were recalculated using the second weighting scheme. All these new values of U, C and   ϕ ( α )  , as well as the new raking orders of the websites using each one of the three MCDM models, are presented in Table 5.



In order to compare the consistency of the MCDM models, we evaluated the robustness of the ranking produced by each model based on the results of the sensitivity analysis. The consistency of an MCDM model is low if the ranking of the alternatives is severely modified when the weights differentiate. Therefore, we compare the rankings produced by the same model using the different schemes of weights. In order to compare how close the rankings of each model are using the two schemes of weights, we use Spearman’s Rho correlation test to analyze the correlation among the obtained rankings.



The Spearman’s Rho correlation is estimated by:


  R = 1 −   6   ∑   i = 1  n   d i 2    n  (   n 2  − 1  )     








where    d i     is the rank different at position i and n is the number of ranks.



The values of Spearman’s Rho for the pair-wise comparisons of MCDM models are: Rsaw = 0.929, Rwpm = 0.936, Rpromethee = 0.967, Rtopsis = 0.841. The Spearman’s Rho has its highest value for PROMETHEE II and, therefore, PROMETHEE II has the higher consistency the results when compared with SAW, WPM and TOPSIS. This means that it is less affected by changes in the values or in the weights of the criteria. Consistency is considered to be important when selecting an MCDM model. Since PROMETHEE II is less affected by the subjectivity of the reasoning of the decision-makers, it proved to be better than the other three models.





4. Discussion


The evaluation of the environmental websites, especially the evaluation of websites of NPs, is very important to confirm that they meet their goals and manage to promote environmental education. Moreover, good websites and good social media exposure are important factors stimulating tourism development in NPs, which raises the awareness of the PA and the whole region [5]. Environmental websites have been evaluated before using MCDM models [9,14]. Table 6 shows the different evaluation experiments that involve websites of NPs, the countries that they involve, the MCDM models that are used if they present a comparison between MCDM models, and whether they have undergone a sensitivity analysis.



The websites of NPs in Greece have been evaluated by Martinis et al. [16], Kabassi et al. [9], and Kabassi & Martinis [14]. The websites of NPs in both Greece and Italy have been evaluated in Kabassi et al. [22]. In that paper, conclusions have been drawn by comparing the electronic presence of NPs in two neighboring countries using a combination of AHP & PROMETHEE II. A more thorough study on the NPs in Italy is implemented in the current experiment. Furthermore, PROMETHEE II is compared with SAW, WPM and TOPSIS as far as their combination with AHP is concerned. However, the main difference between the current study and the previous studies except for the country of the NPs is concerning the comparison of PROMETHEE II with SAW, WPM or TOPSIS, and the sensitivity analysis that is performed. Previously, PROMETHEE II has only been combined with SAW, and this comparison did not involve the implementation of a sensitivity analysis. Therefore, the comparison was not thorough and did not involve evaluation or comparison of the robustness of the models used.



The comparison of a model with other available models is rather important because different methods can produce different results while being applied to an identical problem. As a result, researchers in the field [47,48] consider it important to examine the compatibility of different multi-criteria decision-making methods with a particular type of decision problem. The comparison of MCDM models has been proved essential in order to decide whether the model used in each purpose is the most appropriate. Therefore, different studies have applied different MCDM models to the same problem and compared the obtained rankings [19,21,25,49,50,51,52,53,54,55,56,57,58].



PROMETHEE II has been compared with TOPSIS, VIKOR, AHP, Entropy, and ELECTRE [48,59,60,61] in different domains. Regarding the comparison of PROMETHEE II with the TOPSIS, SAW, and WPM models described in this paper, a comparison of PROMETHEE II with SAW was implemented before [21] by Widianta et al. [62] for making decisions for employee placement. PROMETHEE II has also been compared with both SAW and WPM for evaluating different energy scenarios [63]. Similarly, PROMETHEE II has been compared with TOPSIS in several domains [64] e.g., for the evaluation of tool holders in hard milling [60] and for pipe material selection in the sugar industry [59]. PROMETHEE II has been compared before with SAW with regard to environmental websites, but the comparison did not involve a sensitivity analysis and, therefore, an evaluation of the robustness of the models.



The sensitivity analysis is not only performed for PROMETHEE II but for the other MCDM that take part in the comparison, these being SAW, WPM and TOPSIS. Sensitivity analyses of different MCDM models have also been implemented in different domains [45,46,65,66]. As a result, such an analysis has been performed for PROMETHEE II [50], TOPSIS [65,66,67], SAW [66,68,69], and WPM [30]. Although sensitivity analysis of the models has been implemented before in different domains, this is the first time that it has been implemented for estimating the consistency of the MCDM models in environmental website evaluation.




5. Conclusions


In this paper, we use MCDM models for combining the criteria that are involved in the evaluation of the content of environmental websites. MCDM models such as VIKOR, have been applied in the past for combining evidence of the evaluation of environmental websites [14]. In this paper, we presented how PROMETHEE II can be combined effectively with other MCDM models for website evaluation, and we then ran a sensitivity analysis.



PROMETHEE II is recent outranking method that proved to be effective for ranking alternatives. The theory performs the ranking of alternatives while considering several conflicting criteria [70]. Its advantage is that it is easy to use. It does not require the assumption that the criteria are proportionate. The disadvantages are that it does not provide a clear method by which to assign weights and it requires the assignment of values [21]. For this reason, we combined PROMETHEE II with AHP.



Taking into account the results of the evaluation of the websites, PROMETHEE II proved to be both easy to implement and effective. However, in order to see whether the ranking provided by PROMETHEE II was correct and resembled other MCDM models, we conducted a comparative analysis.



The main contribution of the paper is on comparing PROMETHEE II with three other common MCDM models. As a result, conclusions that involve the appropriateness of PROMETHEE II for the ranking of environmental websites as well as the robustness of the different MCDM models were discussed in the current paper.



The comparison of PROMETHEE II with other methods such as SAW, WPM, and TOPSIS provided evidence for the effectiveness of PROMETHEE II. As Velasquez & Hester [21] point out, many researchers use TOPSIS to confirm the answers proposed by other MCDM methods. In our study, the three MCDM models that are compared with PROMETHEE II confirmed that PROMETHEE II is effective in providing a good ranking.



In order to see if PROMETHEE II was better than the other MCDM models, we proceeded to a sensitivity analysis. This kind of analysis sought to determine how the modifications of independent variables, such as criteria values or their weights, affected the outcome of the model. A particular analysis was performed to check the influence of the weighting of the criteria in the final ranking.



The sensitivity analysis proved that PROMETHEE II is more robust than SAW, WPM and TOPSIS and less affected by changes in weights or values of the criteria. The results were more consistent throughout the different weighting schemes. PROMETHEE II provides a good ranking of the alternative environmental websites and is less affected by the subjectivity of expert users compared to the other MCDM models. Consequently, PROMETHEE II is preferred for the evaluation of environmental websites over SAW, WPM or TOPSIS.



The results of the PROMETHEE II model as well as the other three models revealed that the electronic presence of NPs is mediocre. Findings are in agreement with those of similar studies [2,14,16,22] and confirm that internet technologies’ adoption in NPs is still at an initial level.



A research limitation of the study was the sample of the decision makers. Although the decisionmakers are experts and the evaluation experiment is an inspection evaluation, an empirical evaluation with the participation of many real potential users may have provided better results and more conclusions regarding the electronic presence of NPs in Italy. Furthermore, the sensitivity analysis could include more weighting schemes and, therefore, provide more conclusions regarding the consistency of the methods. Taking into account the limitations of the current study, we intend to implement an empirical evaluation with the participation of many real potential users and not just experts. Furthermore, a comparative study with more MCDM models could be implemented. The comparative analysis could reveal if the selection of the MCDM model may differentiate the ranking results or not. Finally, a more extensive sensitivity analysis could be implemented with the use of many different weighting schemes for the criteria.
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Figure 1. Italian NPs: geographic location (source: http://www.parks.it, accesses on 1 January 2021). 
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Figure 2. Graphic depiction of the quality of websites. 
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Table 1. The website of NPs in Italy.
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	National Park
	Website





	A1
	Parco Nazionale d’ Abruzzo, Lazio e Molise
	http://www.parcoabruzzo.it/ (accessed on 15-8-2020)



	A2
	Parco Nazionale dell’Alta Murgia
	https://www.parcoaltamurgia.gov.it/ (accessed on 15-8-2020)



	A3
	Parco Nazionale dell’appennino Lucano—Val d’Agri-Lagonegrese
	http://www.parcoappenninolucano.it/enteparco (accessed on 15-8-2020)



	A4
	Parco Nazionale dell’ Appennino Tosco-Emiliano
	http://www.parcoappennino.it/ (accessed on 15-8-2020)



	A5
	Parco Nazionale dell’Arcipelago di La Maddalena
	http://www.lamaddalenapark.it/ (accessed on 15-8-2020)



	A6
	Parco Nazionale dell’Arcipelago Toscano
	http://www.islepark.it/ (accessed on 15-8-2020)



	A7
	Parco Nazionale dell’Asinara
	http://www.parcoasinara.org/ (accessed on 15-8-2020)



	A8
	Parco Nazionale dell’Aspromonte
	http://www.parcoaspromonte.gov.it/ (accessed on 15-8-2020)



	A9
	Parco Nazionale del Cilento, Vallo di Diano e Alburni
	http://www.cilentoediano.it/ (accessed on 15-8-2020)



	A10
	Parco Nazionale delle Cinque Terre
	http://www.parconazionale5terre.it/ (accessed on 15-8-2020)



	A11
	Parco Nazionale del Circeo
	http://www.parcocirceo.it/ (accessed on 15-8-2020)



	A12
	Parco Nazionale delle Dolomiti Bellunesi
	http://www.dolomitipark.it/ (accessed on 15-8-2020)



	A13
	Parco Nazionale delle Foreste Casentinesi, Monte Falterona e Campigna
	https://www.parcoforestecasentinesi.it/ (accessed on 15-8-2020)



	A14
	Parco Nazionale del Gargano
	https://www.parcogargano.it/servizi/notizie/notizie_homepage.aspx (accessed on 15-8-2020)



	A15
	Parco Nazionale del Gran Paradiso
	http://www.pngp.it/ (accessed on 15-8-2020)



	A16
	Parco Nazionale del Gran Sasso e Monti della Laga
	http://www.gransassolagapark.it/ (accessed on 15-8-2020)



	A17
	Parco Nazionale della Majella
	https://www.parcomajella.it/ (accessed on 15-8-2020)



	A18
	Parco Nazionale dei Monti Sibillini
	http://www.sibillini.net/ (accessed on 15-8-2020)



	A19
	Parco Nazionale del Pollino
	http://www.parcopollino.it/ (accessed on 15-8-2020)



	A20
	Parco Nazionale della Sila
	http://www.parcosila.it/it/ (accessed on 15-8-2020)



	A21
	Parco Nazionale dello Stelvio
	http://www.stelviopark.it/ (accessed on 15-8-2020)



	A22
	Parco Nazionale della Val Grande
	http://www.parcovalgrande.it/ (accessed on 15-8-2020)



	A23
	Parco Nazionale del Vesuvio
	https://www.parconazionaledelvesuvio.it/ (accessed on 15-8-2020)
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Table 2. The website criteria.
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	Criterion
	Weight





	Quality of content
	    w 1  = 0.274   



	Attractiveness
	    w 2  = 0.181   



	Navigability
	    w 3  = 0.114   



	Relevancy
	    w 4  = 0.109   



	Accessibility
	    w 5  = 0.083   



	Responsiveness
	    w 6  = 0.058   



	Links
	    w 7  = 0.055   



	Multilingualism
	    w 8  = 0.046   



	Quality of mobile interactiveness
	    w 9  = 0.046   



	Services
	    w  10   = 0.034   
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Table 3. The geometric mean of the values of the criteria for all websites.
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	c1
	c2
	c3
	c4
	c5
	c6
	c7
	c8
	c9
	c10





	A1
	Parco Nazionale d’Abruzzo, Lazio e Molise
	23
	30
	43
	42
	43
	43
	29
	48
	29
	21



	A2
	Parco Nazionale dell’ Alta Murgia
	22
	22
	37
	39
	43
	43
	31
	58
	37
	21



	A3
	Parco Nazionale dell’ apennino Lucano—Va d’Agri—Lagonegrese
	26
	26
	31
	28
	36
	37
	23
	14
	29
	36



	A4
	Parco Nazionale dell’Appennino Tosco-Emiliano
	31
	23
	29
	29
	43
	41
	36
	34
	36
	21



	A5
	Parco Nazionale dell’Arcipelago di La Maddalena
	26
	27
	31
	31
	43
	37
	29
	50
	36
	29



	A6
	Parco Nazionale dell’Arcipelago Toscano
	31
	30
	23
	18
	43
	29
	51
	7
	36
	7



	A7
	Parco Nazionale dell’Asinara
	36
	28
	28
	29
	44
	29
	36
	7
	36
	36



	A8
	Parco Nazionale dell’Aspromonte
	44
	28
	28
	29
	43
	35
	29
	14
	36
	29



	A9
	arco Nazionale del Cilento, Vallo di Diano e Alburni
	44
	42
	36
	45
	43
	49
	50
	20
	50
	43



	A10
	Parco Nazionale delle Cinque Terre
	51
	43
	36
	43
	43
	36
	43
	39
	50
	36



	A11
	Parco Nazionale del Circeo
	37
	23
	37
	43
	29
	36
	36
	39
	43
	29



	A12
	Parco Nazionale delle Dolomiti Bellunesi
	43
	29
	35
	42
	36
	41
	36
	63
	50
	36



	A13
	Parco Nazionale delle Foreste Casentinesi, Monte Falterona e Campigna
	30
	43
	37
	36
	43
	43
	29
	28
	50
	36



	A14
	Parco Nazionale del Gargano
	37
	43
	30
	43
	44
	50
	36
	27
	50
	21



	A15
	Parco Nazionale del Gran Paradiso
	44
	37
	43
	36
	43
	50
	43
	23
	50
	21



	A16
	Parco Nazionale del Gran Sasso e Monti della Laga
	36
	43
	43
	30
	43
	50
	36
	42
	50
	21



	A17
	Parco Nazionale della Majella
	52
	51
	52
	44
	49
	48
	50
	36
	57
	29



	A18
	Parco Nazionale dei Monti Sibillini
	28
	29
	35
	36
	48
	36
	29
	15
	15
	14



	A19
	Parco Nazionale del Pollino
	35
	35
	29
	36
	58
	42
	36
	20
	22
	29



	A20
	Parco Nazionale della Sila
	30
	36
	30
	30
	43
	43
	29
	14
	36
	29



	A21
	Parco Nazionale dello Stelvio
	36
	36
	50
	43
	43
	42
	36
	33
	36
	43



	A22
	Parco Nazionale dela Val Grande
	38
	50
	37
	37
	43
	50
	36
	48
	50
	43



	A23
	Parco Nazionale del Vesuvio
	37
	42
	43
	36
	42
	37
	42
	33
	43
	43
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Table 4. Values and Ranking for all websites using SAW, WPM, TOPSIS and PROMETHEE II.
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	SAW
	SAW Ranking
	WPM
	WPM Ranking
	PROMETHEE II
	PROMETHEE II Ranking
	TOPSIS
	TOPSIS Ranking





	A1
	32.8199
	15
	31.584
	15
	−0.099
	14
	0.297
	15



	A2
	31.362
	18
	29.886
	20
	−0.186
	19
	0.256
	18



	A3
	27.566
	23
	27.078
	22
	−0.340
	23
	0.151
	23



	A4
	30.727
	20
	30.185
	17
	−0.218
	21
	0.215
	21



	A5
	30.727
	19
	30.132
	18
	−0.223
	22
	0.220
	20



	A6
	28.477
	22
	26.150
	23
	−0.217
	20
	0.210
	22



	A7
	31.418
	17
	30.049
	19
	−0.154
	17
	0.259
	17



	A8
	33.594
	14
	32.464
	14
	−0.105
	15
	0.320
	13



	A9
	42.289
	3
	41.710
	3
	0.253
	3
	0.429
	4



	A10
	43.595
	2
	43.244
	2
	0.255
	2
	0.445
	3



	A11
	34.052
	13
	33.336
	13
	−0.031
	12
	0.300
	14



	A12
	39.059
	8
	38.331
	8
	0.068
	10
	0.369
	10



	A13
	36.245
	11
	35.677
	11
	0.014
	11
	0.369
	11



	A14
	38.512
	10
	37.823
	10
	0.163
	6
	0.392
	9



	A15
	40.255
	5
	39.583
	5
	0.197
	5
	0.403
	7



	A16
	38.915
	9
	38.322
	9
	0.115
	7
	0.407
	5



	A17
	48.854
	1
	48.451
	1
	0.44
	1
	0.514
	1



	A18
	30.004
	21
	28.788
	21
	−0.183
	18
	0.229
	19



	A19
	34.994
	12
	34.061
	12
	−0.055
	13
	0.324
	12



	A20
	31.974
	16
	31.293
	16
	−0.149
	16
	0.263
	16



	A21
	39.091
	7
	38.786
	7
	0.111
	8
	0.394
	8



	A22
	41.866
	4
	41.490
	4
	0.242
	4
	0.461
	2



	A23
	39.148
	6
	39.017
	6
	0.102
	9
	0.404
	6
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Table 5. Values and Ranking order for all websites using SAW, WPM, and PROMETHEE II using equal weights of criteria.
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	SAW
	SAW Ranking
	WPM
	WPM Ranking
	PROMETHEE II
	PROMETHEE II Ranking
	TOPSIS
	TOPSIS Ranking





	A1
	34.875
	13
	33.584
	13
	−0.123
	14
	0.529
	13



	A2
	35.213
	12
	33.549
	14
	−0.168
	15
	0.561
	9



	A3
	28.2
	22
	27.311
	21
	−0.572
	23
	0.319
	21



	A4
	32.063
	17
	31.361
	17
	−0.399
	21
	0.421
	17



	A5
	33.488
	16
	32.752
	15
	−0.323
	18
	0.511
	14



	A6
	27.288
	23
	22.991
	23
	−0.522
	22
	0.312
	22



	A7
	30.5625
	20
	28.131
	20
	−0.296
	17
	0.365
	19



	A8
	31.15
	19
	29.923
	19
	−0.371
	19
	0.360
	20



	A9
	42.025
	3
	40.916
	4
	0.501
	2
	0.585
	7



	A10
	41.713
	4
	41.394
	3
	0.360
	4
	0.611
	4



	A11
	34.825
	14
	34.222
	12
	−0.100
	12
	0.498
	15



	A12
	40.825
	5
	39.896
	5
	0.117
	11
	0.640
	3



	A13
	37.15
	11
	36.492
	11
	0.145
	10
	0.551
	10



	A14
	37.85
	10
	36.610
	10
	0.294
	6
	0.533
	11



	A15
	38.863
	9
	37.520
	9
	0.295
	5
	0.532
	12



	A16
	39.163
	8
	38.109
	8
	0.220
	8
	0.604
	5



	A17
	46.525
	1
	45.704
	1
	0.768
	1
	0.668
	2



	A18
	28.25
	21
	26.155
	22
	−0.392
	20
	0.291
	23



	A19
	33.938
	15
	32.507
	16
	−0.111
	13
	0.427
	16



	A20
	31.663
	18
	30.494
	18
	−0.245
	16
	0.380
	18



	A21
	39.513
	6
	39.201
	7
	0.255
	7
	0.585
	8



	A22
	42.95
	2
	42.567
	2
	0.499
	3
	0.694
	1



	A23
	39.488
	7
	39.322
	6
	0.167
	9
	0.597
	6










[image: Table] 





Table 6. Evaluation experiments of the websites of national parks.
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	Evaluation Experiment
	Country
	MCDM Model
	Comparison with Other Models
	Sensitivity Analysis





	Martinis et al. 2018
	Greece
	-
	-
	-



	Kabassi et al. 2019
	Greece
	AHP
	-
	-



	Kabassi & Martinis 2020
	Greece
	AHP & VIKOR
	-
	-



	Kabassi et al. 2021
	Greece & Italy
	AHP & PROMETHEE II
	SAW
	-



	Current study
	Italy
	AHP & PROMETHEE II
	SAW & WPM & TOPSIS
	√
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