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KEY TAKEAWAYS

eNewer workers must feel confident using
safety tools such as stop work authority
from the outset, and immersive training
environments can help accelerate a worker's
sense of self-efficacy.

oThis article investigates the impact of
virtual reality (VR) training on self-efficacy
in safety training for the industrial work-
force within the energy sector.

eSafety training improvements in regard

to self-efficacy could lead to workers more
confidently and effectively using stop work .
authority. This study analyzes the value of

VR as a tool for enhancing safety training. ‘
A r i
/ Ve j w ".ﬂ

HET

ASKA/E+/GETTY IMAGES



IMMERSIVE TRAINING ENVIRONMENTS can accelerate a
worker’s sense of self-efficacy, which is particularly important
for newer workers who must feel confident using safety tools
such as stop work authority from the outset. Improvements

to safety training in terms of self-efficacy could lead to work-
ers using safety tools such as stop work authority with more
confidence, more effectively, more quickly and with more
frequency. Virtual reality (VR) has the potential to transform
safety and skills training in the energy sector by enhancing
worker engagement and learning retention (Exarheas, 2024;
Colombo et al., 2014). Both energy production sites and con-
tractors who are tasked with servicing these sites have start-
ed to see the benefit of VR training (AFPM, 2020; Hannah,
2021). These advantages include the ability to train workers
to perform high-risk procedures in realistic environments
and engage with hazards without endangering their health or
well-being; the chance to practice, perform and replicate pro-
cedures and simulations in immersive environments; and the
opportunity to develop robust, long-term memories by way of
this practice.

This article investigates the impact of VR training on
self-efficacy in safety training for the industrial workforce
within the energy sector. Participants were contractor workers
who took training on confined space safety at a safety council
in the Gulf Coast region of the U.S. Each participant took one
of three courses: either one without VR exercises or one of
two with VR exercises. Self-efficacy was measured through
quiz return rates following the course delivery. The results
showed a statistically significant improvement in return rates
among participants who completed VR courses, particularly
for less experienced workers. Experienced workers also re-
sponded positively to VR training, though the effect was less
pronounced. These findings suggest that VR training has the
potential to significantly affect self-efficacy, especially for
newer workers in high-risk industries. This study highlights
the value of VR as a tool for enhancing safety training engage-
ment and effectiveness.

Introduction

Despite improvements in safety and health training for the
energy industry and construction trades that support the ener-
gy industry, key indicators used to gauge contractor safety have
remained level since 2015 (Colombo et al., 2014; Gavish et al.,
2015). According to the U.S. Bureau of Labor Statistics (BLS,
2022), significant violations in safe work practices and proce-
dures that lead to injuries or fatalities continue to occur in the
energy industry and construction trades that support it.

Energy jobsites can be hazardous, and incidents can result in
injuries, fires, environmental damage or fatalities. New workers
entering the industry must be trained and understand the dan-
gers related to the work they perform and the hazards they may
face on the jobsite, such as:

selectrical and mechanical failures,

sexposure to releases of hazardous substances such as hydro-
gen sulfide or flammable vapors,

swork at heights that pose fall risks,

swork in confined spaces where hazardous gases can accu-
mulate, and

swork in areas with the potential for catastrophic explosions
or fires.

With projections indicating that more than 600,000 new
workers will be needed annually through 2033 to replace

retirees and meet growing demand in construction-related
trades (Lawhorn & Ilic-Godfrey, 2025), the industry’s labor
force is set to expand rapidly. This growth significantly increas-
es the number of field workers exposed to high-risk environ-
ments. These same organizations often face seasonal surges,
requiring swift onboarding of large numbers of temporary or
short-term employees. High turnover and the constant influx
of inexperienced workers elevate the risk of serious incidents,
making it critical to implement robust, standardized safety
training that is effective.

Literature Review
Stop Work Authority

The understanding and use of stop work authority is ubiq-
uitous and fundamental to safe work activities in the energy
sector (Gaddis, 2019; Havinga et al., 2021; Mlynek, 2021).
Providing training that helps learners understand the benefits
of stop work authority and promotes the use of this personal
safety tool would benefit newer workers, other workers on
the jobsites, and the industry as a whole. Abdelhamid and
Everett (2000) identify three primary root causes that lead
to incidents. Among these are a worker “deciding to proceed
with a work activity after the worker identifies an existing
unsafe condition” (p. 54). Stop work authority is a safety poli-
cy designed to stop any work an employee identifies as unsafe.
According to Gaddis (2019), “the goal behind such a plan is
to encourage workers to speak up without fear of retribution
when they see a potential at-risk situation unfolding” (p. 2).
When used correctly, stop work authority is a powerful tool
for keeping workers safe.

Multiple studies have investigated how and why employees
use or decide not to use stop work authority. In their qualitative
study, Weber et al. (2018) identify 14 factors that might hamper
a worker’s ability to utilize stop work authority. Among those,
six could be associated with worker self-efficacy, confidence
and personal empowerment:

othe need to justify,

obeing afraid of others,

«disagreements about the risk,

otheir own credibility,

othe potential for negative repercussions, and

«ambiguous instructions.

Another issue regarding new employees’ initiative to use
stop work authority is the bystander effect. According to Furst
(2015), the bystander effect “occurs when the presence of
others hinders an individual from intervening in a situation
that may cause injury to others or the environment” (p. 5).
New employees might be less likely to stop work because
they believe another, more experienced worker would stop
the hazardous act if it were dangerous. Conversely, experi-
enced workers may become complacent over time, and habits
formed in the absence of incidents can lead to overlooked or
skipped procedural steps.

Self-Efficacy

For contractors who support the energy industry, self-
efficacy can be described as their belief in their abilities and
capabilities in performing a task or procedure and their
perceptions of themselves within the community (Bandura,
1977; Lopez-Garrido, 2025). Lopez-Garrido (2025) writes that
self-efficacy “refers to an individual’s belief in their capacity to
execute behaviors necessary to produce specific performance
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outcomes. It’s the confidence in one’s ability to influence events
and control over one’s environment” (para 1). As Lindley
(2006) points out, Bandura believes that “self-efficacy is closely
linked to individual human agency” (p. 144). Regarding stop
work authority, summoning the confidence to speak up and
stop a job, especially as a newer worker, is challenging. Greater
agency, self-efficacy and confidence could help newer workers
overcome the bystander effect sooner.

Citing several sources, Artistico et al. (2011) state that
self-efficacy and self-worth are linked to a worker’s abilities.
They write that “the knowledge that one is succeeding or
failing at a task has substantial implications for ongoing and
future actions related to task performance and sense of mas-
tery” (Artistico et al., 2011, p. 217). Additionally, Bandura
(1997) writes that the “stronger the sense of self-regulatory
efficacy, the greater the improvement in work involvement”
(p. 189). So, this greater sense of self-efficacy can lead to
greater worker involvement and an increase in the use of
stop work authority.

VR & Self-Efficacy

Many studies have explored the use of VR as a safe-
ty training tool for safety-related or hazardous indus-
tries (Bhoir & Esmaeili, 2015; Gallagher et al., 2013;
Sankaranarayanan et al., 2018; Tanaka et al., 2015), in emer-
gency action plan training in industrial plants (Longo et al.,
2019), and for industrial maintenance tasks (Colombo et al.,
2014; Gavish et al., 2015; Juricic et al., 2015; Patle et al., 2019).
These studies support both the effectiveness and engagement
of VR training. Mabry et al. (2020) found that VR-trained
students “not only performed more effectively in simulations,
but anecdotal observations of clinical educators were that
students were better prepared for clinical practice” (p. 204).
Pedram et al. (2021) and Perez et al. (2013), focusing on VR
simulator training for the mining industry, concluded that
VR not only helps learners overcome real-world training
hazards and constraints but also better equips the learner for
real-world situations. Multiple studies on immersive training
have found that VR-trained learners outperform their non-
VR-trained counterparts and are more likely to replicate their
VR-acquired skills in real-world settings (Colombo et al.,
2014; Katz & Halpern, 2015).

Many studies have found that VR training can improve
industrial workers’ self-efficacy (Colombo et al., 2014;
Makransky & Klingenberg, 2022). These studies have shown
that workers who underwent VR training had a higher like-
lihood of identifying and fixing problems they found on the
jobsite and demonstrated higher levels of motivation and
behavioral changes. Bandura (1977) initially identified four
primary sources of self-efficacy, which include mastery of
experiences, vicarious experiences, social persuasion, and
physiological and emotional states (Figure 1). More recent
findings support this and have found that experience mas-
tery significantly contributes to individuals’ self-efficacy
(Gale et al., 2021).

Holbrook and Cennamon (2014) explain that one beneficial
aspect of simulators is that “they provide a safe environment
in which to learn and fail” (p. 40). Their study on emotion and
self-efficacy in simulators for police officers found that learners
in an immersive learning environment were more emotionally
invested, found the training situations realistic and found the
learning memorable and realistic. In a similar study, Nissim
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FIGURE 1
FOUR PRIMARY SOURCES
OF SELF-EFFICACY

Bandura (1997) initially identified four primary sources of self-efficacy.
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and Weissblueth (2017) found that when VR simulator training
was provided to teachers, the participants’ self-efficacy im-
proved following the simulator training. Additionally, Shu et al.
(2018) found that self-efficacy, learner motivation and enjoy-
ment of the training course improved when high-definition
immersive VR was used as the training tool. Studying nursing
students’ self-efficacy in performing tasks after VR training,
both Chang et al. (2022) and Chiang et al. (2022) found that VR
significantly enhanced participants’ self-efficacy by increasing
familiarity, improving confidence and reducing anxiety. All
these results suggest that learners’ self-efficacy is enhanced
through training.

Objective

Given the potential benefits of VR for enhancing the self-
efficacy of newer workers, this study explores the following
research questions:

«How does VR training impact self-efficacy among con-
tractor workers in the energy sector compared to traditional
computer-based training (CBT) modalities?

«Does the experience level of workers (new vs. experi-
enced) moderate the relationship between VR training and
self-efficacy?

This study tested the following hypotheses based on the re-
search questions:

«Null hypothesis: The provision of VR does not affect par-
ticipants’ potential for increased self-efficacy.

«Alternative hypothesis: The provision of VR does affect
participants’ potential for increased self-efficacy.

Methodology

This study was conducted as part of a larger research project
examining the transfer of learning via VR-based training tools.
The broader study explored how VR influences knowledge
retention and the likelihood of transfer of learning (Hannah,
2024). During data analysis for the study, self-efficacy emerged



as a key factor influencing learner engagement and perfor-
mance. The data used in this study were drawn from the larger
project, but the original research was not initially designed
with self-efficacy as the primary focus.

The sample for this study included contractors visiting a
safety council in the Gulf Coast region of the U.S. who were
registered for training by their contracting organizations. To
ensure a random sample, participants were assigned to one of
the three courses by the safety council learning management
system at the time of their registration, utilizing a random
registration application developed by the researcher for this
study. An advantage of using this research design is that it
allowed for a large, diverse sample to study from a homog-
enous community, which would yield generalizable results
(Creswell, 2013; Williams et al., 2022). Learners at safety
councils are all adult contractors who work in the energy
industry. Although the learner population for this study had
some previous experience with safety courses and concepts,
the degree of that experience ranged from brief conceptual
or theoretical understanding to deep experiential knowledge.
Some participants were new to the industry, while others
had years of experience. Demographic variables such as age,
experience level, race or ethnicity, and gender were captured
during the training delivery. The study was conducted over
3 months to ensure that the sample met the size requirements
outlined in Creswell (2013).

Data collection did not begin until the study was approved
by the safety council’s executive leadership team as well as
the university’s Institutional Review Board, which partnered
with the researcher for this study. There was no possibility for
financial gain for either the safety council, the researcher, the
contractor organizations to which the participants belonged
or any of the study participants. Regardless of treatment, the
study participants who took these courses fulfilled the com-
pliance and regulatory training demands necessary for safe
work in the field as mandated by their contracting organiza-
tion, the jobsite and federal workplace safety standards. The
randomization of the sample ensured that no one at the safety
council, nor the contracting organizations, had a personal
or professional relationship with any study participants that
might have influenced the study or the participants’ work. All
participants in this study provided informed consent before
their participation.

Each group in this study completed the same course
content delivered in a similar manner. However, two of the
courses included VR simulations. This provided participants
a chance to practice procedures learned in the CBT course in
an immersive virtual world using a VR headset. The CBT sec-
tions of the courses were developed using Articulate Storyline
course development software. They included digital assets
such as animations, explainer videos and interactive scenarios
designed to help participants understand the information.
The VR simulations were integrated into the CBT courses and
provided to participants using tethered Oculus Rift S head-
sets. Seated modality, as opposed to room-scale, was used to
fit established safety council procedures. Following concepts
of temporal contiguity and essential processing, the course
was organized so that the VR simulations occurred near the
theoretical information they supported (Carmichael et al.,
2018; Mayer, 2014). The VR simulations were integrated into
the CBT course such that the learner would not have to leave
the computer terminal to complete the VR exercises. Study

participants who took the course with VR simulations were
proctored and assisted in using the VR equipment by safety
council proctors.

Regardless of group, all participants were sent a follow-up
quiz three days after course completion. Scores from the quiz
were collected and stored in the safety council learning man-
agement system. The quiz was limited to five questions as past
internal studies performed by the safety council have found
that a high respondent burden, which Leavy (2017) defines
as asking learners to perform tasks that are too drawn-out or
cumbersome, has led to fewer results from participants. Addi-
tionally, questions were limited to multiple-choice and true-or-
false formats.

Since the safety council had no ability to mandate or re-
quire participants to complete the follow-up quiz, the results
for this study used number of returned quizzes, not the con-
tent of the quizzes or quiz scores, as a measure of self-efficacy
and continued learner engagement. Utilizing the return rate
of these follow-up quizzes as a proxy for self-efficacy is sup-
ported by research indicating that individuals with higher
self-efficacy are more likely to engage in voluntary tasks relat-
ed to their learning (Elias & MacDonald, 2007). This behavior
aligns with Bandura’s (1977) theory of self-efficacy, which
posits that individuals with higher confidence in performing
well are more likely to take initiative, engage voluntarily and
follow through with learning-related tasks, even without ex-
ternal incentives.

Results

The study data show that learners who took courses with
VR exercises returned quizzes at a higher rate than learners
who were part of the control group, as shown in Table 1. Both
VR groups exhibited increased response rates, suggesting
greater engagement or motivation to follow up. This indicated
increased self-efficacy, confidence, and a desire to continue
their learning.

A chi-square test of independence was conducted to exam-
ine whether quiz return rates differed significantly between
learners who received traditional non-VR training and those

TABLE 1

FULL DATA ANALYSIS
Training | Total course | Returned | Percentage of
type takers quizzes returned quizzes
Non-VR | 237 50 21%
VR #1 201 60 30%
VR #2 196 71 36%

TABLE 2
DATA ANALYSIS FOR LESS
EXPERIENCED WORKERS

Training | Total course | Returned | Percentage of
type takers quizzes returned quizzes
Non-VR 166 27 16%

VR #1 137 43 31%

VR #2 139 44 32%
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who received VR-based training (VR vs. non-VR). This test
was selected because it is well-suited to examine relationships
between two categorical variables and determine whether

the distribution of results is due to chance or is statistically
meaningful. The results revealed a statistically significant
association between training method and quiz return rate,
X*(1, N = 634) = 9.73, p = 0.0018. This finding suggests that the
likelihood of learners returning quizzes was not due to chance
alone but was influenced by the type of training they received.
Learners in the VR group returned quizzes at a higher rate
(33%) compared to those in the non-VR group (21%), indicat-
ing that immersive training formats may enhance engagement
and follow-through.

In addition to tracking quiz return rates, the study col-
lected demographic and experience-level data from all par-
ticipants. Participants were asked to provide information
on key demographic factors, including race, age and gender,
allowing for a more comprehensive understanding of the
sample and potential influencing factors on training out-
comes. Participants self-reported their industry experience
using a Likert scale ranging from 1 (new to the industry) to 5
(very experienced). This measure provided insight into their
familiarity with industry practices. The self-reported expe-
rience data allowed for a more targeted analysis, enabling an
exploration of whether training type influenced self-efficacy
and engagement differently based on participants’ experi-
ence levels.

To assess the impact of experience level on quiz return
rates, participants were grouped into two categories: those
who self-identified as new or less experienced (Likert scores
of 1 to 2) and those with some or significant experience
(scores of 3 to 5). For less experienced workers, a chi-square
test of independence revealed a statistically significant as-
sociation between training type and quiz return rate, x*(1,

N =442) = 11.82, p = 0.0006. As shown in Table 2 (p. 27), quiz
return rates were markedly higher for VR group learners than
for learners in the non-VR group. This suggests that immer-
sive training had a more pronounced impact on quiz com-
pletion and, by extension, self-efficacy among those workers
who were newer to the industry (Figure 2).

For more experienced participants (Likert scores of 3 to 5),
the association between training type and quiz return rate was
not statistically significant, x*(1, N = 196) = 0.22, p = 0.642
(Table 3). While VR #2 still produced relatively high return
rates, the differences across training types taken in total (VR
vs. non-VR) were not large enough to rule out chance varia-
tion. This may suggest that workers with greater familiarity
or confidence are less influenced by training format regarding
follow-up engagement and self-efficacy.

These results indicate that experience level moderates the
relationship between training type and learner behavior, as
measured by quiz return rates. While VR-based training was
associated with significantly higher quiz return rates overall,
the effect was especially pronounced among less experienced
workers. VR training nearly doubled return rates for this group
compared to the control group, suggesting that immersive
environments may enhance early engagement and reinforce
learner self-efficacy during the initial stages of industry expo-
sure. Among more experienced participants, however, differ-
ences across training types were not statistically significant,
indicating that prior familiarity or confidence may diminish
the influence of training format on follow-up behavior.
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Based on these results, the author can reject the null hy-
pothesis that VR training has no effect on learner follow-up
behavior and self-efficacy. The statistically significant differ-
ences in quiz return rates, particularly among workers who
are new to the industry, support the alternative hypothesis: VR
training improves engagement and may serve as a catalyst for
building confidence and reinforcing safety learning behaviors.
While quiz return rate is an indirect measure of motivation and
self-efficacy, in this case it serves as a behavioral proxy for these
qualities, particularly when interpreted alongside learners’ vol-
untary effort and follow-up behavior.

Discussion

The results of this study indicate that VR training has a
significant impact on learners’ self-efficacy, particularly in
the context of their willingness to continue learning and to
advance their learning goals. This finding could indicate a
greater degree of self-efficacy in terms of self-confidence,
task completion and a willingness to overcome the bystander
effect in jobsite settings. Additionally, the higher response
rates from the VR-trained participants in the voluntary
follow-up quiz suggest that these individuals retained
knowledge more effectively, demonstrated a higher level of
engagement and were more motivated to continue learn-
ing. This is a strong indicator of enhanced self-efficacy, as
individuals with higher self-efficacy tend to show more re-
markable persistence in tasks, such as voluntarily completing
follow-up assessments (Elias & MacDonald, 2007; Lucero &
Moore, 2024).

FIGURE 2
MODERATING EFFECT OF
EXPERIENCE ON SELF-EFFICACY

Virtual Direct effect

reality
training

_

Alters Moderation
relationship influence
Experience
level
(moderator)
TABLE 3

DATA ANALYSIS FOR MORE
EXPERIENCED WORKERS

Training | Total course | Returned | Percentage of
type takers quizzes returned quizzes
Non-VR 71 23 32%

VR #1 64 17 27%

VR #2 57 17 47%




Enhanced self-efficacy directly correlates with workers’
confidence in their ability to execute job-related tasks, includ-
ing those related to safety. In the energy sector, where stop
work authority can prevent potentially catastrophic incidents,
workers’ greater self-efficacy could translate into more decisive
and confident actions or a lower likelihood of workers falling
victim to the bystander effect. Individuals with a stronger
sense of self-efficacy tend to trust their judgment and use
their authority to stop unsafe work sooner, potentially miti-
gating hazards before they escalate (Burke et al., 2006; Furst,
2015; Gaddis, 2019).

The findings of this study reinforce
the argument that immersive training
environments such as VR enhance
learner engagement and strengthen
the connection between the trainee
and the content. Simulating high-risk
scenarios in a controlled virtual space
allows learners to repeatedly practice
decision-making and procedural tasks
without real-world consequences. This
exposure to vicarious learning expe-
riences fosters confidence and a sense
of mastery in performing job-specific
tasks (Hernandez, 2023), which should
yield greater self-efficacy. The higher
quiz return rates observed among VR-
trained participants provide empirical
support for this effect, suggesting that these learners devel-
oped greater confidence, greater self-efficacy, and a desire
to continue their development with a stronger belief in their
ability to manage workplace challenges.

Conclusion

The implications of these findings suggest that organiza-
tions in the energy sector could significantly benefit from inte-
grating VR into their safety training programs. The increased
self-efficacy observed in VR-trained learners could lead to
more proactive safety behavior on the job, including a greater
willingness to stop work in the face of potential hazards. More-
over, as newer workers are often hesitant to assert themselves
or use stop work authority due to fear of retribution or lack of
confidence, VR could accelerate their sense of self-efficacy and
enable them to engage more confidently in critical safety pro-
cedures early in their careers.

By fostering a more engaged and confident workforce, VR
training has the potential to improve individual job perfor-
mance and contribute to the broader safety culture of the
organization and the industry. As the energy industry contin-
ues to face high-risk challenges, innovative training solutions
such as VR offer promising avenues for equipping workers
with the self-efficacy they need to prevent incidents and en-
sure a safer workplace. PSJ

References

Abdelhamid, T.S. & Everett, ].G. (2000). Identifying root causes
of construction accidents. Journal of Construction Engineering and
Management, 126(1), 52-60. https://doi.org/10.1061/(ASCE)0733
-9364(2000)126:1(52)

American Fuel and Petrochemical Manufacturers Communica-
tions (AFPM). (2020, Jan. 21). Virtual reality improving training,
and safety at refining and petrochemical facilities. https://bit.ly/
4tSTSf1

By fostering a more
engaged and confident
workforce, VR training has
the potential to improve
individual job performance
and contribute to the
broader safety culture of
the organization and the
industry.

Artistico, D., Berry, ].M., Black, J., Cervone, D., Lee, C. & Orom, H.
(2011). Psychological functioning in adulthood: A self-efficacy analy-
sis. In C. Hoare (Ed.), The Oxford handbook of reciprocal adult devel-
opment and learning (2nd ed., pp. 216-247). Oxford University Press.

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of be-
havioral change. Psychological Review, 84(2), 191-215. https://doi
.org/10.1037/0033-295X.84.2.191

Bandura, A. (1997). Self-efficacy: The exercise of control. W.H.
Freeman, Times Books, Henry Holt & Co.

Bhoir, S. & Esmaeili, B. (2015). State-of-the-art review of virtual
reality environment applications in construction safety. AEI 2015:
Birth and Life of the Integrated Building -
Proceedings of the AEI Conference, 457-468.
https://doi.org/10.1061/9780784479070.040

Burke, ML]., Sarpy, S.A., Smith-Crowe, K.,
Chan-Serafin, S., Salvador, R.O. & Islam, G.
(2006). Relative effectiveness of worker safety
and health training methods. American Jour-
nal of Public Health, 96(2), 315-324. https://
doi.org/10.2105/AJPH.2004.059840

Carmichael, M., Reid, A. & Karpicke, J.D.
(2018). Assessing the impact of educational
video on student engagement, critical think-
ing and learning: The current state of play
[White paper]. Sage. https://us.sagepub.com/
sites/default/files/hevideolearning.pdf

Chang, H.-Y., Chen, C.H. & Liu, CW.
(2022). The effect of a virtual simulation-based
educational application on nursing students’
belief and self-efficacy in communicating with patients about comple-
mentary and alternative medicine. Nurse Education Today, 114, 105394.
https://doi.org/10.1016/j.nedt.2022.105394

Chiang, D.-H., Huang, C.-C., Cheng, S.-C., Cheng, ].-C., Wu, C.-H,,
Huang, S.-S., Yang, Y.-Y,, Yang, L.-Y., Kao, S.-Y., Chen, C.-H., Shulruf,
B. & Lee, F.-Y. (2022). Immersive virtual reality (VR) training increases
the self-efficacy of in-hospital healthcare providers and patient fami-
lies regarding tracheostomy-related knowledge and care skills: A pro-
spective pre-post study. Medicine, 101(2), €28570. https://doi.org/
10.1097/md.0000000000028570

Colombo, S., Nazir, S. & Manca, D. (2014). Immersive virtual
reality for training and decision making: Preliminary results of
experiments performed with a plant simulator. SPE Economics and
Management, 6(4), 165-172. https://doi.org/10.2118/164993-pa

Creswell, JW. (2013). Educational research: Pearson new interna-
tional edition: Planning, conducting, and evaluating quantitative and
qualitative research (4th ed.). Pearson Education.

Elias, S.M. & MacDonald, S. (2007). Using past performance,
proxy efficacy and academic self-efficacy to predict college per-
formance. Journal of Applied Social Psychology, 37(11), 2518-2531.
https://doi.org/10.1111/j.1559-1816.2007.00268.x

Exarheas, A. (2024, Dec. 27). Virtual reality revolutionizes train-
ing in oil, gas, GlobalData says. Rigzone.com. https://bit.ly/4qzID8A

Furst, P.G. (2015, July 31). Stop work authority and the bystander
effect. IRMI. www.irmi.com/articles/expert-commentary/stop-work
-authority-and-the-bystander-effect

Gaddis, S. (2019, Dec. 2). Stop work authority: A principled-based
approach. Occupational Health and Safety. https://ohsonline.com/
Articles/2019/12/02/Stop-Work-Authority-A-Principled-Based
-Approach.aspx

Gale, J., Alemdar, M., Cappelli, C. & Morris, D. (2021). A mixed
methods study of self-efficacy, the sources of self-efficacy and teach-
ing experience. Frontiers in Education, 6. https://doi.org/10.3389/
feduc.2021.750599

Gavish, N., Gutiérrez, T., Webel, S., Rodriguez, J., Peveri, M.,
Bockholt, U. & Tecchia, F. (2015). Evaluating virtual reality and

assp.org MARCH 2026 PROFESSIONAL SAFETY PSJ 29



augmented reality training for industrial maintenance and assembly
tasks. Interactive Learning Environments, 23(6), 778-798. https://doi
.org/10.1080/10494820.2013.815221

Hannah, D. (2021, Sept. 7). Virtual reality solving real-world training
issues. Business and Industry Connection (BIC). www.bicmagazine
.com/departments/hr/virtual-reality-solving-real-world-training-issues

Hannabh, R. (2024). Results of integrating short VR exercises into
traditional CBTs. Research in Learning Technology, 32. https://doi
.org/10.25304/rlt.v32.3257

Havinga, J., Bancroft, K. & Rae, A. (2021). Deciding to stop work
or deciding how work is done? Safety Science, 141, 105334. https://doi
.org/10.1016/j.ss¢i.2021.105334

Hernandez, S. (2023, May 16). How VR Training Supports Risk
Mitigation in healthcare. Retrieved March 17, 2025, from https://web
.archive.org/web/20250518103743/www.healthscholars.com/blog/
how-vr-training-supports-risk-mitigation-in-healthcare

Holbrook, H.A. & Cennamo, K.S. (2014). Effects of high-fidelity
virtual training simulators on learners’ self-efficacy. International
Journal of Gaming and Computer-Mediated Simulations, 6(2), 38-52.
https://doi.org/10.4018/ijgcms.2014040104

Juricic, I., Malaguti, L. & Poggi, M. (2015, March 25). Virtual reali-
ty of a typical ENI platform to anticipate and train for start-up, main-
tenance and emergency operations [Paper presentation]. Offshore
Mediterranean Conference and Exhibition, Ravenna, Italy.

Katz, J.E. & Halpern, D. (2015). Can virtual museums motivate stu-
dents? Toward a constructivist learning approach. Journal of Science
Education and Technology, 24(6), 776-788. https://doi.org/10.1007/
510956-015-9563-7

Lawhorn, W. & Ilic-Godfrey, S. (2025). Beyond the numbers:
What’s behind the projected construction employment growth from
2023 to 20332 U.S. Bureau of Labor Statistics. https://bit.ly/4kD4yu3

Leavy, P. (2017). Research design: Quantitative, qualitative, mixed
methods, arts-based, and community-based participatory research
approaches (2nd ed.). Guilford Press.

Lindley, L.D. (2006). The paradox of self-efficacy: Research with
diverse populations. Journal of Career Assessment, 14(1), 143-160.
https://doi.org/10.1177/1069072705281371

Longo, E., Nicoletti, L. & Padovano, A. (2019). Emergency pre-
paredness in industrial plants: A forward-looking solution based on
industry 4.0 enabling technologies. Computers in Industry, 105, 99-
122. https://doi.org/10.1016/j.compind.2018.12.003

Lopez-Garrido, G. (2025, May 1). Self-efficacy: Bandura’s theory of
motivation in psychology. Simply Psychology. www.simplypsychology
.org/self-efficacy.html

Lucero, K.S. & Moore, D.E., Jr. (2024). A systematic investigation
of assessment scores, self-efficacy and clinical practice: Are they re-
lated? Journal of CME, 13(1), 2420373. https://doi.org/10.1080/
28338073.2024.2420373

Mabry, J., Lee, E., Roberts, T. & Garrett, R. (2020). Virtual simula-
tion to increase self-efficacy through deliberate practice. Nurse Edu-
cator, 45(4), 202-205. https://doi.org/10.1097/NNE.0000000000000758

Makransky, G. & Klingenberg, S. (2022). Virtual reality enhanc-
es safety training in the maritime industry: An organizational
training experiment with a non-WEIRD sample. Journal of Com-
puter Assisted Learning, 38(4), 1127-1140. https://doi.org/10.1111/
jcal.12670

Mayer, R.E. (2014). Multimedia instruction. In J.M. Spector, M.D.,
Merrill, J. Elen & M.J. Bishop (Eds.), Handbook of research on educa-
tional communications and technology (pp. 385-399). Springer.

Mlynek, J. (2021). Stop-work authority: Empower employees to
watch for hazardous situations, take action. Grain Journal. Retrieved
April 20, 2022, from https://bit.ly/4axWDtk

Nissim, Y. & Weissblueth, E. (2017). Virtual reality (VR) as a
source for self-efficacy in teacher training. International Education
Studies, 10(8), 52. https://doi.org/10.5539/ies:v10n8p52

30 PSJ PROFESSIONAL SAFETY MARCH 2026 assp.org

Patle, D.S., Manca, D., Nazir, S. & Sharma, S. (2019). Operator
training simulators in virtual reality environment for process oper-
ators: A review. Virtual Reality 23, 293-311. https://doi.org/10.1007/
510055-018-0354-3

Pedram, S., Ogie, R., Palmisano, S., Farrelly, M. & Perez, P.
(2021). Cost-benefit analysis of virtual reality-based training
for emergency rescue workers: A socio-technical systems ap-
proach. Virtual Reality, 25(4), 1071-1086. https://doi.org/10.1007/
$10055-021-00514-5

Perez, P., Shiva, P. & Dowcet, B. (2013, Dec. 1-6). Impact of virtual
training on safety and productivity in the mining industry [Paper pre-
sentation]. 20th International Conference on Modelling and Simula-
tion, Adelaide, Australia.

Sankaranarayanan, G., Wooley, L., Hogg, D., Dorozhkin, D.,
Olasky, J., Chauhan, S., Fleshman, JJW.,, De, S., Scott, D. & Jones, D.B.
(2018). Immersive virtual reality-based training improves response
in a simulated operating room fire scenario. Surgical Endoscopy,
32(8), 3439-34409. https://doi.org/10.1007/s00464-018-6063-x

Shu, Y., Huang, Y.-Z., Chang, S.H. & Chen M.-Y. (2018). Do virtual
reality head-mounted displays make a difference? A comparison of
presence and self-efficacy between head-mounted displays and desk-
top computer-facilitated virtual environments. Virtual Reality 23,
437-446. https://doi.org/10.1007/s10055-018-0376-x

Tanaka, E.H., Paludo, J.A., Cordeiro, C.S., Domingues, L.R.,
Gadbem, E.V. & Euflausino, A. (2015). Using immersive virtual reali-
ty for electrical substation training (ED562456). ERIC. https://eric
.ed.gov/?id=ED562456

U.S. Department of Energy (DOE). (2024). United States ener-
gy and employment report 2024. www.energy.gov/sites/default/
files/2024-10/USEER%202024_COMPLETE_1002.pdf

U.S. Bureau of Labor Statistics (BLS). (2022). Injuries, illnesses, and
fatalities; Fatal occupational injuries involving confined spaces. Re-
trieved July 19, 2022, from www.bls.gov/iif/factsheets/fatal
-occupational-injuries-confined-spaces-2011-19.htm

Weber, D.E., MacGregor, S.C., Provan, D.J. & Rae, A. (2018). “We
can stop work, but then nothing gets done.” Factors that support and
hinder a workforce to discontinue work for safety. Safety Science, 108,
149-160. https://doi.org/10.1016/j.ssci.2018.04.032

Williams, M., Wiggins, R.D. & Vogt, W.P. (2022). Beginning quan-
titative research. Sage.

Cite this article

Hannah, R. (2026, March). VR training and stop work
authority: Strengthening worker confidence. Professional Safety,
71(3), 24-30.

Richard Hannah, Ph.D., M.B.A., ASP, is the research director at National
Center for Construction Education and Research, where he leads studies
on workforce development and learning in the construction industry.
With more than 25 years of experience in the energy and construction
sectors, he has worked in training, recruiting, safety and project man-
agement. Hannah remains engaged in the field of adult learning as an
adjunct faculty member at Kansas State University's College of Educa-
tion and the College of Education and Behavioral Sciences at Houston
Christian University, teaching graduate classes in learning, technology
and instructional design. He is also an adjunct with Texas A&M Univer-
sity's School of Public Health. Hannah holds a Ph.D. in Adult Learning
and Leadership from Kansas State University and a bachelor's degree

in English and History from Texas A&M University. He is a professional
member of ASSP's Gulf Coast Chapter and a member of the Society's Con-
struction Practice Specialty.



