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Abstract

Rapid technological advancements are transforming educational practice and reshaping
the traditional conception of learning. In particular, immersive technologies, such as aug-
mented reality (AR) and virtual reality (VR), have shifted the focus from learning outcomes
alone to the quality of the learning environment and the psychological processes involved
in learning (e.g., motivation and cognitive processes). Against this background, the cur-
rent perspective proposes a reconceptualization of immersive technologies (virtual reality,
augmented reality, and mixed reality) as ecological learning environments. Specifically, by
integrating the neo-ecological framework with the Cognitive-Affective Model of Immersive
Learning (CAMIL), we argue that immersive technologies create hybrid physical–virtual
microsystems in which embodied and experiential learning emerge as pedagogical pro-
cesses through which knowledge is actively constructed. From this perspective, learning
results from the interaction between ecological contexts, immersive psychological mech-
anisms, and learners’ active engagement with the environment. We further discuss the
important limitations and ethical challenges associated with immersive technologies. Fi-
nally, we suggest that immersive technology should be integrated into blended educational
approaches consisting of traditional learning combined with immersive technologies.

Keywords: immersive technologies; ecological learning; cognitive psychology; motivation;
experiential learning; embodied learning

1. Introduction
Most recent technological advancements in the educational context have highlighted

the need to rethink school dynamics, such as learning approaches and the learning environ-
ment. According to Teschers, Neuhaus, and Vogt [1], the school system approach should
move from a static to a more flexible and responsive approach to curriculum and schooling,
with a more experiential rather than theoretical curriculum. Indeed, the authors emphasize
that traditional learning is based on an educational model developed in response to the
19th-century industrial age. Traditional learning methods, characterized by face-to-face
interactions, predetermined curriculum, standardized evaluations, and a teacher-centered
approach, should be adapted to new questions.

Immersive technologies have become pervasive in recent times, both in research and in
educational practices. Based on the level of immersion, it is possible to distinguish among
virtual reality (VR), augmented reality (AR), and mixed reality (MR). Virtual reality is a fully
immersive experience that isolates users from the physical world and allows them to inter-
act with a simulated environment through head-mounted displays and motion-tracking
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systems. Augmented reality overlays digital elements in the real-world environment, al-
lowing users to perceive both physical and virtual information. Mixed reality combines
characteristics of virtual and augmented reality, enabling digital objects to interact with the
physical environment in real time.

The adoption of new technologies, combined with an adaptive and personalized learn-
ing environment, guarantees a more student-centered approach to learning, which seems to
foster students’ motivation and improve the quality of educational outcomes [2,3]. Features
such as adaptive feedback and personalization make their use particularly suitable in the
educational context [4]. Despite the growing body of research on immersive technologies in
education, existing theoretical perspectives remain largely fragmented and conceptualize
immersive technologies as mere instructional tools designed to achieve specific educational
outcomes. Within this perspective, virtual environments are simply considered as media
that can deliver educational content on different platforms or instructional formats [5,6].
Less attention has been given to conceptualizing immersive technologies as educational
environments in which contextual, psychological, and pedagogical processes dynamically
interact. Consequently, there is still no integrative perspective explaining how immersive
technologies reshape learning beyond their role as instructional tools.

For this reason, the current paper aims to propose a perspective on learning mech-
anisms through immersive technology, highlighting the importance of the virtual envi-
ronment as an active developmental context rather than a mere technological instrument.
Specifically, we argue that virtual environments function as hybrid microsystems where
macrostructural context and micro-level cognitive processes converge during the learn-
ing experience. Within the technological space, according to Navarro and Tudge’s [7]
neo-ecological framework, immersive affordances such as spatial presence and agency
presented in the Cognitive Affective Model of Immersive Learning (CAMIL) facilitate the
activation of embodied and experiential learning. In this sense, virtual environments repre-
sent dynamic zones characterized by the interaction among cognitive, affective, emotional,
and social processes. Immersive and embodied interactions allow learners to actively
construct knowledge through exploration, feedback, and engagement with the surround-
ing environment. Moreover, following CAMIL’s variables to adapt tasks and experiences
according to individual characteristics, these technologies become highly suitable for sup-
porting participation in different types of learners across the lifespan.

2. Toward AR/VR Ecological Learning: The Neo-Ecological Model
The rapidly evolving cultural environment in which young people are developing re-

quires an adaptation of traditional frameworks. Concerning the developmental psychology
tradition, Urie Bronfenbrenner [8,9] described the environmental interactions occurring in
someone’s life and how these interactions shape individual development. This framework
is also particularly relevant to educational psychology, as it can be considered a tool for
understanding how the individual interacts across societal, organizational, and individual
dimensions [10]. This framework has been selected as it provides a multilevel perspective
for conceptualizing learning as a result of continuous interactions between the learner and
the surrounding environment. According to his model, five nested types of contexts can
be distinguished, namely: microsystem, which is the immediate direct environment consist-
ing of family, peers, teachers, and classroom; mesosystem, which consists of interactions
and connections occurring between two microsystems (e.g., parents interacting with teach-
ers); exosystem, representing the external social settings that indirectly affect the individual,
who does not actively participate in them (for instance, parents’ work time or broad school
policies); macrosystem, which consists of the overarching cultural, societal, and economic
values dictating norms and laws; chronosystem, consisting of the dimension of time, such
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as time transitions and historical and social circumstances over time. Navarro and Tudge [7]
propose a neo-ecological theory, derived from Bronfenbrenner’s ecological theory, which
comprises the virtual environments that were not forecasted in the traditional model. Con-
cerning the microsystem, the neo-ecological model distinguishes between physical and virtual
microsystems. While the physical microsystem is a pattern of activities, social roles, and
interpersonal relations experienced by the developing person in a face-to-face setting, the
virtual microsystem groups the experiences that the developing person has on digital plat-
forms. In this sense, the developing individual may exist in more than one microsystem at
once, such as the student who is connected in an online classroom (i.e., virtual microsystem)
while being at home (i.e., physical microsystem). The virtual microsystems share several
specific features that might also be applicable to physical microsystems. One of the features
relates to synchronicity/asynchronicity, which is also typical of a physical microsystem (such
as writing a letter), but this feature is more pronounced in the virtual environment, also
depending on the type of platform used. Moreover, although availability is shared by both
systems, individuals interacting through virtual connections can contact other people at great
distances, thus people that otherwise would not be available to them. Another feature shared
by virtual and physical environments is publicness, which is more pronounced in virtual
microsystems, as group interactions can involve a wider audience than physical microsystems.
Similarly, permanence (or persistence) is frequently observed in the virtual environment, as
the virtual information provided by individuals does not disappear but permanently remains
available [11]. The distinction between physical and virtual microsystems recognizes that
developmental experiences increasingly occur in digital environments. This distinction is
particularly relevant to immersive technologies because they create hybrid microsystems in
which learners simultaneously interact with physical and virtual elements. However, Navarro
and Tudge discuss digital environments such as online communication and social media,
whereas little attention is devoted to immersive environments characterized by embodiment,
spatial presence, and real-time interaction. Consequently, the application of the neo-ecological
framework to AR/VR requires extending the concept of the virtual microsystem to also
include immersive educational contexts.

Regarding the mesosystem, no adaptations were provided by the authors, who main-
tain that it is particularly important for adolescents, as it regards the way their social,
physical and digital worlds are interconnected. Regarding the virtual environment, the
mesosystemic level may concern whether skills learned in virtual microsystems can be
translated into gains in physical contexts. This represents a useful basis for understanding
transfer across educational contexts. However, the framework does not explicitly explain
how learning experiences developed within immersive environments are translated into
other educational settings.

Similarly to the mesosystem, the exosystem remains the same as the one conceptualized
by Bronfenbrenner [12], defined as the processes taking place between two or more settings,
in which the occurring events indirectly influence processes within the immediate setting
in which the person lives. In recent times, the influence of the digital exosystem is more
significant in the lives of youth than in previous generations, as deleterious exosystemic forces
may impact youth participating in virtual microsystems more directly [7].

Regarding the macro-system, the ubiquity of digital technology and the large diffusion of
smartphones worldwide has an impact upon the values, beliefs, and social structure of society.
Less attention has been dedicated to understanding how changing cultural values may reshape
conceptions of teaching, learning, and learner participation within immersive environments.

The chronosystem, in Bronfenbrenner’s original framework, consists of three types of
time influencing the development of a person. Microtime refers to what is happening in the
current moment. In light of the neo-ecological theory, digital technology facilitates media
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multitasking but also stresses users with digital interruptions (such as notifications, e-mails,
messages, and events) that are termed technoference, which can lead to higher levels of inat-
tention [13]. Concerning mesotime, conceptualized as the repetition of proximal processes
over long periods, adherence to digital programs or the persistence of parallel technoference
might be considered. Finally, macrotime relates to the changes observed in larger society
within and across generations. For example, the advent of the Internet represents a cultural
phenomenon as it shares norms that are adopted across generations [14].

Following the neo-ecological model, AR/VR technology should not be merely consid-
ered instructional tools but rather learning environments that can reshape the interaction
between learners and educational contexts (Figure 1). Indeed, immersive learning envi-
ronments create hybrid microsystems where physical and virtual experiences co-exist at
the same time. As a consequence, the educational experience consists of a continuous
interaction between physical and virtual contexts instead of a single static setting. Concern-
ing the mesosystem, immersive technology might facilitate stronger connections between
educational environments (such as school, home, and digital learning platforms), resulting
in a continuous and flexible experience. The exosystemic system includes technologi-
cal infrastructure, educational policies, and institutional decisions that indirectly shape
learners’ experiences. At the macrosystem level, immersive technologies reflect a cultural
transformation derived from digitalization, interactivity, and integration of technology
into everyday life. Finally, at the chronosystem level, it is possible to observe how educa-
tional environments are evolving in response to the rapid technological transformation
in recent years. At the microtime level, the immersive environment may help reduce the
phenomenon of technoference, and this may result in a more focused learning environment
over longer periods (i.e., mesotime level). At the macrotime level, the e-learning approach
may change in favor of a more digitalized and student-centered environment.

Figure 1. Connection among the adaptation of the neo-ecological framework, CAMIL, and learning
approaches proposed by the authors.

https://doi.org/10.3390/virtualworlds5030033

https://doi.org/10.3390/virtualworlds5030033


Virtual Worlds 2026, 5, 33 5 of 14

From this perspective, ecological learning, intended as a process resulting from the
interaction between the individual and the proximal environment, is not merely character-
ized by the coexistence of physical and virtual environments, but by the active interaction
between learners and their surroundings. In this sense, learning emerges through explo-
ration, action, feedback, and adaptation within contextualized environments. Therefore,
embodied and experiential learning may represent the pedagogical mechanisms through
which AR/VR ecological learning is realized, as they place learners in direct interaction
with the affordances of both physical and virtual contexts.

3. Embodied and Experiential Learning Through AR/VR
Regarding the practical applications of new technologies, immersive training seems

to be effective for improving children’s cognitive functioning and learning [6]. Accord-
ing to Huang [15], this improvement results from the process of mental simulation of
virtual scenery and objects that people immersed in an environment have to perform,
leading to higher cognitive and mental engagement in the game, requiring a higher level of
executive functioning.

The mechanism underlying this process can be identified through the Cognitive-Affect
Theory of Learning with Media—CATLM [16,17], which assumes that the richness of
stimuli and the level of interactivity provided by multimedia can foster intrinsic motivation,
reducing, at the same time, the effort required to learn [18]. As humans have limited
cognitive resources, learning is effective when learners avoid unnecessary mental effort,
are motivated, and actively engage with information.

Among the theoretical models explaining the interactions between technology and
learning, the Cognitive-Affective Theory of Learning with Media (CATLM) provides a
particularly suitable framework because it integrates cognitive, motivational, and affective
processes underlying learning through multimedia. Unlike traditional cognitive theories
that primarily focus on information processing or cognitive load, CATLM recognizes that
learning is also influenced by learners’ motivation, emotional engagement, and active
participation. The CATLM framework can be adapted to virtual reality with the same
positive relationship between motivation and cognitive engagement and the negative effect
on cognitive load. According to the CATLM model applied to VR [16], additional variables,
such as immersion, presence, and embodiment, may influence the experience of virtual
learning. Specifically, more immersive VR systems can increase learners’ embodiment,
which is the feeling that the virtual body is their own, and presence, which is the feeling
of being inside the virtual world. Experiencing such sensations increases motivation and
curiosity, which are connected to higher cognitive engagement, resulting in more active
information processing.

Based on these premises, the Cognitive-Affective Model of Immersive Learning
(CAMIL) was proposed by Makransky and Petersen [19] to explain the mechanisms un-
derlying the learning processes within immersive environments. Similar to CATLM-VR,
CAMIL assumes that learning depends on the balance between cognitive engagement and
cognitive load. However, CAMIL puts greater emphasis on immersive-specific affordances,
such as spatial presence, agency, embodiment, and self-location, and considers them central
mechanisms through which virtual environments influence learning processes. Immersion
is defined as the user’s experience of being engaged by a computer-generated environ-
ment. This experience produces a sense of “being there”, also called presence [20]. While
immersion is an objective, measurable quality of a system or environment, presence is
the cognitive acceptance of the virtual reality as the current reality. Embodiment is the
sensation deriving from the brain accepting a digital avatar as one’s own physical body [21],
which fosters the feeling of agency, intended as the perceived ability to control subsequent
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actions [22]. Finally, cognitive load refers to the amount of working memory required to
process the virtual information and tasks [23].

While CATLM-VR mainly extends multimedia learning principles to immersive envi-
ronments, CAMIL places immersive affordances themselves at the center of the learning
process. According to this perspective, immersive technologies do not simply provide
richer multimedia stimulation but create psychologically situated experiences where learn-
ers actively interact with contextualized environments. In other words, CAMIL provides
an interpretation of the learning mechanisms occurring in VR learning environments.

Considering the neo-ecological framework proposed by Navarro and Tudge [7], the
virtual microsystem is the immediate environment where learning occurs by conceptual-
izing immersive technologies as a hybrid physical–virtual context embedded in broader
ecological systems. As posited by the authors, the virtual microsystem influences and is
influenced by the other ecological levels. For instance, educational policies encouraging
the use of immersive technologies in the classroom (i.e., exosystem) contribute to creating a
virtual microsystem for learning purposes. While the neo-ecological framework describes
the contextual structure of immersive learning, CAMIL explains how learning occurs
within these environments. Specifically, CAMIL proposes that technological characteristics,
such as immersion and interactivity, promote psychological mechanisms such as presence,
agency, and embodiment, which interact with learners’ cognitive and affective characteris-
tics in pursuing learning goals. Among these mechanisms, embodiment can be considered a
conceptual bridge between immersive technologies and the embodied cognition paradigm.
This paradigm affirms that cognition is shaped by abstract mental representations and
bodily actions within contextualized experiences. Davis and Markman [24] maintain that
cognitive processing is more reactive when sensory and motor systems actively contribute
to cognitive processing rather than serving as peripheral input and output channels. The
educational approaches that are directly connected to embodiment and presence are embod-
ied learning and experiential learning. In this sense, embodied and experiential learning
can be interpreted as pedagogical processes through which the context described by the
neo-ecological framework and the psychological mechanisms presented by CAMIL are
translated into educational practices. As immersive technologies allow learners to interact
with the educational content through exploration and movement, learners become active
participants in the learning process instead of being passive recipients (Figure 1). CAMIL
represents one of the first attempts to explain immersive learning through a comprehen-
sive cognitive-affective framework. Its major contribution lies in recognizing presence,
embodiment, and agency as central psychological mechanisms of immersive learning.
Nevertheless, CAMIL primarily explains how immersive affordances influence learning,
while providing limited consideration of the broader ecological context in which these
affordances are embedded. Consequently, CAMIL complements rather than replaces the
neo-ecological framework.

3.1. Embodied Learning

Embodied learning is the learning approach deriving from the embodied cognition
paradigm and assumes that cognition is more responsive when it is integrated into the
sensorimotor system [25,26]. Following this approach, learning experiences are increasingly
designed to promote multisensory processing by providing opportunities to interact with
objects and digital representations, such as AR/VR technology.

According to the Instructional Embodiment Framework (IEF) by Black et al. [27],
instructional embodiment consists of two main categories: physical and imagined embod-
iment. Physical embodiment can be direct, surrogate or augmented. The users achieve
direct embodiment when they move in a certain way in physical space, while in the case of
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surrogate embodiment, they give instructions to a program or use objects that allow them
to learn concepts from the object’s physical material. Regarding augmented embodiment,
the users have a representational system (such as an avatar) together with an augmented
feedback system. Embodiment can also be imagined through the mental simulation of
physically embodied actions.

Studies regarding the application of embodied learning through virtual reality found
improvements in several educational domains, such as learning STEM [28,29], children’s
letter-sound knowledge [30], motor learning [31]. However, findings are not uniformly
positive: for instance, Rudling et al. [32] found that immersive VR did not generally
outperform computer-based training for vocabulary learning, although it may benefit
learners with stronger sustained attention.

3.2. Experiential Learning

Experiential learning is a learning approach where knowledge is constructed through
direct experience, active participation, and interaction with the environment [33]. Experien-
tial learning derives from Kolb’s theory [34], which assumes that learning is a cyclic process
involving four steps: concrete experience, reflective observation, abstract conceptualization,
and active experimentation. Concrete experience and reflective observation are part of the
first phase that captures the experience, where tangible experiences are transformed into
abstract experience. In the second phase, learners transform abstract conceptualizations
into actions in the concrete world through the processes of abstract conceptualization and
active experimentation.

This framework conceives learners as active participants constructing meaning
through continuous interactions with contextualized experiences. Virtual environments
allow learners to interact with realistic situations that may offer opportunities to explore
and experiment with situations that might be dangerous, expensive or impossible to repro-
duce in traditional settings. Within the virtual environment, users can experience a sense
of presence, interactivity, and immersion that might facilitate their active involvement in
complex situations.

Research on VR-based experiential learning reported positive effects across several
educational domains. At school, immersive experiences can increase the effectiveness
of history learning [35]. In healthcare education, immersive experiences have been used
to simulate surgical training, rehabilitation, and anatomy learning within safe environ-
ments [36,37]. Furthermore, in engineering and architecture, virtual experiences allow
enhanced spatial understanding, design skills, procedural learning, and creation of complex
three-dimensional models and simulated construction environments [38,39]. Concerning
language learning, VR experiences can facilitate role-playing, social interaction, and com-
munication experiences [40]. Finally, VR-based serious games and immersive simulations
have been applied to social and emergency learning contexts, improving engagement,
memory retention, and survival-related decision-making skills through realistic and inter-
active scenarios [41].

3.3. Practical Considerations of Embodied and Experiential Approaches

Both approaches raise questions about the psychological and educational implications
of their adoption in real classrooms.

First, each type of immersive technology can have different effects on learning pro-
cesses. Although VR, AR, and MR are frequently treated as interchangeable, they differ in
terms of the degree to which they integrate virtual and physical environments, as repre-
sented by Milgram and Kishino’s [42] continuum ranging from real environment to virtual
environment. This difference has specific implications on the theoretical and practical level.
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The neo-ecological model applies to VR, AR, and MR, as these technologies can create
virtual microsystems embedded within real microsystems. Conversely, in CAMIL, different
immersive affordances activate different levels of presence and embodiment. Specifically,
VR is likely to elicit the highest levels of presence and embodiment as it replaces the physi-
cal surroundings with a fully simulated environment. This aspect makes VR particularly
suitable for educational activities that require exploration, perspective-taking, and simu-
lation of otherwise inaccessible or risky situations [43]. Conversely, AR integrates virtual
objects within the real world, preserving the interaction with the physical environment.
Therefore, AR is appropriate for situated learning and procedural guidance [44]. Finally,
MR represents an intermediate solution in which virtual and physical objects coexist and
interact in real time. Different from AR, MR emphasizes agency and embodied interaction
through the integration of physical and virtual objects. Therefore, virtual elements can
dynamically respond to users’ actions, with richer embodied interactions and collaborative
manipulation of virtual objects [45].

The second question relates to the possibility of transferring the virtual knowledge to
real-world situations. Regarding embodied learning through VR, Klingenberg et al. [46]
tested how different levels of immersion and interactivity affect procedural learning, em-
bodiment, cognitive load, and transfer of knowledge from a virtual environment to a
real-world task. The authors found that students’ performance during the virtual lesson
positively predicted their performance on the real-world transfer task, suggesting that
learning procedural skills in virtual environments can transfer successfully to physical
contexts. Similarly, VR-based experiential learning is often used to acquire skills in delicate
or dangerous contexts, as it can simulate risky, expensive, or difficult-to-reproduce environ-
ments [47]. This study may represent preliminary evidence that immersive environments
can support the transfer to real-world contexts under specific instructional design and
contextual factors.

The third issue relates to the cognitive overload generated by the exposure to virtual
reality. According to the Cognitive Load Theory [48], the acquisition of new schemas can be
hindered when cognitive resources are allocated to process irrelevant information. In VR
environments, as previously shown by Huang, Roscoe, Craig, and Johnson-Glenberg [16],
the level of immersion may also introduce additional cognitive demands that burden the
learning process.

The fourth question concerns the use of virtual reality adapted to different developmen-
tal conditions. For instance, Moon [49] reviewed the training based on social embodiment
for children with autism spectrum disorder (ASD) in a naturalistic environment, which
allows children to simulate social components in the training through non-player characters.
Furthermore, Julrode et al. [50] designed a gamified VR intervention based on experien-
tial learning to enhance ASD children’s social skills, finding significant improvements in
social communication and social motivation. Similar results were retrieved concerning
studies applying virtual reality to inclusive learning of individuals with ASD, Attention
Deficit–Hyperactivity Disorder (ADHD), and intellectual disabilities [51–53]. For instance,
Alvarado, Guerrero, and Serón [54] tested an immersive program delivered through CAVE
(i.e., Computer Automated Virtual Environment), which is an immersive room-sized virtual
environment where the images are projected on the walls, floor, and ceiling, for children
with autism spectrum disorder. Applying the semantic embodied conversational agent
theory, the authors implemented the “Lore alphabet”, a visually enriched alphabet in which
letters are represented with distinctive facial features. To facilitate the interactions, verbal
communication was replaced by a keyboard with Lore letters, which were pronounced and
projected on the screen. The intervention was effective in terms of emotional response and
reported encouraging results regarding alphabet learning.
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Indeed, the high degree of adaptivity of the virtual environments makes this tool
particularly suitable for different developmental conditions. Adaptivity is defined as the
degree to which a system can alter its actions in response to the needs and preferences of
the user [55]. A system is adaptive when there is a performance measurement of the trainee,
when the variable is adaptive, and when the logic is adaptive [56]. Performance outcomes
should be collected before or during the training through different evaluation methods
(such as monitoring the trainee’s movements, accuracy after each trial, etc.). An adaptive
variable is a characteristic that can be adjusted on the basis of the trainee’s performance.
Adaptive logic is the logic underlying the adaptive system, where all the system changes in
respect to the trainee’s performance. Thanks to this flexible feature, adaptive immersive
systems enhance the effectiveness of training in people with atypical development [57].

Taken together, these aspects define the possibilities (e.g., skill transfer and adaptabil-
ity) and the limitations (e.g., cognitive load) that arise when implementing training through
immersive technologies.

4. Discussion
The current perspective paper suggests redefining learning approaches considering

the ecological validity, intended as the validity of the learning experiences in terms of
congruency with real-life situations, provided by learning through immersive technologies.
Indeed, the adoption of immersive reality may transform the conception of learning, in-
tended as a process adhering to contextual demands transferable to the real world. The
main contribution of this perspective is the shift from conceptualizing immersive technolo-
gies as instructional media designed to deliver educational content toward understanding
them as ecological learning environments in which learning emerges through continuous
interactions between learners, technology, and educational contexts.

The neo-ecological model by Navarro and Tudge [7] considers the virtual world
as a parallel world that equally influences individuals’ lives and skills. According to
this perspective, learning can also occur in virtual classes, suggesting that immersive
technologies may represent a continuation of the physical class, creating hybrid educational
spaces where students actively construct knowledge through embodied, situated, and
socially mediated experiences. In this way, immersive technologies may create a bridge
between theory and practice, promoting learning processes that are more closely connected
to real-world contexts and everyday functioning. This interactive redefinition may be
particularly relevant for embodied and experiential learning, where learners are no longer
considered passive recipients but active constructors of their knowledge. Receiving real-
time feedback, manipulating objects, and navigating virtual environments may increase
engagement in learning activities [58]. Moreover, immersive technologies may facilitate the
process of skill learning in situations that are difficult to reproduce, expensive, or dangerous.
Similar to Simonian and Reggente [59], who proposed a neuropsychological assessment
framework where virtual reality allows the simulation of realistic cognitive demands while
maintaining experimental control, immersive educational environments may reproduce
complex, dynamic, and multisensory situations similar to real-world learning contexts.
In this sense, immersive learning can facilitate the integration of simultaneous cognitive
processes, ensuring alignment with real-life situations. Moreover, the ability to manipulate
environmental variables, feedback, and distractors in a controlled manner may enable
educators to personalize learning experiences according to students’ developmental and
cognitive characteristics. This aspect may be particularly relevant for inclusive educational
settings, where adaptive immersive environments can support participation, engagement,
and accessibility for learners with diverse needs.
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While the neo-ecological model provides a macro-structural framework for under-
standing how virtual and physical worlds exist at the same time, the Cognitive-Affective
Model of Immersive Learning (CAMIL) [19] provides insight into how a student experi-
ences the virtual microsystem as an active developmental context instead of a technological
distraction. In this way, the model demonstrates that technological affordances dynamically
shape the learner’s cognitive functions and affective states within the virtual microsystem.
Following this perspective, learning through embodiment or practical experiences becomes
a process that shifts the instructional focus from standardized outcomes to student-centered
interactions that can dynamically reshape environmental variables to meet the diverse
sensory and cognitive needs of individual learners [60,61]. Learning in such environments
may facilitate the transfer of procedural and contextual knowledge to real-life situations,
as demonstrated by skill practice trainings, which enable students to acquire abilities re-
lated to dangerous or expensive situations, or contexts that are difficult to replicate [62].
Nevertheless, this does not necessarily imply that immersive learning outperforms tra-
ditional approaches. Moreover, transfer effects may depend on multiple contextual and
person-related factors.

Regarding the adaptivity of virtual environments, the possibility to personalize and
adapt learning by dynamically adjusting task difficulty may increase engagement and
optimize the learning experience [56]. However, the possibility to adapt the task according
to the learner’s level does not necessarily guarantee that an immersive environment can
be adopted by learners with diverse sensory, cognitive, or physical characteristics. Inclu-
sive instructional design requires broader considerations, including interface accessibility,
alternative interaction modalities, compatibility with assistive technologies, and appro-
priate pedagogical support. Consequently, adaptive learning should be considered one
component of inclusive educational design rather than a sufficient condition for inclusion.

However, despite these advantages, immersive environments also raise important
issues. First, the high volume of information and continuous interaction with virtual ele-
ments may increase cognitive load, which can affect learning processes [23]. In this sense,
overstimulation in the virtual environment might interfere with executive control and
attention, resulting in poorer performance [63]. Moreover, learners may differ in their sus-
ceptibility to cybersickness, sensory overstimulation, and visual or motor limitations, which
may influence their ability to actively participate in immersive learning experiences [64].
This aspect becomes particularly important when involving learners with neurodevelop-
mental conditions, as exposure to immersive environments may not always be appropriate.
Another important issue concerns the ethical implications of adopting such technologies.
Due to the high level of realism and emotional engagement, immersive environments
may reduce learners’ critical distance from educational content, blurring the boundaries
between virtual and physical reality, especially in children and adolescents whose cognitive,
emotional, and visuomotor systems are still developing [65]. Additional concerns regard
accessibility and equity, since immersive technologies may not be equally usable or benefi-
cial for all learners, in particular for individuals with reduced technological access [66]. The
availability of adequate technological infrastructures, dedicated physical learning spaces,
financial resources, and sufficient technological literacy of teachers and students is essential
for integrating immersive learning into educational practice. Regarding this aspect, the
educational effectiveness of immersive technologies depends not only on their technolog-
ical characteristics but also on their pedagogical integration within meaningful learning
activities. Finally, immersive systems continuously collect behavioral, physiological, and
biometric information. On the one hand, these data support adaptive learning and analytics.
On the other hand, they also raise concerns concerning privacy and data ownership. These
issues become particularly sensitive when immersive technologies are implemented in
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schools, involving children and adolescents, which requires that educational institutions
adopt clear ethical guidelines and robust data protection procedures.

Therefore, future AR/VR applications should adopt rigorous ethical guidelines for
protecting users’ well-being, in order to ensure a safe environment that promotes inclusivity
and balances immersive experiences with psychological and cognitive safety. From an
ecological perspective, the successful implementation of immersive technologies depends
not only on the characteristics of the virtual learning environment but also on interactions
among learners, teachers, technological resources, institutional support, and the broader
educational context.

The present perspective contributes to the current literature in three main ways: first,
it reconceptualizes immersive technologies as ecological learning environments rather
than merely instructional tools for delivering educational content. Second, it integrates
complementary theoretical frameworks—including the neo-ecological framework, CAMIL,
embodied learning, and experiential learning—into a unified interpretation of immersive
learning operating across environmental, psychological, and pedagogical levels. Third, it
provides a conceptual basis for future research that investigates immersive learning as the
outcome of dynamic interactions among learners, educational contexts, and immersive
technologies, rather than as a direct consequence of technological immersion itself.

Considering both the opportunities and limitations of immersive environments, fu-
ture research should not conceive them as a replacement for traditional learning. Instead,
AR/VR could be successfully integrated into physical classrooms, where they can represent
an opportunity to experience the practical side of the theories learned during traditional
learning. Previous research highlighted that a blended learning approach may enhance
students’ engagement and motivation by combining face-to-face instruction with immer-
sive and flexible digital experiences [67]. According to Mitra [68], blended and hybrid
educational approaches may combine the advantages of online learning flexibility with the
psychological and relational dimensions of face-to-face instruction, creating more adaptive
and inclusive learning experiences. For instance, teachers may organize a lecture that
begins with a theoretical presentation. Once students identify the principal or structural
characteristics of the topic, they are encouraged to explore it independently. The teacher
should guide the reflection before, during, and after the immersive activity, directing stu-
dents toward a connection to the virtual experience with classroom discussions. From
an ecological perspective, learning should arise from the interaction between virtual and
physical microsystems.

Therefore, future research should explore the effectiveness of a “blended reality”
combining theoretical knowledge and virtual experiential and embodied practice with the
aim of maximizing the outcomes of the learning process. Moreover, the virtual experience
should follow ethical, sound procedures aimed at protecting students’ health and safety.
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