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Abstract

This study investigates the influence of predictive Al crowd-management messaging on
tourists’ psychological and behavioral responses in crowded destinations. Drawing on the
Stimulus—-Organism—Response (S—O-R) framework, the study examines how predictive
and data-driven crowd-management messages shape perceived control, stress reduction,
temporal satisfaction, and destination loyalty. A quantitative cross-sectional design was
employed using purposive sampling. Data were collected from 265 tourists who had
recently visited destinations offering digital or smart tourism information services. The
respondents were selected from tourism destinations utilizing Al-enabled crowd-
management and informational systems. Established measurement scales adopted from
prior studies were used, and data were analyzed through Partial Least Squares Structural
Equation Modeling (PLS-SEM) using SmartPLS. The findings reveal that predictive Al
crowd-management messaging significantly enhances tourists’ perceived control, which
subsequently reduces stress and improves temporal satisfaction. Temporal satisfaction
emerged as a strong predictor of destination loyalty. Furthermore, the results support a
serial mediation mechanism in which predictive Al crowd-management messaging
enhances perceived control, leading to stress reduction, which subsequently increases
temporal satisfaction and ultimately strengthens destination loyalty. The study extends
smart tourism literature by integrating Al-based crowd-management communication with
tourists’ cognitive, emotional, and evaluative processes. The findings suggest that
destinations can leverage predictive Al communication to enhance tourists’ sense of
control, reduce stress, improve time-related experiences, and foster long-term destination
loyalty.

Keywords: Predictive Al, crowd management, perceived control, stress reduction,
temporal satisfaction, destination loyalty.
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1. Introduction

The rapid increase in numbers of visitors travelling around the world and the growing
density in popular travel destinations have led to growing concerns about crowding and
congestion, visitor safety and experience quality (Wu et al., 2025). Overload can also have
a negative impact on tourist satisfaction, on the destination image and on the sustainability
of destination management, especially in the case of high traffic levels in the attraction,
which has become a major challenge for destination managers and is determined by
management of visitor flows (Raizada, 2025). Historically, crowd management was
achieved through reactive strategies like manual interventions, physical monitoring, and
real-time operational interventions. With the advent of smart tourism technologies,
however, the monitoring and management of tourist movements have been completely
revolutionized (Alafif et al., 2025). Smart tourism ecosystems combine information and
communication technologies, big data analytics, mobile applications and artifical
intelligence (Al) for the improvement of destination management and visitor experiences
(Gretzel et al., 2015). These technologies offer the opportunity for destinations to provide
information when it is needed, to make their services more efficient, and to facilitate
informed decision making by tourists.

The potential of smart tourism systems is further amplified by recent developments of Al
that can be integrated into the system (Mehraliyev et al., 2019). Instead of simply providing
up-to-the-minute data, Al systems can predict how many people will be at a location at a
given time and send out proactive messages to the people (Yi Wang et al., 2025). As
opposed to just giving current data, Al-powered predictive systems can anticipate the
quantity of individuals at a location at a particular moment and relay proactive info to
visitors (Alsharif et al., 2024). Predictive crowd-management messages can help tourists
make alternative travel plans, choose alternative routes and avoid congestion even before
it happens. The benefits of technology-supported information services on travel planning,
convenience and decision making, as well as reducing travel experiences' uncertainties
have been shown in previous research (Li et al., 2017; Ngan et al., 2025). Research on
crowding and congestion also indicates that crowd conditions without management
typically have negative emotional consequences, lower satisfaction and decrease revisit
intentions. In response, a growing number of destinations are turning to predictive Al
communications systems to optimise their operations and enhance the guest experience.

In addition to the potentially operational advantages, predictive Al crowd-management
messaging can also impact tourists' psychological states and behavioral outcomes (Novera
et al., 2022). For a long time, tourism educators have emphasized the role of perceived
control, emotional responses and satisfaction in defining visitor experiences and post-visit
perceptions (Mohanty et al., 2026). A sense of control enables tourists to feel competent in
coping with the uncertain situations, and lower stress levels result in more positive
experiences of tourists. In addition, the assessment of the use of time during a trip, called
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temporal satisfaction, has been determined as one of the key factors influencing general
satisfaction and loyalty of tourists (Shin et al., 2025). While several studies have
investigated the role of technology in tourism services, perceived crowding, tourists'
emotions, and destination loyalty separately, they have not been combined in a single
model (Stralman, 2025).

Even though the use of Al in DM is on the rise, there are still some key research gaps to be
addressed. First, most studies are limited to real-time information systems and not
predictive Al-based crowd-management messaging, which foresees the nature of crowds
(Macriga et al., 2024). Second, previous studies have mainly focused on technology
adoption and intentions to use, with fewer studies examining the psychological processes
that mediate the effects of Al-driven communication on tourist experiences (Alturki et al.,
2026). Third, the connection between predictive Al crowd-management messaging and
destination loyalty is still relatively unstudied, especially the sequential cognitive and
affective processes that could account for this connection (Chua et al., 2025). Loyalty is a
crucial measure of tourism competitiveness and sustainability, so it is important both
theoretically and practically to understand the principles underlying destination loyalty.

This study aims to answer this research question:

» In what way does Al Crowd Management Messaging affect perceived control,
reduce stress and enhance tourists' temporal satisfaction, thereby affecting their
destination loyalty?

Based on Stimulus—-Organism—Response (S—O-R) model, this research proposes that
crowd management messaging, using predictive Al, is an environmental stimulus that
activates the tourists' internal cognitive and emotional reaction, which further drives
behavioral response. That is, it suggests that predictive Al crowd-management messaging
can improve the sense of control, thereby lowering stress, temporal satisfaction, and
ultimately boosting destination loyalty. In order to examine this mechanism, the data were
gathered from tourists who have the experience of using digital and smart tourism
information services, and the proposed relationships were analyzed by Partial Least
Squares Structural Equation Modeling (PLS-SEM).

The following are the contributions of this study to the literature of smart tourism: The
following are a few contributions that this study makes to the literature on smart tourism:
First, it takes existing knowledge to the next level by studying predictive Al crowd-
management messaging instead of more traditional real-time information services. Second,
it unites cognitive, emotional, and judgmental elements into an overall model of the effects
of Al-assisted communication on tourists to deliver a more complete picture of its effects
on tourists' behavior. Third, it presents the concept of temporal satisfaction as an important
mechanism between technological interventions and destination loyalty. The results have
important implications for researchers and practitioners. On a conceptual level, the research
contributes to the use of the S—-O—R model in Al-powered tourism settings. On a practical
level, it offers recommendations for destination managers looking to create a system of
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predictive communication that will not only help to manage a crowd but also positively
influence tourist psychology and travel experience and, ultimately, tourist loyalty to the
destination.

2. Literature Review
2.1 Predictive Al Crowd-Management Messaging

Predictive Al crowd-management messaging refers to the use of artificial intelligence,
machine learning algorithms, sensor networks, and big-data analytics to forecast future
crowd densities, congestion hotspots, visitor flows, and potential bottlenecks within
tourism destinations (Macriga et al., 2024). In principle, it can be taken to be the transition
to proactive rather than reactive information systems, in which destinations are not only
reporting real-time conditions, but anticipating future congestion and recommending
responsive measures like alternative routes or off-peak times (Chang et al., 2024). Most of
the literature on smart tourism and intelligent transportation system points out that
predictive information minimizes uncertainties, improves situational awareness and
promotes effective decision-making among tourists (Elshaer et al., 2024). Such systems act
as intellectual supplements that enable tourists to use intricate environments by converting
unprocessed information to customized and timely information (W. Liu et al., 2025).
Researchers are convinced that in the consideration of such messaging as true, topical and
apt in time, the visitors see it as a value addition service that influences their overall
experience and destination competence and innovativeness perceptions.

2.2 Perceived Control

The conceptualization of perception of control assumes that an individual believes that he
or she has resources, autonomy, and abilities to affect the environment and outcomes
(Rahman et al., 2024). It represents the subjective notion in tourism research that the
tourists can control the movement, schedule and experiences they get on the ground despite
unpredictability that may arise during the tour like crowding or flights (J. Liu et al., 2025).
Based on the control theory and environmental psychology, the perceived control is
regarded as one of the fundamental psychological resources, which soften negative
responses in high-density environments (Major et al., 2024). Research has always indicated
that those who have a feeling of being knowledgeable and able to make decisions declare
that they feel more comfortable and more confident (Alafif et al., 2025). Informational
support, i.e. clear instructions and proactive updates, in the context of travelling has been
associated with a more intensive experience of mastery and autonomy (Hamm et al., 2024).
Therefore, the perceived control is usually considered as a key cognitive process involving
the process where information systems and service designs could have a significant effect
on the emotional and evaluative responses of tourists.
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2.3 Stress Reduction

The concept of stress reduction in tourism situations can be described as the alleviation in
mental tension, anxiety and emotional exhaustion when a person is travelling (Sayyad,
2025). In conceptualization, it is based on the stress and coping theory, which assumes
stress is caused in the absence of sufficient perceived coping resources compared to the
perceived demands (Chang et al., 2024). Some of the well-documented stressors in tourism
settings include crowded settings, uncertainty, and time pressure (Elshaer et al., 2024).
Literature shows that the availability of reliable and timely information may be used as a
coping tool because it can make them predict challenges and make appropriate plans
(Andrieieva et al., 2024). Cognitive load and perceived risk reduce as soon as the tourists
become prepared and guided into lower emotional states. Empirical research on hospitality
and smart tourism indicates that technology-based guidance may alleviate the sense of
confusion and overload, hence enhancing well-being in general (Zeng et al., 2025). The
lowered stress does not only optimize the quality of experience in the moment but also has
an effect on post-visit reviews and recollections.

2.4 Temporal Satisfaction

Temporal satisfaction is the judgement that individuals make in the evaluation of their
effective and pleasing use of the time through an experience. In theory, it is connected to
time perception, time pressure, and congruence of the time expenditure expectations and
time expenditures (Hinz et al., 2025). The literature of tourism notes that waiting periods,
delays and inappropriate timing of activities can greatly reduce the satisfaction among
visitors (Tillet et al., 2025). On the other hand, passengers that feel that they manage their
time efficiently and effectively tell of greater pleasure and satisfaction (W. Liu et al., 2025).
The studies of service management have indicated that the perceived time efficiency
sometimes relates more than the actual time taken since subjective perceptions influence
satisfaction results (Pavot, 2024). More positive temporal evaluations have been associated
with informational interventions that assist visitors in avoiding queues, scheduling and
allocating activities over time (Ngan et al., 2025). Therefore, temporal satisfaction is an
aspect of travel quality which is of significant experiential essence.

2.5 Destination Loyalty

The conceptual definition of destination loyalty describes the positive attitudinal and
behavioral orientation of a tourist towards a destination in terms of the intentions to return
to the destination, recommendations and attachment (Sangkaew & Phucharoen, 2025). It
is analyzed extensively in the tourism marketing as one of the main indicators of the long-
term destination success (Han et al., 2025). The concept of loyalty is cumulative as a result
of being satisfied and having meaningful experiences and not in a transactional form (Ngan
et al., 2025). The existing literature indicates that the visitors who feel that destination has
high experience quality, low stress, and efficient service provision form stronger positive
feelings about the destination. Such attitudes are all forms of advocacy behavior like word-
of-mouth promotion and frequent visitation (Kang et al., 2025). It is also highlighted by
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scholars that loyalty entails both aspects of cognitive assessment and affective attachment
that is destinations need to generate not only functional value but also emotional
connections as well (Chua et al., 2025). Crowd-related experiences have become well-
known in terms of proper management as part of providing such value to popular
destinations.

2.6 Hypothesis Development
2.6.1 Predictive Al Crowd-Management Messaging and Perceived Control

Availability of relevant, actionable, and timely information will result in better perceptions
of control by individuals operating within an uncertain situation. Based on the perceived
behavioral control theory, perceived control is influenced by the level at which people
exhibit a belief that they have resources or information required to undertake behaviors in
an effective manner (Xu et al., 2024). The informational support has been revealed to be
one of the most essential resources in tourism and service environment which reinforces
beliefs of the individuals in their ability to cope with situations and make the best decision
(Hamm et al., 2024). Empirical research demonstrates that travelers are more convinced to
have greater control over their movements and plans when they are given clear directions
on factors like congestion, risks, or timing hence reporting increased perceived control
(Alafif et al., 2025). Predictive, Al-based messaging takes this informational support a step
further, as it does not only explain the current conditions but also predicts the future level
of the crowds as well as proposals beforehand, which only increases the sense of
preparedness and self-sufficiency in tourists (Raizada, 2025). This is also consistent with
the stress and coping theory which assumes that stress occurs when situational
requirements surpass perceived coping resources whereas availability of informational
resources encourages problem-oriented coping as well as increased feelings of control
(Sayyad, 2025). Based on the empirical evidence of the tourism and mobility studies, real-
time and anticipatory information makes people less uncertain and allows them to evaluate
the situations as controllable instead of dangerous (W. Liu et al., 2025). Notably, predictive
guidance enables tourists to take proactive adjustments, which makes them believe that
results to some extent are manageable.

» H1: Predictive Al crowd-management messaging positively influences tourists’
perceived control.

2.6.2 Perceived Control and Stress Reduction

Sense of control of people is central in determining the emotional reactions of people to
the demanding environments (Macriga et al., 2024). Based on the stress and coping theory,
stress occurs when an individual feels that situational demands surpass his or her coping
resources, and a sense of control is a psychological resource that helps one to cope more
effectively (Rahman et al., 2024). In this belief that people can manage results, make
decisions, and have access to the necessary information, people will tend to choose focus
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on the problem-oriented coping instead of feeling anxiety or emotional overload (J. Liu et
al., 2025). Empirical research on the environmental psychology and tourism has
persistently revealed that congested and uncertain spaces increase stress, yet these adverse
effects are reduced when the traveler believes he or she is able to control his or her motions
and actions (W. Liu et al., 2025). Perceived control eliminates a sense of helplessness and
uncertainty, which are part of the antecedents of stress responses. On the same note, the
perceived behavioral control theory argues that when people are convinced that they can
control the situation and they have the means to do so, they feel more confident and less
psychologically strained (Major et al., 2024). Empirical data on travel, leisure, and service
studies reveal that perceived control is enhanced by informational support and autonomy
enhancing environment and consequently leads to a decrease in stress levels (Hamm et al.,
2024). The ones who can adjust their schedules and avoid congestion, and control what
they are going through, are likely to rate situations as less threatening and more
controllable.

» H2: Perceived control negatively influences tourists’ experienced stress.
2.6.3 Stress Reduction and Temporal Satisfaction

Emotional orientation of travelers is a significant factor in deciding how they perceive the
time spent on an experience (Sayyad, 2025). Stress level theory is based on stress and
coping theory, lower levels of stress mean that situational demands are surmounted due to
which an individual is able to devote his or her cognitive and emotional resources to
enjoyment instead of having to deal with the stress (Chang et al., 2024). The lesser the
psychological tension and anxiety are among the tourists, the higher chances of them
viewing their activities as running smoothly and their time spent well. High stress in
contrast is related with the perception of rush, delays and time wastage that alters subjective
time perception (Elshaer et al., 2024). The theory of time perception in tourism also
supports this relationship since it argues that the emotional states affect the way people
perceive duration, waiting, and pacing (Andrieieva et al., 2024). Empirical research
indicates that stressful tourism experiences, such as congestion, uncertainty, and long
queues, tend to result in negative time utilization reviews, and positive and controlled
events result in improved time efficiency and satisfaction (Zeng et al., 2025). The
decreased stress will enable tourists to stay present-oriented and occupied, thus enhancing
their estimations on how well and pleasurably their time is spent (Sayyad, 2025). Previous
experiences in the hospitality and leisure settings, also show the same results with the
emotionally comfortable visitors reporting their affirmation of satisfaction with the
scheduling, pacing, and waiting experiences.

» H3: Stress reduction positively influences tourists’ temporal satisfaction.
2.6.4 Temporal Satisfaction and Destination Loyalty
Loyalty is based on the relationship marketing theory that suggests that customers will
develop out of gratifying experience in terms of trust, attitudes, and emotional inclinations
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towards a service provider or the place of visit (Chua et al., 2025). Temporal satisfaction
indicates the judgments by tourists that their time has been spent effectively and in a
pleasant way that indicates that the destination is sensitive to the time related expectations
of the visitors and that the destination provides value (Han et al., 2025). As soon as travelers
believe that time waiting is moderate, activities are timely, and that the schedules set by
the travelers correspond to the reality, these people tend to develop positive assessments
about the destination (Sangkaew & Phucharoen, 2025). Empirical research in tourism and
hospitality shows that time use satisfaction is associated with general satisfaction, which
then predetermines revisit intentions and positive word-of-the-mouth (Ngan et al., 2025).
Experiences that involve time are salient especially during tourism since vacations have
time limits and are often spent planning on the best experiences that can be acquired within
a given time (Kang et al., 2025). Favorable temporal assessments consequently get
included in the tourists memory format and affect their future behavioral intentions
(Stralman, 2025). When the visitors feel as though a destination aids them in making the
best use of time, then they are likely to trust the destination and develop positive relational
orientation towards the destination.

» H4: Temporal satisfaction positively influences destination loyalty
2.6.5 Serial Mediation Mechanism

The empirical evidence of earlier studies in the area of tourism and consumer psychology
proposes that technology-enabled services do not have direct impacts but rather produce
effects by a series of cognitive, emotional, and evaluative activities on the outcomes of
visitors (Macriga et al., 2024). A combination of perceived behavioral control theory, the
stress and coping theory, theory of time perception in tourism and relationship marketing
theory gives a consistent explanation to these sequential mechanisms (Chengo et al., 2024).
Predictive, artificial intelligence-based crowd-management messaging is an informational
and anticipatory tool that increases the perceived control of the tourists by providing them
with the impression that they can arrange, modify, and organize their movement in the
situation of uncertainty crowd conditions (Alafif et al., 2025). Perceived behavioral control
theory is that when a person thinks that he or she has sufficient resources and freedom then
the person perceives the situation as more controllable (Menaga et al., 2024). The theory
of stress and coping, however, further explains that the advantages of such resources are
achieved when they alleviate the strain on the psyche since it is the stress that occurs when
the perceived demands surpass the coping ability (Hamm et al., 2024). Therefore,
predictive messaging will not decrease stress if it does not enhance perceived control first,
and only then, it will act as a coping resource, which will decrease anxiety and tension
(Macriga et al., 2024). Emotional states, in turn, determine the way in which tourists do
judge their experiences, especially in the context of time usage (Sayyad, 2025). The theory
of perception of time in tourism demonstrates that stress negatively influences the
perception of subjective time, whereby waits become longer and experiences rush, and vice
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versa, when stress is lower, perception of the temporal flow and/or positive judgments of
pacing and efficiency are supported (W. Liu et al., 2025). Accordingly, the influence of the
perceived control on temporal satisfaction should be mediated by the reduction of stress
because only when it effectively decreases emotional strain perceived control will only
result in positive time ratings (Chua et al., 2025). Lastly, relationship marketing theory
assumes that loyalty is formed out of the overall sum of satisfying experiences that form
positive memories and relationship connections (Sayyad, 2025). Though stress reduction
enhances immediate well being not every stress reduction is immediately followed by
loyalty, a temporal satisfaction offers this bridge by indicating that the destination was
mindful of limited time of the tourists and offered them efficient and pleasurable
experiences (Hamm et al., 2024). Empirical evidence in tourism and service settings always
indicates that domain-specific satisfactions, such as time-related satisfaction, are powerful
predictors of revisit and recommendation intention.

Based on the perceived behavioral control theory, stress and coping theory and relationship
marketing theory, the reactions of the tourists to technological interventions can be
perceived as a series of reactions where informational inputs influence cognitive appraisals
to shaping emotions and eventually lead to evaluative and relational outcomes (Sayyad,
2025). Anticipatory and action-oriented information offered by predictive ai crowd-
management messaging enhances a sense of control among tourists, making them feel more
independent and ready. According to the stress and coping theory, the perceived control is
a coping resource which reduces psychological strain hence causing stress reduction
(Chang et al., 2024). The subsequent effects of emotional relief on touristic interpretations
of the on-site experiences are their time utilization. The studies of time perception in
tourism indicate that the low-stress conditions contribute to the creation of more favorable
assessment of pace and waiting and increase temporal satisfaction (Elshaer et al., 2024).
The relationship marketing theory also explains that the development of loyalty occurs
through satisfactory experiences as a cumulative effect of building positive attitudes and
relationship. Feeling in control, less stressed, and feeling that their time has been used
effectively will positively influence how tourists rate the destination and will increase
intentions to remain loyal (Andrieieva et al., 2024). Similar outcomes are empirical studies
in smart tourism and services settings that also suggest that the impact of technology-
enabled experiences on loyalty is indirect, via cognitive and affective means.

» H5: Predictive Al crowd-management messaging influences destination loyalty
through a sequential mediation of perceived control, stress reduction, and
temporal satisfaction.

2.7 Theoretical Framework Supporting the Research

The stimulus-organism-response (SOR) theory offers a solid generalized model to
understand the influence of external environmental situations to internal states and eventual
behavior of individuals. The S-O-R paradigm was initially suggested by (Mehrabian &
Russell, 1974) and assumes that the environmental stimuli (S) cause cognitive and affective
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responses in the organism (O), which in its turn, result in approach or avoidance responses
(R). This paradigm has become widely used in tourism and service research to explain the
effect of technological, atmospheric, and informational cues on visitor experiences and
loyalty-based behaviors. The predictive Al crowd-management messaging is the stimulus
in the current model as it is a technology-based environmental signal, which gives
anticipatory and real-time data on the situation of the crowds. This type of messaging
lowers the uncertainty and increases the situational awareness, thus triggering internal
evaluations. The part of organism is projected in a series of inner states, which are
perceived control, stress reduction and temporal satisfaction, and which represent the focus
of cognitive appraisal, affective response and evaluative judgment respectively. Using
stress and coping lenses that are commonly combined with the S-O-R applications,
cognitive evaluations of control determine emotional reactions, whereby the greater
perceived control the lower the stress (Ajzen, 1991). The presence of lower stress at the
time influences everything to positive evaluative judgment of time use, which causes
temporal satisfaction. The earlier researches in the area of tourism confirm the role of
cognitive and affective states in mediating the connection amid environmental stimuli and
experiential appraisal. Lastly, the response aspect is manifested in the form of destination
loyalty which reflects approach behavior like revisit intentions and recommendations. In
these regards, the model proceeds in a straightforward S -O -R order in which the predictive
aggregate-crowd-management-messaging (stimulus) impacts the internal
cognitive/emotional functioning of the tourists (organism) which consequently result to
destination loyalty (response), as shown in Figure 1 (conceptual framework). This
theoretical perspective provides a logical explanation of the suggested relations and
advances the combined format of the research framework:

Temporal

Perceived Control Safisacton

Predictive Al crowd-
Management
Messaging

h 4

Stress Reduction

b

Destination Loyalty

Figure 1: Conceptual Framework
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3. Methodology

A quantitative cross sectional research design was used to test the relationships between
the proposed variables of perceived control, stress reduction, temporal satisfaction, and
destination loyalty, and predictive Al crowd-management messaging. The data were
gathered using a structured questionnaire from tourists who were consumers of digital or
smart tourism information services in the destinations, in specific, the crowd related
information and real-time guidance components. The sampling technique used was
purposive to ensure that the respondents have the relevant experience of smart tourism
technologies. There was a total of 265 valid responses. The number of samples was deemed
acceptable according to the 10 times rule and the statistical power analysis suggested for
PLS-SEM analysis (Hair & Alamer, 2022). The minimum sample size is suggested to be
at least 10 times the largest number of structural paths that go to any endogenous construct
(the 10 times rule). The present model has one less direct antecedent to destination loyalty
and the overall model complexity is within acceptable limits for the obtained sample size.
Additionally, a sample size of 265 is a bit larger than the minimum recommended by
G*power analyses for a medium effect size at a power of 0.80 and at a significant alpha
level of 0.05. Thus, the proposed serial mediation model was estimated using the sample
size as adequate (Hair & Alamer, 2022).

The scales were all adopted from existing scales that have been published and validated,
but have been modified to fit the context of predictive Al for crowd management
communication in smart tourism environments. Six items adapted from smart tourism and
intelligent information systems literature were used to measure tourists' perception of
predictive, personalized and real-time crowd-management information (Gretzel et al.,
2015). Tourists' perceived control was captured with six items derived from the perceived
behavioral control and consumer control scales measuring their perceived control and
influence over their experience in the tourism environment (Ajzen, 1991). The
psychological stress and coping literature was used to develop six items for assessing stress
reduction: reduction of anxiety, tension, and psychological strain during tourism
experiences (Folkman & Lazarus, 1986). The temporal satisfaction was measured with
seven items that were adapted from the service management and time-oriented satisfaction
literature (Torres & Kline, 2006), which are related with tourists' perceptions of time
efficiency, waiting experience, and activity pacing. The six items adapted from existing
tourism and marketing measures measuring revisit intentions and positive word-of-mouth
recommendations (Zeithaml et al., 1996) were used to measure destination loyalty. Items
were rated on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree).

Some of the original scales were used in previous research, but they assess long-lasting
psychological factors like perceived control, stress, satisfaction and loyalty that are
theoretically relevant in a technology independent manner. The items were worded
carefully using standard scale adaptation procedures to ensure that the wording was
adjusted to reflect current Al applications in the smart tourism world and predictive crowd-
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management systems while maintaining the conceptual meaning of the original constructs
(Gretzel et al., 2015). This contextual adaptation improves the content validity of the items
and their relevance to a new smart destination context.

The analysis of data was carried out using SmartPLS 4 which was carried out in a two-
stage PLS-SEM method. The measurement model was subjected to internal consistency
reliability, convergent validity tests and discriminant validity tests, first. Cronbach’s alpha
and composite reliability were used to assess reliability, while average variance extracted
(AVE) was used to evaluate convergent validity. Heterotrait—-monotrait (HTMT) ratio was
used to test the discriminant validity. After establishing satisfactory measurement
properties, the structural model was examined by evaluating path coefficients, coefficients
of determination (R?), effect sizes (f2), and mediation effects. A bootstrapping procedure
with 5,000 resamples was used to determine significance for the direct and indirect
relationships. Given the recommendations in SmartPLS 4, the model's predictive ability
was assessed based on the PLSpredict procedure, instead of the classical blindfolding-
based Q2 technique. To evaluate the model's predictive power out of sample, a 10-fold cross
validation procedure was used, and the prediction errors between the PLS-SEM model and
a linear benchmark model were compared. The use of PLSpredict allows for more rigorous
examination of predictive accuracy and usefulness in current PLS-SEM applications (Hair
& Alamer, 2022).

4. Results

As shown in Table 1, the measurement model has a reasonable level of reliability and
convergent validity. The values of Cronbach alpha and composite reliability (CR) exceed
the suggested value of 0.70 across all constructs, which indicates that items are strongly
correlated. In particular, composite reliability scores vary between 0.906 and 0.935, and
this indicates that it is highly reliable. The average variance extracted (AVE) values of all
constructs are more than 0.50, which proves a sufficient level of convergent validity and
reveals that every construct has a greater share of the variance in its indicators, which is
more than half. Outer loadings are overwhelmingly above 0.70 with only some a bit below
but still useful in exploratory and applied SEM settings. On the whole, these findings prove
that the measurement items are reliable and valid to reflect their respective constructs,
which can be further analyzed structurally.
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Table 1: Reliability and Validity

Constructs Items Outer Cronbach’'s | CR AVE
Loading Alpha
Destination Loyalty DL1 0.683 0.874 | 0.906 | 0.730
DL2 0.676
DL3 0.839
DL4 0.836
DL5 0.860
DL6 0.805
Predictive Al Crowd- PAICMML1 0.832 0.909 | 0.929 0.700
Management Messaging
PAICMM?2 0.807
PAICMM3 0.826
PAICMM4 0.837
PAICMM5 0.831
PAICMM®6 0.840
Perceived Control PC1 0.743 0.898 | 0.922 0.670
PC2 0.884
PC3 0.886
PC4 0.849
PC5 0.743
PC6 0.775
Stress Reduction SR1 0.875 0.910 | 0.931 0.710
SR2 0.794
SR3 0.866
SR4 0.847
SR5 0.840
SR6 0.762
Temporal Satisfaction TS1 0.776 0.919 | 0.935 0.740
TS2 0.785
TS3 0.827
TS4 0.850
TS5 0.862
TS6 0.780
TS7 0.861
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Figure 2: Estimated Model

To ensure the discriminant validity, both the Fornell-Larcker criterion and the Heterotrait—
Monotrait ratio (HTMT) were used as per the recent recommendation of PLS-SEM (Hair
& Alamer, 2022). According to the Fornell-Larcker criterion, the square root of the AVE
for each construct should exceed its correlations with other constructs. Furthermore, the
HTMT scores under 0.90 indicate acceptable discriminant validity. The findings showed
that all the HTMT values were below the recommended level, which supported that the
constructs were empirically separate and experienced different conceptual domains. Since
the Fornell-Larcker criterion is less sensitive to detecting discriminant validity issues,
HTMT results were given more weight, which is regarded as a more valid indicator in
current PLS-SEM research.
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Table 2: Discriminant Validity

Fornell-Larcker

DL PAICMM | PC SR TS
Destination Loyalty 0.787
Predictive Al Crowd-Management Messaging | 0.689 | 0.829
Perceived Control 0.737 | 0.503 0.816
Stress Reduction 0.692 | 0.814 0.566 | 0.832
Temporal Satisfaction 0.743 | 0.711 0.663 | 0.681 | 0.821
HTMT

Destination Loyalty

Predictive Al Crowd-Management Messaging | 0.771

Perceived Control 0.832 0.553
Stress Reduction 0.769 0.817 0.625
Temporal Satisfaction 0.836 | 0.779 0.719 | 0.739 | -

Prior to evaluating the structural relationships, collinearity among predictor constructs was
assessed using the Variance Inflation Factor (VIF). According to (Hair & Alamer, 2022),
VIF values below 5.0 indicate that multicollinearity is not a serious concern. As shown in
Table 3, all VIF values were below the recommended threshold, confirming the absence of
collinearity issues within the structural model.

Table 3: Inner VIF Values

Relationship VIF
PAICMM — PC 1.000
PC — SR 1.339
SR — TS 1.000
TS —» DL 1.863

According to Table 4, the model has a high explanatory and predictive power. According
to the values of R 2, the model is determined to explain 73.7 percent of variance in
destination loyalty, 72.9 percent in stress reduction and 46.3 percent in temporal
satisfaction which are said to be substantial to moderate magnitude in behavioral studies.
Perceived control is less significant but acceptable with R 2 25.3 which means that
predictive Al messaging has an explanation of appreciable portion of its variance. The
predictive relevance is valid based on the value of the predictors in Q 2. Values of RMSE
and MAE are reasonable, and they indicate acceptable prediction errors. The value of
SRMR 0.076 is less than 0.08, which means that it fits the overall model well. All these
findings imply that the model is very explanatory and predictive.
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Table 4: R-square and Goodness of Fit Indices

R- R-square | Q?%predict | RMSE | MAE SRMR
square | adjusted
Destination Loyalty 0.737 0.734 0.235| 0.889 | 0.596 0.076

Perceived Control 0.253 0.250 0.698 0.555 0.378
Stress Reduction 0.729 0.727 0.479 0.729 0.527
Temporal 0.463 0.461 0.457 0.745 0.545
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Figure 3: Structural Model for Path Analysis

The results of the structural model assessment are given in Table 5. The results suggest that
predictive Al crowd-management messaging is a very significant positively contributing
factor to tourists' perceived control (B = 0.503, t = 6.331, p < 0.001), thus supporting H1.
This finding indicates that predictive and proactive crowd-related information can improve
the tourists' capacity to forecast and control the conditions of the destination, thus adding
a sense of control to their travel experiences. This result aligns with the latest smart tourism
literature, which has been advocating the need for Al-powered information systems to
decrease uncertainty and increase tourists' decision-making capabilities by delivering
timely and actionable information. In the Stimulus—Organism—Response (S—O—R) model,
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predictive Al messaging serves as an environmental stimulus to positively influence
tourists' cognitive assessments of destination conditions.

The results also showed that perceived control is a significant factor for reducing stress (3
=0.193, t = 3.255, p = 0.001), which supports H2. The finding suggests that tourists who
are confident in managing the crowd-related situation have less psychological stress and
anxiety. This finding is consistent with past tourism and service-related studies which
indicated that perceptions of control serve as a psychological resource for coping with
ambiguous and potentially threatening situations. Perceived control, from S-O-R
viewpoint, is an internal cognitive state that leads to greater positive emotional responses
in the tourism experience. Consistent with H3, stress reduction was shown to have a
significant positive effect on temporal satisfaction (B =0.681, t = 14.442, p <0.001). This
significant impact indicates tourists with reduced stress tend to feel they are using their
time at the destination efficiently and have a good time. The discovery aligns with previous
research suggesting that emotional comfort improves visitors' perceptions of waiting times,
pacing of the activities, and overall travel experiences. With the less stressful environment
of tourism, it seems that visitors can concentrate on enjoying themselves and getting
involved in what they are doing, as opposed to trying to deal with congestion and
uncertainty.

The results further indicate that temporal satisfaction has a significant effect on destination
loyalty (B =0.693, t=13.841, p <0.001), thus supporting H4. This relationship is the most
significant direct one in the model, showing the important influence of time-related
assessments on tourists' future behavioural intentions. The discovery indicates that when
tourists feel their time has been well managed and productive, they have increased
intentions to return to the destination, as well as recommending it to others. This finding
aligns with destination loyalty studies that have been focused on the importance of
memorable and efficient experiences to visitor loyalty and relationship. Finally, the serial
mediation hypothesis was supported ( = 0.046, t =2.360, p = 0.009), supporting H5. The
indirect effect is significant, confirming that the predictive Al crowd-management
messaging has a sequential effect on destination loyalty, as perceived control, perceived
reduction of stress and perceived satisfaction with the temporal aspects of the destination.
The results obtained here offer robust empirical evidence for the Stimulus — Organism —
Response model, in that technological interventions have no direct effect on loyalty, but
instead are mediated through a series of cognitive, affective and evaluative responses. In
other words, predictive Al messaging can bolster perceived control, thereby lowering
stress, and this leads to increased satisfaction with the time and fosters higher destination
loyalty. It provides a new contribution to the smart tourism literature by demonstrating the
effectiveness of the Al-based crowd management system not only through the
technological but also the psychological and overall tourism experience perspective.
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Table 5: Path Analysis

Path B t- p-
value | value
H1: Predictive Al crowd-management messaging positively | 0.503 | 6.331 | 0.000
influences tourists’ perceived control.
H2: Perceived control negatively influences tourists’ 0.193 | 3.255 | 0.001
experienced stress.
H3: Stress reduction positively influences tourists’ temporal | 0.681 | 14.442 | 0.000
satisfaction.
H4: Temporal satisfaction positively influences destination | 0.693 | 13.841 | 0.000
loyalty.
H5: Predictive Al crowd-management messaging influences | 0.046 | 2.360 | 0.009
destination loyalty through a sequential mediation of
perceived control, stress reduction, and temporal
satisfaction.

5. Discussion

As Al becomes more prevalent in tourism destinations, it is reshaping the way information
related to the crowd is created, disseminated and used by tourists. Unlike traditional
information systems which send static messages or real-time updates on crowd conditions,
predictive Al crowd-management systems use machine-learning algorithms and historical
mobility patterns, sensor data, and real-time analytics to predict crowd state and send
proactive recommendations to visitors (Han et al., 2025). This means that visitors are not
just reacting to the congestion of their destination, but are also being engaged with by
machine-generated predictions of future congestion, waiting times and other ways of
travelling to a destination. This study analyzed the effect of this predictive Al crowd
management messaging on destination loyalty by considering the cognitive, emotional and
evaluative processes based on Stimulus—Organism—Response (S—0O-R) model.

The results show that the predictive Al crowd management messaging has a significant
impact on tourists' perceived control. This finding implies that a tourist can get more value
from information than from predictive information that allows him to make proactive
decisions. Providing tourists with information through Al systems, including crowd sizes,
potential congestion, and alternative route suggestions, before the issue actually happens,
gives them an enhanced sense of readiness and flexibility (Alturki et al., 2026). Predictive
Al messaging goes beyond giving visitors the latest information about the crowd; it can
help them prevent issues altogether. This finding further contributes to the field of smart
tourism in that it shows that tourists are receptive to algorithmically generated forecasts
that help with their planning and self-management in dynamic destination environments
(Alatawi, 2026). Predictive Al messaging aligns with the S—-O—R model and serves as an
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environmental stimulus that positively affects tourists' cognitive assessments of their
competence in the experience of the destination.

The findings also indicate that a sense of control plays an important role in stress reduction.
It is worth noting that the empirical model was based on stress reduction and not perceived
stress, so that a positive coefficient suggests that with a higher perceived control, tourists
report less stress. This interpretation does away with any uncertainty about the direction of
the relationship (Mohanty et al., 2026). The discovery implies that tourists who believe
they are able to control the conditions of the destination have positive emotional feelings
and less psychological stress. Similar findings have been reported in the tourism and
service industry where experiencing a sense of autonomy and control buffers tourists'
response to uncertainty and congestion. According to the S—-O—-R model, perceived control
is a cognitive reaction that subsequently affects emotional reactions.

Stress reduction was seen to have a high positive effect on temporal satisfaction. The result
suggests that less stress is associated with a more positive evaluation of time spent. This
helps the visitors not to get stressed and they can enjoy and engage in the destination
activities and things (Chua et al., 2025). Thus, tourists have more positive perceptions of
waiting times, activity schedules, and time usage. Overall, the findings highlight the
significance of emotional health in the experiential evaluations of tourists and indicate that
crowd-management technologies not only contribute to the efficiency of the operation but
also contribute to psychological comfort (Hinz et al., 2025).

The findings also show that satisfaction in time is one of the important determinants of
destination loyalty and is the most direct among the structural connections. The result
demonstrates the significance of time related experiences in a modern tourism situation.
One of the key factors in tourists' decisions is whether they are able to make full use of
their travel time and have a pleasant experience during that time (Sangkaew & Phucharoen,
2025). Visitors feel that they have not missed out and that their activities have been
optimised, they feel they have had a smooth travel and are more likely to have positive
attitudes towards the destination and intend to revisit and recommend it to others (Ngan et
al., 2025). This result is consistent with previous research on destination loyalty that
underscores the effect of experiential quality on destination loyalty.

A second analysis of the impact of predictive Al crowd-management messaging on
destination loyalty, known as the serial mediation analysis, also sheds light on how the
messaging process works. The findings suggest that the indirect pathway is also significant,
indicating that predictive Al messaging plays a role in fostering loyalty by triggering a
series of cognitive, emotional, and evaluative reactions that include feeling in control,
reducing stress, and experiencing satisfaction (Chengo et al., 2024). But the size of this
indirect effect is small (§ = 0.046) but statistically significant. The results indicate that the
suggested S-O-R model is relevant, but it is just a small part of many other factors that can
affect destination loyalty. The tourist loyalty is multidimensional and can also be
influenced by the image of the destination, the service quality, the cultural experiences, the
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perceived value, the trust in technology, the attractiveness of the destination, social
influences and personal travel motives (Strdlman, 2025). Predictive Al crowd-management
messaging is not the sole factor that can measure the loyalty but rather an extension of it
that can add value to the destinations’ outcomes.

Overall, the results validate the S — O — R framework as it has been shown that an Al
system for managing the crowd affects tourists by influencing their cognitive, affective,
and evaluative stages. By raising awareness about the significance of predictive Al
capabilities over simply using technology as a tool for information delivery, the study
contributes to the advancement of smart tourism studies. More significantly, the findings
indicate that while accuracy of predictions is important, the contribution of Al-supported
DMC is also influenced by its capability to improve tourists' sense of control, emotional
comfort, and overall travel experience.

5.1 Theoretical and Managerial Implications

This study is part of the smart tourism literature because it adapts the Stimulus—Organism—
Response (S-O-R) framework to the smart tourism context of predictive Al-based crowd-
management communication. The present research is different from previous research
which studied the adoption and intentions of using technology, because it shows that,
predictive Al messaging draws the attention of tourists in a cognitive, emotional, and
evaluative way: perceived control, reduction of stress, and satisfaction in the short duration.
The study results also reveal the difference between predictive Al communication and
traditional real-time information systems, emphasizing how predictive Al can influence
tourist experiences. While the indirect pathway to destination loyalty was statistically
significant, but relatively small, the study offers an important psychological pathway that
demonstrates the value of predictive Al communication in destination experiences, and
indicates that additional contextual and experiential factors beyond those examined
contribute to destination loyalty.

The results offer practical suggestions to destination managers interested in embedding Al-
based crowd management systems in smart tourist destinations. The findings reveal the
potential value of predictive Al not just as a source of knowledge, but as a tool that can
provide proactive advice, allowing tourists to make informed choices about routes,
schedules, and avoiding crowds. This predictive communication can benefit tourists'
perceived control, ease their psychological strain and foster their overall experience
evaluation. But, with the relatively small indirect impact on destination loyalty, destination
managers should not only use predictive Al systems as a loyalty-building tool. Rather, Al-
powered crowd management solutions should be complemented with larger-scale efforts
to improve the quality of services, visitor engagement, destination attractiveness and the
visitor experience to ensure sustainable improvement in visitors' satisfaction and their
loyalty.
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5.2 Limitations and Future Research

Despite its contributions, this study has several limitations that should be considered when
interpreting the findings. First, the study looked at tourists' perceptions of predictive Al
crowd messaging, and not the actual predictive accuracy of Al algorithms. The results,
then, reflect consumer reactions to the Al-generated content rather than its accuracy of the
prediction itself. Future studies can combine the system generated data and prediction
accuracy evaluations to explore how the success of predictions will affect visitors'
experiences. Second, predictive Al systems are based on vast amounts of real-time location
and behavioral data. This study, however, did not examine tourists' concerns about privacy,
their confidence in Al systems, their understanding of transparency of algorithms, or their
willingness to share personal information. These factors could have a strong impact on
tourists' perceptions and use of predictive crowd management information and deserve
further research. Third, the study considered predictive Al crowd management messaging
as a single construct. In reality, the level of personalization, explainability, accuracy and
responsiveness that Al-driven communication provides can be significantly different.
Future studies can focus on a particular facet of predictive Al systems that could be most
relevant to feelings of control, reduction of stress, and destination loyalty. Fourth, tourists
can be influenced differently by predictive Al technologies based on their technological
readiness, digital literacy, age, traveling experience and knowledge of smart tourism
applications. These factors could be explored in future research as moderators to gain
deeper insights into the circumstances in which predictive Al messaging works best.
Lastly, the study only looked at digital crowd-management communication and not how
Al-powered messaging would play a role with other crowd-management methods
including physical infrastructure, signage systems, visitor routing and on-site staff. The
next research could focus on the combined effect of technological and non-technological
interventions on the management of the visitor experience within smart destinations.

5.3 Conclusion

With the growth of smart tourism technologies being implemented by more destinations,
predictive Al crowd-management messaging becomes a useful communication tool to help
tourists in crowded locations. The results of this research show that predictive Al crowd-
management messaging positively impacts tourist's perceived control, stress, and temporal
satisfaction, and affects destination loyalty. The results, rather, show that these effects take
place in a temporal order, in which predictive information leads to cognitive, emotional,
and evaluative responses which then lead to loyalty-related consequences. The study
empirically supports the Stimulus—Organism—Response framework by showing that
technology-mediated communication influences behavioral response mediated by internal
psychological processes. In particular, predictive Al crowd management messaging serves
as an external control which boosts perceived control, which in turn lowers stress levels
and improves temporal satisfaction, which increases destination loyalty. The results
highlight the potential of predictive Al communication systems to augment the current
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crowd-management strategies and enhance the guest experience for destination managers.
Predictive Al Messaging can complement, not compete with, physical infrastructure and
traditional operations as it serves as a valuable supplement that delivers timely,
personalized and actionable information to tourists to help them make more informed travel
choices. This combination of technological and operational crowd-management methods
could give destinations a better chance of improving the well-being of visitors, quality of
experience and long-term loyalty.
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