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Abstract

The tourism industry is currently experiencing a substantial digital transformation, with
Online Travel Agencies (OTAs) committed to integrating innovations such as artificial
intelligence (Al) in order to enhance service delivery and personalize user experiences.
This study investigates the relationship between the utilization of Al and the technical
quality scores of tourism websites, aiming to identify significant associations and variances
in the critical conversion phase. An exploratory research design is employed to evaluate
the technical quality of three prominent international tourism websites, i.e., Booking.com,
Airbnb.com, and Tripadvisor.com. The investigation uses Google Lighthouse, with Perfor-
mance, Accessibility, Best Practices, and Search Engine Optimization (SEO) as variables
analyzed across both desktop and mobile versions, as well as on pages with and without
Al functionality. Data analysis is performed using JASP (version 0.19.3), including linear
regression analysis to quantify the predictive relationship. The analysis confirms that the
Performance variable is the most sensitive to the influence of Al. Al integration demon-
strates a significant positive influence on the Performance score of travel websites. The
regression model indicates that Al usage explains 78.9% of the variation in the Performance
score (R? = 0.789, p < 0.001), indicating a substantial correlation with technical sustainability.
Nevertheless, there remains an ongoing necessity for optimization, particularly with regard
to the enhancement of overall performance and improvement of scores for mobile devices.
The study acknowledges certain limitations related to the sample size of Al applications
and the accessibility of specific Al versions in particular geographic regions.

Keywords: Al in OTA; digital platforms; VOSviewer; ANOVA; performance; applications
of sustainability

1. Introduction

The tourism industry has experienced a significant transformation due to the impact of
digital technology, the Internet, and mobile telecommunications technologies (ICT) [1]. This
evolution has redefined the distribution channels of travel services and has substantially
altered consumer perceptions on the procurement of tourist packages [2].

The significance of this evolution is obvious, with Online Travel Agencies (OTAs) serv-
ing as a pivotal component in this transformation [2]. OTAs have emerged as the preferred
sales channel for travel and accommodation services, developing into critical aggregators
that connect consumers with offline suppliers [2]. Their business model is undergoing
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continuous evolution, transitioning from web services to mobile applications. [2,3]. Addi-
tionally, they are incorporating innovations such as consumer intelligence, data mining,
and artificial intelligence (AI) to enhance customer service [2,4].

Artificial intelligence (AI) equips OTAs to deliver personalized and contextually
relevant services in real time, personalized recommendation systems, and chatbots [5,6].

Artificial intelligence has the potential to significantly reduce operational costs by au-
tomating administrative and support tasks, thereby reallocating resources towards higher-
value activities. Al algorithms facilitate the development of personalized recommendation
systems that analyze user data so that OTAs may deliver tailored travel suggestions, sub-
sequently enhancing user experience and increasing booking rates. Customer service
chatbots proficiently manage inquiries and reservations, offering immediate support and
reducing human workload. The implementation of dynamic pricing models allows for
real-time adjustments of prices based on demand and market conditions, optimizing rev-
enue generation. Al-powered analytics tools enable OTAs to forecast travel trends and
consumer behavior, thereby enhancing strategic management. The integration of Al can
markedly improve user experiences through the provision of personalized services that
are dynamically developed via technology and Al-enhanced human interactions. This
advancement not only fosters competitiveness but also facilitates market entry into new
domains [6]. Similarly, innovations such as VoiceBack, an artificial intelligence-driven voice-
based feedback system, are designed to enhance communication and support throughout
the online booking process [7].

This focus on Al applications and their impact on customer experience aligns with
the emerging research frontier clearly identified in the thematic cluster analysis (Cluster 3)
presented in Section 3 (see Figure 1).
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Figure 1. VOSviewer 1.6.20 clusters.

Researchers collectively investigate the quality of electronic services, technical perfor-
mance, and the implications of emerging technologies on user experience. The literature
has shown that understanding the factors that constitute e-service quality significantly
influences customer satisfaction and repurchase [8-10].

However, the academic discourse is structurally polarized, as demonstrated by the bib-
liometric analysis: while one stream focuses on subjective user perception and acceptance
factors (Cluster 2), the other focuses on Al applications (Cluster 3). Al has the potential
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to enhance productivity and minimize human error within the code development pro-
cess. Conversely, organizations may leverage artificial intelligence for data analysis and
predictive modeling [11].

Despite its importance, the literature has failed to directly quantify and integrate the
objective relationship between Al usage and technical quality scores within evaluation
models. This structural gap, confirmed by the literature mapping (Section 3), indicates a
disjunction between innovation metrics and technical performance metrics. Therefore, our
study adopts an exploratory approach to investigate the predictive nature of the relationship
between the use of Al features and the technical performance of travel websites, with a
specific focus on simulating the critical conversion phase (purchasing a tour). The main
objective of this exploratory research is to identify and quantify the variables measured
by Lighthouse that demonstrate a significant association with the presence or absence of
Al features.

The article is structured into five primary sections: introduction, bibliometric analysis
aimed at identifying gaps within the existing literature, methodology section that elaborates
on the application of the Lighthouse tool and the JASP statistics program, and, lastly, the
results derived from the statistical analysis. The article concludes with a fifth section that
synthesizes the findings.

1.1. E-Service Quality

E-service quality (e-SQ) is conceptualized as the evaluative judgments made by cus-
tomers regarding the quality of services rendered within a digital environment. Broadly
speaking, e-5Q encompasses the capacity of e-commerce platforms to facilitate efficient
and effective communication with consumers, encompassing essential functions such as
searching, purchasing, ordering, and fulfilling consumer requests [12].

The research highlights the need to understand the factors that constitute e-service
quality for customers of Online Travel Agencies, given that these factors significantly influ-
ence customer satisfaction and repurchase intentions. Bernardo et al. [8] delineate two main
dimensions, namely functional and hedonic, which diverge from traditional definitions.
The authors specify that the functional dimension refers to the technical efficiency and
usefulness of the website. Traditionally, the evaluation of this dimension has been based on
either compliance with standards or the subjective perception of users. The present study
extends and complements Bernardo et al.’s [8] concept of functional dimension (technical
efficiency) by integrating objective measurements. With the proliferation of dynamic tech-
nologies based on artificial intelligence (Al), technical efficiency can no longer be assessed
solely through perception. By using Lighthouse scores, this study moves from subjective
to objective evaluation. Thus, our contribution provides the empirical basis and metrics
needed to assess the technical sustainability of the functional dimension in a dynamic,
Al-dominated digital environment.

E-SQ comprises both a process or functional dimension and an output or technical
dimension. Within the scope of this study, the technical quality of a website is of paramount
importance, significantly influenced by various characteristics including layout, visual
complexity, user-friendliness, speed of processing visitor requests, and overall reliability.
The speed at which visitor requests are processed serves as a critical determinant of both
the reliability and professionalism of a website [13].

The functionality and user-friendliness of websites and mobile applications are critical
for hotel bookings, encompassing the provision of detailed information, efficient com-
munication, rapid transactions, and relationship management features [3]. Moreover,
the adaptation to digital technology via innovative practices is essential for the perfor-
mance and survival strategies of small- and medium-sized enterprises (SMEs), including
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Advanced Technology Organizations (ATOs) [6]. Key factors such as perceived security,
which exerts a positive influence, and perceived privacy, which has a negative impact, are
pivotal in shaping travelers’ intentions to engage in online purchasing [1,12,14]. In this
dynamic landscape, travel enterprises, encompassing traditional travel agencies and global
distribution systems (GDSs), have faced challenges due to disintermediation. Research
indicates that perceived usefulness, perceived ease of use, perceived trust, and ubiquitous
connectivity substantially impact the intention to purchase tourism products and services
via mobile devices [1].

Consequently, this study aims to objectively quantify these functional and technical
elements, which are pivotal for the conversion phase, utilizing the Google Lighthouse tool.

1.2. Google Lighthouse as an Assessment Tool

Ioannis Drivas et al. [15] describe the metrics utilized for evaluating technical perfor-
mance as follows: Total Performance Score: This metric assesses the performance of a web
page across mobile and desktop devices, emphasizing critical factors such as loading speed,
responsiveness, and visual stability. First Contentful Paint (FCP): This measurement quan-
tifies the duration required for visible content on the web page, such as text and images, to
appear on the screen. For an optimal user experience, it is recommended that FCP occurs
within 1.8 s or less. Total Blocking Time (TBT): This metric gauges the duration following
FCP during which the main thread is obstructed, thereby inhibiting user interaction with
the web page. To provide an adequate user experience, web pages should strive for a TBT
of less than 200 milliseconds. Speed Index: This estimate assesses the rapidity with which
the visual content of a web page becomes visible during the loading process. Scores below
3.4 s are classified as indicative of fast performance. Largest Contentful Paint (LCP): This
metric calculates the time taken to render the largest visible element within the viewport
following navigation. An LCP of 2.5 s or less is deemed optimal for fostering a positive
user experience. Cumulative Layout Shift (CLS): This metric evaluates the visual stability
of a web page by monitoring unexpected alterations in visible elements. A favorable CLS
score is defined as 0.1 or less.

Lighthouse serves as an automated audit tool that produces scores ranging from 0
to 100 across five critical categories: Performance, Accessibility, Best Practices, and Search
Engine Optimization (SEO). Subsequently, we delineate each indicator in accordance with
the definitions established by Chrome [16]. Performance: Once Lighthouse has collected
the performance metrics, primarily measured in milliseconds, it converts each raw metric
value into a score ranging from 0 to 100. This conversion is based on where the metric falls
within Lighthouse’s scoring distribution, which follows a log-normal distribution derived
from real website performance data in the HTTP Archive. For instance, Largest Contentful
Paint (LCP) measures the moment a user perceives that the largest visible content on
a page has loaded. The LCP metric value reflects the time taken from the moment the
user initiates the page load to the moment the primary content is rendered. Based on
actual website data, top-performing sites achieve an LCP of approximately 1220 ms, which
corresponds to a score of 99; The Lighthouse Accessibility score, in contrast, is calculated as
a weighted average of all accessibility audits, with weights determined by axe user impact
assessments (https:/ /developer.chrome.com/docs/lighthouse, accessed on 6 September
2025). Each accessibility audit results in a pass or fail outcome. Unlike Performance audits,
a page does not receive partial credit for an accessibility audit. For instance, if certain
buttons on a page have accessible names while others do not, the page will receive a
score of 0 for the buttons that do not have an accessible name audit. The 16 Best Practices
tested by Lighthouse primarily focus on the security aspects of websites and modern
web development standards. HTTPS and HTTP/2 verify that resources originate from
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secure sources and assess the vulnerability of JavaScript libraries. Additional Best Practices
address secure database connections and discourage the use of insecure commands, such
as document.write(), as well as the incorporation of outdated APIs [17]; SEO Lighthouse
conducts a variety of tests to evaluate how effectively a website or app can be crawled by
search engines and appear in search results. Google labels these tests as “SEO,” but they
are quite limited. If the website or app does not achieve a perfect score, it is important
to implement the necessary corrections. After making these adjustments, search engine
optimization can unlock significant opportunities for further enhancements that should
definitely be considered [17].

1.3. Sustainability Al in Tourism

Artificial intelligence has been acknowledged to have an increasingly transformative
role in the tourism industry, fostering improvements in efficiency, personalization, and
innovation throughout travel and hospitality [18-20]. Tussyadiah [18] highlights the appli-
cations of automation in tourism experiences and structures a research agenda focusing
on four key priorities: designing beneficial Al, facilitating its adoption, assessing its broad
impacts, and ensuring the creation of a sustainable future with these intelligent systems.
In the same vein, Chavan et al. [19] investigate specific applications of Al, including sen-
timent analysis of social media data, personalized services, administrative automation,
and fostering sustainability through positive tourist behavior change and smart resource
management. As noticed, research has naturally expanded to encompass themes of eco-
nomic, sociocultural, and environmental sustainability [16,21] in response to the global
sustainability and ethics agenda. Majid et al. [21] underscore that sustainability must be
at the heart of any tourism operation, noting the attention that should be paid to aspects
of environmental conservation, along with economic and sociocultural sustainability. The
authors propose an “Al4GoodTourism” framework that may strengthen the sustainable
use of intelligent automation in tourism.

In addressing sustainability, Al has the potential to transform tourism practice in
two ways. On the one hand, Al has the potential to facilitate more personalized and
mindful-focused, sustainable travel experiences, and support decision-making that ensures
the industry’s long-term growth and resilience [16,20,22,23].

Majid et al. [21] name five themes of intelligent automation research within the
“Al4GoodTourism” framework: intelligent automation to enhance tourist experience; in-
telligent automation to preserve heritage; intelligent automation to promote quality of
life; intelligent automation to measure tourist experience; and intelligent automation to
conserve the environment. Other studies, synthesized by Chavan et al. [19], link artificial
intelligence and robotics to sustainability and resilience within the tourism sector and
highlight some key areas: tourism trend prediction and management, smart resource man-
agement, robot-assisted services, robot-assisted services, waste management, feedback and
reviews, eco-friendly route planning, and Al for wildlife conservation.

On the other hand, the concept of sustainability usage, particularly in the context
of digital systems and services like the Internet, focuses on technical methods used to
minimize environmental impact, primarily by reducing carbon emissions and energy
consumption [22-24].

Al enhances technology by optimizing processes, such as reducing energy consump-
tion on websites and digital platforms, making systems more efficient and environmentally
friendly. In addressing low-emission and sustainable approaches to web design and
optimization, Krol [24] assesses the conformity of websites with Green SEO and low-
emission digital design principles. The role of artificial intelligence (Al) is focused on
auditing, measurement, and data analysis. Within this context, the main contribution is
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the operationalization of Green Software Engineering (GSE) and Sustainable Interaction
Design (SID).

Other researchers are skeptical. Sanchez-Cuadrado and Morato [23] maintain that
emerging technologies such as 5 G, Al, and cryptocurrencies are contributing to the global
increase in electricity consumption and call for more appropriate technical instruments to
measure and control carbon emissions and energy consumption during digital activities.

The variables analyzed in this research, i.e., Performance, Accessibility, Best Practices,
and Search Engine Optimization (SEO), fall within the two areas of Al intervention.

Accessibility and Best Practices, described by indicators like efficient navigation,
searchability, security, and modern, responsible web development standards, and guided
by personalization and eco-friendliness, can be enhanced through Al potential to facilitate
more personalized and mindful-focused, sustainable travel experiences.

Performance and SEO, described by indicators like speed, efficiency, technical per-
formance of websites, responsiveness, code quality, page load stability, and guided by
efficiency and control, are driven by the Al potential to improve technical parameters.
In this paper, we trace the elements of technical sustainability. We examine the ele-
ments of technical sustainability in terms of the parts they may play in shaping future
sustainability investigations.

2. Bibliometric Analysis

In this study, we performed a bibliometric analysis of the scientific literature based on
the Web of Science databases, concentrating on the intersection of artificial intelligence (Al),
website quality, and the tourism sector.

2.1. Literature Review on Artificial Intelligence and Website Quality in Tourism

On 6 June 2025, we commenced our analysis of artificial intelligence and its impact on
Website Quality in the Tourism sector.

Purpose: To identify underexplored research niches and potential avenues for future
inquiry, particularly within the context of digital travel service quality.

Bibliometric Analysis Methodology, performed on the platform Web of Science, in-
cluded articles, conference papers, and books. The investigation spanned a period of
10 years from 2015 to 2025.

In the subsequent sections, we delineate the keywords employed to conduct the
database search, along with the resulting query. The keywords were generated utilizing
Power Thesaurus.

Keywords for tourism website quality: user experience, website performance, cus-
tomer satisfaction, usability, user interface, user surface, design and functionality, expe-
rience of a person using an application, presentation and interaction, customer experi-
ence, easier to use, convenient operation, experience of the users, handling properties,
experience of clients, experience of end-users, look and interaction, functionality of the
site, accessibility.

Keywords for tourism: tourism business, tourism sector, travel websites, travel plat-
forms, travel booking site.

Keywords for tourism Al artificial intelligence, natural language processing, computer-
aided testing, ai, information technology.

Query: TS = (website* quality OR user experience OR website performance OR
customer satisfaction OR usability OR user interface OR user surface OR design and func-
tionality OR experience of a person using an application OR presentation and interaction
OR customer experience OR easier to use OR convenient operation OR experience of the
users OR handling properties OR experience of clients OR experience of end-users OR look
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and interaction OR functionality of the site OR accessibility) AND TS = (tourism business
OR tourism sector OR travel websites OR travel platforms OR travel booking site) AND
TS = (artificial intelligence OR natural language processing OR computer-aided testing OR
ai OR information technology).

Results: A total of 547 results were obtained.

Visualization tool: VOSviewer was employed for cluster analysis and visualization.

2.2. Key Findings from the VOSviewer Analysis—Clusters
An analysis of binary terms using VOSviewer revealed four distinct clusters:
1.  People-Oriented Innovation in Specific Systems and Areas (131 Terms)

Cluster 1 emphasizes human-centered innovation across various systems and domains,
proposing a comprehensive approach to human interaction with technology. The dominant
term is system (with 1657 links); other important keywords include area (1051), person
(1291), and innovation (1069). This cluster constitutes the foundational conceptual and
methodological framework of the analyzed literature, emphasizing the interplay between
innovation, the working environment, and the human user. It synthesizes research that
examines system design and the processes through which innovations are implemented,
accepted, or prioritized across diverse organizational and social contexts.

2. Analysis of Relationships, Factors, and Impact (101 Terms)

The terms within Cluster 2 exhibit a robust interconnection with those in Cluster 1,
suggesting that the examination of factors and relationships—such as user intention and
the impact of technology—is frequently associated with systems and innovation. The dom-
inant term is factor (with 1815 links); other important keywords include relationship (1292),
intention (1260), insight (1156), effect (1266), and influence (1051). This research cluster
emphasizes the exploration of causal mechanisms and empirical validation regarding the
influence of technology on user behavior. The robust interrelationship among intention,
perception, and various factors, coupled with the application of structural equation mod-
eling (SEM), unveils a focus on psychological and sociological frameworks that elucidate
the decision-making processes related to the adoption and utilization of innovations. This
cluster exemplifies a conventional quantitative methodology for assessing the efficacy of a
“system” (Cluster 1). The term “insight” highlights the emphasis on substantial theoretical
contributions derived from these models.

3. Consumer Experience through Artificial Intelligence, Robotics, and Hospitality
(18 Terms)

Within Cluster 3, only Artificial Intelligence and Consumer Experience exhibit correla-
tions with the initial two clusters, indicating a more focused examination of the application
of Al within the consumer experience in the hospitality sector. Artificial intelligence is
presently a topic of significant interest and is associated with elements such as robotics,
customer experience, the hospitality industry, and insights pertaining to hospitality. This
underscores the current relevance of Al in the context of hospitality and customer expe-
rience. A dominant term is Artificial Intelligence (AI) with 937 links; other important
keywords are as follows: Consumer Experience (400), Robot (251), Algorithms (491), and
Hospitality Industry (441). This cluster signifies a highly specialized research front, con-
centrating on the application of advanced technologies, specifically artificial intelligence
and robotics, within the context of direct interaction services in the hospitality industry
and customer experience. This theme applies and transposes the concepts of systems and
factors, as discussed in Clusters 1 and 2, into a specific business framework. The analysis
examines how algorithms and robotics fundamentally reshape the customer experience.

4. Pandemic (6 Terms)
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Cluster 4, although modest in size, illustrates the recent scholarly interest in the
literature regarding the pandemic’s impact on the studied domains. The dominant term is
COVID-19 with 610 links; another important keyword is Pandemic with 189 links.

Although small, this cluster is of significant importance. It does not reflect an internal
theme within the field; instead, it represents an external contextual variable (exogenous
shock) that calls for the modification or acceleration of innovation and technology pro-
cesses (Clusters 1 and 2). Research within this cluster is likely to address resilience, rapid
adaptation, or alterations in consumer behavior in response to the pressures exerted by
global crises.

The four clusters are illustrated in Figure 1 below to facilitate a more comprehensive
understanding.

2.3. Areas of Interest and Their Interconnections

In an overarching analysis, we examined the diverse interconnections among top-
ics of significant interest. Artificial intelligence emerges as a prominent area of study,
with links to issues such as robotics, customer experience, and the hospitality industry.
This underscores the idea that Al represents a central and increasingly relevant theme in
contemporary discourse.

Marginal or Isolated Terms: Several terms relevant to the study appear to be under-
explored or have limited connections in the existing literature: Online Platform (OCC 13);
Online Travel Agency (OTA) (OCC 14); Travel Industry (OCC 16); Travel Planning (OCC 10);
Travel Website (OCC 16); and Traveler (OCC 13). See Figure 2.
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Figure 2. VOSviewer items of interest over the years.

The sole exception is the Travel Agency, which maintains a connection with the
keyword Relationship. Regarding the terms of interest to our study, marginal and isolated
areas with no connections include elements such as online platforms and travel websites.
This observation highlights a substantial research gap concerning specific aspects of travel
platforms and websites. TripAdvisor is associated with the concept of “review,” a topic
that has been the subject of extensive debate since 2020. This indicates that the examination
of reviews, and by extension, qualitative feedback, constitutes a well-established domain of
research. “Comparison” and “digital transformation” are among several topics of interest
currently under investigation.
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“Quality” and “Perception”: An examination of the concept of quality reveals the
emergence of terms such as perception, which further correlate this concept to its utility.
Nevertheless, the discourse surrounding “quality” within the broader framework remains
underexplored, with minimal attention given to “perception.” This underscores a significant
gap in the literature: the in-depth investigation of perceived quality in the context of travel
websites is notably limited.

2.4. Research Gaps and Opportunities for Further Inquiry

Artificial intelligence (AlI) constitutes a dynamic and emergent frontier in research
within the field, as indicated by the analysis of thematic clusters (Figures 1 and 2). The
literature reveals a growing interest in Al applications (Cluster 3); however, established
models pertaining to technology acceptance and quality perception (Cluster 2) were pri-
marily formulated for passive systems, rather than for the intricate technologies predicated
on AL

This conceptual and methodological disjunction leaves unexamined the extent to
which Al implementation directly affects the objective technical performance metrics of
travel websites. Consequently, this study adopts an exploratory approach to investigate
the relationship between the utilization of Al features and the technical performance of
travel websites, with a particular emphasis on simulating the critical conversion phase of
purchasing a tour.

3. Methodologies

Research Design: The exploratory research was designed to identify and quantify the
variables, as measured by Lighthouse, that demonstrate a significant association with the
presence or absence of Al features.

The sample comprised the most frequently visited international tourism websites [25].
A total of three websites were incorporated into the analysis: Booking.com (B), Airbnb.com
(A), and Tripadvisor.com (T), which are subsequently referred to by their initials B, A, and
T, respectively. Additionally, the inclusion criteria encompassed the services provided, with
a particular emphasis on the available experiences.

The study employed two primary methodologies: the automated website evaluation
tool, Lighthouse, developed by Google, and JASP for the measurement and analysis of the
collected data. We selected JASP as an ideal tool for exploratory research due to its capacity
to facilitate the rapid execution of multiple analyses and the effective visualization of data.

A panel of three academics collaborated to ensure the comprehensiveness of the
study. One researcher conducted the Lighthouse audits (see Table 1), performing five
repeated assessments in both desktop and mobile modes to ensure consistency, with
an average internet download speed of 477 Mbps employed to simulate realistic usage
conditions. Subsequently, we organized the collected results using Excel to prepare the
dataset for subsequent statistical analysis. We conducted the statistical analysis, which
included analysis of variance (ANOVA). Linear regression analysis was then employed.
This methodology was selected to address the limitations inherent in simple association
and to quantify the degree to which the presence of Al features (“Al/Non-Al") serves
as a predictor of variation in Lighthouse performance metrics (e.g., Total Blocking Time
and Largest Contentful Paint) and other aggregate scores (Accessibility, Best Practices,
and Search Engine Optimization), and provided a thorough interpretation of the results.
To ensure the reliability of the evaluation instruments and the validity of the technical
sustainability assessment, Lighthouse was employed as a standardized tool. Specifically,
the technical sustainability dimension was primarily reflected in the Performance and Best
Practices categories, which capture the efficiency, optimization, and robustness of web
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applications. Metrics such as Largest Contentful Paint (LCP), Total Blocking Time (TBT),
and Cumulative Layout Shift (CLS) were interpreted as indicators of system efficiency
and resource management, while the Best Practices score provided insight into long-term
maintainability, security, and adherence to modern development standards. Together, these
indicators were considered representative of the application’s technical sustainability.

Table 1. Standard Audit Phases.

Phase

Scope Page Analyzed/Website Al_Status

Page 1 (input)

Page 2 (search results)

Page 3 (specific offer)

Booking “Attractions” page;
Website Entry Point-Search TripAdvisor Homepage; Airbnb Without interaction
“Experiences” page

Simulating Page displaying the tours resulting .
Search-Interaction from the search Results without Al
Product (Tour) Page The page for the first tour displayed =~ Results without Al

Given that the study specifically examines the influence of artificial intelligence (AI),
we observed variations in the structure of the results pages. A distinct and explicit Al
feature was identified solely on TripAdvisor. In this context, we introduced an additional
audit page, designated as Page 4, to compare platform and architecture-specific differences
impacted by AL This phase was exclusively implemented within the TripAdvisor frame-
work, as this platform uniquely presented a “Build your trip” feature powered by Al at the
top of Page 2 (the standard search results page). Page 4 represented the results page after
interaction with the Al functionality, specifically following the Al’s initiation of inquiries
regarding details for a travel plan, via the following initial set of questions pertaining
to travel timeline, specification of the timeframe, or duration of the trip: “When are you
going?”; trip type and group: “What kind of trip are you planning? (i.e., solo trip, partner
trip, friends trip, family trip)” and pet travel inclusion: “Are you traveling with pets?”; and
interests and priorities, detailing the thematic goals and preferences to shape the itinerary
content: “Tell us what you're interested in (i.e must-see attraction, great food, hidden gems
etc.)”. These inputs serve as the core parameters that the Al utilizes to formulate the initial
draft of the travel itinerary.

Data Collection Procedure: The data collection process was conducted from 4 July
to 7 July 2025. A distinct website was selected for each audit, which encompassed both
desktop and mobile devices. The audits were performed in incognito mode, targeting
pages that did not call for authentication with personal data to guarantee a clean and
objective analysis. All collected data were systematically introduced into Excel files, with
variables organized according to the audited and tested pages. Ultimately, these files were
consolidated into a comprehensive database that included all three analyzed websites,
categorized by the two types of devices.

All statistical analyses were conducted using JASP version 0.19.3. The database
was meticulously organized to eliminate any errors that could affect the analyses within
JASP. Statistical computations were performed to evaluate internal consistency, thereby
corroborating the integrity of the statistical analysis. Sphericity was assessed to identify
any violations, after which the Greenhouse—Geisser correction was applied as necessary.

Hypothesis Overview:

The primary objective of this research is to assess the impact of the integration of artifi-
cial intelligence technologies on the technical quality of web pages, utilizing Lighthouse
scores as the primary evaluation metric.

Three null hypotheses and three alternative hypotheses were formulated as follows:
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Null Hypothesis (H0): There are no significant differences in Lighthouse scores among
web pages that do not use artificial intelligence (HO0.1). There are no significant differences
among webpages that are optimized by artificial intelligence, in terms of Lighthouse scores
(HO.2). Lighthouse scores remain constant regardless of the devices used, such as desktop
or mobile (HO.3).

Alternative Hypothesis (H1): There are significant differences among web pages that
do not use artificial intelligence in at least one of the Lighthouse dimensions (H1.1). There
are significant differences among Al-optimized web pages in at least one of the Lighthouse
dimensions (H1.2). Lighthouse scores differ between desktop and mobile devices (H1.3).

Repeated Measures ANOVA

The study employs a repeated measures analysis of variance (mixed ANOVA) to assess
the mean frequencies of various characteristics, including Performance, Accessibility, Best
Practices, and SEO, across the tourism platforms Booking (B), Airbnb (A), and TripAdvisor
(T). ANOVA is additionally utilized to evaluate whether significant differences exist in
multiple dependent variables (dimensions) among different groups (website types).

4. Results

In the following section, we present the results obtained for the aforementioned
hypotheses: H0.1/H1.1, H0.2/H1.2, and H0.3/H1.3.
To evaluate the hypotheses outlined below, a repeated measures ANOVA was conducted.

4.1. Repeated Measure ANOVA for Pages Without Al

(HO.1). There are no significant differences in Lighthouse scores among web pages that do not use
artificial intelligence.

(H1.1). There are significant differences among web pages that do not use artificial intelligence in
at least one of the Lighthouse dimensions.

4.1.1. Within-Subject Effects

To examine the impact of the Lighthouse dimensions on scores obtained under the condi-
tion of absence of artificial intelligence, a repeated measures analysis of variance (ANOVA)
was conducted employing the Greenhouse-Geisser correction. The results revealed a signif-
icant main effect of the assessed dimensions, F = 4960.934, p < 0.001, indicating substantial
differences among Performance, Accessibility, Best Practices, and SEO.

Additionally, several significant interactions were identified between the assessed dimen-
sions, including the interaction with website type, F = 160.708, p < 0.001. Another noteworthy
interaction was observed concerning the type of device utilized, F = 324.746, p < 0.001, as
well as between the analyzed pages, F = 97.077, p < 0.001. Furthermore, other pertinent
interactions were identified, including dimensions analyzed x website x device; dimensions
analyzed x website x page; and dimensions analyzed x device x page (see Table 2).

Table 2. Within Subject Effects—Without AL

Sum of

Cases Sphericity Correction Squares df Mean Square F p
RM Without Al Greenhouse—-Geisser 128,017.164 1.770 72,338.511 4960.934 <0.001
RM Without Al x Website Greenhouse-Geisser 8294.161 3.539 2343.386 160.708  <0.001
RM Without Al x Test Greenhouse-Geisser 75.183 7.079 10.621 0.728 0.650
RM Without Al x Device Greenhouse-Geisser 8380.097 1.770 4735.332 324.746 <0.001

RM Without AI x Page Greenhouse-Geisser 5010.161  3.539 1415.543 97.077  <0.001
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Table 2. Cont.
Cases Sphericity Correction Sum of df Mean Square F
P y Squares ! P
RM Without Al x Website x Test Greenhouse-Geisser 142.450 14.158 10.062 0.690 0.779
RM Without Al x Website x Device Greenhouse-Geisser 1070.261 3.539 302.386 20.737 <0.001
RM Without Al x Test x Device Greenhouse-Geisser 19.639 7.079 2.774 0.190 0.987
RM Without AI x Website x Page Greenhouse-Geisser 14,954.339  7.079 2112.558 144.878  <0.001
RM Without AI x Test x Page Greenhouse-Geisser 119.783 14.158 8.461 0.580 0.874
RM Without AI x Device x Page Greenhouse-Geisser 418.128 3.539 118.135 8.102 <0.001
RM Without AI x Website x Test x Device Greenhouse-Geisser 73.461 14.158 5.189 0.356 0.983
Residuals Greenhouse-Geisser 1135.422 77.867 14.582

Note. Type III Sum of Squares. Mauchly’s test of sphericity indicates that the assumption of sphericity is violated
(p <0.05).

4.1.2. Post Hoc Comparisons

The ANOVA analysis revealed dimensions exhibiting statistical significance, with
p-values less than 0.05. Consequently, we proceeded with Post Hoc analysis (Table 3) to
elucidate the significant differences and to identify which of the analyzed criteria were
influenced. Performance consistently shows significant differences.

e  Accessibility (by 45.356 points);
e  Best Practice (by 46.722 points);
e  SEO (by 34.044 points).

Best Practices seem to have the highest scores, as they are significantly higher than
Accessibility and SEO, and Accessibility is also significantly lower than Best Practices.
Accessibility is significantly higher than SEO, but significantly lower than Best Practices.
SEO appears to have the lowest scores compared to Accessibility and Best Practices.

Table 3. Post Hoc Comparisons—RM Without Al

Mean
Difference SE df t Pholm
Performance Accessibility —45.356 0591 36 —76.803 <0.001
Best Practices —46.722 0484 36 —96.493 <0.001
SEO —34.044 0.594 36 —57.342 <0.001
Accessibility Best Practices —1.367 0.404 36 3379  0.002
SEO 11.311 0.188 36 60283 <0.001
Best Practices SEO 12.678 0354 36 35797  <0.001

Note. p-value adjusted for comparing a family of 6 estimates. Results are averaged over the levels of Website, Test,
Device, and Page.

Performance appears to be the lowest, and Best Practices the highest, with Accessibility
and SEO falling in between, but with significant differences among all of them.

4.2. Repeated Measure ANOVA for Pages with Al

(HO.2). There are no significant differences among webpages that are optimized by artificial
intelligence in terms of Lighthouse scores.

(H1.2). There are significant differences among Al-optimized web pages in at least one of the
Lighthouse dimensions.

4.2.1. Within-Subject Effects

As indicated in the preceding analysis, a significant relationship between the values
was identified (see Table 4). The results showed a significant value, where F = 1388.410, p <
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0.001. Additionally, several significant interactions were identified between the assessed
dimensions, including the interaction with page F = 1185.304, p < 0.001; interactions with
device F = 131.994, p < 0.001; and between page x device F = 33.963, p < 0.001.

Table 4. Within-Subject Effects—With AL

Cases Sum of df Mean F p
Squares Square
RM With Al 15,376.637 3 5125.546 1388.410 <0.001
RM With AT x Test 44.800 12 3.733 1.011 0.492
RM With AI x Page 13,127.237 3 4375.746 1185.304 <0.001
RM With AI x Device 1461.838 3 487.279 131.994 <0.001
RM With Al x Test x Page 49.450 12 4121 1.116 0.426
RM With Al x Test x Device 40.850 12 3.404 0.922 0.555
RM With AI x Page x Device 376.138 3 125.379 33.963 <0.001
Residuals 44.300 12 3.692

Note. Type III Sum of Squares.

4.2.2. Post Hoc Comparisons

To identify groups that exhibited semi-significant differences, a Post Hoc analysis
was conducted, the results of which are presented in Table 5. Performance demonstrated
significant differences across the three Lighthouse dimensions.

Table 5. Post Hoc Comparisons—RM With AL

Mean
Difference SE dt t Pholm
Performance  Accessibility ~33.100 0.341 4 —97.080 <0.001
Best —34.750 0.901 4 38552 <0.001
Practices
SEO ~22.100 0.341 4 64818 <0.001
Accessibility Best ~1.650 0.765 4 2157 0.097
Practices
SEO 11.000 1759 x 10755 4 6255 x 101 <0.001
Best Practices SEO 12.650 0.765 4 16539 <0.001

Note. p-value adjusted for comparing a family of 6 estimates. Results are averaged over the levels of Test, Page,
and Device.

The mean differences are negative, indicating that the scores for Performance are lower
than those for Accessibility (by 33.100 points), Best Practice (by 34.700 points), and SEO (by
22.100 points).

Best Practices seem to have the highest scores, as they are significantly higher than
Accessibility and SEO. Accessibility is significantly higher than SEO, but significantly lower
than Best Practices.

4.3. Post Hoc Comparisons—Device

(HO.3). Lighthouse scores remain constant regardless of the devices used, such as desktop or
mobile devices.

(H1.3). Lighthouse scores differ between desktop and mobile devices.

Tables 6 and 7 present the results of the Post Hoc comparative analysis for devices, de-
signed to evaluate the validity of the null hypothesis in relation to the alternative hypothesis.
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Table 6. Post Hoc Comparisons—Device without AL
Mean Difference SE df t Pholm
desktop mobile 4.061 0.378 44 10.750  <0.001

Note. Results are averaged over the levels of Website, Test, Page, RM Without Al Table 6 delineates the
comparison between desktop and mobile devices for pages that did not employ artificial intelligence, revealing a
mean difference of 4061, which indicates a higher value for desktop compared to mobile. A similar situation is
observed for pages utilizing artificial intelligence, where the mean difference is recorded at 2825 (see Table 7).

Table 7. Post Hoc Comparisons—Device with AL

Mean Difference SE df t Pholm

desktop mobile 2.825 0.384 4 7.356 0.002
Note. Results are averaged over the levels of Test, Page, RM with Al

4.4. Comparisons Website
4.4.1. Post Hoc Comparison—Website Without Al

To enhance the significance of the findings, we undertook additional analyses aimed
at offering a more nuanced perspective on the comparisons among websites. These results,
while not part of the initial hypotheses, provide critical insights into the evaluation of
website performance in both the presence and absence of artificial intelligence, as well as
into the establishment of performance positioning among websites that do not employ
artificial intelligence. In Table 8, we can see that Airbnb demonstrates lower performance
metrics in comparison to Booking.com, exhibiting an average difference of (—3.642), with a
significance level of p < 0.001. In relation to TripAdvisor, the average difference is (—4.458),
with a significance level of p < 0.001. Conversely, the comparison between Booking.com
and TripAdvisor reveals a negative difference of (—0.0817); however, this difference is not
statistically significant, as indicated by a p-value of 0.257.

Table 8. Post Hoc Comparisons—Website without AL

Mean Difference SE df t Pholm

A B —3.642 0.715 81 —5.095 <0.001
T —4.458 0.715 81 —6.238 <0.001

B T —0.817 0.715 81 —1.143 0.257

Note. p-value adjusted for comparing a family of 3 estimates. Results are averaged over the levels of Page and
RM without AL

4.4.2. Post Hoc Comparisons—Page

Following the identification of the Lighthouse scores and the corresponding platforms,
this study aimed to differentiate between pages that utilize artificial intelligence and those
that do not, but only for TripAdvisor. Table 8 below includes all pages; however, the only
page that employed artificial intelligence and was available for analysis is Page 4. Page
2 was included in both analyses, but the results were identical; therefore, no distinction
is made between them. According to Table 9, five significant differences were identified.
Page 1 exhibits positive scores in comparison to the other three pages. Page 2, while
demonstrating a relatively small positive difference compared to Page 3, reveals significant
negative differences when compared to Page 4. Furthermore, Page 3 displays negative
scores relative to Page 4, thereby underscoring a significant difference.
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Table 9. Post Hoc Comparisons—Page with and without Al

Mean Difference SE df t Pholm

Page 1 Page 2 6.825 0.335 12 20.367  <0.001
Page 3 6.975 0.335 12 20.815  <0.001

Page 4 4.800 0.335 12 14324  <0.001

Page 2 Page 3 0.150 0.335 12 0.448 0.662
Page 4 —2.025 0.335 12 —6.043  <0.001

Page 3 Page 4 —2.175 0.335 12 —6.491  <0.001

Note. p-value adjusted for comparing a family of 6 estimates.

4.5. Linear Regression

In the linear regression model, the primary dependent variable was the aggregate
Performance score derived from the Google Lighthouse audit. This selection is substanti-
ated by three interrelated arguments: First, scores in the Performance category uniquely
encapsulate the tension between technical efficiency and user experience. The key metrics
comprising this score, specifically Total Blocking Time (TBT) and Largest Contentful Paint
(LCP), provide precise measurements of processing time and user-perceived delays, render-
ing them particularly sensitive to the dynamic impacts of Al tasks. Our study was designed
to simulate the critical conversion phase, characterized by the intention to purchase a
tour. During this phase, performance emerges as a sine qua non factor of technical quality.
Perceived delays (LCP) or interface freezes (TBT) resulting from suboptimal performance
directly contribute to increased abandonment rates and negatively influence purchase in-
tent. Consequently, performance represents the technical variable with the most substantial
predictive power regarding user experience at this commercially significant juncture.

As presented in Table 10, the comprehensive model (M;) exhibits a correlation coef-
ficient (R) of 0.888 and a coefficient of determination (R?) of 0.789, which suggests that
approximately 78.9% of the variability in website performance can be accounted for by the
variables incorporated in the model. The adjusted R? value is 0.778, while the root mean
square error (RMSE) is 6.767. In contrast, the null model (My) shows no explanatory power,
as indicated by an R? value of 0.

Table 10. Model Summary—Performance.

Model R R? Adjusted R? RMSE
M 0.000 0.000 0.000 14.361
M; 0.888 0.789 0.778 6.767

Note. M; includes Accessibility, Best Practices, SEO, Al_Status, and Device.

Table 11 presents the results of the ANOVA test, which demonstrates that the regres-
sion model is statistically significant, F(5, 94) = 70.37, p < 0.001. This finding substantiates
the conclusion that the predictors included in the model significantly contribute to explain-
ing the variance in performance.

Table 11. ANOVA.

Model Sum of Squares  df Mean Square F p
M; Regression 16,114 5 3222.77 70.37  <0.001
Residual 4305 94 45.80
Total 20,419 99

Note. M; includes Accessibility, Best Practices, SEO, Al_Status, and Device. Note. The intercept model is omitted,
as no meaningful information can be shown.
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Efficient values for each predictor are delineated in Table 12. The findings indicate that
Best Practices (3 = 0.195, p < 0.001), SEO (3 = 0.126, p = 0.017), Al_Status (3 = 0.526, p < 0.001),
and Device (3 = —0.755, p < 0.001) serve as statistically significant predictors of performance.
Conversely, the Accessibility variable did not attain the significance threshold (p = 0.140).

Table 12. Coefficients.

Standard

Unstandardized E Standardized t p
rror

(Intercept) 51.290 1.436 35.714 <0.001
(Intercept) —14.659 18.725 —0.783 0.436
Accesibility 0.247 0.166 0.072 1.489 0.140
Best Practices 0.454 0.125 0.195 3.616 <0.001
SEO 0.092 0.038 0.126 2.429 0.017
Al_Status 25.070 2.434 0.526 10.301 <0.001
Device —21.566 1.453 —0.755 —14.838  <0.001

5. Discussion

Concerning hypothesis H0.1/H1.1, which addresses the impact of Al absence on Light-
house scores, the following conclusions can be drawn: There are no significant differences
in Lighthouse scores among web pages that do not use artificial intelligence (HO0.1); there are
significant differences among web pages that do not use artificial intelligence in at least one
of the Lighthouse dimensions (H1.1). The ANOVA results (F(5, 94) = 70.37, p < 0.001) and re-
gression coefficient associated with Al Status (3 = 25.070, t = 10.301, p < 0.001) demonstrate
statistically significant differences between the groups, indicating that websites lacking
Al components received lower scores than their Al-integrated counterparts. Furthermore,
the Performance variable exhibited the lowest scores overall (p < 0.001). These results,
supported by the regression model (R? = 0.789; Adjusted R? = 0.778), confirm that the
presence of Al significantly influences website performance values. SEO exhibited notable
distinctions when compared to Accessibility and Best Practices (p < 0.001), with lower
performance metrics in these areas. Accessibility (p = 0.140) did not show statistically
significant effects. Best Practices (3 = 0.454, p < 0.001) and SEO (3 = 0.092, p = 0.017)
contributed positively to overall performance.

It should be noted that, in several analyzed pages labeled “powered by Al” the Al
component is not active by default but becomes operational only after the user initiates it by
pressing a specific button. In such cases, the initial performance measured before activation
is lower than after Al functionality is enabled. Consequently, while pages containing
inactive Al elements may show slightly reduced performance values compared to fully
active implementations, these scores remain higher than those of non-Al websites.

Concerning hypothesis H0.2/H1.2, which posits the influence of artificial intelligence
on Lighthouse scores, the conclusions are as follows: (H0.2) There are no significant differ-
ences among webpages optimized by artificial intelligence in terms of Lighthouse scores.
(H1.2) There are significant differences among Al-optimized web pages in at least one of the
Lighthouse dimensions. The regression analysis confirms the rejection of H0.2 (p < 0.001)
and validates the alternative hypothesis (H1.2), as Al-related variables significantly con-
tribute to the explained variance of performance metrics. The data presented in Table 9
show substantial differences (p < 0.001), with one exception: for page 2 on the TripAdvisor
platform, the performance-diminishing score is associated with a Total Blocking Time (TBT)
of 3330 ms, in contrast to page 4, which recorded a TBT score of 0 ms. In cases where the
“powered by Al” feature is implemented but not fully active—remaining idle until the user
initiates it—the system may slightly reduce performance due to unused embedded scripts.
However, when Al functionality is activated and fully operational, the page benefits from
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its entire potential, resulting in higher performance scores compared to the inactive state
and outperforming non-Al websites overall.

In practical terms, performance improvement requires addressing actions that produce
low scores in Total Blocking Time, Speed Index, and Largest Contentful Paint. To improve these
scores, certain optimizations are required, such as reducing JavaScript execution, minimizing
main-thread activity, serving images in next-generation formats, and reducing unused JavaScript
for all analyzed websites. Although performance and SEO are considered distinct dimensions,
there exists a significant correlation between them (p < 0.05), as technical performance directly
affects search engine positioning, which is part of Google’s ranking algorithms.

Hypothesis H0.3/H1.3 investigates the impact of the device type, contingent upon the
presence or absence of artificial intelligence, on Lighthouse performance metrics: (HO0.3)
Lighthouse scores remain constant regardless of the devices used, such as desktop or
mobile. (H1.3) Lighthouse scores differ between desktop and mobile devices. The observed
differences support the alternative hypothesis (H1.3). The regression coefficient for Device
(B =—21.566, t = —14.838, p < 0.001) confirms a statistically significant difference between
desktop and mobile implementations. Specifically, desktop versions of web pages yield
superior scores compared to responsive versions designed for mobile devices. Statistically
significant differences were identified in pages without artificial intelligence (p = 0.001) and
in those incorporating artificial intelligence (p = 0.002).

Although Adli et al. [26] posited that performance is not a significant factor for e-commerce
sites, the results of this study indicate that performance is statistically significant for OTAs. As
Upadhyaya [11] indicates, if AI identifies that customers are abandoning the payment page
due to slow loading times, developers can prioritize performance enhancements to mitigate
shopping cart abandonment, affecting the conversion rate. The ANOVA and regression analyses
confirm that the integration of artificial intelligence significantly enhances website performance
without negatively affecting other Lighthouse scores (F(5, 94) = 70.37, p < 0.001). These findings
provide a consistent statistical framework for developers and designers to evaluate technical
effects associated with artificial intelligence integration. However, companies must strike a
balance between using Al technologies and maintaining consumer trust [27].

In the context of sustainability, performance is closely associated with energy effi-
ciency. An optimized website, characterized by enhanced performance, necessitates fewer
computational resources. Given that artificial intelligence (Al) serves as a primary predictor
of performance metrics, the incorporation of efficient Al systems significantly advances the
digital sustainability of the tourism industry by mitigating technical sustainability.

This study presents several limitations. Regarding the sample, its size is relatively
small; however, this study is exploratory in nature, serving as an initial test of the method-
ology, and it can be replicated across different websites and scales to further validate the
approach. A pertinent aspect of this research is the technological context of emerging mar-
kets, such as Romania, where network infrastructure and the geographical distribution of
servers can significantly influence performance as measured by Lighthouse indicators. Net-
work latency, particularly in relation to accessing international Online Travel Agency (OTA)
servers, can extend resource download times, especially when connections are directed
toward servers situated in Western regions. Furthermore, Domain Name System (DNS)
resolution and content delivery network (CDN) propagation mechanisms may introduce
additional delays, particularly in the absence of local caching infrastructures. These delays
can adversely affect performance scores, even in instances where artificial intelligence (AI)
components are implemented effectively, if traffic is routed through international pathways
characterized by high latency. Nonetheless, these findings must be contextualized within
the evolution of digital infrastructures. The literature underscores that the integration of
Al into content delivery networks (CDNs) is not susceptible to such constraints; rather,
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it represents a viable solution for optimizing performance [28]. Consequently, while the
network infrastructure in emerging markets may temporarily constrain overall website per-
formance, the incorporation of Al into CDNs has the potential to mitigate these limitations
by anticipating demand, facilitating dynamic routing, and enabling edge-level processing,
thereby significantly reducing the impact of latency. Another limitation identified in the
TripAdvisor analysis is represented by Lighthouse on pages displaying Al-generated con-
tent (referred to as Page 4 in our research). The Lighthouse analysis was performed on the
first query generated by the system, “when are you going?” However, we were unable to
extend this assessment to subsequent interactions. Specifically, when we attempted to run
Lighthouse to evaluate the page states generated in response to questions 2 and 3 of the
planning session, the system exhibited a refresh behavior, reverting to the first query. This
limitation prevented us from collecting metrics for the entire Al-generated flow. Another
limitation is that Booking.com has implemented the Al Trip Planner functionality within
its platform; however, this tool is not accessible in Romania.

Future research will aim to expand the sample and examine the impact of artificial
intelligence more comprehensively. Consequently, the sample remains limited in terms of
Al integration, indicating that this area requires further investigation.

To sum up, this work demonstrates how Al can strengthen sustainability in tourism
digital infrastructures by enhancing Accessibility and Best Practices through responsible, user-
centric design, and improving Performance and SEO via technical efficiency. Tourism SMEs
and DMOs can apply Al tools to advance sustainability metrics by adopting Al-based per-
sonalization systems to promote low-impact travel choices, and monitoring tools to optimize
website performance in an energy-efficient manner. Additionally, Al-driven SEO and content
generation can reduce resource-intensive marketing while improving visibility. These appli-
cations provide a practical framework for integrating technically sustainable, Al-supported
strategies into tourism management and future sustainability research, aligning with broader
ESG (Environmental, Social, and Governance) principles and supporting relevant SDGs (Sus-
tainable Development Goals), such as SDG 9 (Industry, Innovation, and Infrastructure), SDG
12 (Responsible Consumption and Production), and SDG 13 (Climate Action).
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