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Abstract

The use of virtual reality (VR) in corporate training in occupational safety, risk prevention, and first aid makes it possible
to combine situated learning, motor skills practice, immediate feedback, and performance recording. The main objective
of this paper is to use aggregated pilot data to evaluate how employees perceive first-aid training in VR, describe the
change in their subjective self-confidence, and identify measurable performance metrics. A secondary objective is to
propose a multicriteria framework for evaluating and interpreting the results. The theoretical background links technology
acceptance, usability, subjective workload, and training evaluation. Aggregated questionnaire data from 50 employees
are analysed descriptively; the PROMETHEE II model illustrates decision-making among training formats. Mean self-
confidence was 2.99 points before training and 4.22 points after training on a five-point scale. The difference was 1.23
points; statistical significance is not confirmed without verified paired data. The scenario was completed by 49
participants, and correct use of an automated external defibrillator (AED) was recorded for 37 participants. Under the
selected inputs, the model preferred VR combined with physical practice and debriefing. The contribution lies in
distinguishing subjective evaluation, recorded performance, and decision preferences. The results support monitoring
these dimensions jointly rather than concluding that transfer to practice has been demonstrated. Limitations include the
pilot sample, absence of a control group, data aggregation, and immediate post-training measurement.
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1 Introduction

Corporate first-aid training is intended to prepare employees to make decisions and act during an emergency. Its
evaluation therefore cannot be based solely on participant satisfaction. Perceived usefulness, willingness to intervene,
self-confidence, performance during practice, and independent execution of a skill represent distinct outcomes. This
distinction is important when introducing virtual reality (VR), which integrates a situational scenario, user interaction,
and automatic recording of actions. A review of the use of head-mounted VR systems in education and training shows
that their benefits depend on the target skill; instructional task design, and the method used to verify performance [1].

A systematic review of VR-based safety training highlights the importance of intervention design and insufficient
monitoring of retention [2]. The cognitive-affective model of immersive learning explains that presence and immersion
can influence motivation and cognitive processing, although their effects depend on task design and user characteristics
[3]. For corporate training evaluation, it is therefore necessary to distinguish participant reaction, change in perceived
preparedness, performance in simulation, and subsequent behaviour in practice. This distinction corresponds to the logic
of the four levels of training evaluation [4].

Studies that measure practical skills are particularly relevant to first aid. A randomized comparison of face-to-face and
virtual resuscitation training found different outcomes depending on the specific performance indicator [5]. A review of
augmented and virtual reality in resuscitation training documents considerable diversity in devices and instructional
approaches [6]. A meta-analysis of randomized studies does not provide a simple basis for claiming the general superiority
of a single training modality [7]. The findings therefore cannot be directly generalized across VR without physical
interaction, VR connected to a manikin, and instructor-led blended training.

The research problem lies in the mismatch among evaluation levels: positive reactions to training, confidence in one’s
own abilities, and correct practical performance are not equivalent outcomes. Technology acceptance can be
conceptualized through perceived usefulness and perceived ease of use [8], usability through the standardized System
Usability Scale (SUS) [9], and subjective workload through the NASA Task Load Index (NASA-TLX) [10]. The analysed
dataset contains aggregated scale-based indicators corresponding to these areas, but not complete item-level outputs from
the standardized instruments. These constructs therefore serve as a theoretical basis for interpretation while also defining
requirements for subsequent measurement.

The main objective is to evaluate the available pilot indicators of training perception, change in self-confidence, and
performance in VR. The paper addresses three research questions: RQ1: How does mean self-confidence differ before
training and immediately after training? RQ2: How do participants rate usefulness, engagement, and other characteristics



of the training? RQ3: What information about the course of the practical scenario is provided by system metrics? A
secondary objective is to propose a transparent multilevel framework and illustrate the use of PROMETHEE II when
comparing training formats. The originality of the paper lies in linking three separate layers of evidence - self-assessment,
scenario performance, and a managerial decision model - while explicitly defining which conclusions can and cannot be
drawn from each layer.

2 Theoretical Background and Critical Literature Review

To place the pilot evaluation in the context of current knowledge, a targeted critical review of peer-reviewed literature
from 2016-2026 was conducted. Attention was focused on studies published in international journals indexed in-Web of
Science and Scopus, particularly systematic reviews, meta-analyses, and randomized studies in immersive-education,
occupational safety, and cardiopulmonary resuscitation. The aim of this section is not to produce a new systematic
review, but to critically identify which conclusions are relatively consistent across studies and where methodological
uncertainty remains.

The general literature on immersive education shows that the mere presence of a head-mounted display does not
guarantee better learning. A review of VR applications in education emphasizes that outcomes depend on the type of
skill, task design, and measurement approach [1], while a systematic review of immersive VR in higher education
points to substantial heterogeneity in instructional designs and evaluation procedures [12]~In safety training, meta-
analytic evidence suggests benefits of VR for knowledge acquisition and retention, but also.shows that long-term
follow-up is used in only a subset of studies and that theoretical grounding of interventions is often limited [2]. This
tension supports the model-based assumption that immersion and a sense of presence may increase motivation and
cognitive engagement, while their educational effects remain conditional on instructional design and user characteristics
[31.

A similarly mixed picture emerges from research in health professions education. A meta-analysis of 31 randomized
studies involving 2,407 participants found improvements in immediate knowledge and some skills outcomes in favour
of VR, but the certainty of evidence was predominantly low to moderate; and the included studies did not demonstrate
changes in clinical practice behaviour or patient-level outcomes [11]. From the perspective of corporate training, this
distinction is fundamental: positive reactions, a subjective sense of preparedness, and performance in simulation cannot
by themselves be treated as evidence of transfer to the real work environment. These evaluation levels should therefore
be separated in accordance with the logic of multilevel training €valuation [4].

Research on cardiopulmonary resuscitation further shows that outcomes depend on the specific form of the VR
intervention. In a randomized comparison of face-to-face and VR training, the effects differed according to the
performance indicator assessed [5]. Issleib et al. found that the conventional course achieved a better result for the
technical indicator of no-flow time, whereas VR participants reported greater subjective learning benefit [13].
Conversely, Moll-Khosrawi et al., in a study in which VR 'supplemented web-based learning, demonstrated shorter no-
flow time, better overall BLS performance, and greater subjective learning benefit in the VR group [14]. Systematic
reviews of resuscitation training therefore do not'show universal superiority of one modality; instead, they emphasize
differences among devices, degree of physical interaction, type of feedback, comparator intervention, and timing of
follow-up measurement [6], [7].

For corporate first aid, the trend toward linking a.virtual scenario with physical practice is particularly relevant. Newer
platforms designed for workplace first responders integrate immersive environments with a manikin, haptic
performance, and instructor interaction [15]. A'randomized study involving non-healthcare volunteers further
demonstrates the importance of monitoring skill retention over a longer time horizon rather than only immediately after
training [16]. Current literature therefore supports the use of VR as part of practical training, but does not provide
sufficient evidence to claim automatic superiority of VR over high-quality face-to-face instruction. A research gap
remains particularly in corporate settings, where employees’ subjective reactions, system-based practical performance
metrics, and managerial criteria for.selecting a training format are only rarely monitored together. The present pilot
evaluation addresses this gap.

3 Materials and Methods

3.1 Research Design and Data Basis

The study takes the form of a one-group pilot evaluation with measurements before the intervention and immediately
afterwards. The retrospective secondary analysis uses anonymized aggregated results from 50 employees who completed
practical first-aid training in VR. The dataset links three types of outputs: self-confidence before and after training,
immediate.evaluation of the training experience, and system-recorded performance indicators during the scenario.
Depending on the indicator, the reporting unit is the participant, the performed action, or the system score.

All available aggregated records from the pilot sample were included in the analysis. Metadata on recruitment method,
number of individuals approached, date and location of implementation, and the structure of participating companies were
not-available in the analytical dataset. The sample is therefore considered non-probability based, and the findings apply
to the evaluated group; generalization to a broader employee population requires a follow-up study with a predefined
sampling framework.



3.2 Intervention and Operationalization of Indicators

The evaluated scenario included recognition of a life-threatening event, calling for help, cardiopulmonary resuscitation,
and use of an automated external defibrillator (AED). The virtual environment was connected to a sensor-equipped
manikin, enabling the recording of temporal, procedural, and motor performance parameters. In this study, performance
is defined as participant behaviour during the training scenario; without a separate final test, it does not represent an
independent verification of autonomous competence.

From a methodological perspective, system-supported performance must be distinguished from independent execution of
the task. A complete specification of the equipment, intervention duration, number of attempts, prompts, and instructor
interventions is not documented in the aggregated source data. These variables therefore do not enter the explanation of
differences among participants. The findings relate to the captured course of the scenario, not to the isolated effect of the
virtual environment.

Self-confidence and training evaluation were expressed on five-point scales, where a higher value-indicated a more
favourable rating. Self-confidence was measured before the intervention and immediately afterwards. Perceived
usefulness, overall rating, engagement, realism, usability, manageable workload, and expected transfer were also
evaluated. The latter indicator captures participants’ expectations rather than observed transfer of skills to the work
environment.

The system record included scenario completion, correct AED use, time to initiation of aid, correctness of the sequence
of actions, number of errors, compression quality indicators, and an overall score. Percentage indicators have different
denominators and meanings: some represent proportions of participants, while others represent aggregate correctness of
actions or scores calculated by the system. They are therefore not used in the analysis as interchangeable measures of
competence.

Performance metrics represent objectively recorded system indicators in the sense of instrument-based recording. Their
content validity, however, depends on the technical definition of the start of time measurement, the denominators of
percentage scores, and the algorithm used for the overall rating. The study therefore transparently distinguishes
participant-frequency indicators from proprietary percentage scores and-interprets them in relation to the course of the
scenario rather than as clinical certification of competence. Table 1 provides an overview of the evaluation domains, data
sources, monitored indicators, and permissible boundaries of interpretation.

Evaluation domain Data source Indicators Permissible interpretation
. Post-training Usefulness, overall rating, engagement, Immediate subjective reaction; not evidence of
Reaction and acceptance . . . A . C
questionnaire realism, usability, manageable workload | skill acquisition
. Self-confidence before Pre-test mean, post-test mean, and their Change in group means; not an individual
Perceived preparedness . . . . .
and after training difference effect without verified paired data

Performance under scenario conditions; not

VR and manikin system Completion, AED, time, sequence, automatically independent competence or

Scenario performance

record errors, and compression parameters
transfer
Preference under specified weights, scores,
Decision preferences Illustrative expert matrix | PROMETHEE II net flow and ranking and thresholds; not an empirical effect of

alternatives

Table 1. Operationalization of evaluation domains and interpretation boundaries for pilot indicators.

3.3 Statistical Analysis

Statistical analysis includes arithmetic means, standard deviations, absolute and relative frequencies, and the difference
between post-training and pre-training means. For mean self-confidence, 95% confidence intervals were calculated using
the t-distribution and n = 50. For the proportions of scenario completion and correct AED use, 95% Wilson confidence
intervals were determined. These intervals express the uncertainty of individual aggregate estimates. They do not replace
an interval for paired change because the dataset does not contain the standard deviation of individual differences or the
covariance between pre-test and post-test scores. Therefore, a paired t-test, p-value, and paired effect size are not reported
as verified results.

3.4 Multicriteria Decision Model

The multicriteria framework has two levels. At the evaluation level, it separates participant reaction, subjective self-
confidence; and practical performance; at the decision level, it extends the assessment to operational and economic
criteria. The.second level is demonstrated using PROMETHEE 11 [17] with the alternatives A1 instructor-led face-to-face
training, A2 e-learning, A3 standalone VR training, A4 VR with physical practice and debriefing, and A5 real-life
exercise. The scores and weights are model inputs established to demonstrate the decision-making procedure, not
measured differences among five groups of employees. The resulting ranking therefore expresses preferences under the
stated assumptions and does not represent a direct estimate of the effectiveness of the individual alternatives.

All eight criteria are maximized: K1 immediate effectiveness, K2 retention, K3 training safety, K4 scalability, K5
measurability, K6 compliance and auditability, K7 acceptance, and K8 cost-effectiveness. Their weights and scores on a



1-10 scale are shown in Table 2. The criteria are not treated here as independently validated constructs. For example,
measurability and auditability may overlap; weighting both may favour data-rich systems.

Alternative K1 K2 K3 K4 K5 Ké K7 K8
Weight 0.20 0.14 0.12 0.12 0.12 0.10 0.10 0.10
Al 6.5 5 4 5 3 8 7 7
A2 4.5 4 3 9 6 6 5 9
A3 7.5 7 9 7 9 6.5 7 6
A4 9 8.5 9 7 8.5 9 8 6
A5 8 7 6 3 5 8 8 4

Table 2. Model inputs for PROMETHEE II comparison of training formats; these are not measured comparative data.

For the score difference d between two alternatives, the preference P(d) equals 0 for d < 0.5, (d— 0.5)/1.5 for 0.5 <d <2,
and 1 for d > 2. The aggregate preference is the weighted sum of the criterion preferences. The net flow ¢ is the difference
between the mean preference of an alternative over the others and the mean preference of the others over that alternative.
A higher ¢ determines a better ranking. The thresholds 0.5 and 2 are model choices, not empirically established differences
in educational significance.

To assess sensitivity, three deterministic scenarios were calculated in addition to the baseline weights: the weight of cost-
effectiveness K8 was increased to 0.30, the weight of compliance and @auditability K6 to 0.25, and the weights of
effectiveness K1 and retention K2 simultaneously to 0.30 and 0.25. In each scenario, the remaining weights were rescaled
proportionally so that the sum of all weights equalled one. Alternative scores and preference thresholds remained fixed.
This represents sensitivity to decision-maker priorities rather than uncertainty intervals for empirical effects. A stochastic
extension of PROMETHEE [18] is an option for follow-up analysis; its results are not reported here.

4 Results

4.1 Sample Characteristics

The study included 50 employees: 26 women, 22 men,.and two participants who did not report gender. Twenty-seven
participants (54%) had no previous VR experience, 17(34%) reported a single prior experience, and six (12%) reported
repeated experience. The predominance of participants with no or only one prior VR experience indicates that the
evaluation was not based primarily on a group of regular VR users. The characteristics describe the analysed pilot sample
and do not constitute a population estimate. Descriptive self-assessment results are summarized in Table 3.

Indicator Summary value
Self-confidence before training 2.99; SD 0.69
Self-confidence after training 4.22; SD 0.43
Difference between the reported means +1.23 points
Perceived usefulness 4.26

Overall rating 4.19
Engagement 4.17

Realism 4.12

Usability / manageable workload / expected transfer 4.08 /4.08 /4.08

Table 3. Descriptive self-assessment results in the pilot sample; five-point scales.

4.2 Self-Confidence and Training Evaluation

For RQ1, mean self-confidence before training was 2.99 points (SD 0.69; 95% CI 2.79-3.19) and 4.22 points after training
(SD 0.43; 95% CI' 4.10-4.34). The difference between the group means was 1.23 points, corresponding to 30.8% of the
full four-point range of the scale. This represents a substantial descriptive shift in perceived preparedness, although its
statistical significance as a paired change cannot be verified without individual difference data. For RQ2, all monitored
means exceeded four points out of five; perceived usefulness was highest (4.26), followed by overall rating (4.19) and
engagement (4.17). The results indicate a favourable immediate participant reaction to the training. System-recorded
performance indicators, interpreted in the following section, are summarized in Table 4.



System indicator Pilot sample result

Scenario completion 49/50 participants (98%)
Correct AED use 37/50 participants (74%)
Time to initiation of aid 34.74 s; SD 7.70
Correctness of action sequence 89.98%; SD 6.23
Number of errors 1.56; SD 1.40
Compression depth indicator 87.22%; SD 7.51
Compression rate indicator 86.34%; SD 8.57

Chest recoil indicator 87.30%; SD 7.97
Overall system score 69.18%; SD 7.52

Table 4. System-recorded performance results during the scenario:

4.3 System Performance Indicators

For RQ3, 49 of 50 participants completed the scenario (98%; 95% Wilson CI 89.5-99:6%), and correct AED use was
recorded for 37 of 50 participants (74%; 95% Wilson CI 60.4-84.1%). The 24-percentage-point difference between
completion and correct execution of a critical action shows that scenario completion alone is not a sufficient indicator of
mastery of the procedure. Mean time to initiation of aid was 34.74 s (SD 7.70), correctness of action sequence was 89.98%
(SD 6.23), and the mean number of errors was 1.56 (SD 1.40). The overall system score was 69.18% (SD 7.52); without
an externally validated threshold, it is not classified as passing or failing competence.

4.4 PROMETHEE II Model Results

In the recalculated baseline model, the ranking was A4 > A3 > A5 > A1 >'A2. Net flows were A4 = 0.577; A3 =0.232;
A5 =-0.072; Al = -0.345; A2 = -0.392. With an increased weight for K8, the ranking was A4 > A3 > A2 > Al > AS;
with an increased weight for K6, A4 > A3 > A5 > Al > A2; and with simultaneous increases in the weights of K1 and
K2, A4> A3 > A5> Al > A2. The results apply exclusively tothestated matrix, preference function, and weights; they
are not estimates of the probability of training success.

5 Discussion

5.1 Interpretation of Empirical Findings

The results provide an empirical picture of three distinct evaluation domains. After training, higher mean self-confidence
was recorded, participants rated the experience favourably, and system logs revealed a difference between scenario
completion and correct execution of a critical action. The practical value of the study lies precisely in their joint
interpretation: a company should not evaluate training only through satisfaction or completion, but through a set of non-
interchangeable indicators of reaction, perceived preparedness, and performance.

The results should be interpreted in the context of the heterogeneous findings of previous studies [5], [6], [7], [13], [14].
VR can form part of differently designed interventions, and its evaluation depends on the target skill, degree of physical
interaction, feedback provided, and testing conditions. In this study, the effect of the virtual environment cannot be
separated from physical practice, instructor support, and task repetition. Percentage-based system scores therefore cannot
be directly compared with clinical indicators from other studies without an identical algorithm and protocol. The observed
difference between the high scenario completion rate and the lower proportion of correct AED use is consistent with the
broader literature, which cautions against equating user acceptance or task completion with objectively verified skill [11],
[16].

For corporate training management, the findings can be translated into three subsequent decisions. First, the 98%
completion rate indicates that the scenario was completable for most participants under the conditions of the pilot training.
Second, the 74% rate of correct AED use identifies a specific content area for targeted debriefing and repeated practice.
Third, the difference between high self-ratings and the lower proportion of correct execution of a critical action supports
introducing a follow=up“test without prompts. A recommended corporate output is an evaluation dashboard that, in
addition to participation, reports correctness of critical steps, time, error rate, compression quality, and the result of a
delayed retest.

5.2 Managerial Interpretation of the Decision Model

PROMETHEE 1I serves to express decision preferences transparently, not to statistically verify training effectiveness. In
the baseline matrix, A4 has the highest or joint-highest score on five of the eight criteria, which explains its favourable
ranking. The fact that A4 remains first in the selected scenarios does not remove the subjectivity of the inputs, possible
overlap among criteria, or incomplete specification of the alternatives. Retention and cost-effectiveness are assumptions
in the model; they were not measured in the pilot sample. The model therefore specifies the proposed evaluation approach
but does not provide a direct recommendation to purchase a particular product.



5.3 Limitations and Further Research

The main limitations are the one-group design, pilot scale, non-probability sampling, and immediate post-intervention
measurement. Aggregation prevents verification of pairing, analysis of the relationship between self-confidence and
performance, and control for previous experience at the individual level. Incomplete technical documentation limits the
reproducibility of system scores. The findings therefore support conclusions about the analysed sample and the feasibility
of multilevel evaluation, not causal claims about the superiority of VR over other forms of instruction.

A follow-up validation of the framework should use a preregistered protocol, a primary indicator of practical performance,
and a separate measure of self-confidence. A pseudonymous identifier should link the pre-test, post-test, system logs, and
delayed retest. For comparison with an alternative training format, block randomization by previous experience and
workplace is appropriate. The analysis should report complete pairs, mean change, 95% confidence interval, test statistic,
p-value, and paired effect size. A delayed test without prompts would make it possible to assess retention and reduce
confusion between performance during supported practice and independent competence. For PROMETHEE, scores and
weights should be obtained through an independent expert procedure, actual costs should be added, and stochastic
sensitivity analysis should be performed.

6 Conclusion

The empirical results of the pilot sample show an increase in mean subjective self-confidence from 2.99 to 4.22 points, a
favourable user reaction, and a high scenario completion rate. At the same time, correct AED use reached 74%, although
98% of participants completed the scenario. This difference has direct practical significance: the success of corporate
training cannot be inferred solely from participation or completion, but must also include the correctness of critical
actions. The proposed multilevel framework links self-assessment, system-recorded performance, and managerial
decision-making. Under the stated assumptions, PROMETHEE 1l favours a combination of VR, physical practice, and
debriefing. The study thus provides a useful basis for managing and further validating corporate training, although without
a control group and individual paired data it does not demonstrate an isolated causal effect of VR or transfer to practice.
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