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Abstract—Virtual Reality (VR) is increasingly employed in
healthcare training because it can create interactive three-
dimensional learning environments that minimize risk to patients.
As VR-based educational interventions become more widespread,
evaluating their learning outcomes is becoming a critical focus
for researchers and practitioners alike. Although there are a few
other studies which verified VR learning in healthcare, they had
as their subject the effectiveness of VR itself, not the methods
which are used to evaluate learning. This systematic review ex-
amined 72 studies (selected from an initial pool of 22773 retrieved
from IEEE Xplore, Scopus, Springer, ACM, and PubMed) that
span a range of healthcare domains, with a primary focus on
surgery and rehabilitation. The studies demonstrated a broad
diversity of evaluation methods, including objective measures,
subjective questionnaires, and Al-assisted assessments. While the
overall methodological quality was generally high, the significant
variability in evaluation approaches creates challenges for cross-
study comparison and synthesis. The findings underline the
necessity for validated, VR-specific assessment frameworks to
facilitate the development and expansion of VR applications in
lesser-explored areas of healthcare education.

Index Terms—systematic review, virtual reality, learning, eval-
uation, healthcare

I. INTRODUCTION

In recent years, Virtual Reality (VR) has emerged as a
highly promising technology, being adopted in many differ-
ent fields such as education, healthcare, entertainment, and
beyond. Among its many applications, VR has gained recogni-
tion as an effective tool for training students and professionals
in healthcare. The immersive 3D environments provided by
VR enable users to experience scenarios with a depth of pres-
ence that is not easy to attain through conventional computer-
based simulators. Moreover, compared to real-life, in-field
training, VR solutions are often both more cost-effective and
safer, since they eliminate direct risks to patients [1].

Using Virtual Reality, trainees can practice complex medical
procedures and engage with high-pressure scenarios within
a safe, controlled environment that poses no risk to actual
patients. In addition, this approach encourages active learning
by offering real-time feedback and opportunities for repeated
practice, both of which are well-known to be highly beneficial
for effective learning [2]. These features collectively position
VR as a powerful tool for training in critical contexts such as
surgery, intensive care units (ICU), and rehabilitation settings.
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Nonetheless, as the adoption of VR in education continues
to expand, so does the growing need to rigorously assess
the efficacy of various VR-based teaching techniques and
methods. Evaluating learning in VR environments can be
accomplished through a range of techniques, from written
questionnaires to the collection of objective and qualitative
metrics during the training session itself [3]. This diversity
highlights not just the multifaceted nature of the learning
process but also a current lack of consensus about which
evaluation methods are most suitable for specific situations.

Numerous studies have demonstrated the potential advan-
tages of this innovative technology for training healthcare
professionals, especially when compared with more traditional
educational methods [4, 5]. Other studies, such as [6, 7, 8,
9, 10, 11], have evaluated learning in VR, but their main
subject was the impact on the users, while this review has
as its subject the evaluation methods themselves. However,
the wide amount of evaluation methods complicates efforts to
compare findings across different studies or to synthesize their
results into generalizable insights. Furthermore, whereas some
methods emphasize objective outcomes (such as accuracy or
time required to complete a task), other approaches focus
on subjective aspects, including participants’ self-confidence,
perceived realism of the simulation, or satisfaction with the
learning experience [12].

Given this context, the main objective of the present work
is to carry out a systematic review of the different methods
and techniques currently used to evaluate learning outcomes
in Virtual Reality training programs within the healthcare
sector. The goal is to explore, compare, and critically analyze
these approaches in order to understand their effectiveness,
advantages, and limitations in different educational contexts.
To achieve this, the review addresses the following research
question:

o What are the existing methods for evaluating learning

outcomes in virtual reality-based training within the
healthcare field?

II. THEORETICAL BACKGROUND

Evaluation is a key element in understanding the effective-
ness of immersive virtual reality environments for specific
applications, such as healthcare learning. To evaluate means



to identify the extent to which the developed application and
the technology itself contribute to learning. In this sense, a
number of methods and metrics have been explored in recent
years to provide a reliable analysis [13].

Generally speaking, evaluation methods can be divided into
different categories, depending on the aspects considered. One
of the categories used in this review refers to the subjectivity
of evaluation, dividing methods into objective and subjective.
Objective evaluation refers to methods that rely on quantifiable
data collected during system usage. Heart rate or electroen-
cephalographic activity are two examples, as well as the force
applied on haptic devices [14]. This type of approach, although
still subject to some bias, tends to minimize it.

Subjective evaluation, however, focuses on the users’ per-
ception of the activity or of their learning. This usually
involves questionnaires applied after usage, with questions
presented on a scale. The questions often address aspects such
as usability, presence, cognitive load, and user satisfaction [15,
16]. Although these measures depend on individual perception,
they capture characteristics that cannot be assessed objectively,
and are therefore also important.

Another category that can be used to classify evaluation
methods is whether they are statistical or Al-based. More
recently, Al-based methods have started to gain relevance in
the virtual reality community [17], which is particularly useful
when dealing with large amounts of data. These techniques
make it possible to identify specific patterns that differentiate
new users from experienced ones, predict future performance,
and even estimate cognitive load. In healthcare, this can be
especially valuable for identifying weaker areas in learning
[18].

Statistical methods, on the other hand, rely on more classi-
cal approaches, such as hypothesis testing, variance analysis
(ANOVA), and correlation analysis to validate differences
between groups, such as experimental and control groups
[19]. Techniques such as Bayesian methods or multivariate
analysis are generally more explainable and allow researchers
to identify and understand complex relationships between
variables [20].

In terms of the elements usually evaluated, the state of
the art points to several interrelated dimensions. From a
cognitive perspective, elements such as learning, knowledge
retention, and decision-making are commonly evaluated [21].
From a psychomotor perspective, measures include movement
precision, response time, and motion coordination [22]. Fur-
thermore, aspects related to the quality of the virtual reality
application itself are also considered, such as graphic quality,
latency, interaction fluency, and overall user experience [23].

ITI. PrROTOCOL
A. Search strategy

This systematic review was carried out using five leading
digital databases: IEEE Xplore, Scopus, Springer, ACM, and
PubMed, which were consulted on June 2025. These databases
were chosen by visually inspecting the first 50 results returned
by Google Scholar when queried with the search string, and

the analysis was limited to these five databases, as they were
considered comprehensive enough for this subject. The inclu-
sion was further limited to articles published in peer-reviewed
journals to ensure quality and reliability. The search strategy
focused on four key conceptual categories, each defined by a
set of relevant keywords, as summarized in Table I.

TABLE 1
KEYWORDS OF SEARCH STRING

Category Keywords

assessment, educational outcomes, evalua-
tion, knowledge retention, learning assessment,
learning evaluation, measurement

augmented reality, extended reality, simulation,
simulator, virtual reality

clinical, health, healthcare, medical, medical
procedure, medical training, surgery, surgical,
surgical skills
immersive education,
training

Evaluation

Virtual Reality

Health

Training and Education immersive learning,

These keywords were combined into a comprehensive
search string as follows: (augmented reality” OR “extended
reality” OR “’simulation” OR “’simulator” OR "virtual reality’)
AND (’clinical” OR ”health” OR “healthcare” OR “med-
ical” OR “medical procedure” OR “medical training” OR
“surgery” OR ”surgical” OR ”surgical skills”) AND (“immer-
sive education” OR “immersive learning” OR “training”’) AND
("assessment” OR “educational outcomes” OR “evaluation”
OR “knowledge retention” OR ”learning assessment” OR
“learning evaluation” OR “measurement”).

B. Inclusion and exclusion criteria

The systematic review adhered to the following inclusion
criteria:
o The study must use technologies related to virtual reality,
extended reality, or augmented reality.
o The research must be situated within the medical domain.
o Each study must provide a clear description of the learn-
ing evaluation methods employed.

The exclusion criteria were defined as follows:

« Studies that employed non-interactive 3D environments.
o Studies with fewer than 10 pages, or where the number
of pages could not be determined from the metadata.

o Studies that did not match the following search string
(in either their title or abstract): (virtual reality”’) AND
(clinical” OR “health” OR “healthcare” OR “medical”
OR “medical procedure” OR “medical training” OR
“surgery” OR surgical” OR “surgical skills”) AND
(training”) AND (knowledge retention” OR “evalua-
tion”) AND NOT review”.

A slightly more restrictive search string was applied when
assessing exclusion criteria. This was necessary to ensure
that only studies most closely related to the specific research
question were retained for review. The term “review” was
actively excluded to filter out other systematic reviews from



the sample. To standardize the search process, regular expres-
sions implemented in Python were used, compensating for
differences in how each database engine processes queries.

C. Initial selection

During the initial selection phase, articles were considered
if the search terms appeared in either the title or abstract. Sub-
sequently, the titles and abstracts of these articles underwent
further screening to validate compliance with all inclusion and
exclusion criteria. Only those meeting all requirements were
advanced to the full-text review for final inclusion in the study.

D. Quality evaluation
To assess the quality of included studies, a set of questions,

summarized in Table II, was used to rate methodological rigor.

TABLE II
QUALITY ASSESSMENT CRITERIA

Criteria

Value

Does the study have a quantitative
method of learning assessment?
Does the study experiment with
users?

Are the methods described enough
to ensure reproducibility?

Did the study compare its results to

Yes (1) or No (0)
Yes, with final user (1) or Yes, with
an intermediate user (0.5) or No (0)

Yes (1) or Partially (0.5) or No (0)

Yes (1) or Partially (0.5) or No (0)

the state of the art?

Each question was equally weighted, and studies were
awarded a score between O and 1 per criterion. The overall
quality score for each article thus ranged from O to 4. The
quality of the majority of studies was high, as will be presented
in Section IV-B, and thus it was not used as an exclusion
criterion.

IV. RESULTS AND DISCUSSION

The initial search yielded 22773 papers, from which 72
satisfied all inclusion and exclusion criteria after thorough
screening. An overview of the selection process can be found
in Figure 1.

A. Characteristics of the selected studies

The final sample consisted of studies published from 2003
through 2025. The amount of works published by year can
be seen in Figure 2. It highlights the growing relevance of
this field in recent years. These works employed a wide
range of VR and AR technologies, including hardware such as
the HTC Vive or Microsoft HoloLens, which will be further
detailed in upcoming sections. Every included study utilized at
least one objective evaluation technique, and many combined
both objective and subjective methods in their assessment of
learning outcomes.

Identification of studies via databases
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Fig. 1. Flowchart of studies selection
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Fig. 2. Distribution of studies by year

B. Quality assessment

When it comes to quality evaluation, 18 out of the 72
included studies achieved the maximum possible quality score
of 4, with 62 studies scoring at least 2. Those with lower scores
were generally papers that did not present a direct application
of virtual reality, focusing instead on discussions of specific
aspects related to such applications. The amount of studies for
each quality score can be seen in Figure 3.

The analysis of the selected studies revealed substantial
variation in both assessment methods and healthcare domains.
Three major themes arise from this review: the diversity found
in evaluation methods, the concentration of studies in certain
healthcare fields, and the overall trends and quality standards
of research in this area.

The review showed that a significant proportion of studies
attained high scores based on the stated quality criteria,
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Fig. 3. Amount of studies by quality score

with a quarter receiving top marks. This result suggests that,
despite the relatively recent rise in accessible VR technologies,
research conducted in this space demonstrates a relatively
strong level of methodological soundness and reporting rigor.
However, some studies lacked adequate detail regarding their
assessment protocols, which compromised their reproducibil-
ity.

Ensuring the reproducibility of scientific findings is a major
pillar of ongoing research progress. Therefore, future inves-
tigations in this domain should emphasize transparent and
comprehensive reporting of study procedures, especially when
introducing new types of metrics, assessment tools, or Al-
based analysis techniques. The development of international
reporting guidelines could further improve the robustness and
comparability of research in VR-based health education.

C. Learning evaluation methods

A relatively small proportion of the reviewed papers em-
ployed exclusively subjective approaches for learning evalua-
tion. Figure 4 illustrates the distribution of papers by evalua-
tion method category. Approximately 87.5% of the studies fell
into either the ”Objective” or "Both” category, indicating that
the large majority of studies incorporated at least one objective
method to assess learning.
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Fig. 4. Learning evaluation methods in the included articles

D. Healthcare fields

In terms of the healthcare disciplines represented, only a
handful of distinct fields appeared among the selected papers,

as shown in Figure 5.

B Surgery
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Emergency
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Fig. 5. Healthcare fields present in selected studies

The fields most frequently explored were surgery (with an
emphasis on surgical training for diverse procedures) [24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41],
rehabilitation (particularly related to the recovery of stroke
patients) [42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53],
and neuropsychology [54, 55, 56, 57, 58, 59, 60]. Additional
areas included emergency medicine, dentistry, cardiology, and
anatomy.

It is worth noting that particular domains, especially surgery
and rehabilitation, appear to be using VR more than others.
Surgical training can take great advantage of VR’s ability
to simulate intricate movements and offer repeated, risk-free
practice outside of patient care.

Within rehabilitation, VR is frequently used to facilitate
both motor and cognitive recovery through engaging, gami-
fied, and adaptable tasks [42, 46]. Here, learning evaluation
occasionally incorporates physiological or behavioral metrics,
such as range of motion or adherence to program tasks. In
both of these major domains, the capabilities of VR enable
forms of skill development that are difficult to achieve with
traditional training modules.

By contrast, areas such as anatomy, pediatrics, geriatrics,
and ophthalmology were underrepresented, pointing to oppor-
tunities for expansion in these fields. The further application
of VR in such areas could be particularly beneficial as the
underlying technology continues to become more accessible
and user-friendly. Nevertheless, the current limited evidence
in these domains poses challenges for the creation of stan-
dardized evaluation methods. Future studies are needed to
extend VR-based medical education and to adapt or replicate
successful assessment models from other fields.

E. Type of approach for evaluation

It is noticeable that only a limited number of studies
have adopted artificial intelligence (AI) tools for evaluation
purposes, as Figure 6 illustrates. The majority of papers
continued to rely on traditional statistical analysis methods.
The utilization of Al-based assessment techniques has risen
in studies published between 2018 and 2024 [34, 36, 61, 62].

Aside from two studies [38, 63], almost all pursued pri-
marily quantitative assessment strategies, often paired with
qualitative approaches for richer analysis.

There is an emerging and important trend regarding the use
of Al in analyzing learning outcomes. From 2003 to 2017, the
average number of papers using Al was essentially zero, but
this number rose to 0.57 per year during 2018-2025. Although
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Fig. 6. Type of approach in selected studies

most studies still use more conventional statistical methods,
an increasing subset is experimenting with machine learning
to analyze user behaviors or adapt learning experiences to
individual needs.

Al methods enable analysis of the complex, high-volume
data generated during VR sessions, including hand tracking,
gaze monitoring, and physiological indicators. These analyses
can potentially provide highly adaptive feedback and indi-
vidualized insight into each learner’s process. Despite these
advantages, such methods raise important questions about
validity, interpretability, and transparency, especially in cases
where there is no external benchmark for result validation.

Moreover, despite their promise, Al-driven evaluation ap-
proaches remain largely limited to pilot or proof-of-concept
studies at this stage. For wider adoption, more collaboration
will be needed between researchers, clinical professionals, and
Al developers to advance tools that are both technically sound
and pedagogically meaningful.

FE. Type of VR technologies

Despite the unique objectives of each study, several tech-
nologies were common to multiple papers. The software and
hardware technologies that appeared repeatedly are summa-
rized in Tables IIT and IV.

TABLE III
SOFTWARE USED

Technology Number of papers
Unity3D 31 (43.0%)
SteamVR 7 (9.7%)
Blender 7 (9.7%)
Autodesk Maya 5 (6.9%)
OpenGL 4 (5.5%)
OpenHaptics 3 (4.2%)

C++ 3 (4.2%)

The importance of these software packages is underscored
by their widespread adoption in the VR healthcare training
literature. Most notably, Unity3D stands out as the core
technology for more than 40% of included studies. Other
commonly used applications include Blender and Autodesk
Maya, which are essential for generating detailed 3D models
used in VR simulations.

Similarly, Table IV points to the dominance of the Meta
Oculus and HTC Vive as preferred hardware, with nearly half
(44.4%) of evaluated papers employing one or both.

TABLE IV
HARDWARE USED

Technology Number of papers
Meta Oculus 20 (27.8%)
HTC Vive 12 (16.7%)
PHANToOM Haptic Devices 7 (9.72%)
Google Cardboard 3 (4.2%)
Cave Automatic Virtual Environment 3 (4.2%)

G. Evaluation types

Given the diversity of ways in which evaluation can be
performed, the included studies were categorized into three
primary evaluation types: Effect (assessing the impact of
VR experience on user performance and task improvement),
Functional (focusing on aspects such as application usability,
user experience, and workflow), and Technical (examining
technical characteristics such as system latency). The fre-
quency of each evaluation approach is presented in Table V.

TABLE V
TYPES OF EVALUATION

Evaluation = Number of papers
Effect 45 (62.5%)
Functional 26 (36.1%)
Technical 1 (1.39%)

As summarized in Table V, a significant majority of studies
prioritized measuring the effect of the intervention on the end
user’s learning, but many also assessed the functional quality
or technical parameters of VR applications.

H. Collected metrics

The core of learning evaluation lies in the collection of
relevant metrics, which allows experimenters to quantitatively
verify whether educational objectives are being achieved. In
the studies examined, data collection was primarily conducted
either through a combination of manual and automatic meth-
ods (in 31 studies) or exclusively automated processes (in 20
studies). Only a minority of studies depended solely on manual
data gathering.

Given the vast variety of metrics tracked across all studies,
these were consolidated into broad categories as suggested by
[64], and outlined in Table VI. Furthermore, Figure 7 visually
depicts the distribution of metric categories by healthcare field.

TABLE VI
CATEGORY OF METRICS COLLECTED

Category Number of papers
Time 42 (58.3%)
Error or Success 33 (45.8%)
Precision 13 (18.1%)
Movement 12 (16.7%)
Force 9 (12.5%)

As the data in Table VI indicates, the measurement of
time was the most prevalent metric. This frequently included
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metrics such as the time taken to complete a task, which was
evaluated in 24 studies under the Effect category. Movement
was also a commonly used metric, typically being comprised
of aspects such as proper trajectory adherence during a task,
speed, and instance penalties for collision events. Several
representative examples are listed in Table VII.

TABLE VII
EXAMPLES OF METRICS COLLECTED

Category Examples of metrics

Time Task completion time; Time to answer (a question);
Total experiment time; Latency
Collision with sensitive structures; Number of errors;

Error rate; Correct answers; Measurement error

Error or Success

Precision Diagnosis accuracy; Calibration accuracy; Overlap
rate

Movement Acceleration; Speed; Jerk; Economy of movements;
Path length

Force Average force applied to a tissue; Torque magnitude;

Pressure on fabric

One key observation from the review is the pronounced
lack of standardization in the assessment of learning within
VR-based healthcare training. The studies reported a broad
spectrum of evaluation instruments, including written knowl-
edge tests, various performance indicators (such as time and
accuracy), participant self-reports on confidence, and even
physiological or behavioral data automatically gathered by the
VR application.

While this diversity highlights the diverse nature of learning
(spanning cognitive, behavioral, and affective domains), it also
imposes substantial barriers to comparison between studies
and makes the execution of meta-analyses more difficult. Some
papers emphasized learning as measured by objective data

(for example, task completion time, surgical precision, error
rates), whereas others coupled these with subjective feedback
on participant perceptions, whether concerning realism or gen-
eral satisfaction. Standardized questionnaires like the System
Usability Scale (SUS) appeared in seven studies, and others,
such as the Game Experience Questionnaire (GEQ) [65, 66],
the Objective Structured Clinical Examination (OSCE) [67,
68], and the Lawton Brody Instrumental Activities of Daily
Living Scale IADL) [50, 69], were also employed.

This wide-ranging use of tools and metrics reveals a critical
gap: the absence of unified and validated frameworks specif-
ically adapted to immersive virtual learning environments.
Traditional assessment instruments, such as pre- and post-
intervention knowledge tests, are often insufficient to fully
capture the amount and depth of learning achieved in VR con-
texts. This highlights the urgent need for validated assessment
tools designed specifically to reflect the unique characteristics
of learning within VR, especially as these technologies become
more mainstream in health education.

1. Experiments with users

Several studies tested their VR applications or assessment
methods not just with the eventual end users (such as students
or trainees) but also with intermediate users, including lab staff
or faculty instructors. The breakdown of test participant types
is shown in Figure 8.

Within the studies examined, the median number of end
users participating in the tests was 30, and the typical number
of instructors involved as testers was 2.

J. Limitations of the review

This systematic review is subject to several limitations. First,
the search was conducted using only five digital databases and
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applied a relatively restrictive search string, which may have
inadvertently excluded some relevant publications, particularly
those from educational or clinical fields not indexed in the
selected databases. Second, the substantial heterogeneity in
study designs and variables limited the scope for meta-analysis
or quantitative synthesis. Finally, despite conscientious effort
in evaluating study quality, some degree of subjectivity is
inherent in this process, particularly regarding the choice and
weighting of assessment questions.

K. Challenges and opportunities

From what was said in previous sections, it is possible to
conclude that despite the progress observed in the development
and evaluation of VR-based training in healthcare, there are
still a few challenges and many research opportunities. One
of the main difficulties is the creation of real-time assessment
methods, which can provide immediate feedback and support
adaptive and personalized learning during the training ses-
sions, as most methods still rely on data analysis after the
learning session. Furthermore, there is a lack of reliable and
standardized methods capable of measuring learning outcomes
with consistency across different training scenarios. Another
challenge involves designing intelligent systems that can au-
tomatically adapt to the learner’s performance, modifying the
training environment or tasks based on ongoing assessments.

These and other limitations represent valuable research
opportunities for the future. Addressing them can lead to
more effective, personalized, and scalable VR-based training
solutions. Some of the main opportunities include:

o Development of standardized assessment frameworks:
Conceptual frameworks and/or implemented systems can
be designed to include well-defined phases that are com-
mon to healthcare simulators. These frameworks should
support the consistent evaluation of learning outcomes
across different VR applications and contribute to better
comparisons between studies.

« Exploration of underrepresented areas in healthcare: Sev-
eral healthcare fields remain underexplored in the context
of VR-based education. These domains often provide
access to rich data sources, including clinical records,

patient-reported outcomes, and medical imaging, which
could be used to support the design and evaluation of
three-dimensional training experiences.

o Real-time assessment methods: Many of the current
evaluation strategies are applied only after the training
session has ended. Although this approach allows for
detailed analysis, it may miss important insights that
could be captured during the learning process. Real-time
assessment methods can provide immediate feedback to
learners, allowing them to adjust their behavior or under-
standing during the task. These methods can also support
adaptive learning systems that respond dynamically to
learner progress.

o Reliable and robust evaluation techniques: When
learning-based methods are involved in the assessment
process, it is important to ensure that the models are
trained on large, diverse datasets that reflect the real-
world variability of healthcare learners and scenarios.
This is essential to improve the reliability, fairness, and
transparency of Al-driven or other learning-driven eval-
vations, and to avoid biases that could negatively affect
learners or educational outcomes.

o Ethical and practical implications of Al-based assess-
ments: As Al becomes more integrated into educational
tools, it is important to address concerns related to learner
privacy, data protection, algorithmic fairness, account-
ability and the explainability of automated decisions.
Future studies should examine how these factors affect
the acceptance and effectiveness of Al-based assessment
tools in clinical training.

Taking all into account, it is evident that a lot remains
to be explored and developed in this field. By working on
these opportunities, researchers and developers may overcome
the current challenges in the field of VR-based healthcare
education, making it more effective, inclusive, and ethical.

V. CONCLUSION

A major finding is the marked diversity of assessment
approaches. Studies utilized a combination of objective per-
formance indicators (like task completion time, precision, and
error rate), subjective measures (including self-report surveys
on satisfaction and realism), as well as newer forms of auto-
matic data collection from user interaction or physiological
sensors. The catalog of evaluation techniques discussed in
Table VII directly addresses the research question, illustrating
both preferred metrics for assessing learning in healthcare VR
studies and their broader categorical groupings. Although this
amount reflects the inherent complexity of learning in VR
settings, it also represents a significant obstacle: the current
lack of common, validated evaluation frameworks adapted
specifically for immersive educational environments. In the
absence of such standards, it becomes difficult to directly
compare outcomes across studies or to perform rigorous meta-
analyses, therefore making the overall progress of evidence-
based practice in this area more difficult.



Another important observation is the predominance of VR
applications in specific branches of healthcare, most notably
surgery and rehabilitation. These fields benefit substantially
from VR’s capacity to deliver high-fidelity, interactive sim-
ulations that allow repeated skills practice without exposing
patients to any risk. However, other potentially promising
areas, such as anatomy, mental health, home care, and pro-
fessional communication, are far less represented. Expanding
VR’s use into these domains may enrich the scope and impact
of immersive learning but will also require the development
of both technological solutions and field-specific evaluation
strategies.

When considering technological trends, the increasing in-
tegration of Al and machine learning represents an emerging
direction for individualized and large-scale assessment. While
present applications remain mostly exploratory, AI’s capacity
to analyze complex, high-volume behavioral data from VR ses-
sions opens new opportunities for monitoring, feedback, and
adaptation. Still, as the use of Al becomes more widespread,
further consideration must be given to ethical matters, includ-
ing data privacy, security, fairness and accountability.

Lastly, quality assessment of the reviewed studies indicates
a generally positive trend: most studies demonstrated high
standards for methodological rigor, reproducibility, and the
potential relevance of findings. Nevertheless, opportunities
remain for improvements in consistent reporting, sharing of
evaluation protocols, and strengthening the reproducibility of
results.
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