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Abstract

Translating diverse stakeholders’ needs for tourism into precise technical requirements
for mobile resilience applications is a significant challenge, especially for at-risk coastal
communities. Therefore, we developed a structured decision-support framework that uses
the Analytic Hierarchy Process (AHP) combined with Multi-Criteria Decision Analysis
(MCDA) to systematically identify and prioritize functional features for a disaster-resilient
tourism application called AuTour. The framework was validated through a case study in
Aurora Province, Philippines, involving 152 diverse stakeholders, including government of-
ficials, tourism operators, and technology students. The AHP analysis results revealed that
safety infrastructure (a mean weight of 0.5256) was the dominant design criterion, far out-
weighing environmental sustainability (0.2480) and community preparedness (0.1241). The
MCDA ranked key functional modules using these criteria to determine an optimal system
architecture. The highest-priority features identified were a real-time Disaster Preparedness
Alert module, a geospatial Smart Tourism Guide, and a participatory Health Surveillance
module. The analysis results confirmed high utility for features incorporating AI-powered
chatbots (a mean score of 4.1921) and multi-dialect communication capabilities (4.1513).
The developed scalable, data-driven framework can be used for user-centered design in the
critical domain of disaster-resilient technology. By translating stakeholder priorities into
a ranked set of technical specifications, the framework contributes to the development of
resilient mobile systems, supporting the achievement of Sustainable Development Goals
for innovation (SDG 9) and resilient infrastructure (SDG 11).

Keywords: disaster resilience; smart tourism; analytic hierarchy process (AHP); multi-criteria
decision analysis (MCDA); decision-support system

1. Introduction
The Philippines is one of the countries that heavily relies on tourism. In 2024, a

review by the World Travel and Tourism Council [1] found that tourism pumped Philip-
pine peso (PHP) 5.3 trillion into the national economy and helped sustain 11.2 million
jobs. Local spending surged to PHP 3.6 trillion, while international visitors contributed
PHP 644.8 billion, showing that the sector is rebounding rapidly and setting the stage for
the record-breaking numbers expected in 2025. Regions that rely on tourism are more at
risk from the adverse effects of climate change disasters, and there are limited tools to
prioritize tourism attributes in consideration of stakeholders and disaster resilience.
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The Philippines is frequently affected by typhoons, earthquakes, and flooding, making
this gap particularly important. Although there has been a global advancement in mobile
applications and decision-support systems (DSS), the use of these technologies in locally
participatory resilience tourism planning remains very limited. The lack of technology has
crucial implications for whether areas such as Aurora can attain fundamental Sustainable
Development Goals (SDGs) about resilient communities (SDG 11), climate action (SDG 13),
and economic growth (SDG 8). The research presents the Aurora Tourism App, or AuTour,
a mobile decision-support system that utilizes multi-criteria decision analysis (MCDA) to
prioritize tourism attributes in disaster-prone destinations. This response addresses the
need for scalable, stakeholder-informed tools that integrate tourism growth with disaster
risk reduction (DRR).

Several researchers in the Philippines have investigated the connections between mo-
bile technologies and disaster preparedness. However, very few examined tourism-specific
decision-support systems. Kalliomäki and Männistö [2] highlighted the gaps in tourist
awareness and preparedness in the Philippines, as well as the need for real-time, location-
specific tools. The Global System for Mobile Communications Association (GSMA) [3]
highlighted how mobile emergency services contribute to overall system resilience, while
the Pacific Disaster Centre [4] laid out a data-driven foundation for assessing national
preparedness. Looking specifically at tourism, Cabiles and colleagues [5], along with
Baraero-Era and Del Rosario [6], explored how establishments can recover from COVID-19,
stressing the importance of flexible, tech-enabled recovery strategies.

Research on mobile DSS for disaster resilience has been undertaken globally.
Oh et al. [7] created a post-disaster resilience DSS interface, while Syukrona et al. [8]
developed a comprehensive review on disaster support apps. Cicek and Kantarci [9] exam-
ined mobile crowdsensing for disaster management, and Abdelmalak, F. [10] investigated
smart tourism and disaster resilience. Other studies using the Analytic Hierarchy Process
(AHP) and MCDA methods focused on the prioritization of tourism features within disaster-
affected areas [11,12]. Geographic Information System (GIS) and crowdsourced data for risk
assessment were highlighted by Yan, Y. et al. [13], and by Mei, Ashley Wang Sze et al. [14].
App usability for crises was assessed by Ritchie B. W. et al. [15] and Grundy et al. [16], who
found that the design of the AuTour framework incorporates participatory prioritization,
mobile accessibility, and disaster resilience.

There is a notable gap in previous research. Previous works have concentrated on
interfaces that deal with responses after a disaster, smart tourism frameworks in a general
sense, or independent prioritization studies. However, there is still a lack of a systematic,
stakeholder-oriented prioritization system. More specifically, the existing frameworks,
such as those relying solely on AHP for general prioritization, typically fail to establish a
clear, numerical connection between broad, qualitative resilience parameters, such as safety
infrastructure, and the weighted technical development of specific mobile app features for
a disaster. Hence, we developed the AuTour framework: a unique integrated AHP-MCDA
model that captures the various interests of stakeholders and produces a measurable
and prioritized multitude of technical aspects in mobile disaster-resilience systems. This
integration links the AHP criteria weights (wc) as constant, empirically derived factors
within the MCDA scoring calculation (Sf ), ensuring that feature prioritization is directly
driven by stakeholder-defined resilience importance.

AuTour addresses a significant need in disaster-resilient tourism planning and offers a
mobile, stakeholder-centered tool to identify tourism aspects of disaster-prone areas, such
as the Aurora Province in the Philippines.
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2. Materials and Methods
2.1. Participants

This study was conducted in Aurora Province, Philippines, which is a coastal region
vulnerable to climate-related hazards and disruptions in tourism. A total of 152 stake-
holders participated, including local government officials, tourism stakeholders and opera-
tors, information and communications technology developers, and students in tourism-
related programs. The varied respondents’ pool ensured that a multi-perspective evalu-
ation was undertaken regarding disaster-resilient tourism priorities. The profiles of the
152 participants across the stakeholders’ roles are presented in Table 1.

Table 1. Participants in this study (N = 152).

Category Count Percentage

Students (IT/Hotel/Tourism) 51 33.55%

Tourism stakeholders (resort owners, tour operators,
dot-accredited guides, and tourism-related services) 32 21.05%

Local government unit (LGU) officials 26 17.11%

Other (local/international tourists) 15 9.87%

ICT developers/it experts/it, hotel and
tourism management instructors/professors 10 6.58%

Tourism officers/personnel 9 5.92%

Disaster risk reduction and management (DRRM) officers/personnel 9 5.92%

Total 152 100%

We employed purposive sampling, a non-probability technique that is widely used
in stakeholder-centered research, to ensure relevance and research depth. This approach
allows the selection of the participants based on their expertise, institutional roles, and
lived experience [16]. Using this method, we selected participants based on their direct
involvement with tourism operations, disaster risk reduction, ICT development, the tourists,
and local governance. This method ensures the collection of rich, contextually grounded
data that aligns with the decision-support objectives of the AuTour framework. To maintain
this data richness and relevance, the following inclusion criteria were applied.

• Students (IT/Hotel/Tourism): The inclusion of 3rd- and 4th-year students (33.55% of
the total sample) was intentional. IT students contribute insights into feasibility and
technical implementation, while Hotel and Tourism students represent the future work-
force and end-users, assessing usability and adoption barriers. Their strong representa-
tion ensures the AuTour framework reflects not only current government and operator
needs but also the perspectives of early adopters and future system maintainers.

• Tourism stakeholders: They are resort owners/managers, licensed tour opera-
tors, the Department of Tourism-accredited guides, or the providers of other
tourism-related services.

• LGU officials: Incumbent elected officials (Mayor or Councilors) actively engaged in
local governance.

• Tourists (local/international): Visitors who have stayed in Aurora Province for
tourism purposes.

• ICT and academic experts: ICT developers, IT professionals, or instructors/professors
in IT, Hotel, or Tourism Management programs.

• Tourism officers/personnel: Current employees of municipal or provincial tourism offices.
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• DRRM officers/personnel: Officials or employees of the Municipal or Provincial
Disaster Risk Reduction and Management Office.

2.2. AHP-Based Criteria Prioritization

For categorizing design criteria related to the AuTour mobile application, we used
AHP, a structured decision-making technique developed by Saaty [17]. AHP is widely
used in disaster risk reduction and tourism planning, among others, to quantify multi-
stakeholder preferences and establish a ranking of priorities [17]. Based on the literature
review and expert consultation, five criteria were selected: safety infrastructure, community
preparedness, environmental sustainability, tourist accessibility, and emergency response
capacity. Safety Infrastructure aligns with resilient systems [17]; community preparedness
aligns with SDG 11 and national assessments [18]; environmental sustainability advances
climate action and resource protection [19]; tourist accessibility ensures access is inclusive,
and mobility is smart [20]; and emergency response capacity reinforces health and safety
systems [17,18]. These criteria were validated by local experts as shown in Table 2.

Table 2. AHP criteria definitions and SDG-based justification.

Criteria Definition Alignment and Rationale for SDGs

Safety Infrastructure

Physical and digital systems
(e.g., stable shelters, reliable

communication networks) that
protect tourists and locals.

Supports SDG 9 (Industry, Innovation,
Infrastructure) and SDG 11 (Sustainable

Cities and Communities) through
resilient systems.

Community Preparedness
Training, awareness, and coordination

among residents and businesses to
respond to hazards.

Anchored in SDG 11 and SDG 13 (Climate
Action), promoting local capacity and

adaptive response.

Environmental Sustainability
Integration of tourism development
with climate action and protection of

natural resources.

Aligned with SDG 13 and SDG 15 (Life on
Land), ensuring climate resilience and

ecosystem protection.

Tourist Accessibility
Access to reliable information, essential

services, and safe passage before and
during a disaster.

Linked to SDG 9 and SDG 10 (Reduced
Inequalities), promoting inclusive access

and smart infrastructure.

Emergency
Response Capacity

Availability and effectiveness of formal
response teams (e.g., medical, search

and rescue) and support systems.

Reinforces SDG 3 (Good Health and
Well-being) and SDG 11, ensuring safety

and rapid response during crises.

The collected responses were performed for pairwise comparisons using Saaty’s
1–9 scale. Each respondent’s scores were converted into a reciprocal matrix, and priority
weights were computed using the geometric mean method.

(
∏n

j=1 aij

) 1
n

∑n
k=1

(
∏n

j=1 akj

) 1
n

(1)

To assess judgment reliability, the consistency ratio (CR) was calculated as follows.

CI =
λmax − n

n − 1
, CR =

CI
RI

(2)

Here, λmax is the principal eigenvalue and RI is the random index. A CR value below
0.10 was acceptable. Aggregated weights across all respondents revealed safety infras-
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tructure as the dominant criterion (a mean weight of 0.5256), followed by environmental
sustainability (0.2480) and community preparedness (0.1241).

2.3. MCDA Feature Prioritization Using AHP Weights

To translate the high-level AHP criteria into actionable system features, we applied a
weighted MCDA. This method complements AHP by using the aggregated criteria weights
(wc) as a quantitative scoring mechanism. These weights, derived from the 152 consistent
AHP results were applied as the constant weighting factors in the MCDA calculation. The
final priority score (Sf ) for each feature was then computed as a weighted sum, mathe-
matically linking the AHP and MCDA results: Sf = ∑c = 15(wc × C−f,c). Responses of CR
> 0.10 were filtered out from the AHP dataset to ensure the reliability of the judgments.
After consistency validation, an exceptional retention rate was achieved, indicating a high
consistency rate across the participants’ pool for the derivation of the aggregated AHP
weights. This high level of consistency among diverse stakeholders validates the clarity
and structure of the comparison instrument. The process was as follows.

1. Feature compilation: A list of 10 potential mobile features (e.g., disaster preparedness
alert, smart tourism guide, health surveillance, among others) was compiled from the
literature and expert consultations.

2. Contribution rating: Stakeholders rated each feature’s potential contribution to each
of the five AHP criteria using a 1–5 Likert-type scale (where 1 = very low contribution
and 5 = very high contribution).

3. Weighted sum calculation: The mean contribution score (Cf,c) for each feature ( f )
against each criterion (c) was calculated. The final priority score (Sf ) for each fea-
ture was then computed as a weighted sum, mathematically linking the AHP and
MCDA results:

S f =
5

∑
c=1

(
wc × C f ,c

)
(3)

This equation is used to characterize the AuTour prioritization function. Specifically,
wc represents the aggregated criteria weight exclusively from the AHP, and C−f,c is the
mean perceived contribution score of feature f against criterion c (rated 1–5 in the MCDA
survey). This mathematical association guarantees that the final priority score (Sf ) is a
direct, data-driven synthesis of multi-stakeholder preference and engineering utility.

2.4. Data Analysis and Technical Implementation

All data analysis and validation were conducted in Python 3.10 using custom scripts
within a Jupyter Notebook (version 7.5) environment to ensure transparency and repro-
ducibility. A structured questionnaire was employed to promote accessibility, inclusivity,
and reliability in data collection, fostering trust, improving response accuracy, and aligning
with local cultural practices. The raw dataset of 152 responses was exported to Excel
(2019) and cleaned using the pandas library (version 2.3.3), which involved standardizing
column labels and addressing missing values. The analytical workflow comprised the
following steps.

• AHP matrix operations: The numpy library (version 2.3.5) was used for matrix compu-
tations. For each respondent, reciprocal matrices were generated, and priority weights
were derived using the geometric mean method.

• Consistency validation: CR was calculated for every respondent. Responses with
CR > 0.10 were excluded to ensure the reliability of judgments.

• MCDA scoring: The weighted sum model (described in Section 2.3) was applied to
integrate stakeholder ratings with AHP-derived weights.
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• Visualization: Aggregated weights, municipal-level profiles, and feature rankings
were visualized using matplotlib and seaborn.

All analyses were performed on a Windows 11 laptop equipped with an Intel Core i5
processor and 8 gigabyte random access memory.

3. Results and Discussions
3.1. Respondent Demographics

Table 2 summarizes the respondents’ positions and roles, and Table 3 details their
gender, years of experience, and municipality.

Table 3. Respondent demographics summary.

Category Subgroup Count Percentage (%)

Gender Female 85 55.90%
Male 22 14.50%

Non-binary 5 3.30%
Prefer not to say 40 26.30%

Years in job experience 0–3 years 93 61.20%

4–6 years 30 19.70%
7–12 years 9 5.90%
13+ years 20 13.20%

Municipality Baler 44 28.90%

Maria Aurora 23 15.10%
Dipaculao 18 11.80%
San Luis 18 11.80%

Casiguran 13 8.60%
Dilasag 13 8.60%

Dingalan 8 5.30%
Outside Aurora 8 5.30%

Dinalungan 7 4.60%

The demographic distribution indicates that a majority of respondents were female
(55.9%), reflecting the strong participation of women in the global tourism workforce [21].
Notably, 26.3% of respondents selected the prefer-not-to-say category (Table 3). While
this respects participant privacy, it constrains the ability to conduct fine-grained demo-
graphic analyses to assess potential biases in usability or adoption barriers. The sample
included tourism stakeholders, LGU officials, DRRM personnel, and ICT professionals,
demonstrating diverse, multi-sector representation consistent with disaster risk reduction
frameworks that emphasize inclusive stakeholder engagement [22]. A large proportion of
respondents (61.2%) reported 0–3 years of professional experience, suggesting a predomi-
nantly early-career population. Such groups are generally more receptive to digital and
mobile-based systems [23], which is particularly relevant for evaluating tourism-focused
disaster applications. All municipalities in the Aurora Province were represented, ensuring
geographically grounded perspectives. This is critical, as hazard awareness and risk per-
ception often vary across localities [24]. The demographic profile reflects a balanced and
diverse respondent pool characterized by digital receptiveness and firsthand familiarity
with tourism dynamics—providing a strong foundation for assessing technology-based
resilience interventions.
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3.2. AHP Aggregated Criteria Weights

Table 4 presents the specific criteria, definitions, and calculated weights, highlighting
Safety Infrastructure as the dominant design criterion. This serves as the basis for Figure 1,
which illustrates the AHP aggregated criteria weights across all respondents and shows
how participants evaluated the five criteria related to tourism resilience.

Table 4. AHP criteria definitions and aggregated weights.

Criteria Definition Mean (wc)

Safety infrastructure Physical and digital systems that protect
tourists and locals. 0.5256

Environmental sustainability Integration of tourism development with climate
action and protection of natural resources. 0.2480

Community preparedness Training, awareness, and coordination among
residents and businesses to respond to hazards. 0.1241

Tourist accessibility Access to reliable information, essential services,
and safe passage. 0.0643

Emergency response capacity Availability and effectiveness of formal response
teams and support systems. 0.0379

Table 4 shows that the mean of AHP aggregated criteria weights (wc) results revealed
that safety infrastructure presented the highest priority weight (0.5256), substantially ex-
ceeding all other criteria. This indicates that respondents considered structural safety
measures, such as evacuation routes, hazard-resistant facilities, and early-warning systems,
as the most critical component of tourism resilience [25]. Environmental sustainability
ranked second (0.2480), consistent with prior studies emphasizing that environmental
protection is integral to long-term tourism sustainability in hazard-prone areas [26]. Com-
munity Preparedness followed with a weight of 0.1241. The remaining two criteria, tourist
accessibility (0.0643) and emergency response capacity (0.0379), received comparatively
lower weights, respectively, suggesting that while important, they were perceived as less
central to resilience compared to infrastructure and sustainability considerations.

To analyze the comparative value of disaster-resilient tourism factors, the Analytic
Hierarchy Process (AHP) was applied. The results shown in Figure 1.

 

0.0379

0.0643

0.1241

0.2480

0.5256

0.0000 0.1000 0.2000 0.3000 0.4000 0.5000 0.6000

Emergency response capacity

Tourist accessibility

Community preparedness

Environmental sustainability

Safety infrastructure

Aggregated AHP Priority Weights

Figure 1. The aggregated AHP criteria weights of all respondents.
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Figure 1 shows the aggregate relevance of the criteria as indicated by the dotted blue
line which shows the addition of the weights of the criteria. It begins with safety infras-
tructure which comprises the highest percentage; then, there is the line with the inclusion
of environmental sustainability, preparedness of the community, visitor accessibility, and
emergency preparedness. This increasing trend will help visualize the contribution of each
of the factors to the overall prioritization, as the individual weights will be more readily
visible, as well as the total effect of them on the decision-making prioritization of the mobile
features of AuTour.

3.3. MCDA Feature Prioritization

The MCDA results show that disaster preparedness alerts and hazard mapping
achieved the highest mean score (m = 4.4803) (Figure 2). This indicates a strong pref-
erence among respondents for features that enhance real-time safety and risk awareness.
The findings are consistent with existing literature, which emphasizes that early-warning
systems and hazard mapping significantly reduce disaster impacts, particularly in tourism-
dependent regions [22]. These features are recognized as critical components of smart
resilience frameworks, contributing to improved community readiness and positively
shaping visitor risk perception [27].
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Figure 2. The MCDA feature prioritization.

Smart features such as the tourism guide with maps and eco-tourism information
(m = 4.3816) and health surveillance for tourist safety (m = 4.3092) followed the top-
ranked modules. The latter reflects a global trend toward integrating digital navigation,
sustainable tourism information, and health monitoring within smart tourism ecosystems,
thereby creating safer and more informed visitor experiences [28]. Post-pandemic tourism
research further highlights that travelers increasingly favor destinations with robust health
surveillance and technologies that provide safety assurances [29].

AI-powered chatbots for instant answers (m = 4.1921) and common dialect support
(m = 4.1513) also ranked highly, underscoring the value of real-time communication and
multilingual accessibility. Prior studies confirm that chatbots enhance visitor engagement
and accessibility [30], while language support reduces communication barriers that often
hinder tourism safety and satisfaction [31]. Mid-tier features such as travel planner, cultural

https://doi.org/10.3390/engproc2026136005

https://doi.org/10.3390/engproc2026136005


Eng. Proc. 2026, 136, 5 9 of 12

preservation, and local business directory (M = 4.125–4.0658) reveal stakeholder interest
in applications that balance safety with cultural immersion and economic inclusivity.
Evidence supports that digital platforms promoting cultural awareness and local commerce
contribute to sustainable, community-centered tourism development [32].

Finally, the Quick Response (QR) code pass for safe access to attractions received the
lowest mean score (M = 4.0461), though it was still rated favorably. While QR-based systems
were widely adopted during the pandemic, the recent literature suggests that visitors are
shifting toward integrated, automated verification systems rather than stand-alone QR
passes [33].

Overall, the prioritization pattern reflects strong user preference for risk reduction,
health security, real-time information, and smart navigation—findings that align with the
broader literature on technology-driven disaster resilience and smart tourism transforma-
tion. These insights provide a robust foundation for developing a tourism resilience mobile
application that is both locally adaptive and user-centered.

4. Conclusions
We validated AuTour as a decision-support model that integrates AHP and MCDA

to prioritize functional features of a disaster-resilient mobile tourism application. The
methodology addresses a critical gap in existing frameworks by offering a systematic,
stakeholder-oriented prioritization system that establishes clear numerical linkages between
broad qualitative resilience parameters and specific mobile app features. The AuTour
model translates diverse stakeholder needs into a ranked set of technical specifications,
providing direct guidance for the development of resilient mobile systems. In doing so, it
supports SDG 9 (Industry, Innovation, and Infrastructure) and SDG 11 (Sustainable Cities
and Communities).

The case study in Aurora Province, Philippines, involving 152 diverse stakeholders,
validated the framework’s efficiency and revealed local resilience priorities. AHP analysis
identified safety infrastructure as the dominant design criterion (a mean weight of 0.5256),
significantly surpassing environmental sustainability (0.2480) and community preparedness
(0.1241). MCDA results, weighted accordingly, ranked disaster preparedness alerts and
hazard mapping (M = 4.4803) as top-priority features, followed by the smart tourism guide
(M = 4.3816) and health surveillance (M = 4.3092). AI-powered chatbots (M = 4.1921)
and common dialect communication (M = 4.1513) also demonstrated strong perceived
utility, highlighting the importance of real-time communication and multilingual support.
However, the deployment of such AI features must be carefully managed to mitigate risks
of over-dependence during critical disaster situations.

5. Future Work
The results of this study provide a foundation for the further development and deploy-

ment of the AuTour mobile application, beginning with a focus on system implementation
and validation. This requires prototyping high-priority features, such as disaster prepared-
ness alerts, smart tourism guides, and health surveillance, to validate their effectiveness
in enhancing tourist awareness and testing system resilience under simulated disaster
scenarios in Aurora Province.

Beyond basic implementation, it is required to investigate advanced feature integration,
specifically the technical architecture and user trust dynamics of AI-powered chatbots. Such
studies are necessary to address potential drawbacks such as over-reliance on AI during
crises while ensuring the accuracy, ethical deployment, and reliability of information. To
ensure the framework’s scalability, the integrated AHP-MCDA model needs to be extended
to other disaster-prone tourism destinations with diverse geographic and socio-cultural
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contexts and tested for its cross-regional applicability to generalize its utility beyond
the initial case study. Finally, a longitudinal impact assessment is necessary to evaluate
the sustained influence of AuTour on local economic growth and resilient community
development in alignment with SDG 8 and SDG 11. This longitudinal approach enables
the identification of system requirements to assess how effectively the platform protects
both tourists and host communities when a disaster strikes.
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