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Abstract - Falling from height is considered one of the top
causes of workplace injuries and fatalities in the construction
industry. The regulatory WAH training, conducted in-class and
lecture-based, has been successfully implemented; however, its
effect is modest. This study aims to find the relationship between
the traditional method and VR simulation in terms of user
perception. A crossover design was adopted where participants
experienced video and VR training in different sequences. Widely
used SUS to measure perceived usability and a VR perception
questionnaire was implemented. The two-factor analysis of SUS
resulted in new usability and learnability. The result shows no
significant difference in perceived usability between the training
methods. However, on further analysis, one group found video
easier to learn. Similarly, there was a significant inclination of
users towards VR training in terms of preference, engagement,
and ease of remembering. The Spearman correlation revealed
older participants perceived the VR interface as less usable. It
was also observed that the training order with video first
followed by VR perceived the overall system better as compared
to the other group. Further suggestions using qualitative data
analysis are proposed.
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1. Introduction

The construction industry is considered one of the
most hazardous industries globally, consistently
registering a high number of accidents [1], [2]. It has
been reported that falling from height is one of the
primary reasons for occupational injuries and fatalities
[3], [5]- According to the report of CPWR [6], the United
States construction sites constitute 38% of the fatalities
due to falls. There were 1,013 fatalities on construction
sites in 2017, 389 of which were workers who fell from
a height. More than 40,000 injuries due to falls have been
reported in Canada every year. According to the report
by the Ministry of Labour [7], in 2022 there were 22
fatalities recorded on construction sites in Ontario
Province.

Due to the high number of injuries and fatalities,
the Ministry of Labor has regulated a mandatory
Working-at-height (WAH) training program in 2015
under Ontario’s O. Reg. 297/13 [8]. The training is
compulsory for the workers working over a hazardous
surface, 3 meters in height, or wearing fall protection
equipment. Robson et. al. [9] evaluated the effectiveness
of the regulatory WAH training program in Ontario
between 2012 to 2019. It was concluded that the
regulatory training has been adopted widely, and the
impact was significant but modest.

The standard method for delivering WAH training
includes in-person or online theory classes and an
instructor-led practical class. The traditional methods
fail to simulate high-risk real-world scenarios due to
several limitations like time, cost, and safety [10]. The
meta-analysis was conducted to evaluate the



effectiveness of different mediums of safety training
[11]. Burke and his group classified the training into 3
different categories in terms of engagement.

1. Leastengaging training,

2. Moderately engaging training, and

3. Most engaging training.

The regulatory Work at Height (WAH) training is
predominantly delivered through lectures or videos.
These traditional methods rank among the least
engaging on the spectrum of training approaches.
Research indicates that more interactive training
methods, such as Virtual Reality (VR), are significantly
more effective due to their higher level of engagement
[11]. VR enhances safety training with an increased level
of presence, ability to fail safely, and context-aware
training [12].

Continuous improvement in Occupational Health
and Safety (OHS) training is essential to enhance
learning effectiveness, reduce preventable incidents on
worksites, and foster a safer work environment. As
experiential learners, construction workers often lose
interest in memorizing safety regulations when
traditional training methods are used [13]. The previous
study evaluated the usability of VR safety training in
comparison to traditional methods, such as PowerPoint
slides, for working-at-height training [14]. A System
Usability Scale (SUS) was used to assess usability,
alongside participants' demographic data. A moderate
association was found between age and system usability,
with older participants rating the VR system as less
usable.

Usability is defined as a user's ability to interact
with a system in an efficient, comfortable, and intuitive
way [15].1S0 9126 defines usability as a blend of factors,
including understandability, operability, and learnability
[16]. Similarly, ISO 9241 describes usability as the ability
of a product, service, or system to enable users to meet
their goals efficiently, effectively, and with satisfaction
within a specific context [17]. Al-Khiami and Jaeger
studied the usability of VR for working at height training
among Blue-Collar workers in Kuwait [14]. They
adopted SUS to associate wusability with the
demographics of the worker.

A systematic review was conducted to evaluate the
effectiveness of VR in safety training. The authors
recommended, in terms of experimental design, that
participants should be exposed to both training methods
for a more accurate comparison. Regarding usability, it
was suggested to use standard usability metrics, such as
the System Usability Scale (SUS), and to explore their
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relationship with other relevant metrics. Additionally,
open-ended questionnaires were advised to gain deeper
insights into trainees' perceptions [12].

SUS termed a ‘quick and dirty usability scale’
consists of ten items- five positive experiences and five
negative experiences [18]. SUS is a unidimensional scale
with a score ranging from 0 to 100. Bangor et al. [19]
found the coefficient alpha of SUS to be .91 suggesting
high reliability. Furthermore, they tested the one-
dimensionality of SUS by examining the eigenvalues and
factor loadings for only one significant factor solution
where they found 5.5 implying to use of SUS having one
overall single score. Sauro and Lewis [20] conducted the
possibility of multi-factor analysis, which Bangor et al.
disregarded. Varimax rotation, a common factor analysis,
was adopted with multiple factors. The extent of
convergence of the two factors was striking with a total
variance of 56-58%. They suggested decomposing the SUS
score into Usability and Learnability components. First
factors 1,2,3,5,6,7,8, and 9 aligned as the first factor “a new
scale Usability” while 4 and 10 as another factor “a new
scale Learnability”.

This study aims to develop and expose trainees to both
video-based and VR interfaces for safety training. System
usability was analyzed with trainees' demographics and
perceptions after each exposure. Additionally, a multifactor
analysis of the SUS was conducted to better understand the
relationship between usability and learnability. Finally, the
association between each usability aspect and trainees'
perceptions was evaluated.

2. Materials and Method

The main objective was to create a learning
medium that would educate novice workers to identify
hazards, safe procedures, and elimination of hazards
while installation of skylights. The learning content is
extracted from Ontario’s official guide for working at
height safety and ministry approved learning center’s
reference manual. Regulation 213- Section 26 from the
Construction project in Ontario was directly mentioned
as it provides clear guidelines about who may be
subjected to fall protection [21]. The introduction of
worksite-related equipment and procedures like
lanyards, full-body harnesses, and fall restriction
equipment were introduced to the trainees before
illustrating the safe procedure for installing the skylight.

Two instructional mediums were developed: a
traditional lecture/presentation format and a virtual
environment simulation. The video presentation
featured slides, as illustrated in Figure 1, with an Al-



generated voiceover narrating the content aloud.
Participants were allowed to take notes during the video
presentation; however, they could not stop or rewind the
video to simulate a real-time lecture training experience.
Relevant images were used to illustrate the scenarios for
the video presentation. The overall training in both
mediums consisted of 4 modules. They are:

1. General rules

2. Safety equipment

3. Hierarchy of fall protection
4. Installation of skylight

The same learning content was used in the
scenarios of VR applications. The iterative interaction
design process was adopted to develop VR applications.

GENERAL RULES SAFETY EQUIPMENT

-G

- Wtk

HIERARCHY OF FALL
PROTECTION

Figure 2. Screenshots of the VR interface of 4 modules.

The 3D model of an under-construction
multistorey building, full-body harness, and safety
equipment in the Filmbox (FBX) format for Unity was
incorporated into the VR environment. The screenshot of
the VR interface is illustrated in Figure 2. Unity was used
as a development platform and C# as a programming
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language. Meta’s Oculus Quest 2 was employed as a VR
device for the participants.

2.1 Experimental methods

This study was approved by the Laurentian
University Research Ethics Board (LU REB) under
approval number [6021449]. The study adopted a 2x2
crossover experimental design for two reasons: 1) to
observe participant’s reactions to both training
interfaces and 2) to allow participants to compare and
evaluate based on their perceptions. The experiment
involves the recruitment of 26 students from Laurentian
University. It has been reported that the within-subject
design introduces the potential of carryover or residual
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Figure 3. Experimental method.

effects from the previous to the subsequent period. The
crossover experiment allows for control over sequence
and carryover effects, as the order of treatments is
alternated across participants which is also known as
counterbalancing [22]. Participants were assigned to
two groups: Group A and Group B. As shown in Figure 1,
Group A also known as the video-VR sequence received
video-based training followed by VR, while Group B
experienced the reverse order. Inclusion criteria
required participants to be over 18 years old.
Participants with medical conditions like migraines and
epilepsy were excluded from the study due to the risk of
exposure to VR.

2.2 Procedure

The two treatments, video, and VR were
administered in two periods and alternating sequences
as shown in Figure 3. The experimental procedure is
illustrated in Error! Reference source not found..
Participants were briefed and then randomly assigned to
one of two groups: Group A (sequence video-VR) and
Group B (sequence VR-video). A pre-test was conducted
to record the participant’s background, which includes
age, gender, and previous VR experience. After the first
period, a mid-test was conducted. The SUS scale was



administered to both groups, as represented by SUS-1 in
Figure 2. In the second period, participants received the
training in an alternative order to observe any
differences in their perceived usability. The post-test
also considered the VR perception scale and an open-
ended question. Participants were seated in video and
VR sessions. During the video session, the VR headset
and hand controllers were replaced with a laptop for
displaying the video-based training.

The SUS questionnaire by Brooke, along with the
revised wording from Bangor et al., were considered for
this study [18], [19]. SUS is a 10-item scale with 5
positive and 5 negative experiences ranging from 1 to 5.
The following are SUS scale:

U1. I think that I would like to use this system
frequently

U2.1 found the system unnecessarily complex

U3. I thought the system was easy to use

U4. I think | would need the support of technical person to
be able to use this system

U5. | found the various function of the system well
integrated

U6. | thought there was too much inconsistency in the
system

U7. I would imagine that most people would learn to use
this system very quickly

U8. | found this system cumbersome/awkward to use

U9. I felt very confident using this system

U10. 1 need to learn lot of things before I could get going
to use this system

The VR perception scale was adopted from
Lovreglio et al.’s study [23]. Itis a 3 scale-based question
ranging from -3 to +3 (strongly disagree - strongly
agree).

P1. I found VR simulation more engaging than lecture-
based training

P2. It was easier to remember fall protection
recommendations provided in VR simulation than
those provided in lecture-based training

P3. I prefer the VR simulation over lecture-based
training

All three items compare the VR simulation with
lecture-based (traditional) training.

The first item (P1) is associated with engagement,
the second item (P2) is the ease of remembering, and the
last item (P3) is the preference between the training
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interfaces. Overall perception was calculated based on
Lovreglio et al.'s method, which sums the scores of each
question [23]. For instance, an overall perception score
of +9 indicates strong agreement among participants
that they perceived VR as better, -9 reflects a preference
for video training, and 0 represents a neutral perception.
At the end of the survey, there is one open-ended
questionnaire. This question is about the overall
experience of participants along with likes and dislikes
and suggestions on both interfaces.

Briefing and Consent

Group A (Video-VR) Group B (VR-Video)

Pre-test
Demographics — Age, Gender, VR experience

Video Training VR Training

Mid-test
SUS-1

VR Training Video Training

Post-test
SUS-2, VR Perception, Open-ended question

Figure 4. Experimental Procedure.

3. Results and Discussion

Group A (Video-VR) and Group B (VR-Video) refer
to the sequence of training conditions. These terms are
used interchangeably throughout the study to represent
their respective sequences. The results of the Pre-test
(Demographics), Mid-test (SUS-1), and Post-test (SUS-2,
VR Perception) were recorded using an online survey
administered on a tablet. The open-ended question at the
end was collected on paper. Additionally, the completion
of the VR training was observed and documented for
each participant. Descriptive statistics and inferential
statistics were utilized for this study. The data analysis
was conducted using IBM SPSS version 29.

Spearman correlation was employed to examine
the relationship between demographics, SUS scores, and
responses to the VR perception questionnaire. The
consideration of the correlation coefficient is based on
[24]. Correlation coefficients between 0.1 and 0.29 are
considered indicative of a small association, those



between 0.3 and 0.49 represent a medium association,
and values above 0.5 suggest a large association.

Both independent samples t-tests and dependent
samples t-tests were conducted on the SUS scores, with
a significance level of a = 0.05, to assess differences in
perceived usability. Additionally, a factor analysis of the
SUS scores was performed. The relationships between
the newly identified factors, demographics, and VR
perception responses were analyzed. Qualitative data
from open-ended questions were coded based on Rosala
[25] and the thematic analysis was conducted to identify
patterns and insights into participants' experiences.

3.1 Demographic data

The mean and standard deviation of demographic
data collected from the pre-test are shown in Table 1.
The completion time of VR training for Group A and
Group B is expressed in seconds and shown in the third
column. Participants’ previous VR experience was
categorized based on their prior exposure to virtual
reality: O for no VR experience, and 1 for those with prior
VR experience.

Table 1. Mean and Standard deviation of age, previous VR
experience, and VR completion time based on different

conditions.
Variable Condition Mean SD
Age video-VR 27.8 5.8
VR-video 24.2 3.2
Previous VR video-VR 0.54 0.52
VR-video 0.23 0.44
VR-time video-VR 462.5 87.9
VR-video 429 87

Participants in Group A (Video-VR) were, on
average, older (27.8 years vs. 24.2 years) than those in
Group B (VR-Video) and exhibited greater age
variability. Additionally, Group A had more prior VR
experience (Mean = 0.54) compared to Group B (Mean =
0.23) and took longer to complete the VR task (462.5
seconds vs. 429 seconds), with both groups showing
similar variability in completion time.

SUS was collected after each period of training.
These are referred to as SUS-1 in 1st period and SUS-2 in
the 2nd period. The SUS scores of participants were
calculated as per Brooke [18]. The mean and standard
deviation of the SUS score are shown in Table 2.
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Table 2. Mean and standard deviation of SUS score in mid-test
and post-test for video and VR interface.

Variable Condition Mean SD

SUS-1 Video 61.54 21.32
VR 70.57 20.52

SuUS-2 Video 80.19 10.87
VR 75.38 7.55

Participants in Group A, who received VR training
in the second period, reported a higher usability score
for the VR interface (SUS-2: Mean = 75.38) than in the
first period with Video training (SUS-1: Mean = 61.54).
Similarly, participants in Group B, who received Video
training in the second period, rated the Video interface
higher (SUS-2: Mean = 80.19) than the earlier VR training
(SUS-1: Mean = 70.57). Overall, participants generally
gave a higher SUS score to the interface they experienced
later in the training sequence.

Table 3. Mean and standard deviation of individual and
overall perception questionnaire for both groups.

Variable Condition Mean SD
P1 Video-VR 2.15 1.40
(Engagement) VR-Video 1.77 1.09
P2 (Ease of Video-VR 1.85 1.62
remembering) | VR-Video 0.15 2.03
P3 (Preference) | Video-VR 1.69 2.10
VR-Video 0.38 2.18
Overall VR Video-VR 5.70 4.70
perception VR-Video 2.31 4.48

The scores of individual and overall VR perception
questions are shown in Table 3. In all questions,
participants in Group B (VR-Video sequence) rated lower
than those in Group A (Video-VR sequence). For instance,
Group B scored significantly lower in P2 (Ease of
remembering) with a mean score of 0.15 compared to
Group A's 1.85. Similarly, the overall VR perception score
for Group B was 2.31, much lower than Group A's 5.70.

3.2 SUSscore

The SUS scores were analyzed using the Shapiro-
Wilk test for normality (p < 0.05), which indicated that
the data were not normally distributed. Consequently, a
non-parametric approach, the Mann-Whitney U test, was
applied to compare SUS scores between the two groups
across both periods. Table 4 presents the mean SUS
scores and statistical significance for each group and
medium across individual questions.



The results of the between-subjects analysis
indicated no statistically significant differences for the
majority of the questionnaire items. However, Question
1 from the first period revealed a significant difference,
with a higher score for the VR training condition.
Similarly, Questions 4 and 10 in the second period
demonstrated statistically significant differences, with

usability and learnability dimensions as proposed by
Sauro and Lewis [20].

The new SUS score was calculated based on Sauro
and Lewis[20]. Table 6 illustrates the new SUS score
across both the period and training medium.

Table 5. Component matrix using Principal Component

higher scores in the video training condition. Analysis.
[tem 1 2
Table 4. Mean SUS score for both groups after each training U1l 0611 0.50
interface. (*=Significant difference at a=0.05) U2 0.67 013
Group A Group B U3 0.72 0.04
Video | VR Sig. VR Video | Sig. U4 -0.29 0.85
Ul |3.54 |4.08 | 0.008* | 2.16 | 1.30 | 0.25 U5 0.77 0.30
U2 |238 |231 034 1.71 | 1.67 | 0.14 U6 -0.77 -0.06
U3 | 346 |4.00 | 014 |221 |250 |083 u7 0.67 0.17
U8 -0.74 0.06
U4 | 254 |2.85 |0.79 2.08 | 2.03 | 0.001* U9 0.80 0.10
U5 |3.46 |3.92 |0.26 2.26 | 248 | 0.68 u10 -0.60 0.61
u6 |238 |2.15 |0.78 1.71 | 1.68 | 0.39
Table 6. Mean and standard deviation of two-factor SUS
u7 331 415 | 0.06 283 | 242 0.60 score across both period and conditions. (U= Usability, L =
U8 |254 | 231 |0.39 1.47 | 1.67 | 0.46 Learnability)
U9 | 3.62 |4.15 | 0.50 2.97 | 2,57 |0.83 Variable | Period Condition | Mean | SD
U10 [ 292 [246 [018 [1.35 [1.86 |0.01* SUS-U Lt Video 62.74 | 21.56
VR 76.68 | 9.17
As discussed in Section 1, the revised SUS scale 2nd xlseo ;gg? ;51};
introduces a new dimension of "Learnability" by " - . .
excluding Questions 4 and 10 from the original scale. To SUS-L 1 Video 56.73 | 39.07
further assess the 2-dimensional nature of the SUS score, - VB 7019 | 17.19
factor analysis of the SUS score was conducted which is 2 Video 93.27 | 10.96
discussed in the next section. VR 30.53 | 40.88

3.3 Factor-analysis of SUS

The factor analysis of SUS was conducted using the
SUS score of both periods (1st and 2nd periods) with a
total of 54 SUS scores. A 10-item correlation matrix with
varimax rotation as the input. A similar method was
conducted by Bangor et al. [19] and Sauro and Lewis
[20]. The result of the factor analysis is illustrated in
Table 5.

The eigenvalues for the one-factor and two-factor
models are 4.61 and 1.52, respectively, explaining
46.139% and 15.233% of the variance, with a cumulative
explained variance of 61.37%. According to the rule of
thumb that suggests retaining factors with eigenvalues
greater than one, these results support the two-factor
structure of the SUS, aligning with the division into
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From the table, it can be observed that the mean
score difference of the new Usability score (SUS-U) is
generally smaller than that of the new Learnability score
(SUS-L). Specifically, in the second period, there is a
substantial gap of 62.74 in the learnability score between
the Video interface (93.27, SD = 10.96) and the VR
interface (30.53, SD = 40.88). This gap suggests that
participants found the video interface easier to learn
compared to the VR interface during the second period.

3.4 Statistical analysis

A statistical analysis was conducted on the new
SUS score and the VR perception question. A within-
subject study was conducted to test differences between
Video and VR using the Wilcoxon Signed rank test. The
test results are shown in Table 7.



Table 7. The test result of a within-subject study using
Wilcoxon signed rank test between video and VR interface
across both groups (U=Usability, L= Learnability).

Variable Condition Test (W,Z) | Sig.

SuS-U Videovs VR-A | 55,1.25 0.209
VR vs Video -B 40 0.70

SUS-L Videovs VR-A | 35,0.178 0.858
VR vs Video - B 0.0,-2.83 0.005*

For the Usability Score (SUS-U), the comparison
between the Video and VR interfaces in both groups
(Video-VR and VR-Video) yielded non-significant results.
However, in Group B (VR-Video), the test revealed a
statistically significant result with W = 0.0, Z = -2.83, and
a p-value of 0.005. This significant result suggests that
participants found a notable difference in learnability
between the VR and video interfaces, with video likely
being perceived as easier to learn.

A between-subject study was conducted to analyze
the statistical significance of VR perception among the

matters and the sequence of training videos first,
followed by VR, is easier to learn and easy to remember.
Therefore, it is recommended to integrate VR after video
training. This sequence of video introduction,
familiarization with VR sets, and VR training was found
to reduce stress levels and increase confidence in a
previous study [14].

3.5 Correlation analysis

The relationship between different variables was
analyzed. The correlation coefficients for demographic
data (age, previous VR experience), new Usability score,
Learnability score, and perception score are shown in
Table 9.

Table 9. Spearman correlations of demographic data with
new usability SUS score and perception questions. (Exp =
Previous VR experience, U= new SUS usability, L = new SUS
learnability, V = Video, Per= Perception.

participants. Table 8 shows the Mann-Whitney t-test on fAge [FExp UV VR LV L-VRP
perception items between Group A and Group B. Age 1
Exp -0.10 |1
Table 8. Between subject study using Mann-Whitney t-test for  |y-y 0.20 |0.02 11
VR perception questionnaire. (P = perception)

Variable Condition Test (U,Z) | Sig. U-VR 042% 031 [0.21 [

P1 Group A vs B 60.5,-1.3 | 0.223 L-v. 012 -018 1043* |-0.23 |1

P2 Group Avs B 36.5,-2.53 | 0.012* L-VR [-0.08 }[0.11 [0.20 1[0.34 1[0.33 (1

P3 Group Avs B 47.5,-1.96 | 0.057 P -0.87 [0.27 0.20 [0.57** -0.14 [0.26 [1

P overall Group Avs B 445,-2.07 | 0.039*

There is no significant difference in VR perception
in terms of engagement and preference between the
groups. However, in terms of ease of remembering, there
is a statistically significant difference (U=36.5, p=0.012),
with Group A (1.85) reporting a much higher ease of
remembering than Group B (0.15). Furthermore, the
overall VR perception is statistically significantly
different (U=44.5, p=0.039), with Group A (5.70) scoring
significantly higher than Group B (2.31).

It can be concluded that although the usability of
both mediums (video and VR) does not differ
significantly, the learnability of VR is perceived to be
significantly lower, especially for the group that
experienced VR first and video second (Group B).
Additionally, the VR perception results have a similar
trend. Group A (video-first) significantly scored higher in
ease of remembering and overall perception as
compared to Group B. This shows the order of training
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The correlation results from Table 9 revealed
several insights into how age, VR experience, new system
usability (SUS) scores, and VR perception are related.

A significant negative correlation is observed
between age and the usability score for VR, with
r=-0.421, p=0.032. No significant relationship is found
between age and learnability scores for video or VR. A
positive medium association but non-significant
relationship between previous VR experience and the
usability score for VR (U_VR) (r=0.314, p=0.118). While
not statistically significant, this trend suggests that
participants with prior VR experience may find the VR
interface more usable. There is a positive but
nonsignificant correlation between usability scores in
VR (U_VR) and learnability in VR (L_VR) (r=0.339,
p=0.090), though this relationship is only marginally
significant. There’s a significant positive correlation
between usability in video (U_V) and learnability in
video (L_V) (r=0.431, p=0.028). The VR perception score



is strongly correlated with the usability score in VR
(r=0.570, p=0.002). There is no significant relationship
between the perception score and learnability in video
or VR.

Some of the findings are summarized below:

1. Elder participants found the VR interface to be less
usable.

2. Participants who rated the VR interface as more
usable also found it easier to learn.

3. Participants who perceived the video interface as
usable also found it easier to learn.

4. This suggests that participants who scored higher on

the perception also rated the VR interface as more
usable.

As with the findings of the previous study [14], this
study also identified a moderate correlation between age
and usability factors, suggesting the need for designing
more inclusive VR interfaces that cater to all age groups.
Furthermore, the study explored the relationship
between usability scores and users' perceptions of VR,
offering deeper insights into additional factors
influencing user experience.

3.6 Qualitative analysis

At the end of the study, participants were asked an
open-ended question regarding their overall experience.
Keynotes were taken in written format. The research
notes were coded and grouped to generate a thematic
analysis. Thematic analysis of interview responses is
presented in Table 10. The responses that occurred more
than two times are presented in the table.

The following are the key observations in the
qualitative feedback:
1. Inconsistency in Ul (N=4) and distraction (N=4)
were prominent issues for the VR interface
The main issue with the video was that participants
found it boring (N=3), with additional complaints
about the fast narration and overall inconvenience,
even though the narration speed was identical in
both the video and VR formats.

Participants favoring VR (N=7) was higher than
video (N=2).

Participants found VR as a new experience (N=5),
realistic (N=5), and knowledgeable and long-term
(N=3).
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The suggestions for improvements across both
interfaces had a strong overlap. For the video
interface, participants recommended adding a
navigation button (N=3). Similarly, for the VR
interface, participants suggested increasing
interaction (N=4), adding more animations (N=2),
and enabling the ability to take notes (N=2).

Table 10. Thematic analysis of video and VR interface from
user response.

Study Video VR
Group
Issue boring (3), fast | inconsistency in Ul
narration (2), (4), Distraction (4),
inconvenient inconvenience to use
(2), (2), environmental
noise (2),
Suggestion | add navigation more interaction (4),
button (3) more animation (2),
able to take notes (2)
Comments | Preferred Video | preferred VR (7),
(2) new experience (5),
realistic (5),
knowledge and
retention (3)

These observations suggest a desire for more
interactive and dynamic content to enhance the learning
experience in both mediums.

In a previous study, it was observed that
participants reported difficulty in handling and
interacting with the VR interface [14]. However, no such
observations were reported in this study. Participants
were found to skip the instruction (10 mentions),
suggesting they tend to interact with the system rather
than observe the text.

The main limitation of this study was the relatively small
sample size, which may have affected the statistical
power and the ability to generalize the findings.
Additionally, the learning content for both video and VR
sessions lasted only 5-6 minutes, limiting the
participants' exposure to the training material. For
future research, it is recommended to develop more
comprehensive and extended learning modules in both
mediums to ensure deeper engagement. Moreover,
future studies should combine usability assessments
with other metrics of training effectiveness, such as skill
acquisition, behavioral changes, knowledge retention,



and overall training outcomes, to gain a holistic
understanding of the effectiveness of VR and traditional
training methods. More interaction should be
incorporated into both training interfaces to enhance
trainee engagement and motivation.

5. Conclusion

A mixed-method analysis of usability provided
deeper insights into user perceptions by combining both
quantitative and qualitative data. This approach allowed
for a comprehensive understanding of how users
interacted with and perceived the system. Furthermore,
the Crossover design implemented in the study enabled
an examination of both between-subject and within-
subject relationships. We were able to expose
participants to both training interfaces and analyze their
responses across different conditions.

Both interfaces—video and VR—were generally
perceived as marginal to acceptable, as reflected by the
average SUS scores. The factor analysis of the SUS scores
across both groups confirmed a two-factor structure,
aligning with the findings of Sauro and Lewis, which
distinguish between usability and learnability.

Older participants found the VR system less
usable, indicating a need for future VR development in
worker training to focus on creating more inclusive and
accessible designs for all age groups.

Additionally, the study revealed medium
correlations between the new usability and learnability
factors, as well as strong correlations between
participants’ perceptions of the VR interface and their VR
usability scores. The group that received video training
first, followed by VR, showed higher scores in both
usability and VR perception. This suggests that
implementing VR as a supplementary tool after
traditional forms of training can enhance usability and
user perception, aligning with recommendations from
previous studies.
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