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ABSTRACT

Immersive and Al technologies are reshaping how hospitality competence is taught,
rehearsed and assessed, but their value depends less on novelty than on design
discipline and governance. This chapter presents a conceptually grounded nar-
rative review of extended reality (VR, AR and social VR) and Al-enabled systems
(conversational agents and learning analytics), interpreted through experiential
and socio-constructivist lenses and the Cognitive Affective Model of Immersive
Learning. Synthesising evidence across four application clusters, it shows where
these tools strengthen operational fluency, service recovery, safety and hygiene,
communication and data-informed judgement, and where they raise vulnerabilities
around generative Al, assessment integrity, privacy and data governance, cost and
equity. Drawing on hospitality-industry cases and international policy guidance, it
provides evidence-strength signposting and a five-pillar implementation architecture
with a constraint-led risk register to support accountable adoption.
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INTRODUCTION

Hospitality education is at a practical crossroads. Operations are increasingly
data-inflected and automated, yet the work remains irreducibly human. Service work
is mediated by data, automation, and Al-driven or synthetic media, but it is still
profoundly human in its demands for composure, empathy, and sound judgement
under pressure (European Commission, 2022a; Huang & Rust, 2018; Kouroupi,
2025; UN Tourism, 2025; Wirtz et al., 2018; World Bank, 2019).

XR is reaching a point where it can do more than ‘show’ hospitality; it can let
students rehearse it. With virtual reality (VR), augmented reality (AR), and mixed
reality (MR) now more stable and accessible, and with Al increasingly able to
scaffold feedback and role-play, classrooms can stage complex service situations
without exposing guests, staff, or brands to real-world risk. The value here is not
spectacle but controlled pressure, as a late-night service recovery that escalates, a
food-safety check with time constraints, the choreography of a dining room at peak
load, or rapid revenue choices when demand shifts mid-shift. Still, the evidence
base cautions against treating immersion as a pedagogy in its own right, as learning
gains appear to depend on instructional design, alignment with outcomes, and how
performance is assessed (Garzon & Acevedo, 2019; Radianti et al., 2020;.

Hospitality-specific studies enhance this point. For example, experimental work
on VR game training for frontline contexts suggests that VR may shape affective
outcomes differently from knowledge retention (Leung et al., 2022), which matters
if we are designing training for both attitude and procedure rather than assuming
one will automatically follow the other.

Policy signals also push the conversation forward. The European Commission's
Transition Pathway for Tourism frames digital skills and responsible technology
uptake as structural requirements for competitiveness and resilience, explicitly im-
plicating education and training ecosystems in that shift (European Commission,
2022a). In that sense, the question is already moving from whether immersive and
Al tools will enter hospitality curricula to where they belong, how they should be
taught, and what forms of learning evidence should justify their place (Cérdova-
Esparza, 2025).

XR, Al and Experiential Learning

This topic matters because hospitality education has long relied on experiential
learning, doing, reflecting, abstracting, and re-testing in authentic or near-authentic
conditions. Traditional methods (role-play, live labs, internships) are powerful, but
they can be logistically costly, uneven in exposure, and difficult or risky to stage
at full intensity. XR extends this tradition by making complex service moments re-
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peatable, observable, and safely debriefable, while Al extends it further by offering
immediate, criterion-referenced feedback and adaptive challenge at scale. The result
is a credible pathway to expand deliberate practice around the competencies that
hospitality actually rewards, such as procedural fluency, situational awareness, and
emotionally intelligent communication.

Hospitality programmes already rely on a distinctive training mix, including
production labs (e.g., kitchens, service labs, front-office simulations), role-play and
case methods for service recovery and emotional labour, and work-integrated learning
through internships and placements. Immersive and Al-enabled environments should
be framed as additions to this portfolio rather than replacements. The comparative
advantage of XR tends to be highest where physical access is constrained (capacity
limits, safety, cost, seasonality) or where repeated exposure to rare but consequen-
tial scenarios is pedagogically desirable (such as, complaint escalation, emergency
procedures, multi-table prioritisation). In parallel, Al tools can augment coaching
and feedback loops, but should be designed to preserve learner agency and educator
oversight, aligning with international guidance that emphasises human-centred use,
teacher agency, and the need for governance and evidence before scaling (OECD,
2021a; OECD & Education International, 2023).

Systematic review of immersive VR in higher education strengthens the evidence
base by identifying design features that reliably support learning, such as well-
defined instructional goals, calibrated fidelity, explicit guidance, and structured
debriefing (Radianti et al., 2020; Rojas-Sanchez et al., 2023). Over more than a
decade of research, meta-analytic evidence indicates that augmented reality yields
moderate positive effects on conceptual understanding and visual-spatial reasoning,
with larger gains when feedback is embedded in authentic activities and cognitive
load is managed (Buchner et al., 2022; Chang et al., 2022b).

Parallel work on Al-driven conversational agent systems, when guided by clear
educational frameworks and human supervision, suggests they can enhance human
tutoring (Cérdova-Esparza, 2025; Kulik & Fletcher, 2016), particularly in language
instruction settings (Dai & Wu, 2025). The evidence specific to hospitality remains
scarce, so these applications are best treated as hopeful yet tentative. This pattern
aligns with the Cognitive Affective Model of Immersive Learning (CAMIL), which
argues thatheightened feelings of presence and agency can boost motivation, interest,
and self-efficacy, leading to enhanced learning when extraneous load is minimised
(Makransky & Petersen, 2021). Presence, agency, and emotionally engaging narra-
tives appear to support both conceptual understanding and procedural performance,
provided that unnecessary distractions are kept to a minimum. When immersive
media and Al are thoughtfully incorporated into organised teaching strategies crafted
by humans, they have the potential to strengthen the practical basis of hospitality
education rather than displace it.
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Problem Statement and Gap

Despite this momentum, a dilemma persists. Pilot projects and proof-of-concepts
multiply, yet pedagogical implications and integration strategies for immersive and
Al tools in hospitality remain under-specified. Four interrelated gaps shape the
problem space.

Across immersive learning research, the recurring message is not that higher
fidelity automatically produces stronger learning, but that instructional design
and alignment to outcomes shape the effect. Systematic syntheses in VR and AR
education show benefits, yet also highlight uneven evaluation quality and frequent
emphasis on usability over learning outcomes (Chang et al., 2022b; Radianti et al.,
2020). This matters in hospitality modules where ‘performance’ is behavioural,
time-pressured, and interpersonal and therefore the pedagogy must be engineered
as deliberately as the simulation.

First, alignment and design discipline. The strongest results occur when technol-
ogies serve a clearly defined task sequence, not when fidelity or novelty drives the
lesson. Meta-analyses and reviews underline that benefits concentrate when cognitive
load is managed, guidance is present, and debriefs help learners consolidate rules
and exceptions (Buchner et al., 2022; Chang et al., 2022b; Radianti et al., 2020).
Without such scaffolding, high fidelity can distract novices, inflating extraneous
processing. For hospitality, where cognitive and affective demands are coupled, the
risk of ‘spectacle over substance’ is real.

Second, social learning and coordination. Multi-user environments elevate both
opportunities and risks. Reviews of collaborative VR emphasise the need for explicit
roles, visible artefacts (for example shared checklists and dashboards), and facili-
tation to prevent cognitive and social overload (Petersen et al., 2023; van der Meer
et al., 2023). Hospitality tasks (such as front-desk escalations, event coordination,
back-of-house synchronisation) are precisely the kinds of joint activity that could
benefit from such design, but they also expose how fragile poorly orchestrated
virtual teamwork can be.

Third, equity and access. Immersive adoption could widen achievement gaps
if device access, bandwidth, or tolerance for head-mounted displays varies across
student cohorts. Without deliberate inclusion strategies (like loaner equipment,
desktop modes for social VR, comfort-first session design, and equivalent non-VR
pathways with aligned assessment) XR risks becoming another vector of inequality
rather than a tool for widening participation.

Fourth, governance, assessment integrity, and data protection. Al-powered
conversational agents and learning-analytics systems generate granular interaction
data (Cérdova-Esparza, 2025; Dai & Wu, 2025). Ethical and privacy principles
(such as transparency, purpose limitation, proportionality, and learner agency) are
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well established in the learning-analytics literature but must be operationalised in
concrete classroom and programme-level protocols if trust is to be maintained (Liu
& Khalil, 2023; Pardo & Siemens, 2014). The arrival of generative Al intensifies
these concerns since boundary lines between legitimate formative assistance and
inappropriate outsourcing of judgement become blurred, and assessment designs,
audit trails, and integrity policies need to evolve in tandem.

These gaps do not weaken the case for XR and GenAl; they sharpen it. For
hospitality schools, the central challenge is not acquiring headsets and chatbots, but
integrating immersive and Al tools into curricula, assessment, and governance in
ways that are educationally principled, feasible, and trustworthy. That integration
challenge motivates an evidence-led set of questions about effectiveness, boundary
conditions, and governance requirements for curriculum adoption.

Aim and Research Questions

Against this backdrop, the chapter treats XR and GenAl as components of an
instructional system rather than educational ends. The analytical centre of gravity
is pedagogical: what works, for whom, under what conditions, and at what cost
(including the costs to academic integrity, learner trust, and governance capacity).

This chapter investigates how immersive and Al-driven tools and environments
can be integrated into hospitality curricula to enhance experiential learning, and
examines the benefits, challenges, and conditions for responsible implementation.
Specifically, it asks:

a. Whichuses of XR (VR/AR/MR) and Al show the strongest evidence of improv-
ing learning that is directly relevant to hospitality-operational routines, service
recovery, safety and hygiene, interpersonal communication, and data-informed
decision-making?

b. Which instructional features (for example pre-training, guidance, pacing,
debriefing) and institutional supports (such as staff capability, infrastructure,
governance) are associated with successful outcomes?

c.  What ethical, financial, and operational risks must programmes address to en-
sure trustworthy, inclusive, and sustainable integration, particularly in relation
to assessment integrity and data governance?

The contribution is threefold. First, it transposes patterns from the wider XR/AI
education literature into hospitality's emotionally demanding, team-based contexts,
where evidence remains relatively sparse (Boon et al., 2024; Calisto & Sarkar, 2024;
Leung et al., 2022; Liu & Goel, 2022; van der Meulen & de Vries, 2023; Yadav,
2025). Second, it foregrounds governance, integrity, and equity as core design
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constraints rather than afterthoughts, drawing explicitly on learning-analytics and
Al-ethics scholarship and tourism-sector policy. Third, it offers a pragmatic road-
map for ‘teaching in the virtual worlds’ that connects classroom design, assessment
practice, and institutional strategy to the realities of hospitality work.

This chapter first positions XR and GenAl within hospitality’s competency-
intensive learning needs, then explains the narrative review approach used to
synthesise the evidence. It subsequently develops an evidence-led argument about
where immersive and Al-supported approaches can add value (and where they may
not), before translating that synthesis into a staged adoption roadmap and a set of
governance-facing recommendations for curriculum design, assessment integrity,
data protection, and staff development (Makransky & Petersen, 2021; Pardo &
Siemens, 2014; Radianti et al., 2020).

METHODS
Narrative Literature Review

This chapter adopts a narrative literature review (NLR) to synthesise evidence on
integrating immersive and Al tools (XR plus Al tutoring and analytics) in hospitality
education. The approach privileges transparency and relevance over exhaustiveness,
while applying explicit scope, selection, and synthesis procedures to support cred-
ibility and replicability (Snyder, 2019; Baethge et al., 2019).

NLR is particularly suited to this study because, as Baumeister and Leary (1997)
argue, it can provide a coherent overview of the available literature while integrating
findings from multiple fields. In contrast to strictly systematic reviews, a narrative
review allows greater flexibility in interpreting complex and rapidly evolving top-
ics (Green et al., 2006), such as the convergence of Al, XR, and metaverse-style
environments in hospitality education. This methodological choice acknowledges
that the evidence base is heterogeneous, cross-disciplinary, and developing at speed,
and that understanding conditions for effectiveness and governance is more useful
for practitioners than a narrow focus on pooled effect sizes.

Search Strategy, Databases, and Inclusion Criteria

Eligibility included peer-reviewed empirical or review articles published between
2010 and 2025, conducted in higher-education or professional training contexts
relevant to hospitality, and reporting learning-relevant outcomes (for example en-
gagement, knowledge or skills, retention, or teamwork) for VR/AR/AI deployments.
Foundational pre-2010 works were included where theoretically essential. Exclusions
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comprised non-educational deployments, purely technical papers without learning
outcomes, and opinion pieces without evaluative data. English-language sources
were prioritised.

Searches were conducted across Scopus, Web of Science, ERIC, and Google
Scholar using controlled combinations of keywords and Boolean operators such as:

a. ‘“hospitality education” OR “tourism education”
. AND “virtual reality” OR “augmented reality” OR “XR” OR “metaverse”
c. AND *“artificial intelligence” OR “Al-powered conversational agents” OR “Al
tutors” OR “learning analytics”
d. AND “learning outcomes” OR “skills” OR “assessment”.

Reference chaining (backwards and forwards) from anchor reviews (for example
Chasokela, 2025; Garzon et al., 2019; Merchant et al., 2014; Radianti et al., 2020)
identified additional studies germane to design features and outcome patterns. Titles
and abstracts were screened against eligibility criteria, followed by full-text review
for fit. For included studies, we recorded design, sample, intervention, outcomes,
and key moderators such as guidance, fidelity, and debrief. To mitigate selection
bias in this narrative review, we privileged meta-analyses and systematic reviews
where available and triangulated their findings with education, and hospitality-
specific empirical studies. A light-touch appraisal (clarity of outcomes, obvious
validity threats, and transferability to hospitality-relevant tasks) informed confidence
statements in the synthesis rather than formal scoring.

As a narrative synthesis, the review remains vulnerable to selection and pub-
lication bias and to evidence drift in fast-moving domains. Effect estimates vary
widely across contexts and designs. Accordingly, conclusions emphasise conditions
for effectiveness and boundary conditions rather than universal prescriptions.

Policy and Industry Documents

To situate educational practices within broader sectoral developments and
governance debates, the review also incorporated high-level policy and industry
documents. These included, for example, the European Commission's Transition
Pathway for Tourism and related digital-skills initiatives, OECD and UNESCO
recommendations on Al and data governance, and UN Tourism publications on
digital transformation and workforce skills in tourism and hospitality.

Unlike the database search for academic articles, these documents were purposeful-
ly sampled based on their relevance to tourism ecosystems, higher education, digital
skills, and Al ethics. Selection focused on landmark reports and recommendations
from reputable organisations (European Commission, 2022a; OECD, 2021b, 2024;
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UNESCO, 2021; UN Tourism, 2025) and on policy texts that are already shaping
institutional expectations around data protection, governance, and responsible Al
use. Including these sources makes the evidentiary base for claims about gover-
nance, assessment integrity, and institutional strategy more transparent, addressing
concerns about how policy-oriented publications were identified and integrated.

Analytical Lenses

Interpretation was guided by constructivist learning traditions. Experiential
Learning Theory, with its cycle of concrete experience, reflection, abstraction, and
experimentation, was used to frame XR as structured practice with debrief (Kolb
& Kolb, 2005). Socio-cultural perspectives following Vygotsky (1978) were used
to situate collaborative, scaffolded performance in shared virtual spaces and Al-
mediated guidance, highlighting learning as a social process of joint problem-solving
with shared artefacts and roles.

In parallel, the Cognitive Affective Model of Immersive Learning (CAMIL)
provides a theoretical lens to understand how presence, agency, and emotional
engagement affect motivation, cognitive load, and learning outcomes in immer-
sive environments (Makransky & Petersen, 2021). CAMIL helps to explain why
high-fidelity immersive scenes can both support and hinder learning: presence
and agency can increase interest and self-efficacy, yet poorly aligned designs risk
inflating extraneous load. This is directly relevant to hospitality scenarios that are
affectively charged and procedurally complex.

Together, these lenses anchor claims about why immersion and adaptive feedback
may yield gains beyond novelty effects, and they support a consistent focus on design
discipline, assessment alignment, and governance. They also provide a structured
way to discuss conditions under which XR and Al might undermine learning (for
example by eroding assessment integrity, amplifying inequities, or normalising
opaque data-collection practices) and how institutional and programme-level safe-
guards can mitigate these risks.

CONCEPTUAL FOUNDATIONS

Experiential and Socio-Constructivist Learning in Hospitality
The conceptual starting point is not technology but practice. Hospitality educa-

tion has long been grounded in experiential learning, where students cycle through

doing, reflecting, abstracting, and re-testing in environments that approximate real
service settings. In practice-heavy programmes, competence grows when learners
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repeatedly encounter concrete situations, make decisions, and then step back to
make sense of why particular responses worked better than others. XR and Al are
best understood as additional instruments in this cycle rather than as a separate
pedagogical paradigm (Kolb & Kolb, 2005).

Experiential Learning Theory (ELT) articulates this logic as a sequence of
concrete experience, reflective observation, abstract conceptualisation, and active
experimentation (Kolb & Kolb, 2005). In hospitality contexts, augmented reality
(AR) can make tacit constraints visible in situ (for instance, overlaying hygiene
standards on kitchen workstations or visualising guest-flow lines in a restaurant)
while virtual reality (VR) enables near-authentic but consequence-free rehearsal of
complex encounters such as service recovery at peak load. When these experiences
are followed by structured debriefs, whether human-led or supported by Al-generated
prompts, they can be translated into shared rules of thumb and principles that transfer
to the workplace (Chang et al., 2022b; Radianti et al., 2020).

A socio-constructivistlens adds the social texture that is characteristic of hospitality
work. Following Vygotsky (1978), learning can be viewed as a social process of joint
problem-solving with shared artefacts, roles, and mediated facilitation. Multi-user
virtual environments (often framed as social VR or ‘metaverse classrooms’) allow
teams of students to coordinate front-desk escalation scenarios, cross-department
event planning, or crisis simulations while working around common artefacts such
as checklists, dashboards, and spatial layouts. Systematic reviews of social VR and
collaborative learning environments indicate that, when designed with clear objec-
tives, artefact-centred tasks, and guided debrief, such environments can support
‘deep and meaningful’ e-learning, including stronger team processes and shared
products (Mystakidis et al., 2021; Paulsen et al., 2024; Rojas-Sanchez et al., 2023).

These theoretical strands matter for what follows because they sharpen the dis-
tinction between using XR/AI and designing with them. They frame immersive and
Al-enabled tools as components of an experiential, socially grounded system that
must still answer basic questions like: What experiences are being staged? What
forms of reflection are scaffolded? How are individual and group performances made
visible and assessable? They also connect directly to concerns about governance
and assessment integrity by foregrounding the central role of artefacts, feedback,
and data in how learners' performances are captured, interpreted, and judged (Pardo
& Siemens, 2014).

Presence, Cognitive Load, and Immersive Learning
Presence and cognitive load provide a second, more fine-grained layer to this

conceptual foundation. Presence -the subjective sense of ‘being there’ in a mediated
environment- is frequently cited as a signature strength of immersive media. Ex-
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perimental and meta-analytic work shows that immersive VR can generate higher
presence than equivalent desktop simulations, often accompanied by increased
motivation, interest, and self-efficacy (Makransky & Petersen, 2021; Merchant et
al., 2014). Meta-analyses of VR-based instruction report small-to-moderate gains
in learning, particularly for spatial and procedural tasks where being able to ‘stand
inside’ the environment matters (Merchant et al., 2014; Radianti et al., 2020).

However, more presence is not automatically more learning. Research in multi-
media and immersive learning has repeatedly documented that strongly immersive
versions of a learning task can increase presence yet decrease performance when
they impose high extraneous cognitive load; for example, through unnecessary
visual detail, distracting interactions, or complex controls. Makransky et al. (2019)
famously show that adding fully immersive VR to an already effective science lab
simulation produced ‘more presence but less learning’ when design choices did not
minimise unnecessary processing.

Cognitive load theory distinguishes between intrinsic load (inherent to the task),
extraneous load (imposed by the way information is presented), and germane load
(mental effort that contributes to learning). In hospitality scenarios, intrinsic load
is already substantial: students must juggle procedures, emotional tone, spatial
constraints, and real-time decision-making in often noisy, time-pressured situations.
XR can help by making some relationships easier to see (such as the layout and
sequencing of a housekeeping routine or the choreography of a dining room) but
it can also add extraneous load if visual and interactional richness is not carefully
constrained (Buchner et al., 2022; Chang et al., 2022b; Radianti et al., 2020).

Syntheses of VR and AR in education converge on a set of design conditions
under which immersive tools are most effective. Effects tend to be strongest when
instructional goals are explicit, fidelity is calibrated to the task rather than maxi-
mised for its own sake, guidance and prompts are embedded in the experience, and
debriefs help learners connect concrete events to abstract principles (Chang et al.,
2022b; Garzén & Acevedo, 2019; Merchant et al., 2014).

These principles map directly onto hospitality practice. For example, a VR
service-recovery scenario that prioritises photorealistic décor over clear conversa-
tional affordances risks misallocating cognitive resources. Similarly, AR overlays
that flood a kitchen view with icons and text can obscure rather than clarify safety
and sequencing standards. By contrast, designs that scaffold attention (like using
role cards, checklists, temporal ‘chunks,” and pause-and-coach moments) tend
to support both immediate performance and later recall (Mystakidis et al., 2021;
Paulsen et al., 2024).

The same logic underpins concerns about assessment integrity and governance.
Highly immersive assessments that are not transparently structured can make it harder
for learners and staff to trace how judgements were formed; cognitive overload can
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obscure criteria and encourage reliance on opaque automated scoring (Buchner et
al., 2022). Insights from learning-analytics and data-ethics work underscore that
assessment designs in such environments need to be legible, auditable, and pro-
portionate-for example, through clear rubrics, recorded artefacts for moderation,
explicit consent processes, and transparent rules about when and how Al assistance
is permitted (Pardo & Siemens, 2014).

The Cognitive Affective Model of Immersive
Learning (CAMIL) and its Limits

The Cognitive Affective Model of Immersive Learning (CAMIL) integrates
these strands by linking technological features (immersion and interactivity),
psychological responses (presence, agency, emotional engagement), and learning
outcomes via motivational and cognitive pathways (Makransky & Petersen, 2021).
In CAMIL, immersive environments are expected to enhance learning when they (a)
increase presence and agency in ways that boost interest, intrinsic motivation, and
self-efficacy, and (b) channel that heightened engagement into germane processing
rather than extraneous load (Makransky & Petersen, 2021).

CAMIL is especially useful here because it forces a mechanism-level explana-
tion: immersion and agency can increase presence, which in turn shapes motivation,
affect, and cognitive load. The implication is practical, if cognitive load is poorly
managed, an emotionally intense service-recovery simulation may generate arousal
without learning. A mechanism-first approach therefore supports design choices
such as graduated difficulty, guided reflection, and feedback pacing (Makransky
& Petersen, 2021).

Across the studies summarised in current reviews, this logic is visible. The
strongest outcomes in VR and AR implementations tend to occur when immersion
serves a clearly defined task, fidelity is calibrated, and activities are framed within
a sequence such as ‘AR primer - VR rehearsal - guided reflection.” Under these
conditions, presence and agency appear to support deeper conceptual understand-
ing and more robust procedural performance in tasks that are directly relevant to
hospitality (ranging from hotel check-in sequences to frontline service training)
particularly when coupled with explicit feedback and structured debrief (Chang et
al., 2022b; Garzon & Acevedo, 2019; Merchant et al., 2014; Radianti et al., 2020).

At the same time, CAMIL (and its evidentiary base) has limits that matter for a
realistic hospitality narrative.

First, the model is primarily built from studies in science, technology, and related
domains. Hospitality tasks are more socially and emotionally saturated, as tone,
empathy, and service recovery are not peripheral but central outcomes. Presence
can amplify emotional responses, which may be beneficial for engagement but
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also risks overwhelming novices in high-stakes scenes if support is thin. CAMIL's
emphasis on balancing affect and load remains relevant, but the contexts in which
it has been validated caution against assuming that every hospitality use case will
manifest similar effect sizes or dynamics (Makransky & Petersen, 2021; Makransky
et al., 2019).

Second, the model is largely agnostic about assessment and data governance.
CAMIL helps to diagnose when a design might be ‘all spectacle and no learning’ but
it says little about how performance is captured, stored, and interpreted. Inimmersive
hospitality assessments, this becomes critical. A VR scenario may be motivationally
powerful yet educationally problematic if the data trails it produces are opaque, if
Al-based scoring cannot be explained to students or exam boards, or if generative
tools can covertly assist during what is meant to be an individual judgement task.
Integrating CAMIL with insights from learning-analytics ethics and Al governance
(such as principles of purpose limitation, data minimisation, and learner agency)
therefore becomes essential (Pardo & Siemens, 2014).

Third, CAMIL focuses mainly on individual learners, whereas hospitality ed-
ucation frequently assesses team performance, coordination, and role flexibility.
Social-VR research extends this picture by showing that collaborative gains in
immersive environments occur when shared artefacts, clear phases, and facilitation
keep social and cognitive load manageable (Mystakidis et al., 2021; Paulsen et al.,
2024), without such structuring, presence in a busy virtual restaurant or hotel lobby
can quickly become overwhelming. This suggests that CAMIL-informed design
in hospitality needs to be complemented by socio-constructivist principles when
immersive tasks are inherently collaborative and service-oriented.

Taken together, CAMIL offers a useful diagnostic lens rather than a recipe. For
the purposes of this chapter, it serves three roles. It underlines that immersive and
Al-enabled designs should be judged less by their novelty and more by how they
manage presence, motivation, and load in relation to clear learning goals. It provides
a vocabulary for explaining why some hospitality-oriented XR pilots deliver strong
gains while others disappoint. And it makes visible a set of boundary conditions
(such as emotional intensity, social complexity, data governance, and assessment
integrity) that are taken up explicitly in later sections when examining implemen-
tation, institutional readiness, and hospitality-specific cases.
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EVIDENCE SYNTHESIS AND ADOPTION CONSTRAINS
From Novelty to Competence-Based Design

Across the literature, a consistent point of convergence is that XR and Al become
educationally defensible in hospitality only when they are treated as instruments for
specific competencies, not as generic ‘innovation’. Hospitality work is irreducibly
experiential as it involves time-pressured judgement, embodied routines, and the
management of service encounters where technical execution and relational labour
co-exist. That character of work is exactly what makes immersive rehearsal and
structured digital feedback attractive, but it is also what exposes weak designs.
In other words, the question is rarely whether these tools can be engaging; it is
whether they can produce assessable, transferable performance under conditions
that resemble practice (Kolb & Kolb, 2005; Makransky & Petersen, 2021; Radianti
et al., 2020). The service literature reinforces the same implication from a different
angle; as Al reshapes frontline work and decision support becomes normalised,
graduates will need not only procedural fluency but also the ability to interrogate
automated outputs and maintain accountability in human-facing contexts (Huang
& Rust, 2018; Wirtz et al., 2018).

A useful way to organise the evidence is therefore not by technologies as such,
but by the learning problems they plausibly solve and the governance conditions
required for their use. Not all ‘virtual worlds’ require head-mounted displays. A
Marriott case-study describes the development of a virtual onboarding environment
(‘Voyage’) designed to replace paper-based onboarding distributed across brands
and geographies (ON24, n.d.). The case highlights features aligned with social
learning and programme oversight, such as a collaborative environment blending
social learning tools with learning management functions, access in 22 languages,
and manager-facing usage statistics used to identify when a new hire is not engag-
ing with relevant learning resources. In the initial implementation, the programme
was used with 65 new hires, with anticipation of global scaling (ON24, n.d.). For
hospitality educators, this example is useful because it foregrounds organisation-
al learning architecture (including coaching roles, participation monitoring, and
community building) rather than novelty. It also offers a practical bridge between
campus-based cohorts and distributed work-integrated learning models.

Four application clusters dominate: a. immersive simulation for procedural/spatial
performance; b. augmented overlays for in-situ micro-scaffolding; c. conversational
Al for practice volume and feedback; and d. collaborative virtual environments for
team-based coordination. Across all four, two cross-cutting issues recur, assessment
integrity (what counts as legitimate performance when Al assistance is available)
and institutional governance (what data are collected, how decisions are audited,
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and who is accountable) (Cotton et al., 2024; Kofinas et al., 2025; Liu & Khalil,
2023; Pardo & Siemens, 2014).

Evidence Strength Signposting

To help readers distinguish what is relatively established from what remains
emergent, the synthesis uses confidence tags that reflect the type, consistency, and
domain relevance of the evidence (meta-analyses/systematic reviews; hospitality-
specific studies; and the extent to which outcomes are performance-based rather
than attitudinal). These tags are interpretive rather than statistical, and they are
intended to support curriculum decision-making rather than to rank technologies.

Confidence Guide

High: multiple high-quality syntheses with broadly consistent findings, and clear
transfer to hospitality-relevant tasks.

Moderate: convincing evidence in adjacent fields plus some relevant hospitality
studies, but outcomes are design-contingent or context-sensitive.

Low: promising but limited evidence, heavy reliance on small samples, short-
term studies, or non-independent reports.

Indicative Confidence by Application Cluster

Immersive VR simulation for procedural/spatial performance: Moderate (strong
cross-domain syntheses; hospitality evidence growing but still uneven).

Augmented overlays for in-situ micro-scaffolding: Moderate (multiple meta-
analyses; hospitality-specific evaluation is still limited).

Conversational Al for practice volume and feedback: Moderate for learning
support; Low-to-Moderate for integrity, bias, and behavioural impacts in hospitality-
specific assessment contexts.

Collaborative virtual environments for team-based coordination: Low-to-Moderate
(systematic reviews suggest potential, but rigorous outcome evidence and hospitality
transfer remain comparatively sparse).

Immersive Simulation for Procedural and Spatial Performance
The most mature evidence base concerns immersive virtual reality (IVR) simu-
lations. Meta-analytic work across educational settings suggests that VR can yield

small-to-moderate learning gains relative to traditional instruction, with stronger
effects where tasks are spatially complex, procedurally sequenced, and assessed
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through performance rather than satisfaction (Merchant et al., 2014). Systematic
reviews add an important nuance as the ‘VR effect’ is neither uniform nor automatic.
Outcomes depend heavily oninstructional design choices, including explicitlearning
goals, scaffolding, and structured debriefing that turns experience into conceptual
understanding and re-application (Craig & Kay, 2023; Radianti et al., 2020).

Hospitality-specific studies echo these boundary conditions rather than contradict
them. When VR is used to stage operational encounters (for example, front-office
sequences) under situated cognitive assumptions, learners can gain traction on
task sequencing and environmental constraints that are difficult to teach through
description alone (Liu & Goel, 2022). Longitudinal evidence from hospitality
employee training similarly points to advantages in retention and attitudes for VR
game-based formats, although the durability of these advantages is not guaranteed
across contexts and designs (Leung et al., 2022). Reviews focused on tourism and
hospitality adopt a sober stance, where VR appears most defensible when fidelity
is calibrated to the learning goal and embedded in a structured learning sequence,
not when it is used as spectacle or a one-off ‘experience’ (Calisto & Sarkar, 2024;
van der Meulen & de Vries, 2023).

Hilton’s Oculus for Business case illustrates a concrete hospitality deployment
that links immersive design to operational understanding (Kover, 2020; Oculus for
Business, n.d.). In the case-study description, corporate team members complete VR
modules simulating operational tasks (e.g., preparing multiple room-service trays
under time constraints, practising selected steps from room-cleaning procedures,
and rehearsing guest check-in and loyalty-benefit delivery). The stated rationale
is to build empathy for frontline work so that corporate decisions do not inadver-
tently add friction to hotel operations. The same case document also reports VR
scenarios designed for hotel team members, including role-taking and role-play
with virtual guests across touchpoints (front desk, breakfast service, departures),
explicitly targeting the affective and interactional demands of guest service (Ocu-
lus for Business, n.d.; Meta, 2025). Given that VR’s effects on empathy are mixed
and domain-dependent in the wider literature, it is appropriate to treat the case as
illustrative of design intent and organisational learning strategy rather than as a
definitive effectiveness evaluation (Ventura et al., 2020). For curriculum planning,
such cases are best treated as practice-facing design patterns (what was built, for
which task constraints, and with what implementation logic) that require local ed-
ucational evaluation (learning outcomes, usability, equity effects, and assessment
integrity) before they can be treated as evidence of effectiveness.

Published industry cases from Lufthansa, Air France-KLLM and LATAM Airlines
describe VR training solutions for cabin-crew on various aspects, including safety
exercises, hospitality services et al., using virtual reality and 3D aircraft models
(Lufthansa Aviation Training, n.d.; Meta, n.d.; NTT DATA, n.d.). The LATAM
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case reports a reduction in time required to complete critical safety exercises (90
minutes instead of 4 hours) and indicates that the first VR-enabled course achieved
a 100% success rate (NTT DATA, n.d.). The LATAM case (NTT DATA, n.d.) also
notes scalability advantages; where training was previously conducted individually,
more than 30 trainees can now complete the exercises simultaneously, with claimed
longer-run costreductions through reduced reliance on grounded aircraft for practical
exercises (NTT DATA, n.d.). For hospitality education, the key takeaway is not the
aviation specifics but the operational logic. Immersive environments can reduce
bottlenecks, increase repetitions without consuming scarce real-world facilities, and
support structured performance tracking, provided that programme teams have the
capacity to maintain devices, scenarios, and evaluation dashboards.

CAMIL helps explain why these patterns recur. Presence and agency can increase
motivation and self-efficacy, yet they translate into learning only when extraneous
cognitive load is constrained and learners are guided towards relevant cues and
decisions (Makransky & Petersen, 2021). Experimental evidence is particularly
instructive here, as adding immersive VR can increase presence while decreasing
learning when cognitive demands are poorly managed, reminding us that ‘more
immersion’ is not a pedagogical principle (Makransky et al., 2019). Related work
in immersive learning points in the same direction indicate that VR can support
learning when cognitive and affective processes are aligned with task structure,
not merely when environments look realistic (Makransky & Mayer, 2022; Parong
& Mayer, 2021).

For hospitality curricula, this evidence supports a clear assessment implication.
VR is most convincing when itis used for observable, performance-based tasks (such
as service recovery moves, adherence to SOPs, sequencing under time pressure,
and hazard recognition) assessed with explicit rubrics and artefact trails (such as
screen recordings, decision logs, and structured reflection). This does two things
at once, first it anchors VR in competence demonstration rather than experience
consumption, and second, it strengthens integrity because the assessment focuses
on situated reasoning and behaviour rather than polished text products that can be
easily outsourced to generative Al (Cotton et al., 2024; Kofinas et al., 2025; Perkins,
2023). Taken together, VR is most defensible in hospitality education when it is
positioned as assessable rehearsal of observable performance (plus debrief), not as
an immersive ‘experience’ separated from competence claims.

Augmented Overlays for In-Situ Micro-
Scaffolding and Standards Visibility

Augmented reality (AR) occupies a different instructional niche. Where VR
substitutes the environment, AR preserves real settings and adds targeted cues. That
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makes AR particularly suitable for short, repeated micro-practice in labs and simu-
lated workplaces, as it can externalise invisible standards (layout rules, safety checks,
mise-en-place flows) and support feedback at the moment of action. Meta-analytic
evidence over the last decade indicates that AR produces moderate positive effects
on learning, particularly for conceptual understanding and visuospatial reasoning,
while also showing that outcomes depend on task scope and information density
(Chang et al., 2022b; Garzén & Acevedo, 2019; Garzén et al., 2019). A systematic
review focused on cognitive load (Buchner et al., 2022) offers an additional caution
that AR can support performance, but cognitive load effects are mixed and appear
contingent on learner expertise and design quality (Buchner et al., 2022).

Taken together, these findings suggest a constructive role for AR in hospital-
ity education that is distinct from VR. AR is well suited to preparing learners for
performance by making standards visible and reducing avoidable errors early in
training. Used well, it can function as a scaffold that is gradually withdrawn as
learners internalise routines and build judgement. Used poorly, it can become a
crutch that produces procedural compliance without discretionary decision-making.
This matters for assessment integrity, as an overlay that prescribes every step can
inflate performance while masking independence. In assessment terms, AR activi-
ties therefore benefit from ‘fading’ designs and criteria that reward both procedural
correctness and the rationale for deviations in context, with clear documentation of
how AR content is curated and updated (Buchner et al., 2022; Chang et al., 2022b).

Conversational Al and Intelligent Tutoring:
Practice Volume, Feedback, and Integrity

Al-powered conversational agents and tutoring systems address a different
bottleneck, the need for high-frequency practice and timely feedback at scale. The
broader tutoring literature suggests that intelligent tutoring systems can improve
learning outcomes, with meta-analytic evidence indicating substantial effects in
well-structured domains (Kulik & Fletcher, 2016; VanLehn, 2011). More recent
meta-analyses focused specifically on Al chatbots report positive learning effects
across educational contexts, although effects vary by discipline, task structure, and
implementation (Wu & Yu, 2024; Wu & Li, 2024). The implication for hospitality
education is not that chatbots should replace teaching, but that they can expand
practice opportunities in domains where repetition matters, such as language and
intercultural communication, complaint handling, upselling dialogues, and proce-
dural reasoning around safety checks and service standards.

The tourism and hospitality literature is now beginning to map this terrain more
explicitly. Work on generative Al in tourism and hospitality outlines opportunities for
personalised learning and content generation while emphasising the need to clarify
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disciplinary judgement and boundaries of acceptable use (Fouad et al., 2024; Zhu
& Yu, 2025). In hospitality and tourism education specifically, ChatGPT is being
positioned for role-play, feedback, and scenario exploration, but the educational
value is contingent on how programmes manage integrity, authorship, and critical
engagement (Perkins, 2023; Zhang et al., 2024). Evidence from adjacent profes-
sional domains supports the same conditional stance, that chatbots can strengthen
self-directed learning when aligned with clear standards and human oversight, but
they are not inherently educative (Chang et al., 2022a; Han et al., 2025).

This is where assessment integrity becomes central rather than decorative. The
academic integrity literature is converging on the point that detection-only ap-
proaches are brittle, and that generative Al is now capable of producing plausible
outputs across many task types, including those once assumed ‘authentic’ (Balalle
& Pannilage, 2025; Cotton et al., 2024; Kofinas et al., 2025). A second, subtler risk
concerns cognitive dependency, when dialogue systems become default ‘thinking
partners’, learners may practise less originality and judgement. Systematic review
evidence flags over-reliance as a plausible concern, even if the evidence base remains
emergent and heterogeneous (Zhai et al., 2024). For hospitality curricula, the design
response is to treat Al literacy and integrity as explicit outcomes embedded in as-
sessment. Students document prompts and interactions, critique Al outputs, justify
acceptance or rejection, and demonstrate reasoning through oral or performative
components where appropriate (Cotton et al., 2024; Evangelista, 2025; Francis et
al., 2025; Perkins, 2023). In this framing, Al does not ‘solve’ feedback scarcity; it
increases the need for clear standards, auditable processes, and discipline-specific
definitions of legitimate assistance.

Collaborative Virtual Environments: Team Coordination,
Distributed Judgement, and Social Load

The final application cluster concerns multi-user virtual environments and social
VR. These environments extend the logic of immersive simulation from individual
rehearsal to collaborative, role-based learning, that is precisely the kind of learning
hospitality requires when students must coordinate front and back-of-house deci-
sions, manage events, or negotiate service failures as teams. Systematic reviews of
social VR and collaborative learning suggest that such environments can support
meaningful learning when tasks are genuinely collaborative, artefact-centred, and
facilitated, rather than loosely co-present (Mystakidis et al., 2021; Paulsen et al.,
2024; van der Meer et al., 2023). Experimental evidence strengthens this conclusion
as collaborative generative activities inimmersive VR (co-creating external artefacts
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such as checklists or decision maps) can increase learning when goals are clear and
reflective pauses are built into the activity structure (Petersen et al., 2023).

Forhospitality education, these findings matter because they specify what prevents
multi-user environments from becoming chaotic. Multi-user presence raises both
cognitive and social load; without role clarity, time-boxed phases, visible artefacts,
and facilitation, coordination tasks can quickly degenerate into noise rather than
learning (Paulsen et al., 2024; van der Meer et al., 2023). The assessment challenge
is also distinctive as collaborative immersive work inherits familiar group-work
problems (uneven contribution, hidden labour) and adds issues of identity, logging,
and accessibility. Assessment designs that combine process evidence (system logs,
artefacts, peer/self-assessment) with outcome criteria are more defensible than
designs that rely on final products alone, particularly in Al-rich contexts (Cotton et
al., 2024; Liu & Khalil, 2023; Pardo & Siemens, 2014).

Institutional Governance and Real-World Adoption:
The Conditions That Make Pedagogy Scalable

A weakness in much technology-enhanced learning discourse is the assumption
that good pedagogy alone guarantees sustainable adoption. The implementation
literature on immersive VR in higher education suggests otherwise. Longitudinal
evaluation of VR teaching laboratories shows that even when student experiences
are positive, adoption can remain patchy when maintenance demands, staffing, and
curricular integration are not built into the operating model (Marks & Thomas,
2022). Reviews of immersive VR in higher education echo this pattern, with many
projects remain pilot-bound, dependent on local champions, and weakly diffused
across programmes (Craig & Kay, 2023; Radianti et al., 2020; Rojas-Sanchez et al.,
2023; Stracke et al., 2025). In hospitality education, where curricula are often tied
to accreditation and industry expectations, these organisational realities become part
of the pedagogical problem. If staff capability, support structures, and assessment
governance cannot be sustained, learning designs will not scale reliably.

Governance is equally central because XR and Al generate data-rich learning
environments. Student perspectives research in learning analytics shows unease
about opaque data collection and secondary uses, even where benefits are acknowl-
edged (Jones et al., 2020). Systematic review work on privacy and data protection
in learning analytics reinforces the need for purpose limitation, transparency, and
learner agency as design and policy requirements (Liu & Khalil, 2023). Ethical and
privacy principles proposed for learning analytics provide a practical foundation
for institutional governance in XR/AI teaching, and proportionality, accountability,
and legitimacy of data use are not optional if programmes expect learners to trust
feedback systems or Al-supported judgement (Pardo & Siemens, 2014). These gov-
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ernance concerns are not merely administrative; they shape assessment credibility
and thus what learning outcomes can be defended, particularly when Al assistance
is available and when behavioural logs are used for evaluation (Cotton et al., 2024;
Kofinas et al., 2025).

Equity and wellbeing further constrain adoption. Digital equity research docu-
ments persistent gaps in access, connectivity, and digital support, reminding us that
‘effectiveness’ claims are often setting-dependent (Amyjad et al., 2024; Drlji¢ et al.,
2025). For XR specifically, cybersickness and fatigue are not edge cases; they affect
a non-trivial minority, with implications for participation and evaluation bias if not
planned for (Stanney et al., 2020). These factors are not add-ons to the evidence
synthesis; they delimit what a programme can legitimately require and what a study
can credibly generalise.

Synthesis: What the Evidence Supports, and What It Does Not

A coherent reading of the literature is neither celebratory nor dismissive. XR
and Al can extend the experiential strengths of hospitality education, but only under
conditions that are increasingly explicit across reviews and empirical studies, such
as that these tools must be matched to clearly articulated outcomes; the designs must
manage cognitive load and provide guidance and debriefing; and the assessments
must privilege process visibility and professional judgement rather than polished
outputs alone (Makransky & Petersen, 2021; Merchant et al., 2014; Radianti et
al., 2020). At the same time, the same evidence base makes it difficult to defend
unqualified claims of effectiveness, because outcomes are heterogeneous and adop-
tion is constrained by governance capacity, operational sustainability, equity, and
integrity requirements (Craig & Kay, 2023; Liu & Khalil, 2023; Marks & Thomas,
2022). The practical implication for hospitality curricula is blunt as XR/AI should
be designed as an instructional system (including competencies, assessments, staff
capability, governance, and operating model) because that is where the evidence
says learning is won or lost.

RECOMMENDATIONS FOR RESPONSIBLE
INTEGRATION OF IMMERSIVE AND Al
TECHNOLOGIES IN HOSPITALITY EDUCATION

From Industry Diffusion to Curriculum Responsibility

XR and Al are no longer peripheral to hospitality practice. The sector’s opera-
tional core is increasingly shaped by datafied decision-making, automated service
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interfaces, and human-machine teaming, with implications for how service work
is designed, supervised, and evaluated (Doborjeh et al., 2022; Huang & Rust,
2018; Wirtz et al., 2018). Empirical and review evidence in hospitality and tour-
ism documents a widening application portfolio (such as forecasting and revenue
optimisation, customer-service chatbots, recommendation engines, robotics, and
immersive environments for training and experience design), alongside persistent
concerns about data quality, transparency, and workforce readiness (Cozzio et al.,
2025; Doborjeh et al., 2022; Sousa et al., 2024). For education, the significance is
not simply that graduates should be ‘digitally fluent’. It is that these technologies
reshape professional accountability, such as what counts as competent judgement,
how decisions are justified, and how trust is maintained when systems mediate
service encounters and organisational learning.

Recent sector frameworks converge on a similar stance. UN Tourism positions
Al adoption as contingent on transparency, human oversight, inclusion, and gover-
nance capacity, precisely because trust and legitimacy are core to tourism systems
(UN Tourism, 2025). The World Tourism Organization’s future-of-work policy
paper and the OECD’s tourism workforce analysis both frame digitalisation as a
skill transition rather than a technology upgrade, implying that education providers
must integrate digital, ethical, and socio-emotional competences into mainstream
curricula (OECD, 2021a, 2021b; World Tourism Organization, 2019). European
strategies similarly link competitiveness and resilience to digital capability, respon-
sible adoption, and skills development, creating a clear policy signal that hospitality
schools will be judged not only on adoption, but on the quality and integrity of that
adoption (Council of the European Union, 2022; European Commission, 2022a).

Recommendation 1: Design From Competencies and
Assessment, Then Select the Minimum Technology

A defensible design principle is to begin with competence claims and assessment
logic, then choose the least complex technology that enables credible demonstration
of those competencies. Across educational meta-analyses and systematic reviews,
XR effects are consistently context-dependent, as benefits are more likely for
spatially and procedurally complex tasks, and designs fail when guidance is weak
or cognitive demands are poorly managed (Merchant et al., 2014; Radianti et al.,
2020; Stracke et al., 2025). CAMIL clarifies that presence and agency can support
motivation and self-efficacy, yet learning suffers when extraneous cognitive load is
high or when immersive activity is insufficiently structured (Makransky & Petersen,
2021; Makransky et al., 2019).

In hospitality education, this points towards a differentiated portfolio rather than
‘XReverywhere’. VR is most defensible for high-stakes rehearsal where repeatability
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and observation matter (such as in service recovery under pressure, crisis proce-
dures, or operational sequencing) provided pre-briefing, scaffolding, and debriefing
are built in (Leung et al., 2022; Liu & Goel, 2022; Radianti et al., 2020). AR, by
contrast, is better treated as in-situ micro-scaffolding that makes standards visible
while preserving real-world cues. Meta-analytic work suggests AR can support
conceptual and visuospatial learning, but cognitive load outcomes are mixed and
strongly design-contingent, so AR tasks should be tightly scoped, with information
density controlled and scaffolds faded over time to protect independent judgement
(Buchner et al., 2022; Chang et al., 2022b; Garzén & Acevedo, 2019).

Recommendation 2: Rebuild Assessment for Al-
Saturated Learning, Not for Detection

Generative Al changes the assessment problem space. Systematic review evidence
on Al and academic integrity highlights that detection-only responses are fragile and
can create inequities, while even ‘authentic’ tasks may be vulnerable when students
can outsource reasoning to dialogue systems (Balalle & Pannilage, 2025; Cotton et
al., 2024; Kofinas et al., 2025). A separate, emerging concern is cognitive depen-
dency, when over-reliance on Al dialogue systems may be associated with reduced
originality and critical engagement, although the evidence remains heterogeneous
and developing (Zhai et al., 2024). In hospitality, where professional judgement and
relational competence are central, this is not a marginal issue. It bears directly on
what schools can credibly claim graduates are able to do.

A more defensible assessment posture foregrounds process visibility and discipline-
specific accountability. The literature converges on practical moves, such as multi-stage
tasks, annotated drafts, oral components, in-class reasoning checks, and reflective
accounts of how Al was used (or not used), with criteria that reward justification and
judgement rather than surface polish (Cotton et al., 2024; Evangelista, 2025; Francis
etal.,2025). Here XR can be used strategically, as performance-based assessments in
VR or collaborative environments can be scored against observable behaviours and
decision rationales, supported by artefact trails and structured reflection. This does
not make assessment ‘Al-proof’, but it makes competence claims more defensible
because the evidence of learning is behavioural and interpretive rather than purely
textual (Makransky & Petersen, 2021; Perkins, 2023).

Recommendation 3: Treat Governance and Data
Protection as Pedagogical Infrastructure

XR and Al in education are data-intensive. Learning analytics research shows
students often accept potential benefits while remaining uneasy about opaque data
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collection, secondary uses, and profiling, which can erode trust even in otherwise
well-designed interventions (Jones et al., 2020; Liu & Khalil, 2023). Foundational
principles for learning analytics ethics emphasise proportionality, legitimacy of
data use, transparency, and accountable governance—principles that become more,
not less, important when immersive platforms capture granular behavioural traces
(Pardo & Siemens, 2014).

Policy guidance aligns with this evidence. UNESCO’s Recommendation on the
Ethics of Al and its generative Al guidance emphasise human-centred governance,
transparency, and participatory approaches, while the European Commission’s
educator-facing Al guidelines stress accountability, critical Al literacy, and institu-
tional support for safe experimentation (European Commission, 2022b; UNESCO,
2021; 2023). OECD work on Al and equity in education adds that governance must
protect vulnerable learners while enabling innovation, implying that ethics and
inclusion cannot be bolted on after adoption (OECD, 2024).

For hospitality schools, the practical implication is to formalise governance as
part of programme design, with risk-tiered approval for XR/AI activities, data pro-
tectionimpact assessment where data capture is non-trivial, clear purpose statements,
consent mechanisms that are intelligible and meaningful, minimised retention, and
auditable oversight for Al-enabled feedback or scoring. These measures are not
administrative overhead. They are preconditions for legitimate use, especially when
assessment claims are attached to the outputs of these systems (Liu & Khalil, 2023;
Pardo & Siemens, 2014).

Recommendation 4: Plan for Implementation
Feasibility as a Condition of Educational Quality

A persistent lesson from higher education VR implementations is that pedagog-
ical promise does not translate into sustained adoption without an operating model.
Evaluations of purpose-built VR labs show that rich learning experiences can co-
exist with patchy institutional uptake when maintenance, staffing, and curricular
integration are under-resourced (Marks & Thomas, 2022). Reviews similarly report
that immersive initiatives often remain pilot-bound, dependent on local champions,
and fragile when support capacity is limited (Craig & Kay, 2023; Radianti et al.,
2020; Rojas-Sanchez et al., 2023; Stracke et al., 2025).

Cost should therefore be treated as an explicit outcome variable rather than a
background constraint. Evidence from simulation research outside hospitality has
shown that cost is frequently under-measured despite being central to scalability;
the same critique applies to XR/AI adoption decisions in education (Zendejas et
al., 2013). A pragmatic response is staged scaling, by beginning with a limited
number of high-enrolment, high-impact competencies, evaluate learning outcomes
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and total cost of ownership in parallel, and expand only when staff capability and
support models are demonstrably stable (Marks & Thomas, 2022; Radianti et al.,
2020). This aligns with policy calls to move beyond isolated pilots towards strategic
facilities and cross-institutional capacity-building (European Commission, 2022a;
OECD, 2021b).

Recommendation 5: Build Equity, Accessibility,
and Wellbeing Into the Design Brief

Digital equity research in higher education shows that access, connectivity, and
digital-literacy supports remain uneven; without safeguards, technology-enhanced
designs risk widening participation gaps (Amjad et al., 2024; Drlji¢ et al., 2025).
OECD analysis warns that Al may exacerbate inequities if adopted without explicit
inclusion strategies and transparency (OECD, 2024). For XR, wellbeing is not a soft
concern. Cybersickness and fatigue affect a non-trivial minority and can introduce
participation bias if alternatives are not planned (Stanney et al., 2020). Evidence
from immersive learning research also suggests that cognitive and affective load
can undermine learning when experiences are not carefully structured, reinforcing
the need for comfort-first configurations, breaks, and option pathways (Makransky
et al., 2019; Parong & Mayer, 2021).

A credible inclusion strategy therefore includes: loan or shared-access models,
desktop alternatives for immersive tasks, flexible scheduling, explicit accommo-
dation pathways, and assessment designs that allow equivalent demonstration of
competence without penalising learners who cannot participate in head-mounted
VR (Amjad et al., 2024; Stanney et al., 2020). In hospitality, this has sectoral reso-
nance, as European and global tourism strategies repeatedly position inclusion and
accessibility as core to sustainable tourism futures, which curricula should reflect
not only as content but as practice (Council of the European Union, 2022; European
Commission, 2022a; World Tourism Organization, 2019).

Integrated Takeaway: Instruction Leads,
Governance Keeps Pace

Taken together, the evidence and policy signals support a disciplined bottom
line. XR and Al can strengthen hospitality education when they are embedded in
competence-based curricula, assessed through process-visible performance and
judgement, and governed through transparent, proportionate data and integrity
frameworks (Cotton et al., 2024; Liu & Khalil, 2023; Makransky & Petersen,
2021; Radianti et al., 2020). The technologies do not reduce the need for teaching;
they raise the stakes for design, institutional capability, and accountability. For
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programmes that treat implementation feasibility, equity, and governance as part
of educational design rather than operational afterthoughts, XR and Al become
less a ‘digital add-on’ and more a coherent response to the workforce and service
transformation already under way (OECD, 2021a,2021b; UN Tourism, 2025; World
Tourism Organization, 2019).

Practical Implications: Translating Evidence
into an Implementation Architecture

In institutional settings, the feasibility of XR/AI integration is often determined
less by the pedagogical concept and more by the cost and workload profile across
the lifecycle. A realistic planning view includes: hardware procurement and refresh
cycles; contentcreation or licensing; device management (updates, storage, charging,
hygiene protocols); accessibility accommodations and alternative pathways; staff
development for educators and technicians; data governance and vendor management;
and evaluation capacity for learning outcomes and learner wellbeing. International
policy guidance on Al in education consistently stresses that scaling depends on
infrastructure, teacher professional learning, and governance arrangements that pro-
tect equity and agency, rather than treating adoption as a purely technical upgrade
(OECD, 2021b; OECD & Education International, 2023). For hospitality education
specifically, where cohorts often include high proportions of working students and
placements are central, implementation plans should explicitly address timetable
fit, supervision load, and how immersive/Al activities will be assessed without
undermining academic integrity.

A FIVE-PILLAR IMPLEMENTATION STRATEGY
FOR HOSPITALITY EDUCATION

Figure 1 is intended as an implementation architecture rather than a checklist.
It is built on a recurring empirical pattern across immersive learning and Al-in-
education research, where learning gains and credible assessment depend less on
‘immersion’ or ‘automation’ in the abstract, and more on: a. tight alignment between
competencies, task design, and assessment, and b. governance conditions that sustain
trust over time (Liu & Khalil, 2023; Makransky & Petersen, 2021; Pardo & Siemens,
2014; Radianti et al., 2020). For hospitality programmes, those conditions matter
significantly because education sits close to practice, accreditation expectations,
and employer scrutiny; if XR/AI is adopted without assessment integrity and data
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governance, the reputational downside can exceed any pedagogical gain (Cotton et
al., 2024; Kofinas et al., 2025; UN Tourism, 2025).

The five pillars are: 1. strategic alignment and partnerships; 2. outcomes-first
curriculum and assessment design; 3. faculty capability and workload realism; 4.
equity, inclusion, and learner wellbeing; and 5. trustworthy data practices and as-
sessment integrity. The pillars are mutually reinforcing, as weaknesses in one pillar
(for example, fragile infrastructure or ambiguous Al-use rules) routinely reappear
elsewhere as ‘learning’ problems or integrity disputes (Cotton et al., 2024; Craig
& Kay, 2023; Marks & Thomas, 2022).

Figure 1. A five-pillar implementation architecture for immersive and Al technol-
ogies in hospitality education

Strategic Alignment & Partnerships

Align adoption to tourism skills and capability priorities
Stage procuremen aluate learning, cost and governa readiness
Co-develop authentic scenarios and data-sharing terms with industry partners

Faculty Capability and Operating Outcomes-First Curriculum &
Model Assessment Design

Workload realism: support roles, timetables and Define compe s and assessment logic
maintenance capa b
Training for scena pting, facilitation and -3 n with explicit
structured de ] i a ing
Shared libra | . - Proces: T rubrics, artefact
trails, and reflection

Equity, Inclusion & Learner Trustworthy Data Practices &
Wellbeing Assessment Integrity

- Privacy-by-design: purpose limitation,
minimisation, retention discipline
Al-use boundaries, dis * norms, and
integrity-by-design a sment
sdba Audit trails and human oversight for Al-
stain learner trust supported feedback or sco

Pillar 1. Strategic Alignment and Partnerships:
From Pilots to Workforce Relevance

A credible XR/AI strategy begins with alignment to sector skill and capability
priorities rather than opportunistic experimentation. Tourism policy guidance frames
digital upskilling, responsible technology adoption, and capacity building as struc-
tural needs for competitiveness and resilience, with implications for education and
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training providers (European Commission, 2022a; OECD, 2021b; World Tourism
Organization, 2019; World Economic Forum, 2025). At the same time, tourism-
facing Al reports stress transparency, human oversight, and inclusion as practical
adoption principles, signalling that governance should be treated as a professional
requirement, not merely an institutional compliance function (OECD, 2024; UN
Tourism, 2025; UNESCO, 2021).

Operationally, this pillar has three immediate implications for hospitality schools.
First, procurement should be staged and evaluative. For instance, to start with
bounded, high-value use cases, define success criteria, and scale only when learning
outcomes, costs, and governance procedures are stable (Radianti et al., 2020; van der
Meulen & de Vries, 2023; Zendejas et al., 2013). Second, partnerships with hotels,
restaurants, and destinations should be framed around content co-development and
authenticity, not only placements. The best educational rationale for immersive
rehearsal is the ability to make complex practice repeatable (for instance, service
recovery or front-office sequences) and then connect rehearsal back to workplace
performance expectations (Leung et al., 2022; Liu & Goel, 2022; ). Third, industry
adoption research suggests that perceptions of Al’s risks and benefits vary across
hierarchical levels, with recurring concerns around data quality, transparency,
vendor dependence, and workforce readiness, that are exactly the issues hospitality
curricula should teach students to diagnose and govern (Cozzio et al., 2025; Dob-
orjeh et al., 2022).

Pillar 2. Outcomes-First Curriculum and Assessment
Design: ‘Minimum Viable Immersion’

The design rule is blunt, to begin with competencies and assessment, then
select the minimum technology that makes performance visible, repeatable, and
feedback-rich. Meta-analytic and review evidence suggests that VR tends to be
most defensible for spatially and procedurally complex tasks when guidance and
debriefing are explicit, while AR effects are positive but design-sensitive, particularly
around information density and cognitive load (Buchner et al., 2022; Chang et al.,
2022b; Merchant et al., 2014; Radianti et al., 2020). CAMIL strengthens the same
conclusion theoretically, as presence and agency can support motivation and self-
efficacy, but learning benefits are conditional on constraining extraneous cognitive
load and aligning activities tightly to learning goals (Makransky & Petersen, 2021;
Makransky et al., 2019).

For hospitality programmes, this logic supports a curriculum sequence that resem-
bles a staged competence pipeline rather than a technology showcase. A defensible
pattern is to use AR micro-scaffolds for standards visibility and error reduction, VR
rehearsal for high-stakes scenarios, and structured debrief/reflection (which may
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include Al-mediated feedback when governed) to connect performance to principles
and re-application. The sequencing matters because it shifts XR from ‘experience’ to
deliberately supported practice (Chang et al., 2022b; Makransky & Petersen, 2021;
Radianti et al., 2020). Where hospitality-specific evidence is available, it reinforces
the value of situated sequencing, as VR training aligned to operational task struc-
ture has been linked to improved learning effectiveness in hospitality contexts, and
VR game-based training has shown longitudinal advantages for employee learning
and attitudes relative to traditional formats (Leung et al., 2022; Liu & Goel, 2022).

Assessment integrity must be designed into this pillar, not appended later. The
generative Al literature is converging on two points that matter for hospitality
education: detection-only responses are brittle, and even ‘authentic’ assessments
can be compromised if they rely primarily on polished products rather than visible
reasoning (Balalle & Pannilage, 2025; Cotton et al., 2024; Kofinas et al., 2025).
The practical implication is a shift towards process-visible assessment design, with
rubric-scored performance tasks in immersive scenarios; with required artefact trails
(decision logs, recordings, drafts); and with structured reflection that makes Al use
auditable and professionally justifiable. This stance aligns integrity with hospitali-
ty’s professional norms of accountability and transparency rather than treating it as
punitive rule enforcement (Cotton et al., 2024; Kofinas et al., 2025; Perkins, 2023).

Pillar 3. Faculty Capability and Workload
Realism: Designing the Operating Model

A recurring reason XR initiatives stall is not student resistance but institutional
underestimation of staff workload, technical support, and curriculum integration
effort. Longitudinal evidence from higher education VR labs shows that even when
experiences are positive, adoption can remain patchy when maintenance, staffing,
and integration are not normalised into routine teaching (Marks & Thomas, 2022).
Reviews likewise note that many implementations remain pilot-bound, dependent
on individual champions, and weakly diffused across programmes (Craig & Kay,
2023; Radianti et al., 2020; Stracke et al., 2025).

This pillar therefore requires a deliberate ‘design support’ layer, with scenario
scripting, facilitation and debriefing skills, cognitive-load management, and as-
sessment rubric calibration. CAMIL is useful here as a shared design language for
staff, as it makes clear that presence is not the goal; the goal is structured activity
that converts affect and attention into learning (Makransky & Petersen, 2021). In
multi-user environments, workload realism also includes facilitation competence,
as collaborative immersive learning benefits depend on role clarity, artefact-centred
tasks, and structured phases; none of which happen reliably without trained facil-
itation (Paulsen et al., 2024; Petersen et al., 2023; van der Meer et al., 2023). A
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practical institutional response is to treat XR/AI teaching as a supported studio
model (templates, shared scenario libraries, moderation practices), not as an indi-
vidual lecturer’s hobby.

Pillar 4. Equity, Inclusion, and Learner
Wellbeing: Access is Part of Validity

Equity is not an ethical ‘extra’; it is a validity condition. Digital equity research
continues to document gaps in access, support, and readiness that shape who can
participate and who benefits (Amjad et al., 2024; Drlji¢ et al., 2025). OECD work
warns that Al can widen inequities if deployed without explicit inclusion safeguards,
reinforcing the need to treat distributional effects as part of evaluation rather than
an afterthought (OECD, 2024). For XR specifically, cybersickness and fatigue
affect a non-trivial minority, and unmanaged discomfort can distort participation
and introduce bias into both learning outcomes and assessment fairness (Stanney
et al., 2020).

A credible implementation posture can include for instance: device-loan pools
or on-campus access, desktop modes where appropriate, scheduled breaks and
comfort-first configurations for VR, and equivalent non-VR pathways with aligned
assessment criteria. The point is not to dilute learning challenge, but to prevent tech-
nology from becoming a hidden participation filter (Amjad et al., 2024; Stanney et
al., 2020). Where learning analytics and Al feedback are used, equity-by-design also
means transparency about what is collected and how it is used, because surveillance
perceptions can undermine trust and engagement, particularly among vulnerable
learner groups (Jones et al., 2020; Liu & Khalil, 2023).

Pillar 5. Trustworthy Data Practices and Assessment
Integrity: Governance as Pedagogy

XR/Alteaching is unavoidably data-intensive. Learning analytics research shows
that students can be uneasy about opaque collection, secondary uses, and profiling,
even when they acknowledge benefits (Jones et al.,2020). Systematic review evidence
on privacy and data protection in learning analytics emphasises purpose limitation,
transparency, and learner agency as recurring requirements for trustworthy practice
(Liu & Khalil, 2023). Foundational ethical principles for learning analytics reinforce
the same governance logic, where proportionality, accountability, and legitimacy
of data use should be designed into systems, not negotiated after controversy arises
(Pardo & Siemens, 2014).

This pillar therefore requires explicit, auditable governance with clear purpose
statements; consent flows and opt-out routes where feasible; minimised logging
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and proportional retention; and accessible explanations of Al-supported feedback
or scoring. It also requires assessment governance in the Al era, such as explicit
boundaries for acceptable Al use, mechanisms for disclosure, and moderation prac-
tices that treat integrity as a learning outcome and a professional norm (Cotton et al.,
2024; European Commission, 2022b; OECD, 2024; UNESCO, 2021). In hospitality
education, the pedagogical opportunity is to make this visible, and students to be
assessed not only on operational performance, but on whether they can justify tool
use responsibly in ways consistent with service accountability and trust (Cotton et
al., 2024; UN Tourism, 2025).

Application Risks and Mitigations: A Constraint-
Led Risk Register Mapped to the Pillars

The five pillars also function as a risk management map. When adoption fails, it
typically fails in predictable ways, for instance, when governance is under-specified,
costs and workload are underestimated, access is uneven, infrastructure is brittle,
or immersion is substituted for learning design. The literature and policy guidance
broadly agree that mitigation is most effective when these constraints are antici-
pated and continuously evaluated rather than retrofitted (European Commission,
2022b; Marks & Thomas, 2022; OECD, 2024; UNESCO, 2021; van der Meulen
& de Vries, 2023).

Ethical Risk: Privacy, Transparency, and Bias (Pillars 1 and 5)

XR/Al environments generate behavioural traces that can feel surveillance-like
if purposes and boundaries are opaque, undermining learner trust and legitimate use
(Jonesetal., 2020; Pardo & Siemens, 2014). Mitigation starts with governance, such
as, purpose limitation, data minimisation, retention schedules, and access controls,
supported by intelligible consent and learner agency (Liu & Khalil, 2023; Pardo &
Siemens, 2014). Where Al recommendations or feedback are used, the institution
needs accountability measures such as impact assessment practices and auditable
decision pathways, consistent with UNESCO’s ethics recommendation and OECD
guidance on equity and inclusion (OECD, 2024; UNESCO, 2021). The standard
here is not perfection; it is reviewability and proportionality.
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Financial Risk: Cost, Sustainability, and
Opportunity Cost (Pillars 1 and 3)

XR/AI costs are not only hardware. Maintenance, staff time, content develop-
ment, and support structures often determine whether pilots mature into curriculum
infrastructure (Craig & Kay, 2023; Marks & Thomas, 2022; van der Meulen & de
Vries, 2023). A robust mitigation is to treat cost as an outcome variable, and track
total cost of ownership alongside learning outcomes, and report workload and
support requirements transparently (van der Meulen & de Vries, 2023; Zendejas et
al., 2013). Scale-up should be staged and justified by comparative value, and invest
first where immersive rehearsal plausibly outperforms lower-cost modalities for the
same competency (Merchant et al., 2014; Radianti et al., 2020).

Operational Risk: Infrastructure Fragility
and Interoperability (Pillars 1 and 3)

Operational fragility—downtime, fragmented systems, and limited support—
erodes instructional time and discourages staff adoption, even when pedagogy is
sound (Marks & Thomas, 2022; van der Meulen & de Vries, 2023). Mitigation is
organisational as much as technical, with the need to centralise device management,
standardise onboarding and troubleshooting workflows, and embed support capacity
close toteaching teams. Interoperability and exportability (particularly for assessment
artefacts and analytics) reduce vendor lock-in and make evaluation feasible (Craig
& Kay, 2023; van der Meulen & de Vries, 2023).

Inclusion Risk: Access Gaps, Accommodation
Needs, and Participation Bias (Pillar 4)

Uneven access, digital readiness gaps, and disability-related needs can widen
participation gaps if not designed for. Digital equity evidence supports access
packages and targeted support as core mitigation measures, not student ‘responsi-
bility’ (Amjad et al., 2024; Drlji¢ et al., 2025). For XR, cybersickness mitigation
and equivalent pathways are essential to fairness; otherwise, discomfort becomes
a hidden selection mechanism (Stanney et al., 2020). Equity safeguards should be
evaluated explicitly, consistent with OECD concerns about Al amplifying existing
inequalities (OECD, 2024).
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Pedagogical Risk: ‘Presence Without
Learning’ and Poor Transfer (Pillar 2)

Immersion can raise engagement yet depress learning when cognitive load is
poorly managed or reflection is absent. Experimental evidence shows that add-
ing immersive VR can increase presence while reducing learning under certain
conditions, underscoring that design discipline is not optional (Makransky et al.,
2019). Mitigation requires explicit competencies, scaffolding, structured prompts,
and debriefing that converts experience into abstraction and re-application—i.e.,
design discipline rather than immersion as an end in itself and reinforced by reviews
of immersive VR in higher education (Makransky & Petersen, 2021; Parong &
Mayer, 2021; Radianti et al., 2020). Where learning goals are largely declarative,
programmes should ask whether the immersive premium is educationally justified
relative to simpler modalities (Merchant et al., 2014; Radianti et al., 2020).

Mitigation Summary: What ‘Good Practice’
Looks Like in One Sentence

A defensible XR/AI adoption posture in hospitality education combines audit-
able governance, staged scaling anchored in high-impact competencies, operational
readiness and staff capability, equity-by-design and wellbeing protections, and
routine evaluation that tracks learning outcomes, usability, and cost together (Eu-
ropean Commission, 2022b; Lewis, 2019; Marks & Thomas, 2022; OECD, 2024;
Zendejas et al., 2013). Usability measures are useful but insufficient; they need to
sit alongside performance evidence and assessment artefacts that make reasoning
and Al use reviewable (Cotton et al., 2024; Kofinas et al., 2025; Lewis, 2019).

LIMITATIONS AND CAVEATS

This chapter offers a narrative synthesis rather than a formal systematic review,
so its contribution lies in integrative argumentation and conceptual framing, not in
estimating a single pooled effect size (Baethge et al., 2019; Baumeister & Leary,
1997; Snyder, 2019). The evidence base it draws on is dominated by higher-education
studies and adjacent professional-training contexts; reported effects are heteroge-
neous and likely moderated by task demands, learner characteristics, institutional
infrastructure, and instructional design choices (Craig & Kay, 2023; Radianti et al.,
2020; Stracke et al., 2025).
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Study Scale and Outcome Heterogeneity

A recurring constraint is that many XR studies remain small-scale, exploratory,
or methodologically diverse, with substantial variation in comparison conditions,
outcome measures, and follow-up periods (Craig & Kay, 2023; Radianti et al., 2020;
Stracke et al., 2025). This matter because average effects can conceal dispersion, as
in immersive settings, learning gains tend to concentrate where task design is ex-
plicitly scaffolded, extraneous cognitive load is actively constrained, and debriefing
links experience to abstraction and re-application (Makransky & Petersen, 2021;
Makransky et al., 2019; Merchant et al., 2014). In practical terms, the field needs
more multi-site, hospitality-relevant trials with transparent design descriptions and
comparable outcome metrics, so that external validity improves and ‘what works’
can be specified with greater precision (Radianti et al., 2020; Stracke et al., 2025).

Hospitality-Domain Generalisability

Evidence for AR’s educational potential is well developed across disciplines,
including meta-analytic work, yet hospitality-specific AR studies remain relatively
sparse compared with VR and related immersive formats (Buchner et al., 2022;
Changetal., 2022b; Garzon & Acevedo, 2019; Garzén et al., 2019). This asymmetry
makes it risky to assume that effect sizes, mechanisms, or implementation burdens
will translate evenly across hospitality subdomains. Culinary training, front-office
operations, and revenue management differ in their cognitive structure, feedback
cycles, and performance visibility; these differences may shape what ‘augmenta-
tion’ can realistically improve and how it should be assessed (Chang et al., 2022b;
Radianti et al., 2020).

Cybersickness, Ergonomics, and Participation Bias

Cybersickness and fatigue are not marginal inconveniences; they can affect par-
ticipation, attention, and equity, particularly when head-mounted displays are used
intensively or without careful comfort-first configuration (Stanney et al., 2020).
Even where average tolerance is acceptable, a non-trivial minority may experience
discomfort that changes attendance patterns and introduces selection effects into
both learning and evaluation (Stanney et al., 2020). Programmes therefore need
planned accommodations and equivalent non-VR pathways, not as an afterthought
but as part of the learning design’s validity conditions (Amjad et al., 2024; Stanney
et al., 2020).
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Equity and Access

Equity is aboundary condition for interpreting the evidence base, not a secondary
implementation detail. Many studies are conducted in well-resourced settings, and
the feasibility of XR/Al-enabled learning is sensitive to device access, bandwidth,
support staffing, and digital-literacy scaffolds (Amjad et al., 2024; Drlji¢ et al.,
2025; Radianti et al., 2020). The implication is straightforward, that claims about
learning effectiveness should be contextualised, and adoption strategies need to be
evaluated not only for average gains but also for distributional effects across learner
groups (OECD, 2024; Radianti et al., 2020).

Privacy, Data Protection, and Integrity

Al-enabled tutoring, analytics, and immersive platforms can generate granular
interaction data and create new ‘visibility’ into learners’ behaviour. Without clear
purpose limitation, data minimisation, transparency, and learner agency, these
practices risk undermining trust and normalising surveillance-like dynamics in
educational settings (Jones et al., 2020; Liu & Khalil, 2023; Pardo & Siemens,
2014). In parallel, generative Al expands the grey zone between legitimate support
and inappropriate outsourcing of judgement, which means assessment design and
governance need to be treated as part of learning quality, not merely compliance
(Cotton et al., 2024; Kofinas et al., 2025; Perkins, 2023). Where these safeguards are
weak, the chapter’s pedagogical claims should be read cautiously, because integrity
and trust are not externalities; they shape what can be credibly assessed and what
learning outcomes can be defended.

CONCLUSION AND FUTURE DIRECTIONS

The chapter argues that immersive and Al technologies extend, rather than
overturn, hospitality’s longstanding commitment to experiential, practice-based
learning. When designed as part of an experiential cycle (structured exposure,
guided reflection, abstraction, and re-testing) XR can make complex, high-stakes
encounters repeatable and observable, while Al can contribute scalable, criterion-
referenced feedback (Chang et al., 2022a; Fouad et al., 2024; Kolb & Kolb, 2005;
Radiantietal.,2020; Wu & Yu, 2024). Evidence from higher education and emerging
hospitality trials suggests that the clearest gains are most plausible for spatially and
procedurally complex tasks, provided fidelity is calibrated, guidance is explicit, and
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debriefing is systematic (Calisto & Sarkar, 2024; Leung et al., 2022; Liu & Goel,
2022; Merchant et al., 2014; van der Meulen & de Vries, 2023).

Conceptually, the Cognitive Affective Model of Immersive Learning (CAMIL)
has been used to make sense of these patterns, where presence and agency can boost
motivation and self-efficacy, but only contribute to learning when extraneous cog-
nitive load is constrained and activities are tightly aligned with clear learning goals
(Makransky & Petersen, 2021; Makransky et al., 2019). Across the four application
domainsreviewed (VR simulations, AR overlays, Al-powered conversational agents,
and multi-user virtual environments), the chapter foregrounds both pedagogical
promise and shared vulnerabilities (assessment integrity, governance capacity, cost,
and equity) that determine what can be claimed at scale (Cotton et al., 2024; Liu &
Khalil, 2023; Pardo & Siemens, 2014).

Finally, by juxtaposing educational evidence with sectoral developments and
policy signals, the analysis has treated XR/AI adoption as part of tourism's broader
digital transition rather than a purely classroom-level innovation (European Com-
mission, 2022a, 2022b; UN Tourism, 2025; World Tourism Organization, 2019).

Concluding Implications for Educators,
Institutions, and Policymakers

These implications should be read alongside the preceding risk-mitigation guid-
ance, which operationalises governance, inclusion, and integrity requirements for
adoption at scale.

For educators, the implication is straightforward but demanding, to start from
competencies and assessment, then select the minimum technology needed. XR should
be reserved for scenarios where safe, high-fidelity rehearsal genuinely adds value
(suchas servicerecovery under pressure, safety and hygiene drills, event operations),
while AR micro-overlays and Al-supported practice can handle more contained tasks
(Chang et al., 2022b; Liu & Goel, 2022; Radianti et al., 2020). Performance-based
assessments in immersive environments should focus on observable behaviours
(for example empathy moves, SOP adherence, decision quality), accompanied by
artefact trails and reflective commentary that make both learning processes and Al
use auditable (Cotton et al., 2024; Makransky & Petersen, 2021; Perkins, 2023).

Institutions, in turn, need to treat faculty capability, infrastructure, and gover-
nance as preconditions rather than afterthoughts. The evidence converges on the
simple point that learning outcomes follow design discipline and staff capability
more reliably than device specification, so investment should prioritise scenario
authoring, debriefing practice, cognitive-load management, and oversight of Al-
enabled feedback (Boon et al., 2024; Craig & Kay, 2023; Merchant et al., 2014).
That investment also needs an access model and privacy-by-design protocols that
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are operational, auditable, and proportionate to educational purpose, particularly
where Al-supported feedback and analytics are involved (Liu & Khalil, 2023; Pardo
& Siemens, 2014; Stanney et al., 2020).

For policymakers and sector bodies, the chapter reinforces the logic of recent
tourism and Al-ethics initiatives, such as frameworks for responsible innovation
that must simultaneously support experimentation, protect learners and workers,
and promote inclusion (European Commission, 2022a, 2022b; OECD, 2021b, 2024;
UNESCO, 2021; UN Tourism, 2025). Funding models that prioritise shared XR/
Al facilities can reduce duplication of content development effort and accelerate
evidence accumulation across institutions. Cross-institutional pilots, and industry-
academia partnerships around content and data governance would directly support
the kinds of staged, evidence-informed adoption advocated here.

Future Research Directions
Priority areas for future research are outlined in Table 1, with emphasis on longi-

tudinal transfer, cost-effectiveness and scalability, equity-by-design, and assessment
integrity in contexts where Al assistance is available.

Table 1. Future research directions

Area Future Exploration Angle

Longitudinal Cohort designs should follow learners across placements, internships, and early
transfer and employment to test whether XR/AR/AI-supported practice predicts observable
career impact workplace performance, retention, progression, and safety or service quality outcomes.

Where feasible, studies should triangulate self-report with supervisor ratings and
behavioural indicators, and explicitly model how transfer varies by task type and support
structures (Leung et al., 2022; Liu & Goel, 2022).

Cost- Comparative evaluations should estimate total cost of ownership and learning return on
effectiveness and investment across device classes (per example, mobile AR, standalone head-mounted
scalability displays, PC-based VR), content strategies (commercial versus in-house), and cohort

sizes. Mixed-methods designs are particularly valuable here because ‘hidden costs’
(staff time, maintenance, support, content updates) often determine scalability more
than purchase price (Radianti et al., 2020; van der Meulen & de Vries, 2023; Zendejas

et al., 2013).
Comparative Studies should test whether XR produces learning gains beyond well-designed non-
modality immersive simulations for the same competencies, while accounting for opportunity
effectiveness costs, educator workload, and assessment validity. Designs that use comparable

instructional time and equivalent scaffolding across conditions would help clarify when
immersion is educationally defensible rather than simply engaging (Merchant et al.,
2014; Radianti et al., 2020).

continued on following page
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Table 1. Continued

Area

Future Exploration Angle

Equity-by-design
models

Experimental trials should examine access packages (loan devices, desktop modes,
flexible scheduling), comfort-first configurations, and transparency around analytics
to identify combinations that reduce participation gaps without diluting challenge.
Researchers should report differential effects across learner groups and track whether
cybersickness and fatigue systematically exclude specific participants, creating biased
estimates of ‘effectiveness’ (Liu & Khalil, 2023; Stanney et al., 2020).

Assessment
integrity with AL
assistance

Rubrics and audit trails should be developed and validated to distinguish productive
Al-mediated feedback from inappropriate outsourcing of judgement. Work is needed
on protocols that preserve integrity while retaining the formative value of automated
coaching, including clear disclosure norms, purpose limitation for assessment data, and
governance mechanisms that make contested decisions reviewable (Liu & Khalil, 2023;
Pardo & Siemens, 2014).
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