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Abstract: Sustainable ecotourismhas become a strategy to balance tourism growthwith environmen‑
tal and sociocultural considerations. This study aims to propose an integrated approach of theDelphi
technique and the decision‑making trial and evaluation laboratory (DEMATEL) based on fuzzy set
theory to investigate sustainable ecotourism indicators in Belize. The study covers six dimensions:
environmental, social, cultural, economic, political, and intrinsic. Firstly, the Fuzzy Delphi tech‑
nique constructs a comprehensive set of indicators with expert consensus, resulting in 51 relevant
and representative indicators out of the initial 63. Secondly, the Fuzzy DEMATEL approach is then
applied to analyze the interdependencies among indicators and identify their causal relationships,
providing insights into the complex dynamics of sustainable ecotourism in Belize. The results pro‑
vide a structured decision‑making framework to prioritize actions, allocate resources effectively, and
promote sustainable practices in the ecotourism sector. Therefore, these findings enhance the under‑
standing of indicator interconnections across dimensions, enabling informed decision making for
policymakers, industry practitioners, and researchers. Policymakers can develop policies and regu‑
lations that foster sustainable practices, while industry practitioners can enhance visitor experiences,
engage with local communities, and ensure the industry’s long‑term viability. Researchers can fur‑
ther investigate specific dimensions and indicators to advance the knowledge and implementation
of sustainable ecotourism. Finally, this investigation supports the goal of achieving a harmonious
and sustainable balance between tourism development and environmental preservation in Belize.
By safeguarding the natural and cultural heritage of the region, sustainable ecotourism can benefit
present and future generations.

Keywords: Belize; ecotourism; sustainable; MCDM; fuzzy set theory; Delphi; DEMATEL

MSC: 97M30; 91B02; 62P05; 91B84

1. Introduction
Tourism is a rapidly expanding global sector that has significant implications for the

environment, economy, and society [1]. In response, ecotourism has emerged as a sustain‑
able tourism model that promotes responsible travel, environmentally friendly practices,
and economic benefits for local communities [2–4]. Belize, a nation in Central America, has
prioritized ecotourism to enhance environmental protection efforts and generate income
for its citizens. The country boasts a diverse cultural and natural heritage, including the
Belize Barrier Reef, the second‑largest coral reef system globally, and numerous protected
areas such as national parks, wildlife reserves, and marine reserves. Visitors worldwide
come to Belize to experience its unique biodiversity and cultural heritage [5,6]. However,
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the growth of ecotourism in Belize presents challenges, particularly in ensuring its long‑
term sustainability [7]. The expansion of tourism activities carries the risk of overuse and
degradation of natural resources, displacement of local communities, and the commodifi‑
cation of culture [8]. Therefore, it is crucial to identify andmonitor indicators of sustainable
ecotourism in Belize to ensure that tourism contributes to the country’s economic devel‑
opment and conservation efforts while minimizing negative impacts on the environment
and society.

Sustainable ecotourism has gained prominence in recent years as the tourism indus‑
try’s growth places increasing pressure on natural resources and ecosystems. Ecotourism
offers a solution by promoting conservation and sustainable development through respon‑
sible travel to natural areas, benefiting both the environment and local communities. Key
aspects of sustainable ecotourism include community involvement and empowerment,
conservationmanagement, environmental education, and economic benefits for local com‑
munities [8,9]. Methods to promote sustainable ecotourism encompass certification pro‑
grams, stakeholder engagement, sustainable tourism planning, andmonitoring and evalu‑
ation of tourism impacts [10,11]. Additionally, applying technologies such as geographic
information systems (GISs) and remote sensing facilitates the assessment andmanagement
of tourism sites [12–14]. Multi‑criteria decision‑making (MCDM)methods play a vital role
in sustainable ecotourism research, allowing the evaluation and comparison of alternatives
based on multiple criteria [15]. These methods consider various environmental, economic,
social, and cultural factors that impact ecotourism sustainability [16]. MCDMmethods en‑
able decision makers to prioritize criteria, identify trade‑offs, and generate comprehensive
rankings of alternatives [17,18]. Various tools, such as the analytic hierarchyprocess (AHP),
the Technique forOrder of Preference by Similarity to Ideal Solution (TOPSIS), and the Pref‑
erence RankingOrganizationMethod for Enrichment of Evaluations (PROMETHEE), have
been utilized in ecotourism research to identify the most sustainable alternatives based on
different criteria, assisting policymakers and stakeholders in making informed decisions
to promote sustainable ecotourism development [19].

Belize, renowned for its abundant biodiversity and cultural heritage, has emerged as
a sought‑after ecotourism destination. Ecotourism, which emphasizes preserving and cel‑
ebrating the natural environment and local culture, has gained popularity among Belize
travelers. In this study, our objective is to explore sustainable ecotourism indicators spe‑
cific to Belize. When it comes to identifying a comprehensive set of indicators for sustain‑
able ecotourism, the integrated Fuzzy Delphi and Fuzzy DEMATEL approach provides
distinct advantages over other methods. This approach stands out because it addresses
the inherent uncertainties and subjectivities associated with indicator selection. By incor‑
porating the Fuzzy Delphi method, expert opinions and subjective judgments can seam‑
lessly integrate into the process, ensuring a well‑rounded and inclusive perspective.

Moreover, the Fuzzy DEMATEL method enables an assessment of the interrelation‑
ships and dependencies among the identified indicators. This aspect is crucial in the com‑
plex context of ecotourism, where numerous factors interact and influence sustainability
outcomes. By uncovering these intricate relationships, decision makers gain a holistic un‑
derstanding of how indicators interplay, leading to a more integrated and coherent set of
indicators that reflect themultidimensional nature of sustainable ecotourism in Belize. The
integration of the Fuzzy Delphi and Fuzzy DEMATEL approaches also addresses the limi‑
tations of both individual methods. The Fuzzy Delphi method’s potential biases in expert
opinions and the Fuzzy DEMATELmethod’s sensitivity to threshold values are effectively
mitigated by combining the two approaches. This integration results in a robust and reli‑
able set of indicators, enhancing the accuracy and practicality of the chosen indicators for
guiding sustainable ecotourism practices in Belize.

With the growing awareness of the detrimental effects of tourism on the environment
and local communities, the notion of sustainability has gained significant prominence in
the tourism industry. In line with this, the present study aims to address two specific
research questions in the context of Belize:
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(i) What are the key sustainable ecotourism indicators in the context of Belize?
(ii) What is the interdependence among these indicators?
By answering these questions, this study seeks to contribute to the understanding

and promotion of sustainable practices within the ecotourism sector in Belize as per the
following perspectives:

(i) This study contributes to the field of sustainable ecotourism in Belize by developing
a comprehensive set of indicators using the integrated Fuzzy Delphi and Fuzzy DEMA‑
TEL approach. These indicators cover dimensions such as environmental conservation,
community involvement, cultural preservation, and economic benefits.

(ii) The proposed method represents a methodological advancement in identifying
and evaluating sustainable ecotourism indicators. The Fuzzy Delphi method enables the
incorporation of expert opinions and subjective judgments, allowing for a more compre‑
hensive and inclusive approach to indicator selection. On the other hand, the Fuzzy DE‑
MATEL method facilitates the assessment of interrelationships and dependencies among
the identified indicators, providing insights into their complex interactions.

(iii) By identifying the key sustainable ecotourism indicators, this research offers valu‑
able guidance for decision‑making processes, policy formulation, and the development of
sustainable tourism practices. Stakeholders can utilize the results of this study to priori‑
tize their efforts, allocate resources effectively, and implement strategies that ensure the
long‑term sustainability of ecotourism in Belize. Furthermore, the comprehensive set of
indicators can serve as a benchmark for monitoring and evaluating the performance and
progress of ecotourism initiatives, facilitating continuous improvement and adaptation.

The following is the structure of this study. Section 2 is devoted to a review of the
literature. Section 3 describes the research process and methods. The discussions and
results of empirical analysis are presented in Section 4. Finally, Section 5 summarizes the
conclusion, implications, limitations and furture research.

2. Literature Review
2.1. Literature Review on Sustainable Ecotourism Indicators

Ecotourismhas beenwidely recognized as a sustainable formof tourism that supports
conservation efforts, promotes environmental awareness, andprovides socioeconomic ben‑
efits to local communities. However, various ecotourism activities have negatively im‑
pacted the local environment, culture, and society. Therefore, identifying and implement‑
ing sustainable ecotourism indicators are essential to ensuring that ecotourism activities
are sustainable in the long run.

Several studies have been conducted to assess and evaluate sustainable ecotourism
indicators, employing various methods and approaches.

In a study byOcampo et al. [20], the FuzzyDelphimethodwas utilized to identify sus‑
tainable ecotourism indicators. Initially, they started with 666 tourism indicators and then
tailored them specifically to ecotourism, resulting in 59 indicators. A final set of 39 indica‑
tors was derived through further refinement, aligning with the specific context of Philip‑
pine ecotourism. This research highlights the effectiveness of the Fuzzy Delphi method
in narrowing down and customizing indicators to suit the requirements of sustainable
ecotourism practices. Sobhani et al. [21] conducted a notable study assessing sustainable
ecotourism indicators in Tehran, Iran. Their research encompassed three main categories:
environmental–physical, demographic–social, and economic–institutional. Within these
categories, a total of 38 environmental–physical indicators, 42 demographic–social indica‑
tors, and 30 economic–institutional indicators were identified.

In a study focused on monitoring ecotourism sustainability in the northern forests
of Iran, Godratollah Barzekar et al. [22] used the Delphi process to achieve consensus on
nine criteria and identified a total of 61 indicators. These indicators cover various dimen‑
sions, including ecology, economy, society, culture, and institutions, specific to the north‑
ern forests of Iran. Azlizam Aziz et al. [23] utilized the Delphi method to determine crite‑
ria and indicators for monitoring ecotourism sustainability. Through a consensus‑based
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approach, they identified 21 environmental factors, 8 economic factors, 6 cultural factors,
21 societal factors, and 5 institutional factors. This study highlights the multidimensional
nature of ecotourism sustainability assessment. Meanwhile, Asadpourian et al. [24] con‑
ducted a comprehensive analysis in Lorestan Province, Iran, using a combination of the
SWOT analysis and AHP. Their integrated approach resulted in a framework consisting
of 30 indicators across three dimensions: economic, social, and environmental. This study
demonstrates the importance of considering multiple dimensions and employing robust
analytical processes in the identification of indicators for sustainable ecotourism.

These above‑mentioned studies collectively contribute to the understanding and eval‑
uation of sustainable ecotourism indicators by employing different methodologies and ap‑
proaches. They provide valuable insights into indicator selection, customization, and as‑
sessment across various dimensions, supporting the development and implementation of
sustainable ecotourism practices in different regions. After comprehensively summarizing
the literature on sustainable ecotourism indicators, it is evident that a wide range of ap‑
proaches andmethodologies have been employed to assess and evaluate the sustainability
of ecotourism ventures. Within this body of research, the authors have identified six dis‑
tinct groups of indicators utilized in different studies. These indicator groups encompass
various dimensions and aspects of sustainable ecotourism, providing a holistic perspective
on the environmental, social, cultural, economic, political, and intrinsic dimensions. The
following sections delve into each group, highlighting their respective characteristics and
contributions to assessing sustainable ecotourism in Table 1.

Table 1. Potential list of sustainable ecotourism indicators.

Main Dimensions Code Indicators

Environmental [25–28]

EN 1 Number of endangered species and protection/conservation of flora and
fauna.

EN 2 Cleanliness and quality of tourism facilities, and access to drainage and
wastewater treatment systems.

EN 3 Climate/weather and quality of air, water, and land.

EN 4 Environmental codes of conduct, awareness, and education for tourists.

EN 5 Environmental emergency action plans.

EN 6 Environmental laws and sites’ rules and regulations.

EN 7 Environmentally responsible suppliers.

EN 8 Negative impacts of tourism on the environment.

EN 9 Proper use and consumption of water.

EN 10 Proper use of electrical power.

EN 11 Recycling, reduction, and reuse of waste.

EN 12 Respect of ecosystem and proper use of coastal land and forest with every
new development project.

EN 13 Restoration and reduction of damage caused by tourism.

EN 14 Use of biodegradable products.

EN 15 Water, land, and air pollution.

EN 16 Workshops and discussions on environmentally friendly management
techniques.
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Table 1. Cont.

Main Dimensions Code Indicators

Social [29–33]

SO 1 Disability laws.

SO 2 Exploitation of employees, child labor, or sex tourism.

SO 3 Fair compensation and compliance with labor laws.

SO 4 Impacts of tourists on local issues.

SO 5 Improvement of well‑being, quality of life, and safety of local community.

SO 6 Level of interaction between locals and tourists.

SO 7 Local business support.

SO 8 Organizational structure inclusivity.

SO 9 Poverty risk and social exclusion.

SO 10 Professional development and education of locals.

SO 11 Protection of minority groups.

SO 12 Social equity in all organizational practices.

SO 13 Stakeholder rights regarding tourist activities.

SO 14 Training and promotion of qualified employees within the tourism industry.

Cultural [24,33–36]

CU 1 Authenticity of local products and services.

CU 2 Availability and accessibility of information about local culture.

CU 3 Cultural codes of conduct for tourists.

CU 4 Illegal trade of artifacts.

CU 5 Negative effects of development projects on cultural identities.

CU 6 Promotion and protection of local culture.

Economic [25,37–40]

EC 1 Ability to attract more investment.

EC 2 Availability and accessibility of medical services, transportation, and
recreational facilities.

EC 3 Conservation of local economy pace.

EC 4 Cost management of tourism operations.

EC 5 Domestic spending, reinvestment, and business expansion.

EC 6 Economic and financial development of stakeholders.

EC 7 Employment opportunities, financial subsidization, and compensation for
locals.

EC 8 Fair trade practices and principles.

EC 9 Implementation of green design technology.

EC 10 Risk management and production stabilization.

EC 11 Satisfactory goods and services.

EC 12 Support and contribution towards development of local goods, services, and
infrastructure.

EC 13 Support for local suppliers and subsidization of local production and
manufacturing.

EC 14 Taxes on land, buildings, and other structures.

EC 15 Tourist expenditure and annual gross income in tourism jobs.
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Table 1. Cont.

Main Dimensions Code Indicators

Political [25,41–43]

PO 1 Foreign involvement and ownership in local business.

PO 2 Common organizational goals and employee loyalty and job security.

PO 3 Democratic organizational cultures, group management, autonomy,
flexibility, freedom of speech, and participatory decision making.

PO 4 Ethical, moral, and transparent organizational structures.

PO 5 Monitorization of operational, management, and financial results.

PO 6 Political prejudices, bias, and discrimination.

PO 7 Reflection of sustainability values on business practices.

Intrinsic [37,44]

IN 1 Attitude of locals toward satisfaction, service quality, and training
mechanisms.

IN 2 Average length of stay per tourist.

IN 3 Crime rates, accidents, visitor safety and security, and legal compliance
(prosecutions, fines, etc.).

IN 4 Overall service quality of local businesses and potential businesses.

IN 5 Tourist satisfaction with related activities and the volume of tourists,
returning tourists, and seasonality.

The environmental dimension is a vital aspect of sustainable ecotourism, aiming to
promote the conservation and protection of the environment [25–27]. Evaluating the en‑
vironmental impact of ecotourism activities requires using indicators that assess sustain‑
ability. Several critical indicators have been identified in the literature. These indicators
include the protection and conservation of endangered species, the cleanliness and quality
of tourism facilities, climate and weather conditions, environmental codes of conduct and
tourist awareness, environmental emergency action plans, and adherence to environmen‑
tal laws and regulations. Additionally, the use of environmentally responsible suppliers
and the implementation of restoration measures to reduce damage caused by tourism are
essential factors. By implementing sustainable practices, such as ecotourism, it is possible
to mitigate the negative impact of tourism activities on the environment and contribute to
environmental sustainability. Monitoring and evaluating these indicators are essential for
the successful development of sustainable ecotourism.

The social dimension of sustainable ecotourism encompasses a range of indicators
that focus on the well‑being of local communities, human rights, and social equity [28–30].
It recognizes both the potential benefits of tourism for local people and the risks of negative
impacts on their livelihoods, culture, and identity. Key social indicators include compli‑
ance with disability laws to ensure accessibility and inclusivity, prevention of exploitation
of employees, consideration of local issues and tensions between tourists and communi‑
ties, support for local businesses and entrepreneurship, inclusive organizational structures,
poverty reduction and avoidance of social exclusion, professional development and edu‑
cation opportunities for locals, protection of minority groups and cultural heritage, social
equity in all organizational practices, recognition of stakeholder rights, and training and
promotion of qualified employees. These indicators highlight the importance of foster‑
ing positive social impacts, respecting local rights and traditions, and promoting equitable
participation and benefits for all stakeholders involved in ecotourism.

The cultural dimension is a critical aspect of sustainable ecotourism, encompassing in‑
dicators focusing on preserving and promoting local cultures [24,31]. Cultural indicators
play a significant role in creating authentic tourist experiences, fostering economic growth
for local businesses, and respecting the values and beliefs of the host community. Key cul‑
tural indicators include the authenticity of local products and services, availability and ac‑
cessibility of information about local culture, cultural codes of conduct for tourists, address‑
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ing the issue of the illegal trade of artefacts, mitigating negative impacts of development
projects on cultural identities, and promoting and protecting local culture through festi‑
vals, handicrafts, and cuisine. These indicators emphasize the importance of preserving
cultural heritage, preventing misrepresentation, and ensuring sustainable development
that respects the cultural identity of the host community.

The economic dimension is a vital aspect of sustainable ecotourism, focusing on in‑
dicators that assess the financial sustainability and contribution of ecotourism to the local
economy [25,32]. Economic indicators evaluate factors such as the ability to attract invest‑
ment, availability and accessibility of essential services and facilities, conservation of the
local economy’s pace, cost management of tourism operations, domestic spending and
business expansion, economic and financial development of stakeholders, employment
opportunities and compensation for locals, fair trade practices, implementation of green
design technology, and risk management and production stabilization. These indicators
helpmeasure the economic benefits, employment generation, financial well‑being, and the
region’s long‑term viability. Effective riskmanagement practices and production stabiliza‑
tion are crucial for managing potential risks andmaintaining consistent quality, ultimately
enhancing customer satisfaction and attracting more visitors. Monitoring and evaluating
economic indicators enable ecotourism operators tomake informed decisions and improve
their economic sustainability.

The political dimension is a vital component in assessing the sustainability of eco‑
tourism, as it examines the political climate of the destination and its impact on the indus‑
try [33–35]. Political indicators play a significant role in evaluating various aspects such as
foreign involvement and ownership in local businesses, common organizational goals and
employee loyalty, democratic organizational cultures and participatory decision making,
ethical and transparent organizational structures, monitoring of operational and financial
results, political prejudices and discrimination, and the reflection of sustainability values
in business practices. These indicators help identify areas for improvement, promote sus‑
tainable practices, and ensure the industry’s long‑term viability. By addressing political
factors and fostering an environment of collaboration, transparency, and ethical respon‑
sibility, ecotourism can thrive while benefiting the local community and preserving the
natural and cultural heritage of the destination.

The intrinsic dimension of sustainable ecotourism indicators focuses on measuring
aspects inherent to the tourism industry, providing valuable information about service
quality and tourist satisfaction [36,37]. These indicators encompass various factors such as
the attitude of locals towards service quality and training mechanisms, the average length
of stay per tourist, crime rates and visitor safety, the overall service quality of local busi‑
nesses, and tourist satisfaction with related activities. By assessing these intrinsic indica‑
tors, stakeholders can gain insights into the effectiveness of training programs, marketing
campaigns, safety measures, and service quality. This information can guide efforts to
enhance the tourism experience, attract more visitors, and foster repeat visits, ultimately
contributing to ecotourism destinations’ long‑term sustainability and success.

2.2. Literature Review on Established Methods
In order to effectively assess and analyze the multitude of variables and factors in‑

volved in sustainable ecotourism, a robust and systematic method is essential to filter and
prioritize these variables. This ensures that the indicators used for evaluation are rele‑
vant, comprehensive, and representative of the sustainability dimensions. Focusing on
different aspects of methodology in the field of environmental modeling and sustainabil‑
ity assessment, Pianosi et al. [45] discussed the concept of sensitivity analysis (SA) and its
applications in environmental modeling. Andria et al. [46] presented a fuzzy approach
for assessing the sustainability of tourist destinations, addressing the limitations of the tra‑
ditional carrying capacity method. In another study, Andria et al. [47] emphasized the
increasing importance of “smartness” and “sustainability” in decision‑making processes
for practitioners and policymakers. Finally, Andria et al. [48] presented a method for
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ranking tourist destinations and evaluating their sustainability performance. They em‑
ployed a fuzzy multiple‑criteria decision‑making method to determine sustainability per‑
formance values and rank destinations accordingly. These studies collectively highlight
the significance of incorporating fuzzy approaches and sensitivity analysis techniques for
robust sustainability assessment in various domains, including environmental modeling
and tourist destinations.

Of the numerous methods utilized in academic literature, the Delphi technique has
gained prominence as a widely accepted and efficient method for achieving consensus on
a particular subject. This method enables the systematic collection of expert opinions on a
particular subject through sequentially applied feedback questionnaires interspersed with
summary data on earlier responses [49]. The Delphi method, recognized as a dependable
qualitative research strategy, can address challenges, enhance decision making, and foster
consensus among groups in diverse domains [50]. It can be identified by four key character‑
istics: participant anonymity, iterative rounds of feedback and opinion revision, controlled
feedback that informs participants about the perspectives of others, and the provision for
Delphi participants to clarify or modify their views. Furthermore, the method enables
quantitative analysis and interpretation of data through statistical group responses [51]. A
loss of individual knowledge occurs as a result of the Delphi method’s requirement that
experts adjust their judgments to reflect the average worth of all expert opinions. Further‑
more, the Delphi technique does not consider data imprecision and uncertainty. Therefore,
using a defuzzifyng function based on questionnaires, the conventional Delphi approach
is combined with fuzzy sets to validate essential elements and choose assessment indica‑
tors [52–55]. In order to deal with uncertainty and imprecision, fuzzy theory is a mathe‑
matical framework that permits variables to have partial membership in a set. This implies
that fuzzy theory allows for more nuanced and probabilistic explanations of variables as
opposed to utilizing binary true/false values, which can be advantageous when working
with complicated or ambiguous concepts. When dealing with linguistic variables, such
as “high” or “low” levels of a given factor, fuzzy theory is constructive since it enables
varying degrees of membership in a collection rather than requiring a binary classifica‑
tion [55]. Evaluating the relationship between indicators is crucial in assessing sustainable
ecotourism, as it allows for a deeper understanding of the complex interactions and depen‑
dencies among different indicators. The Delphi technique and the DEMATEL approach
have both been widely used to study the cause‑and‑effect linkages between indicators and
provide a systematic framework for assessing their interdependencies [56,57]. The Delphi
method helps generate expert consensus and identify relevant indicators, while DEMA‑
TEL offers a quantitative analysis of the relationships between these indicators. Addition‑
ally, Fuzzy DEMATEL, an extension of DEMATEL that incorporates fuzzy logic, has been
utilized to address uncertainties and vagueness in the assessment process [58,59]. These
two methods have been effective in various fields, allowing researchers to gain valuable
insights into the complex relationships among indicators and their implications for sus‑
tainable development [60–62]. Therefore, considering the significance of these methods,
applying Fuzzy Delphi–DEMATEL in the context of sustainable ecotourism can provide
valuable insights for decision making and policy formulation.

2.3. Research Gaps
With its rich biodiversity and significant ecotourismpotential, Belize presents a unique

case for exploring the relationships between indicators and identifying priority areas for
intervention. Despite the extensive research on sustainable ecotourism indicators, there is
still a notable research gap regarding a comprehensive assessment of variables and their
interrelationships. Moreover, a limited number of studies have explicitly focused on the
context of Belize, an ecologically diverse and significant ecotourism destination. There‑
fore, this work aims to address these research gaps by applying the combined methods
of Fuzzy Delphi and Fuzzy DEMATEL in the context of sustainable ecotourism in Belize.
This study seeks to comprehensively analyze indicators, evaluate their interdependencies,
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and offer valuable insights for sustainable ecotourism development in Belize by utilizing
these methods. This research’s findings can contribute to the body of knowledge and offer
practical guidance for policymakers, stakeholders, and ecotourism professionals in Belize
and elsewhere.

3. Methodology
3.1. Research Process

The research process involves three phases, as presented in Figure 1 as follows:
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Figure 1. Research framework.

In the first phase, potential indicators are collected from literature review and experts’
opinions to build an initial index system. This phase focuses on gathering relevant infor‑
mation and establishing a foundation for the subsequent analysis.

In the second phase, the Fuzzy Delphi method is employed to recognize significant
factors. Expert groups are surveyed through a questionnaire, and consensus significance
values are calculated to validate critical factors. The significance of factors is determined
based on their level of influence. It is important to note that qualitative data are trans‑
formed into quantitative data using linguistic terms transformation (refer to Table 2). Two
rounds of FuzzyDelphi are conducted to enhance the reliability and accuracy of the results.



Mathematics 2023, 11, 2816 10 of 29

Table 2. TFNs corresponding to linguistic terms of Fuzzy Delphi method.

Linguistic Terms TFNs

Equal (0, 0, 0.25)
Moderate (0, 0.25, 0.5)
Strong (0.25, 0.5, 0.75)

Demonstrated (0.5, 0.75, 1)
Extreme (0.75, 1, 1)

In the third phase, a causal structure model is developed using the Fuzzy DEMATEL
method to identify critical factors. This involves analyzing the causal relationships be‑
tween the significant factors. The Fuzzy DEMATEL method allows for a comprehensive
understanding of the interdependencies and correlations among the identified factors.

This hybrid framework offers several advantages, including the incorporation of
vague judgments into quantitative values, integration of expert comments, and the abil‑
ity to explore correlations between factors under uncertain circumstances. It is well suited
for addressing real‑world decision‑making issues, particularly in the context of identifying
indicators for sustainable ecotourism in Belize.

3.2. Fuzzy Delphi Method
The integration of the Delphi method with fuzzy set theory, known as Fuzzy Del‑

phi, offers several advantages, including facilitating consensus among diverse perspec‑
tives, saving time and cost, and reducing the number of rounds required for opinion col‑
lection [63]. In this study, to better capture and represent expert knowledge, triangular
fuzzy numbers (TFNs) are employed. TFNs are characterized by three actual numbers (l,
m, u), where l represents the lower limit, m represents the maximum, and u represents the
upper limit. The use of TFNs enhances decision‑making capabilities in complex problem‑
solving scenarios [64].

Step 1: Given P experts and Q attributes, where expert i (Pi = 1, 2, 3, . . . , n) concludes
that characteristic j (Qj = 1, 2, 3, . . . , m) can be represented as a TFN, Fij = (lij; mij; uij). In
this representation, lij denotes the lower limit, mij denotes themodal value, and uij denotes
the upper limit of the TFN. As a consequence, linguistic values are produced utilizing lin‑
guistic words and TFNs, as illustrated in Table 2.

The weight of attribute j then refers to Fij = (lij; mij; uij) where [lij = min
(
lij
)
;

mij = n
√

∏n
1 mij; uij = max

(
uij
)]
.

Step 2: The convex combination value and the alpha cut value are distinct approaches
for summarizing and interpreting TFNs in fuzzy systems [64]. The convex combination
value of a TFN involves calculating a weighted average that considers the membership
levels at different points along its range. It provides a single representative value that
captures the general information of the TFN, taking into account its entire shape. This
method enables a more nuanced representation of experts’ opinions, facilitating decision
making and analysis. In contrast, the alpha cut value of a TFN focuses on a specific level
of membership or confidence. It determines the crisp value at which the TFN possesses a
certain degree of membership. By identifying the point or interval along the x‑axis where
the membership function exceeds a predefined threshold (α), the alpha cut value provides
a crisp value suitable for crisp decisions or comparisons [65].

In this study, the convex combination value of TFNs is employed as amethod tomerge
multiple TFNs into a unified value. To determine the convex combination value, a param‑
eter λ is introduced, where λ is adjusted between 0 and 1 based on the experts’ perceptions,
whether they are positive or negative, and in accordancewith the average judgments of the
expert group. This adjustment ensures that the resulting value aligns with the collective
opinions and reflects the level of consensus among the experts. By utilizing a parame‑
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ter λ (in this study, λ = 0.5), the convex combination value Db(αb, βb) is obtained using
Equation (1):

αb = ub − λ(ub − mb)
βb = lb − λ(mb − lb)

(1)

Step 3: Next, the precise value of Db(αb, βb) is calculated using Equation (2):

Db =
∫
(αb, βb)= λ[αb + (1 − λ)βb] (2)

Step 4: The threshold for the valid attributes is generated using Equation (3):

Therehold(ϭ) = ∑n
a=1

Db
n

(3)

The attribute b is acceptable if Db > ϭ, but it is refused if Db < ϭ, according to [66].

3.3. Fuzzy DEMATEL Method
DEMATEL is a reliable technique for analyzing causal correlations and significant

effects among attributes [67]. Thismethod incorporates expert opinions, which are initially
expressed qualitatively and then converted into fuzzy numbers to eliminate ambiguity
and achieve a shared perspective. Notably, the Fuzzy DEMATEL approach utilizes the
total‑relation matrix to identify linkages between criteria and subcriteria, as well as cause‑
and‑effect relationships [68,69]. One of the key advantages of this method is its reliance
on pairwise comparisons, enabling the consideration of relationships during the decision‑
making process [70,71].

The experts express their judgments regarding the relationships between attributes
on a 5‑point linguistic scale (Table 3).

Table 3. TFNs corresponding to linguistic terms of Fuzzy DEMATEL method.

Linguistic Terms TFNs

No effect (0, 0, 0.25)

Extremely weak effect (0, 0.25, 0.5)

Weak effect (0.25, 0.5, 0.75)

Strong effect (0.5, 0.75, 1)

Extremely strong effect (0.75, 1, 1)

Step 1: The fuzzy weight (Ekij), assigned by the kth expert, represents the level of in‑
fluence of the ith attribute on the jth attribute in a decision committee based on a 5‑point lin‑
guistic scale (Table 3). It is expressed using TFNs or linguistic terms to capture the expert’s
subjective perception. These fuzzy TFNs quantify the expert’s opinion and contribute to
the decision‑making process by considering their expertise and knowledge of the assessed
attributes using Equations (4) and (5).

Ekij =
(

lk
ij, mk

ij, uk
ij

)
(4)

Ekij =

[
lk
ij − min lk

ij

max uk
ij − min lk

ij
,

mk
ij − min mk

ij

max uk
ij − min lk

ij
,

uk
ij − min uk

ij

max uk
ij − min lk

ij
,

]
(5)
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Step 2: The left (Lv) and right (Rv) values are transformed into normalized values, as
indicated in Equation (6). These normalized values are subsequently utilized to calculate
the total normalized crisp values (Cv), as illustrated in Equation (7).

(Lvij, Rvij) =

(
mk

ij

1 + mk
ij − lk

ij
,

uk
ij

1 + uk
ij − mk

ij

)
(6)

Cvk
ij =

[
Lvij(1 − Lv ij

)
+ Rvij

]
(1 − Lv ij + Rvij

) (7)

Step 3: A synthetic value is obtained to calculate the individual judgment of each
expert using Equations (8)–(10):

Xk
ij = min Rvij − Cvk

ij

(
max uk

ij − minlk
ij

)
(8)

Zk
ij =

(
X1

ij + X2
ij+X3

ij + . . . + Xn
ij

)
k

(9)

Zk
ij =

(
lZ
ij , mZ

ij , uZ
ij

)
(10)

Step 4: The direct‑relation fuzzy matrix is normalized using Equations (11) and (12):

r = max
k

∑
j=1

uZ
ij (11)

∼
Hij =

Zk
ij

r
=

(
lZ
ij

r
,

mZ
ij

r
,

uZ
ij

r

)
= (l′′ ij, m′′

ij, u′′
ij) (12)

Step 5: The total‑relation fuzzy matrix (T) is determined using Equations (13)–(17):

T = lim
k→∞

( ∼
H1,

∼
H2,

∼
H3
)

(13)

∼
tij =

(
lt
ij, mt

ij, ut
ij

)
(14)

lt
ij = Hl × (I − Hl)

−1 (15)

mt
ij = Hm × (I − Hm)

−1 (16)

ut
ij = Hu × (I − Hu)

−1 (17)

Step 6: The total‑relation fuzzy matrix (TM) is defuzzified using Equation (18).

tij =
lt
ij + 2mt

ij + ut
ij

4
(18)

Step 7: The R value and C value are calculated using variables retrieved from the
total‑relation defuzzified matrix using Equations (19) and (20).

Rj =
n

∑
j=1

tij(j = 1, 2, 3, . . . ,n) (19)
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Ci =
n

∑
i=1

tij(i = 1, 2, 3, . . . ,n) (20)

The number of elements in each row (Rj) shows how much one component impacts
other factors in the system. On the other hand, the number of components in each column
(Ci) reveals how much other systemic factors influence a factor.

Step 8: Drawing cause/effect interrelationship:
The cause/effect interrelationships can be visualized by plotting the values of (Rj + Ci)

and (Rj − Ci) on a Cartesian coordinate system. The (Rj + Ci) values represent the degree
of interaction between a specific factor and other factors in the system, with higher values
indicating stronger interactions. Conversely, the (Rj − Ci) values indicate the strength of
the causal relationship, with positive values indicating the factor as a cause and negative
values indicating it as an effect.

To create an influential relation map (IRM), the defuzzified values are used in
Equations (21) and (22) to determine the influence level among the different aspects.

p =
∑n
n=1 tij
TM2 (21)

where p is the threshold to filter the influence between two aspects. If tij > p, then there is
interaction between two aspects, and the influence level is tij.

influence level =


tij < p : weak

weak < tij <
p1+p2

2
tij > p : strong

: medium (22)

where p1 =
∑n
n=1 tij

count(tij>p)
and p2 = max(tij).

4. Results
4.1. Expert Panel

The selection of participants is a crucial step in implementing the Delphi technique.
Niederberger et al. [69] emphasized the importance of creating a well‑balanced panel by
exercising judgment to include experts fromdiverse backgrounds. The individuals invited
to participate should possess a deep understanding of the topic at hand. The number of
respondents should be neither too small, as this may limit the breadth of evaluation, nor
too large, as this may become challenging to coordinate. A sample size of 10 to 20 experts
is generally considered sufficient to generate meaningful outcomes [53]. Nguyen et al. [70]
further highlighted that aDelphi group instills greater confidencewhen comprising at least
10 experts.

The authors emphasize the importance of gathering credible opinions from a pow‑
erful group of experts in order to develop a framework for addressing indicators related
to sustainable ecotourism. To ensure the accuracy of the data and research results, a di‑
verse range of experts, including government officials, tourism organizations, SMEs, ecol‑
ogists, tourism specialists, and sustainable development practitioners, should be involved
in the decision‑making process. The methodology presented in this paragraph demon‑
strates a collaborative and interdisciplinary approach to addressing various factors pro‑
moting sustainable ecotourism. The authors invited 20 qualified respondents from various
backgrounds to participate in a communication meeting, providing their opinions on the
importance and relationships of indicators in sustainable ecotourism. By incorporating a
wide range of perspectives and expertise, the researchers aim to develop a comprehensive
framework that considers the needs and priorities of all stakeholders involved in sustain‑
able ecotourism. Table 4 summarizes the profiles of the experts.
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Table 4. The general information of 20 respondents.

Information Item Frequency Percentage

Age
From 25 to 40 3 15
From 40 to 60 9 45

Over 60 8 40

Gender
Male 8 40
Female 12 60

Education
Bachelor 3 15
Master 8 40
Doctor 8 40

Position occupation
Scholar 8 40

Policymaker 7 35
Manager 5 25

Experience
5–10 years 8 40
10–20 years 6 30
Over 20 years 6 30

4.2. Fuzzy Delphi Results
The Fuzzy Delphi analysis is conducted in two rounds. The importance of each factor

is represented by the absolute mean of the experts’ agreement, as displayed in Table 5.
In the first round, with a threshold of ϭ = 0.301, 9 out of 63 elements were eliminated. A
threshold of ϭ = 0.304 was used in the second round, removing 3 additional elements from
the initial set of 63.

Table 5. Fuzzy Delphi method results.

Dimensions Criteria
Round 1 Round 2 Accepted

CriteriaWeight Validate Weight Validate

Environmental

EN 1 0.3235 Accept 0.3387 Accept EN 1
EN 2 0.2210 Reject
EN 3 0.3226 Accept 0.3178 Accept EN 3
EN 4 0.3120 Accept 0.3090 Accept EN 4
EN 5 0.2222 Reject
EN 6 0.3246 Accept 0.3051 Accept EN 6
EN 7 0.3283 Accept 0.3087 Accept EN 7
EN 8 0.3018 Accept 0.1563 Reject
EN 9 0.3225 Accept 0.3267 Accept EN 9
EN 10 0.3231 Accept 0.3164 Accept EN 10
EN 11 0.3073 Accept 0.3374 Accept EN 11
EN 12 0.3220 Accept 0.3196 Accept EN 12
EN 13 0.3136 Accept 0.3107 Accept EN 13
EN 14 0.3145 Accept 0.3216 Accept EN 14
EN 15 0.3261 Accept 0.3225 Accept EN 15
EN 16 0.3272 Accept 0.3145 Accept EN 16

Social

SO 1 0.1250 Reject
SO 2 0.3029 Accept 0.2210 Reject
SO 3 0.3149 Accept 0.3257 Accept SO 3
SO 4 0.3162 Accept 0.3337 Accept SO 4
SO 5 0.3252 Accept 0.3193 Accept SO 5
SO 6 0.3220 Accept 0.3178 Accept SO 6
SO 7 0.3188 Accept 0.3155 Accept SO 7
SO 8 0.3192 Accept 0.3059 Accept SO 8
SO 9 0.3192 Accept 0.3274 Accept SO 9
SO 10 0.3246 Accept 0.3047 Accept SO 10
SO 11 0.2500 Reject
SO 12 0.3323 Accept 0.3248 Accept SO 12
SO 13 0.3299 Accept 0.3196 Accept SO 13
SO 14 0.3182 Accept 0.3082 Accept SO 14



Mathematics 2023, 11, 2816 15 of 29

Table 5. Cont.

Dimensions Criteria
Round 1 Round 2 Accepted

CriteriaWeight Validate Weight Validate

Cultural

CU 1 0.3178 Accept 0.3267 Accept CU 1
CU 2 0.3159 Accept 0.3176 Accept CU 2
CU 3 0.3094 Accept 0.3216 Accept CU 3
CU 4 0.3283 Accept 0.3192 Accept CU 4
CU 5 0.3257 Accept 0.3094 Accept CU 5
CU 6 0.3127 Accept 0.3090 Accept CU 6

Economic

EC 1 0.3067 Accept 0.3172 Accept EC 1
EC 2 0.1250 Reject
EC 3 0.3263 Accept 0.3257 Accept EC 3
EC 4 0.3036 Accept 0.1250 Reject
EC 5 0.3054 Accept 0.3323 Accept EC 5
EC 6 0.3000 Reject
EC 7 0.3051 Accept 0.3111 Accept EC 7
EC 8 0.3129 Accept 0.3210 Accept EC 8
EC 9 0.1250 Reject
EC 10 0.3111 Accept 0.3220 Accept EC 10
EC 11 0.3003 Reject
EC 12 0.3320 Accept 0.3290 Accept EC 12
EC 13 0.3349 Accept 0.3192 Accept EC 13
EC 14 0.1250 Reject
EC 15 0.3014 Accept 0.3114 Accept EC 15

Political

PO 1 0.3288 Accept 0.3212 Accept PO 1
PO 2 0.3202 Accept 0.3075 Accept PO 2
PO 3 0.3123 Accept 0.3212 Accept PO 3
PO 4 0.3155 Accept 0.3222 Accept PO 4
PO 5 0.3029 Accept 0.3164 Accept PO 5
PO 6 0.3078 Accept 0.3220 Accept PO 6
PO 7 0.3131 Accept 0.3248 Accept PO 7

Intrinsic

IN 1 0.3272 Accept 0.3226 Accept IN 1
IN 2 0.3267 Accept 0.3257 Accept IN 2
IN 3 0.3188 Accept 0.3174 Accept IN 3
IN 4 0.3214 Accept 0.3127 Accept IN 4
IN 5 0.3059 Accept 0.3198 Accept IN 5

Threshold = 0.3009 Threshold = 0.3041

In the context of sustainable ecotourism, certain indicators were eliminated from con‑
sideration in the environmental, social, and economic dimensions. Specifically, in the envi‑
ronmental dimension, the indicators cleanliness and quality of tourism facilities, access to
drainage andwastewater treatment systems (EN2), environmental emergency action plans
(EN5), and negative impacts of tourism on the environment (EN8) were excluded. In the
social dimension, the indicators disability laws (SO1), exploitation of employees, child la‑
bor or sex tourism (SO2), and protection of minority groups (SO11) were disqualified. In
the economic dimension, most factors were excluded, including the indicators availability
and accessibility of medical services, transportation and recreational facilities (EC2), cost
management of tourism operations (EC4), economic and financial development of stake‑
holders (EC6), implementation of green design technology (EC9), satisfactory goods and
services (EC11), and taxes on land, buildings, and other structures (EC14). However, in‑
dicators in the cultural, political, and intrinsic dimensions were preserved for considera‑
tion in the sustainable ecotourism framework. In conclusion, a total of 51 elements were
deemed suitable for use in the next stage of the Fuzzy DEMATEL analysis.
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4.3. Fuzzy DEMATEL Results
The interrelationships among the six dimensions, namely environmental (EN), social

(SO), cultural (CU), economic (EC), political (PO), and intrinsic (IN), as well as the sub‑
criteria within each dimension, were explained using the Fuzzy DEMATEL method. To
illustrate the computational procedure for the dimensions, experts provided their opinions
with fuzzy ratings based on Table 3.

In the next step, linguistic ratings were collected, and an initial integrated direct‑
causal‑relationships fuzzymatrix was derived using Equation (4). Subsequently, the fuzzy
matrix was normalized using Equations (8) and (9). The fuzzy total‑relationmatrix was ob‑
tained based on Equations (10)–(14). The total‑relation matrix and the normalized direct‑
relationmatrix were then generated. The R valuewas computed by summing the variables
in each row, while the C value was calculated by summing the variables in each column.
The difference between R and C represents the net influence levels, where positive values
indicate that one dimension has a more significant influence on other dimensions than
they have on it. Negative values indicate that the dimension is more likely to be affected
by others. The R + C value represents the correlation intensity among dimensions, with
higher values indicating more significant importance. The calculation process described
above was applied to the main dimensions, and the results are presented in Table 6.

Table 6. The crisp total‑relation defuzzified matrix.

Main Dimensions EN SO CU EC PO IN R C R + C R − C Relation

EN 0.69 0.81 0.86 0.84 0.85 0.74 4.79 4.76 9.55 0.03 Cause

SO 0.78 0.69 0.80 0.87 0.84 0.71 4.69 7.91 12.60 −3.22 Effect

CU 0.78 0.80 0.71 0.82 0.86 0.73 4.70 4.47 9.17 0.23 Cause

EC 0.87 0.89 0.90 0.78 0.93 0.78 5.14 4.84 9.98 0.30 Cause

PO 0.76 0.77 0.80 0.80 0.70 0.69 4.51 8.00 12.51 −3.49 Effect

IN 0.88 0.87 0.89 0.88 0.91 0.67 5.11 4.53 9.65 0.58 Cause

The influence level of the six dimensions in the case of sustainable ecotourism in Be‑
lize can be prioritized as social (SO) > political (PO) > economic (EC) > intrinsic (IN) >
environmental (EN) > cultural (CU), based on the D+R values. Based on the D−R values,
environmental (EN), cultural (CU), economic (EC), and intrinsic (IN) are net causes, while
the remaining dimensions are net effects.

A threshold value was determined by calculating the average of all elements in the
total‑relation matrix to identify significant influence relationships among the dimensions
and criteria. If an element in the full influencematrix exceeded this threshold value, it indi‑
cated a higher relevance. Conversely, if the value fell below the threshold, indicating low
relevance, it was removed and set to 0 in the matrix. In this specific case study, the thresh‑
old value was determined to be 0.804. Taking the second row of Table 6 as an example, the
values for the economic dimension (0.87) and political dimension (0.84) surpass the thresh‑
old value. Thus, the social dimension influences both the economic dimension and the
political dimension. Similarly, the influential relation map (IRM) among the dimensions
was identified and is presented in Table 7. Figure 2 sets the rules for the intensity levels of
the relationships, which combine three intensity levels (strong, medium, andweak). More‑
over, the interdependencies and relationships among the dimensions are visually depicted
in Figure 3.
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Table 7. Influential relation map among dimensions.

Main Dimensions EN SO CU EC PO IN

EN 0.00 0.81 0.86 0.84 0.85 0.00

SO 0.00 0.00 0.00 0.87 0.84 0.00

CU 0.00 0.00 0.00 0.82 0.86 0.00

EC 0.87 0.89 0.90 0.00 0.93 0.00

PO 0.00 0.00 0.00 0.80 0.00 0.00

IN 0.88 0.87 0.89 0.88 0.91 0.00
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The direction of the arrow should describe the matrix. If the figure is “0”, this means
there is no relationship between the dimensions. For example, EN (horizontal) has rela‑
tionships with SO and PO, and has no interrelationship with IN. Furthermore, dimensions
under the exact cause or effect system group are not considered causality relationships,
which means they are deleted. To be more specific, IN and EC substantially affect PO
while having a medium effect on SO as denoted in Figures 2 and 3.

The same computational procedure of the dimensions was applied to each dimension
group to show the relationships between the subcriteria within. Figures 4–9 show that the
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impact–relationship map in the net format of criteria under six dimensions can be plot‑
ted. The findings and analysis of the subcriteria within each dimension are outlined below
according to rules in Figure 2.
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Regarding the environmental dimension in Figure 4, the group of EN variables is
unique in that only EN13 was identified as a cause factor, and most of the time the re‑
lationship between cause factors and effect factors in this group is relatively weak. The
impact of EN13 on EN1 has medium influence; the rest have weak influence.
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Regarding the social dimension in Figure 5, this is the most complicated group of
variables for the SO variable group. There are five factors that are said to be cause factors
and six factors that are said to be effect factors. Among the cause variables, SO5 has the
highest position as well as having the most “strong influence” curves, which means that
SO5 has the most significant impact on the effect factors. In contrast, among the effect
variables, SO13 is the variable most affected by the cause factors.

With respect to the cultural dimension in Figure 6, for the group of CU variables, there
are two variables (CU3 and CU6) that are considered as cause factors while the remaining
four are effect factors. Similar to the argument regarding SO, CU6 has the most substantial
impact on the effect factors and CU2 is the most affected by the cause factors.

Regarding the economic dimension (Figure 7), political dimension (Figure 8), and
intrinsic dimension (Figure 9), similar comments can be made on these three remaining
groups of variables. EC10, PO7, and IN3 are the cause factors that have the most deci‑
sive impact on the effect factors. In contrast, EC3, PO1, and IN2 are the most affected
effect factors.

4.4. Discussion
In the existing literature review, numerous studies have explored the field of sustain‑

able ecotourism using various quantitative and qualitative methodologies. For instance,
studies have investigated the ecotourism suitability of Babol in Iran [71], the development
of ecotourism inThailand [72], and the site selection of ecotourism inZhejiangprovince [73].
However, this study stands out due to its unique integration of the FuzzyDelphi and Fuzzy
DEMATEL approaches, which has not been previously attempted. By utilizing this inte‑
grated methodology, we are able to effectively identify and analyze the key variables in
sustainable ecotourism, thereby gaining a comprehensive understanding of their interre‑
lationships. This knowledge is invaluable for prioritizing and implementing initiatives or
interventions that promote the long‑term developmentw of ecotourism in Belize. The find‑
ings of this research contribute significantly to the existing body of knowledge and provide
practical insights for sustainable ecotourism management in the region.

The findings of our study support the notion that all six dimensions—environmental,
social, cultural, economic, political, and intrinsic—serve as qualified indicators for eval‑
uating sustainable ecotourism, which aligns with previous research in this field. Previ‑
ous studies have also emphasized the significance of considering multiple dimensions
when assessing sustainable tourism practices. For instance, Carpio et al. [74] identified sev‑
eral dimensions—environmental, economic, social, and institutional—as important indica‑
tors of sustainable tourism. Similarly, Janusz et al. [27] acknowledged three dimensions—
economic, environmental, and social—as crucial for evaluating sustainable tourism.

The application of the Fuzzy DEMATEL method in our study allowed us to inves‑
tigate the cause/effect relationships among the six dimensions of sustainable ecotourism.
Our findings reveal that the environmental, cultural, economic, and intrinsic dimensions
serve as net causes of sustainable ecotourism, indicating that they have a direct positive im‑
pact on other dimensions. Conversely, the political and social dimensions emerge as net
effects of sustainable ecotourism, suggesting that they are influenced more by the other
dimensions. Specifically, our results highlight the strong influence of the intrinsic and
economic dimensions on the political dimension. The intrinsic factors, encompassing per‑
sonal growth and spiritual well‑being, may shape the values and attitudes of policymak‑
ers, leading to their support for sustainable practices. Likewise, economic factors such
as local economic benefits and resource efficiency can incentivize policymakers to prior‑
itize sustainability in tourism development. This finding aligns with previous research
that emphasizes the importance of stakeholder engagement and participation in fostering
sustainable tourism [75,76]. Additionally, our findings underscore the significance of the
cultural dimension as a net cause of sustainable ecotourism. This emphasizes the impor‑
tance of preserving local heritage, promoting cultural authenticity, and involving local
communities in ecotourism development [77].
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Overall, our findings reveal the complex interplay among the different dimensions
of sustainable ecotourism and emphasize the need for a multidimensional approach to
sustainable tourism development. Policies and practices that prioritize the environmen‑
tal, cultural, economic, and intrinsic dimensions, while considering their impact on other
dimensions, are likely to be the most effective in promoting sustainable ecotourism. By
understanding these cause/effect relationships, policymakers and stakeholders can make
informed decisions and implement strategies that address the interconnected nature of sus‑
tainable tourism and contribute to the long‑term well‑being of both the environment and
local communities.

In this study, the inclusion of environmental indicators in the assessment of sustain‑
able ecotourismprovides a comprehensive framework for evaluating the impact of tourism
on the environment. Our findings, which alignwith a previous study in Belize [78], suggest
that EN2, EN5, and EN8 may be crucial in assessing the environmental impact of sustain‑
able ecotourism. Furthermore, the results reveal that among the environmental indicators,
only EN13 (recovery and mitigation of tourism damage) serves as a net cause, while the
other indicators act as net effects. This implies that focusing on the restoration and reduc‑
tion of tourism damage can have a positive influence on other environmental indicators.
Therefore, it is crucial to prioritize recovery efforts and minimize the negative impacts
caused by tourism activities in order to enhance the overall environmental sustainability
of ecotourism. This finding is consistent with the study on local people’s perceptions of
ecotourism in Belize conducted by Holladay et al. [79].

The results of the Fuzzy Delphi process show that the social aspect of sustainable eco‑
tourism can be assessed using 11 indicators: SO3, SO4, SO5, SO6, SO7, SO8, SO9, SO10,
SO12, SO13, and SO14. SO1, SO2, and SO11 were eliminated based on expert assessment
and consensus in the Fuzzy Delphi process. One possible reason SO1 was dropped is that
it may not be considered an essential issue in the particular context of the study. In addi‑
tion, disability law may be seen as a legal obligation rather than a social responsibility of
the tourism industry in some regions, which may explain why it was dropped. SO2 was
likely eliminated because it overlaps with other indicators such as fair treatment, compli‑
ance with labor laws, and protection of minorities. Finally, SO11 may have been dropped
due to the difficulty of quantifying and measuring the extent to which minority groups
are protected.

These results indicate that the cultural dimension of sustainable ecotourism is mainly
influenced by the promotion and protection of local culture (CU6) and cultural codes of
conduct for tourists (CU3), which have substantial effects on the availability and accessi‑
bility of information about local culture (CU2). According to Lonely Planet, the cultural
legacy of Belize is closely connected to its natural surroundings [80]. Tourists have the op‑
portunity to participate in genuine cultural activities, such as acquiring knowledge about
ancient Maya agricultural methods, joining a drumming workshop conducted by the Gar‑
ifuna community, or getting to know the Kriol culture in Gales Point Manatee village.
This implies that well‑informed tourists are more likely to respect and appreciate local cul‑
tures and have clear guidelines for interacting with local communities. Additionally, CU6
strongly affects the adverse effects of development projects on cultural identities (CU5),
suggesting that protecting and promoting local culture can mitigate the potential nega‑
tive impacts of tourism‑related development on cultural heritage. Therefore, ecotourism
stakeholders need to prioritize promoting and protecting local culture and establish clear
guidelines for cultural interaction and respect to ensure the sustainability of the cultural
dimension of ecotourism.

After the Fuzzy Delphi process, six metrics, namely EC2, EC4, EC6, EC9, EC11, and
EC14, were removed for various reasons, but mainly because these variables are small
factors that can be included in other variables; for example, EC2 can be included under
EC12 and EC4 can be included under EC1 or EC7. The results of the Fuzzy DEMATEL
analysis in this respect show that EC10, a measure of risk management and production
stability, has a substantial impact on both EC3 and EC12. EC3 refers to keeping the local
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economy up to speed, while EC12 refers to measures to support and contribute to develop‑
ing local goods, services, and infrastructure. This suggests that effective risk management
and production stabilization can help sustain the local economy by promoting the growth
of local goods and services while maintaining a steady economic pace. This is also men‑
tioned in Tourism, Local Economic Development, and Poverty [81] and the book titled Regional
Economic Development [82]. In addition, the analysis suggests that EC7, which measures
employment opportunities, financial subsidies, and compensation to local people, signif‑
icantly affects both EC3 and EC13. This suggests that supporting local employment and
providing reasonable compensation and financial assistance can contribute to sustaining
the local economy’s growth while promoting entrepreneurs’ development as local suppli‑
ers andmanufacturers. These results suggest that the sustainable tourism industry should
prioritize effective risk management and support local employment to promote conserva‑
tion and economic development.

Through Fuzzy Delphi, no variable in the PO dimension is excluded. This proves that
experts agree that all variables are significant for sustainable ecotourism. In addition, the
Fuzzy DEMATEL results show that PO7, which measures the reflection of sustainability
values on business operations, significantly impacts PO4, which measures ethical organi‑
zational structures, ethics, and transparency, and PO1, which measures external organiza‑
tional structures involved in and owning local businesses. PO7 is also considered the cause
factor with the most significant impact on the effect factor in this dimension. In contrast,
PO4 is the effect factor most affected by the cause factor. The results suggest that focusing
on sustainable values in the tourism industry can help promote an ethical and transparent
organizational structure while reducing the negative impact of participation and foreign
ownership on local businesses.

Like the PO dimension, the IN dimension also had no variable removed using Fuzzy
Delphi. The results of the Fuzzy DEMATEL method indicate that IN3 has a significant
impact on IN1, IN2, and IN4, indicating that safety and security are essential factors affect‑
ing the intrinsic aspect of sustainable tourism. Tourists prioritize safety and security when
choosing a travel destination, and these factors directly affect tourists’ overall satisfaction.
Therefore, IN3 (crime, accident rate, and visitor safety and security) affects IN1 (local peo‑
ple’s attitude towards satisfaction, service quality, and trainingmechanisms), IN2 (average
duration of stay per visitor), and IN4 (overall service quality of local businesses and poten‑
tial businesses), as they all have a relationship.

5. Conclusions, Implications, Limitations and Future Work
5.1. Conclusions

In this study, wemake significant contributions to the field of sustainable tourism per‑
formance evaluation. The authors have developed a comprehensive framework consisting
of six dimensions and 63 indicators, which provides a holistic approach to assessing the sus‑
tainability of tourism activities. The frameworkwas developed through a rigorous process
that involved expert consultation using the Fuzzy Delphi method, ensuring that the most
critical aspects of sustainable tourism were captured. Our findings confirm our hypothe‑
sis regarding the importance of different dimensions in sustainable tourism performance.
The environmental dimension emerged as the most critical dimension, highlighting the
significance of environmental preservation andminimizing the negative impact of tourism
activities. This was followed by the economic, social, cultural, and political dimensions, all
of which play essential roles in sustainable tourism development. To further explore the
interrelationships between these dimensions, we conducted an analysis using the Fuzzy
DEMATEL method. This analysis revealed several indicators that exerted a strong influ‑
ence on other indicators within the framework. Identifying these influential indicators is
crucial for prioritizing efforts and resources in sustainable tourism development. To sum‑
marize, this study emphasizes the need for amultidimensional and integrated approach to
sustainable tourismperformance evaluation. By considering the environmental, economic,
social, cultural, and political dimensions, policymakers, managers, and stakeholders can
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gain a comprehensive understanding of the sustainability of tourism activities and make
informed decisions to enhance sustainability.

5.2. Theoretical Implications
The theoretical implications of this study are of significant importance to both aca‑

demics and practitioners in the field of sustainable ecotourism, not only in Belize but also
in the broader travel and tourism sector. This study contributes to the theoretical under‑
standing of sustainable ecotourism in the following ways: Firstly, this study identifies and
emphasizes six crucial dimensions—environmental, social, cultural, economic, political,
and intrinsic factors—which have a direct impact on sustainable ecotourism. By focusing
on these key areas, sustainable development efforts can be more targeted and effective,
addressing the specific challenges and opportunities within the realm of sustainable eco‑
tourism. This framework provides a comprehensive understanding of the multifaceted
nature of sustainable ecotourism, enabling stakeholders to develop strategies and policies
that align with these dimensions. Secondly, this study reinforces the significance of spe‑
cific factors that contribute to sustainable ecotourism, such as the restoration and reduc‑
tion of damage caused by tourism (EN13), the improvement of the well‑being, quality of
life, and safety of the local community (SO5), and the promotion and protection of local
culture (CU6). While previous studies have recognized the importance of these factors,
this study provides additional evidence and reaffirms their critical role in the ecotourism
industry. These findings serve as a valuable reference for future research and can guide
practitioners in implementing measures to enhance sustainable business growth. Lastly,
this study uncovers the causal relationships between the variables within each dimension,
offering insights into the underlying mechanisms and interdependencies that shape sus‑
tainable ecotourism. By understanding these causal connections, stakeholders can identify
areas for improvement, identify root causes of issues, and develop effective interventions
to address any existing shortcomings. This knowledge empowers decision makers to pri‑
oritize their efforts and allocate resources efficiently, fostering the long‑term sustainability
of ecotourism initiatives.

5.3. Managerial Implications
The conclusions drawn from this study have important managerial implications for

the tourism industry. Managers and policymakers should focus on four key aspects—
economy (EC), intrinsic dimension (IN), environment (EN), and culture (CU)—as they
are considered crucial cause factors for the development and improvement of ecotourism.
Firstly, in terms of the economic dimension, authorities need to prioritize job opportunities
and implement favorable financial policies for the local communities in tourism‑exploited
areas. Additionally, effective risk management and production stabilization measures
should be implemented. Attracting investment resources is also vital in enhancing the
overall quality of the tourism industry and attracting more visitors. Secondly, in the in‑
trinsic dimension, special attention should be given to tourist satisfaction with related ac‑
tivities and the volume of tourists, including returning visitors and seasonality. Meeting
tourists’ needs and providing valuable experiences are key factors in determining whether
they will return to a destination. It is also important to address crime rates, visitor safety,
and security concerns to ensure a safe and secure environment for tourists. Thirdly, in the
environmental dimension, this study emphasizes the importance of the restoration and re‑
duction of damage caused by tourism. Policies and practical actions aimed at recovering
and mitigating the negative impacts of tourism are essential for sustainable ecotourism.
These efforts help preserve the unique characteristics of the destination, differentiating it
from other places and serving as a decisive factor in attracting tourists. Lastly, the findings
related to the cultural dimension highlight two key factors that require attention: cultural
codes of conduct for tourists and the promotion and protection of local culture. Emphasiz‑
ing and showcasing the cultural heritage of the area can be an effective strategy to attract
tourists and promote sustainable ecotourism. Encouraging visitors to learn about and re‑
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spect local culture and traditions is crucial in preserving cultural identities and fostering a
positive cultural exchange between tourists and local communities.

5.4. Limitations and Future Work
The limitations of this study should be acknowledged to provide a clearer understand‑

ing of the study’s scope and potential areas for improvement. Firstly, the framework de‑
veloped in this study was focused on sustainable tourism in Belize, and its applicability to
other regions or countries may require further examination. Future research should aim to
validate and refine the framework in different geographical contexts to enhance its general‑
izability and ensure its effectiveness in diverse settings. Secondly, although the framework
included a comprehensive set of dimensions and indicators, there may be additional fac‑
tors that were not considered in this study. Future research could explore the inclusion
of other dimensions, such as technological advancements, governance structures, or com‑
munity engagement, which may play significant roles in sustainable tourism performance.
Another limitation is that the data used in this study relied on expert consultation and
may be subjective to some extent. Future research could incorporate primary data collec‑
tion from various stakeholders, including tourists, local communities, and industry practi‑
tioners, to provide a more comprehensive and objective assessment of sustainable tourism
performance. Furthermore, the analysis in this study focused on identifying causal rela‑
tionships between dimensions using the Fuzzy DEMATELmethod. Future research could
expand on this by conducting quantitative analyses, such as structural equation modeling
or regression analysis, to examine the complex interplay between dimensions and their
impact on overall sustainable tourism performance. Additionally, while the defuzzifica‑
tion procedure used in this study facilitated the interpretation and analysis of cause/effect
relationships, it may not capture the full complexity of fuzzy algebra rules. Exploring
the application of fuzzy algebra rules for determining cause/effect relationships could be
a valuable extension in future research. Moreover, this study primarily focused on the
evaluation of sustainable tourism performance rather than providing detailed strategies
or interventions for improvement. Future research could delve deeper into developing
specific management strategies, policies, and best practices based on the findings of this
study, to guide practitioners and policymakers in implementing sustainable tourism initia‑
tives effectively. Lastly, the temporal aspect of sustainable tourism was not explicitly ad‑
dressed in this study. Future research could explore the dynamics of sustainable tourism
performance over time and investigate the long‑term impacts of various interventions and
policies on sustainability outcomes. By recognizing and addressing these limitations, fu‑
ture research can build upon the findings of this study and contribute to the advancement
of knowledge in the field of sustainable tourism, ultimately leading to more effective and
impactful practices and policies.

Author Contributions: Conceptualization, L.‑A.T.N., P.‑H.N. and M.R.; methodology, L.‑A.T.N.,
P.‑H.N. andM.R.; software, H.‑Q.L. and L.‑C.T.; validation, L.‑A.T.N., P.‑H.N., M.R. and C.‑Y.H.; for‑
mal analysis, L.‑A.T.N., P.‑H.N. and M.R.; investigation, M.R.; resources, H.‑Q.L. and L.‑C.T.; data
curation, P.‑H.N. and M.R.; writing—original draft preparation, P.‑H.N. and M.R.; writing—review
and editing, P.‑H.N., L.‑A.T.N., H.‑Q.L., L.‑C.T. andM.R.; visualization, L.‑A.T.N., P.‑H.N. andM.R.;
supervision, C.‑Y.H.; project administration, P.‑H.N. andM.R.; funding acquisition, P.‑H.N. andM.R.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: All the data generated or analyzed during this study are available via
the following link: http://dx.doi.org/10.17632/6n3xn4wpsj.1 (accessed on 1 June 2023).

Acknowledgments: The authors would like to extend their sincere gratitude to the experts and pol‑
icymakers in Belize for their invaluable contributions to this study. Their expertise, insights, and
support have played a crucial role in the development and execution of this research. Their willing‑
ness to share their knowledge and collaborate with the research team is deeply appreciated. Without
their active participation and cooperation, this study would not have been possible. The authors

http://dx.doi.org/10.17632/6n3xn4wpsj.1


Mathematics 2023, 11, 2816 26 of 29

are grateful for their time, guidance, and commitment to sustainable tourism in Belize, which have
greatly enriched the findings and implications of this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Why Tourism? Available online: https://www.unwto.org/why‑tourism (accessed on 17 May 2023).
2. Sustainable Tourism. Available online: https://sdgs.un.org/topics/sustainable‑tourism (accessed on 17 May 2023).
3. How Ecotourism Benefits the Environment and Local Communities. Available online: https://www.worldpackers.com/articles/

ecotourism‑benefits (accessed on 17 May 2023).
4. Kiper, T. Role of Ecotourism in Sustainable Development. In Advances in Landscape Architecture; InTech: London, UK, 2013.
5. Resilience and Conservation in a Changing Climate: The Case of Belize. Available online: https://www.worldbank.org/en/news/

feature/2021/03/24/resilience‑and‑conservation‑in‑a‑changing‑climate‑the‑case‑of‑belize (accessed on 17 May 2023).
6. Saving Belize’s Magnificent and Endangered Barrier Reef. Available online: https://www.worldwildlife.org/stories/saving‑

belize‑s‑magnificent‑and‑endangered‑barrier‑reef (accessed on 17 May 2023).
7. Is Ecotourism Truly ‘Eco’ Friendly in Belize? Available online: https://www.sanpedrosun.com/conservation/2019/09/25/is‑

ecotourism‑truly‑eco‑friendly‑in‑belize/ (accessed on 17 May 2023).
8. Baloch, Q.B.; Shah, S.N.; Iqbal, N.; Sheeraz, M.; Asadullah, M.; Mahar, S.; Khan, A.U. Impact of Tourism Development upon

Environmental Sustainability: A Suggested Framework for Sustainable Ecotourism. Environ. Sci. Pollut. Res. 2023, 30, 5917–5930.
[CrossRef] [PubMed]

9. Stronza, A.L.; Hunt, C.A.; Fitzgerald, L.A. Ecotourism for Conservation? Annu. Rev. Environ. Resour. 2019, 44, 229–253. [Cross‑
Ref]

10. Diamantis, D. Stakeholder Ecotourism Management: Exchanges, Coordination’s and Adaptations. J. Ecotourism 2018, 17,
203–205. [CrossRef]

11. Kim, M.; Xie, Y.; Cirella, G.T. Sustainable Transformative Economy: Community‑Based Ecotourism. Sustainability 2019, 11, 4977.
[CrossRef]

12. Bunruamkaew, K.; Murayam, Y. Site Suitability Evaluation for Ecotourism Using GIS & AHP: A Case Study of Surat Thani
Province, Thailand. Procedia Soc. Behav. Sci. 2011, 21, 269–278. [CrossRef]

13. Masoum,M.; Nasiri, H.; Hosseini, A.; Rafii, Y. EcotourismPlanningUsingRemote Sensing andGIS. InCurrent Issues inHospitality
and Tourism; CRC Press: Boca Raton, FL, USA, 2012; pp. 225–229.

14. Akbarian Ronizi, S.R.; Mokarram, M.; Negahban, S. Investigation of Sustainable Rural Tourism Activities With Different Risk:
A GIS‑MCDM Case in Isfahan, Iran. Earth Space Sci. 2023, 10, e2021EA002153. [CrossRef]

15. Garabinović, D.; Papić, M.; Kostić, M. Multi‑Criteria Decision Making Trends in Ecotourism and Sustainable Tourism. Ekon.
Poljopr. 2021, 68, 321–340. [CrossRef]

16. Kheybari, S. Adjusting Trade‑Offs in Multi‑Criteria Decision‑Making Problems. Int. J. Inf. Technol. Decis. Mak. 2021, 20,
1499–1517. [CrossRef]

17. Mardani, A.; Jusoh, A.; MD Nor, K.; Khalifah, Z.; Zakwan, N.; Valipour, A. Multiple Criteria Decision‑Making Techniques and
Their Applications—A Review of the Literature from 2000 to 2014. Econ. Res.‑Ekon. Istraživanja 2015, 28, 516–571. [CrossRef]

18. Mulliner, E.; Malys, N.; Maliene, V. Comparative Analysis of MCDM Methods for the Assessment of Sustainable Housing Af‑
fordability. Omega (Westport) 2016, 59, 146–156. [CrossRef]

19. Abdel‑Basset, M.; Gamal, A.; Chakrabortty, R.K.; Ryan, M. A New Hybrid Multi‑Criteria Decision‑Making Approach for Loca‑
tion Selection of Sustainable Offshore Wind Energy Stations: A Case Study. J. Clean. Prod. 2021, 280, 124462. [CrossRef]

20. Ocampo, L.; Ebisa, J.A.; Ombe, J.; Geen Escoto, M. Sustainable Ecotourism Indicators with Fuzzy Delphi Method—A Philippine
Perspective. Ecol. Indic. 2018, 93, 874–888. [CrossRef]

21. Sobhani, P.; Esmaeilzadeh, H.; Sadeghi, S.M.M.; Marcu, M.V.; Wolf, I.D. Evaluating Ecotourism Sustainability Indicators for
Protected Areas in Tehran, Iran. Forests 2022, 13, 740. [CrossRef]

22. Barzekar, G.; Aziz, A.; Mariapan, M.; Ismail, M.H. Delphi Technique for Generating Criteria and Indicators in Monitoring Eco‑
tourism Sustainability in Northern Forests of Iran: Case Study on Dohezar and Sehezar Watersheds. 2011. Available online:
https://depot.ceon.pl/handle/123456789/5389 (accessed on 20 June 2023).

23. Aziz, A.; Barzekar, G.; Ajuhari, Z.; Idris, N.H. Criteria & Indicators for Monitoring Ecotourism Sustainability in a Protected
Watershed: A Delphi Consensus. IOSR J. Environ. Sci. Toxicol. Food Technol. 2015, 10, 105–111.

24. Asadpourian, Z.; Rahimian, M.; Gholamrezai, S. SWOT‑AHP‑TOWS Analysis for Sustainable Ecotourism Development in the
Best Area in Lorestan Province, Iran. Soc. Indic. Res. 2020, 152, 289–315. [CrossRef]

25. Xu, L.; Ao, C.; Liu, B.; Cai, Z. Ecotourism and Sustainable Development: A Scientometric Review of Global Research Trends.
Environ. Dev. Sustain. 2023, 25, 2977–3003. [CrossRef]

26. Sonuç, N. Environment, Tourism and Sustainability (Ecotourism Management, Environment and Sustainable Tourism). In En‑
cyclopedia of Sustainable Management; Springer International Publishing: Cham, Switerland, 2020; pp. 1–6.

27. Janusz, G.K.; Bajdor, P. Towards to Sustainable Tourism–Framework, Activities and Dimensions. Procedia Econ. Financ. 2013, 6,
523–529. [CrossRef]

https://www.unwto.org/why-tourism
https://sdgs.un.org/topics/sustainable-tourism
https://www.worldpackers.com/articles/ecotourism-benefits
https://www.worldpackers.com/articles/ecotourism-benefits
https://www.worldbank.org/en/news/feature/2021/03/24/resilience-and-conservation-in-a-changing-climate-the-case-of-belize
https://www.worldbank.org/en/news/feature/2021/03/24/resilience-and-conservation-in-a-changing-climate-the-case-of-belize
https://www.worldwildlife.org/stories/saving-belize-s-magnificent-and-endangered-barrier-reef
https://www.worldwildlife.org/stories/saving-belize-s-magnificent-and-endangered-barrier-reef
https://www.sanpedrosun.com/conservation/2019/09/25/is-ecotourism-truly-eco-friendly-in-belize/
https://www.sanpedrosun.com/conservation/2019/09/25/is-ecotourism-truly-eco-friendly-in-belize/
https://doi.org/10.1007/s11356-022-22496-w
https://www.ncbi.nlm.nih.gov/pubmed/35984561
https://doi.org/10.1146/annurev-environ-101718-033046
https://doi.org/10.1146/annurev-environ-101718-033046
https://doi.org/10.1080/14724049.2018.1502122
https://doi.org/10.3390/su11184977
https://doi.org/10.1016/j.sbspro.2011.07.024
https://doi.org/10.1029/2021EA002153
https://doi.org/10.5937/ekoPolj2102321G
https://doi.org/10.1142/S0219622021500401
https://doi.org/10.1080/1331677X.2015.1075139
https://doi.org/10.1016/j.omega.2015.05.013
https://doi.org/10.1016/j.jclepro.2020.124462
https://doi.org/10.1016/j.ecolind.2018.05.060
https://doi.org/10.3390/f13050740
https://depot.ceon.pl/handle/123456789/5389
https://doi.org/10.1007/s11205-020-02438-0
https://doi.org/10.1007/s10668-022-02190-0
https://doi.org/10.1016/S2212-5671(13)00170-6


Mathematics 2023, 11, 2816 27 of 29

28. West, P.; Igoe, J.; Brockington, D. Parks and Peoples: The Social Impact of Protected Areas. Annu. Rev. Anthr. 2006, 35, 251–277.
[CrossRef]

29. Oldekop, J.A.; Holmes, G.; Harris, W.E.; Evans, K.L. A Global Assessment of the Social and Conservation Outcomes of Protected
Areas. Conserv. Biol. 2016, 30, 133–141. [CrossRef]

30. Pasape, L.; Anderson, W.; Lindi, G. Assessment of Indicators of Sustainable Ecotourism in Tanzania. Anatolia 2015, 26, 73–84.
[CrossRef]

31. Fallah, M.; Ocampo, L. The Use of the Delphi Method with Non‑Parametric Analysis for Identifying Sustainability Criteria and
Indicators in Evaluating Ecotourism Management: The Case of Penang National Park (Malaysia). Env. Syst. Decis. 2021, 41,
45–62. [CrossRef]

32. Pasape, L.; Anderson, W.; Lindi, G. Good Governance Strategies for Sustainable Ecotourism in Tanzania. J. Ecotourism 2015, 14,
145–165. [CrossRef]

33. Li, W. Environmental Management Indicators for Ecotourism in China’s Nature Reserves: A Case Study in Tianmushan Nature
Reserve. Tour. Manag. 2004, 25, 559–564. [CrossRef]

34. Forje, G.W.; Tchamba,M.N. EcotourismGovernance and ProtectedAreas Sustainability in Cameroon: The Case of CampoMa’an
National Park. Curr. Res. Environ. Sustain. 2022, 4, 100172. [CrossRef]

35. Mearns, K.F. Lessons from the Application of Sustainability Indicators to Community‑Based Ecotourism Ventures in Southern
Africa. Afr. J. Bus. Manag. 2012, 6, 7851. [CrossRef]

36. Vereczi, G. Sustainability Indicators for Ecotourism Destinations and Operations. In Quality Assurance and Certification in Eco‑
tourism; CABI: Wallingford, UK, 2007; pp. 101–115.

37. Tsaur, S.‑H.; Lin, Y.‑C.; Lin, J.‑H. Evaluating Ecotourism Sustainability from the Integrated Perspective of Resource, Community
and Tourism. Tour. Manag. 2006, 27, 640–653. [CrossRef]

38. Ashok, S.; Tewari, H.R.; Behera, M.D.; Majumdar, A. Development of Ecotourism Sustainability Assessment Framework Em‑
ploying Delphi, C&I and Participatory Methods: A Case Study of KBR, West Sikkim, India. Tour. Manag. Perspect. 2017, 21,
24–41. [CrossRef]

39. Bulatović, J.; Rajović, G. Applying Sustainable Tourism Indicators to Community‑Based Ecotourism Tourist Village Eco‑Katun
Štavna. Eur. J. Econ. Stud. 2016, 16, 309–330. [CrossRef]

40. Bhuiyan, M.A.H.; Siwar, C.; Ismail, S.M. Sustainability Measurement for Ecotourism Destination in Malaysia: A Study on Lake
Kenyir, Terengganu. Soc. Indic. Res. 2016, 128, 1029–1045. [CrossRef]

41. Bunruamkaew, K.; Murayama, Y. Land Use and Natural Resources Planning for Sustainable Ecotourism Using GIS in Surat
Thani, Thailand. Sustainability 2012, 4, 412–429. [CrossRef]

42. Wondirad, A.; Tolkach, D.; King, B. Stakeholder Collaboration as a Major Factor for Sustainable Ecotourism Development in
Developing Countries. Tour. Manag. 2020, 78, 104024. [CrossRef]

43. Andarani, P.; Lestari, D.F.; Rezagama, A.; Sariffuddin, S. Sustainable Ecotourism Development Based on Participatory Rural
Appraisal: A Case Study of Thekelan Village, Central Java, Indonesia. E3S Web Conf. 2018, 73, 02019. [CrossRef]

44. Aydin, I.Z.; Öztürk, A. Identifying, Monitoring, and Evaluating Sustainable EcotourismManagement Criteria and Indicators for
Protected Areas in Türkiye: The Case of Camili Biosphere Reserve. Sustainability 2023, 15, 2933. [CrossRef]

45. Pianosi, F.; Beven, K.; Freer, J.; Hall, J.W.; Rougier, J.; Stephenson, D.B.; Wagener, T. Sensitivity Analysis of Environmental
Models: A Systematic Review with Practical Workflow. Environ. Model. Softw. 2016, 79, 214–232. [CrossRef]

46. Andria, J.; di Tollo, G.; Pesenti, R. Andria, J.; di Tollo, G.; Pesenti, R. A Fuzzy Evaluation of Tourism Sustainability. In Business
and Consumer Analytics: New Ideas; Springer International Publishing: Cham, Switzerland, 2019; pp. 911–932.

47. Andria, J.; di Tollo, G.; Pesenti, R. AHeuristic FuzzyAlgorithm for Assessing andManaging Tourism Sustainability. Soft Comput.
2020, 24, 4027–4040. [CrossRef]

48. Andria, J.; di Tollo, G.; Pesenti, R. Fuzzy Multi‑Criteria Decision‑Making: An Entropy‑Based Approach to Assess Tourism
Sustainability. Tour. Econ. 2021, 27, 168–186. [CrossRef]

49. Grime, M.M.; Wright, G. Delphi Method. InWiley StatsRef: Statistics Reference Online; Wiley: Hoboken, NJ, USA, 2016; pp. 1–6.
50. Fletcher, A.J.; Marchildon, G.P. Using the Delphi Method for Qualitative, Participatory Action Research in Health Leadership.

Int. J. Qual. Methods 2014, 13, 1–18. [CrossRef]
51. Goodman, C.M. The Delphi Technique: A Critique. J. Adv. Nurs. 1987, 12, 729–734. [CrossRef]
52. Saffie, N.A.M.; Shukor, N.M.; Rasmani, K.A. Fuzzy Delphi Method: Issues and Challenges. In Proceedings of the 2016 Interna‑

tional Conference on Logistics, Informatics and Service Sciences (LISS), Sydney, Australia, 24–27 July 2016; pp. 1–7.
53. Nguyen, P.‑H.; Nguyen, T.‑L.; Le, H.‑Q.; Pham, T.‑Q.; Nguyen, H.‑A.; Pham, C.‑V.HowDoes theCompetitiveness Index Promote

Foreign Direct Investment at the Provincial Level in Vietnam? An Integrated Grey Delphi–DEA Model Approach. Mathematics
2023, 11, 1500. [CrossRef]

54. Quiñones, R.S.; Caladcad, J.A.A.; Himang, C.M.; Quiñones, H.G.; Castro, C.J.; Caballes, S.A.A.; Abellana, D.P.M.; Jabilles, E.M.Y.;
Ocampo, L.A. Using Delphi and Fuzzy DEMATEL for Analyzing the Intertwined Relationships of the Barriers of University
Technology Transfer: Evidence from a Developing Economy. Int. J. Innov. Stud. 2020, 4, 85–104. [CrossRef]

55. Amirghodsi, S.; Naeini, A.B.; Makui, A. An Integrated Delphi‑DEMATEL‑ELECTRE Method on Gray Numbers to Rank Tech‑
nology Providers. IEEE Trans. Eng. Manag. 2022, 69, 1348–1364. [CrossRef]

https://doi.org/10.1146/annurev.anthro.35.081705.123308
https://doi.org/10.1111/cobi.12568
https://doi.org/10.1080/13032917.2014.912244
https://doi.org/10.1007/s10669-020-09790-z
https://doi.org/10.1080/14724049.2015.1065834
https://doi.org/10.1016/j.tourman.2003.06.001
https://doi.org/10.1016/j.crsust.2022.100172
https://doi.org/10.5897/AJBM11.2581
https://doi.org/10.1016/j.tourman.2005.02.006
https://doi.org/10.1016/j.tmp.2016.10.005
https://doi.org/10.13187/es.2016.16.309
https://doi.org/10.1007/s11205-015-1068-5
https://doi.org/10.3390/su4030412
https://doi.org/10.1016/j.tourman.2019.104024
https://doi.org/10.1051/e3sconf/20187302019
https://doi.org/10.3390/su15042933
https://doi.org/10.1016/j.envsoft.2016.02.008
https://doi.org/10.1007/s00500-019-04170-5
https://doi.org/10.1177/1354816619885207
https://doi.org/10.1177/160940691401300101
https://doi.org/10.1111/j.1365-2648.1987.tb01376.x
https://doi.org/10.3390/math11061500
https://doi.org/10.1016/j.ijis.2020.07.002
https://doi.org/10.1109/TEM.2020.2980127


Mathematics 2023, 11, 2816 28 of 29

56. Muhammad, M.N.; Cavus, N. Fuzzy DEMATEL Method for Identifying LMS Evaluation Criteria. Procedia Comput. Sci. 2017,
120, 742–749. [CrossRef]

57. Suzan, V.; Yavuzer, H. A Fuzzy Dematel Method To Evaluate The Most Common Diseases In Internal Medicine. Int. J. Fuzzy
Syst. 2020, 22, 2385–2395. [CrossRef]

58. Singh, P.K.; Sarkar, P. A Framework Based on Fuzzy Delphi and DEMATEL for Sustainable Product Development: A Case of
Indian Automotive Industry. J. Clean. Prod. 2020, 246, 118991. [CrossRef]

59. Ghag, N.; Acharya, P.; Khanapuri, V. Analyzing the Sustainable International Competitiveness Factors of SMEs by Fuzzy Delphi
and Neutrosophic DEMATEL. Bus. Strategy Dev. 2023, 2023, 1–17. [CrossRef]

60. Mohammadfam, I.; Mirzaei Aliabadi, M.; Soltanian, A.R.; Tabibzadeh, M.; Mahdinia, M. Investigating Interactions among Vital
Variables Affecting Situation Awareness Based on Fuzzy DEMATEL Method. Int. J. Ind. Erg. 2019, 74, 102842. [CrossRef]

61. Wang, F. Preference Degree of Triangular FuzzyNumbers and Its Application toMulti‑Attribute GroupDecisionMaking. Expert
Syst. Appl. 2021, 178, 114982. [CrossRef]

62. Cheng, C.‑H.; Lin, Y. Evaluating the Best Main Battle Tank Using Fuzzy Decision Theory with Linguistic Criteria Evaluation.
Eur. J. Oper. Res. 2002, 142, 174–186. [CrossRef]

63. Bui, T.D.; Tsai, F.M.; Tseng, M.‑L.; Ali, M.H. Identifying Sustainable Solid Waste Management Barriers in Practice Using the
Fuzzy Delphi Method. Resour. Conserv. Recycl. 2020, 154, 104625. [CrossRef]

64. Saraswathi, A. A Fuzzy‑Trapezoidal DEMATEL Approach Method for Solving Decision Making Problems under Uncertainty.
AIP Conf. Proc. 2019, 2112, 020076.

65. Wu, W.‑W.; Lee, Y.‑T. Developing Global Managers’ Competencies Using the Fuzzy DEMATELMethod. Expert Syst. Appl. 2007,
32, 499–507. [CrossRef]

66. Li, Y.; Hu, Y.; Zhang, X.; Deng, Y.; Mahadevan, S. An Evidential DEMATEL Method to Identify Critical Success Factors in
Emergency Management. Appl. Soft Comput. 2014, 22, 504–510. [CrossRef]

67. Yazdi, M.; Nedjati, A.; Zarei, E.; Abbassi, R. A Novel Extension of DEMATEL Approach for Probabilistic Safety Analysis in
Process Systems. Saf. Sci. 2020, 121, 119–136. [CrossRef]

68. Li, R.‑J. Fuzzy Method in Group Decision Making. Comput. Math. Appl. 1999, 38, 91–101. [CrossRef]
69. Niederberger, M.; Köberich, S. Coming to Consensus: The Delphi Technique. Eur. J. Cardiovasc. Nurs. 2021, 20, 692–695. [Cross‑

Ref]
70. Nguyen, P.‑H.; Tran, L.‑C.; Nguyen, H.B.‑D.; Ho, T.P.‑T.; Duong, Q.‑A.; Tran, T.‑N. Unlocking the Potential of Open Innovation

through Understanding the Interrelationship among Key Determinants of FDI Attractiveness. J. Open Innov. Technol. Mark.
Complex. 2023, 9, 100021. [CrossRef]

71. Zabihi, H.; Alizadeh, M.; Wolf, I.D.; Karami, M.; Ahmad, A.; Salamian, H. A GIS‑Based Fuzzy‑Analytic Hierarchy Process (F‑
AHP) for Ecotourism Suitability Decision Making: A Case Study of Babol in Iran. Tour. Manag. Perspect. 2020, 36, 100726.
[CrossRef]

72. Tseng, M.L.; Lin, C.; Remen Lin, C.W.; Wu, K.J.; Sriphon, T. Ecotourism Development in Thailand: Community Participation
Leads to the Value of Attractions Using Linguistic Preferences. J. Clean. Prod. 2019, 231, 1319–1329. [CrossRef]

73. Fang, Y. Site Selection of Ecotourism: A Case Study of Zhejiang Province. IJISET‑Int. J. Innov. Sci. Eng. Technol. 2017, 4, 321–326.
74. Carpio, A.A.; Chamen, C.K.; Deonio, A.F.; Ferrer, R.J.; Ilagan, E.A.; Rasco,M.D.; Royena, A.; Saguin, A.J.; Tesiorna,M.F.; Amparo,

J.M. The Perceived Critical Sustainability Dimensions of Ecotourism among Human Ecology Students. J. Hum. Ecol. 2019, 8,
68–90.

75. Byrd, E.T. Stakeholders in Sustainable Tourism Development and Their Roles: Applying Stakeholder Theory to Sustainable
Tourism Development. Tour. Rev. 2007, 62, 6–13. [CrossRef]

76. Kiryluk, H.; Glińska, E.; Ryciuk, U.; Vierikko, K.; Rollnik‑Sadowska, E. Stakeholders Engagement for SolvingMobility Problems
in Touristic Remote Areas from the Baltic Sea Region. PLoS ONE 2021, 16, e0253166. [CrossRef]

77. Yang, L.; Hu, X.; Lee, H.M.; Zhang, Y. The Impacts of Ecotourists’ Perceived Authenticity and Perceived Values on Their Behav‑
iors: Evidence from Huangshan World Natural and Cultural Heritage Site. Sustainability 2023, 15, 1551. [CrossRef]

78. Nuenninghoff, S.; Lemay, M.; Rogers, C. Sustainable Tourism in Belize. Inter‑American Development Bank: Washington, DC,
USA, 2013.

79. Holladay, P.J.; Ormsby, A.A. A Comparative Study of Local Perceptions of Ecotourism and Conservation at Five Blues Lake
National Park, Belize. J. Ecotourism 2011, 10, 118–134. [CrossRef]

80. Going Local: Explore Cultural Tourism in Belize. Available online: https://www.lonelyplanet.com/articles/going‑local‑explore‑
cultural‑tourism‑in‑belize (accessed on 26 May 2023).

https://doi.org/10.1016/j.procs.2017.11.304
https://doi.org/10.1007/s40815-020-00921-x
https://doi.org/10.1016/j.jclepro.2019.118991
https://doi.org/10.1002/bsd2.250
https://doi.org/10.1016/j.ergon.2019.102842
https://doi.org/10.1016/j.eswa.2021.114982
https://doi.org/10.1016/S0377-2217(01)00280-6
https://doi.org/10.1016/j.resconrec.2019.104625
https://doi.org/10.1016/j.eswa.2005.12.005
https://doi.org/10.1016/j.asoc.2014.03.042
https://doi.org/10.1016/j.ssci.2019.09.006
https://doi.org/10.1016/S0898-1221(99)00172-8
https://doi.org/10.1093/eurjcn/zvab059
https://doi.org/10.1093/eurjcn/zvab059
https://doi.org/10.1016/j.joitmc.2023.100021
https://doi.org/10.1016/j.tmp.2020.100726
https://doi.org/10.1016/j.jclepro.2019.05.305
https://doi.org/10.1108/16605370780000309
https://doi.org/10.1371/journal.pone.0253166
https://doi.org/10.3390/su15021551
https://doi.org/10.1080/14724049.2010.529910
https://www.lonelyplanet.com/articles/going-local-explore-cultural-tourism-in-belize
https://www.lonelyplanet.com/articles/going-local-explore-cultural-tourism-in-belize


Mathematics 2023, 11, 2816 29 of 29

81. Goodwin, H. Tourism, Local Economic Development, and Poverty Reduction. Appl. Res. Econ. Dev. 2008, 5, 55–64.
82. Regional Economic Development: Analysis and Planning Strategy‑Robert J. Stimson, Roger R. Stough, Brian H. Roberts‑Google

Sách. Available online: https://books.google.com.vn/books?hl=vi&lr=&id=UwGY2VG4JDYC&oi=fnd&pg=PR5&dq=The+
Impact+of+Risk+Management+on+Local+Economic+Development&ots=v3UZZeIerp&sig=P0WZ1X6tQSMoK06jTxYiaA1C7k4
&redir_esc=y#v=onepage&q=The%20Impact%20of%20Risk%20Management%20on%20Local%20Economic%20Development&
f=false (accessed on 22 May 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au‑
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://books.google.com.vn/books?hl=vi&lr=&id=UwGY2VG4JDYC&oi=fnd&pg=PR5&dq=The+Impact+of+Risk+Management+on+Local+Economic+Development&ots=v3UZZeIerp&sig=P0WZ1X6tQSMoK06jTxYiaA1C7k4&redir_esc=y#v=onepage&q=The%20Impact%20of%20Risk%20Management%20on%20Local%20Economic%20Development&f=false
https://books.google.com.vn/books?hl=vi&lr=&id=UwGY2VG4JDYC&oi=fnd&pg=PR5&dq=The+Impact+of+Risk+Management+on+Local+Economic+Development&ots=v3UZZeIerp&sig=P0WZ1X6tQSMoK06jTxYiaA1C7k4&redir_esc=y#v=onepage&q=The%20Impact%20of%20Risk%20Management%20on%20Local%20Economic%20Development&f=false
https://books.google.com.vn/books?hl=vi&lr=&id=UwGY2VG4JDYC&oi=fnd&pg=PR5&dq=The+Impact+of+Risk+Management+on+Local+Economic+Development&ots=v3UZZeIerp&sig=P0WZ1X6tQSMoK06jTxYiaA1C7k4&redir_esc=y#v=onepage&q=The%20Impact%20of%20Risk%20Management%20on%20Local%20Economic%20Development&f=false
https://books.google.com.vn/books?hl=vi&lr=&id=UwGY2VG4JDYC&oi=fnd&pg=PR5&dq=The+Impact+of+Risk+Management+on+Local+Economic+Development&ots=v3UZZeIerp&sig=P0WZ1X6tQSMoK06jTxYiaA1C7k4&redir_esc=y#v=onepage&q=The%20Impact%20of%20Risk%20Management%20on%20Local%20Economic%20Development&f=false

	Introduction 
	Literature Review 
	Literature Review on Sustainable Ecotourism Indicators 
	Literature Review on Established Methods 
	Research Gaps 

	Methodology 
	Research Process 
	Fuzzy Delphi Method 
	Fuzzy DEMATEL Method 

	Results 
	Expert Panel 
	Fuzzy Delphi Results 
	Fuzzy DEMATEL Results 
	Discussion 

	Conclusions, Implications, Limitations and Future Work 
	Conclusions 
	Theoretical Implications 
	Managerial Implications 
	Limitations and Future Work 

	References

