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Abstract

This study aimed to investigate the application and perceptions about the use of immersive
technology-based training in manufacturing contexts. This study employed a quantitative
approach surveying a total of 1000 manufacturing professionals in Australia regarding their
perceptions of workplace training, as well as immersive-based training, using self-report
questionnaires. Descriptive statistics, Pearson correlation analysis, and structural equation
modelling were employed for statistical analyses using R software. In the structural equa-
tion model, controlling for demographic variables, perceived benefits of workplace training
were positively associated with positive anticipation, perceived usefulness, and perceived
ease of use of immersive technologies in workplace training. In contrast, perceived value
of learning through workplace training was associated only with perceived ease of use of
immersive technologies in workplace training. This study suggests general optimistic views
toward immersive workplace training in the Australian manufacturing sector, particularly
the extent to which they perceive workplace training as beneficial rather than aligned with
individuals’ value. Given the ongoing need for continuous skill development in manu-
facturing, the increasing reliance on immersive technologies for training purposes, and
promising outcomes associated with such approaches, increasing acceptance of immersive
technology-based training warrants consideration.

Keywords: workforce training; immersive technologies; technology acceptance; manufacturing

1. Introduction
Immersive technologies are progressing rapidly in both their development (e.g., be-

coming more interactive and capable) and their application (i.e., being implemented across
diverse contexts for a range of purposes) [1–3]. The term immersive technologies often
serve as an umbrella encompassing augmented reality (AR), virtual reality (VR), and mixed
reality (MR). As immersive technologies continue to evolve and incorporate new features
and capabilities, conceptualizations and definitions of immersive technologies have also
changed over time, and recent studies have attempted to more clearly define what con-
stitute immersion [4,5]. Although there is not yet a universally agreed-upon definition or
clear boundaries delineating immersive technologies, the term is commonly used to refer
to technologies that create immersive experiences for users, including but not limited to
AR, VR, and MR [1]. These technologies comprise a set of methods and tools designed to
engage users in virtual or augmented environments by stimulating their senses through
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audiovisual effects and interactive content. Immersive technologies blur the boundary
between the physical and virtual worlds, creating a sense of immersion through exposure
to multisensory information. Although immersive technologies differ along the reality-
virtuality continuum (e.g., AR overlays virtual objects onto real-world scenes, whereas VR
often involves fully virtual environments) and in the intensity of users’ sense of presence
within virtual environments during use, all of these technologies incorporate some degree
of virtuality [1,6–8]. Consistent with existing literature, the term immersive technologies is
used in this article to refer to technologies that create immersive experiences, as defined
above, such as AR, VR, and MR.

Immersive technologies have attracted considerable attention over a relatively short
period and have been applied across a range of contexts (e.g., education, medical practice,
tourism) for various purposes (e.g., knowledge transfer, training) [8–10]. A substantial
body of research has reported promising potential associated with the use of immersive
technologies and has drawn on various theoretical frameworks to account for these ef-
fects [11]. For instance metaverse-based immersive and gamified training has been reported
to be positively associated with enhancement in organizational learning and skill devel-
opment [12]. Drawing on Experiential Learning Theory, immersive technologies have
been suggested to provide experiential learning opportunities by enabling users to directly
engage with tasks and activities, which can enhance learning and subsequent performance
in real-world tasks [13,14] as well as helping individuals visualize abstract concepts and
simulate real-world situations [15]. Similarly, from the perspective of Flow Theory, im-
mersive technologies have been suggested to facilitate flow states through heightened
enjoyment and low perceived risk during use, which can, in turn, improve concentration,
learning experiences, and subsequent task performance in real-world contexts [16,17].

Among various sectors, manufacturing has been one of the key domains in which
immersive technologies have been adopted. This is unsurprising, as industries have, in
many cases, been early adopters of emerging technologies [18]. In manufacturing settings,
immersive technologies are now being used across a wide range of functions including
design, fault detection, data calculation, and processing [19,20]. Immersive technologies
are also used across different organizational functions in manufacturing companies. For
example, in engineering departments, technologies such as MR and VR are used to support
product design, prototyping, and digital twin visualizations [21,22]. In operations, AR and
VR are used to assist assembly and maintenance tasks [23]. In health and safety functions,
AR, VR, and games are used to simulate hazardous environment and provide a risk-free
environment for training [24].

Immersive technologies are also increasingly used in workforce training and devel-
opment and utilized to train employees on complex procedures, decision making, and
equipment operations in a hands-on and scalable manner. For instance, previous studies
have reported that AR can be used as an effective tool to train assembly workers [25].
Furthermore, recent reviews suggest that immersive technologies can be used in industrial
training to provide not only an interactive learning experience but also more effective
learning overall [26].

Workforce training in manufacturing represents a critical element of building high-
functioning and successful professionals and organizations [27,28]. High-quality workplace
training, alongside professionals’ satisfaction with their training experiences, is strongly
associated with a positive organizational climate and with the development of both in-
dividuals and industries [29]. Effective workplace training can provide professionals
with essential knowledge, enhance self-efficacy, improve productivity, reduce errors and
burnout, and increase perceptions of organizational support [27,28,30–32]. Moreover, work-
place training can enhance the quality and standards of work overtime and may also yield
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positive intergenerational effects, such as higher qualifications and improved work prepared-
ness among subsequent generations [33]. Indeed, workforce training plays an important role
in the functionality, satisfaction, and sustainability of both professionals and organizations,
and has long been recognized as a strategic priority across diverse industrial sectors.

Traditional training modalities, particularly lecture-based formats, can be limited in
their ability to engage professionals or accurately represent real workplace conditions and
challenges. Consequently, immersive technology-based training has attracted growing inter-
est within manufacturing contexts as a complementary form of skills development [34–38].
Furthermore, when traditional training modalities are unable to deliver the required level
of practical or experiential learning, immersive technology-based training becomes par-
ticularly valuable. For example, by training in a VR environment, professionals can ex-
perientially engage with role expectations, task demands, and potential hazards within
a controlled and safe training context [39–41]. Prior research suggests that immersive
technology-based training, in some cases, has the potential to be more effective and benefi-
cial than traditional training methods. For instance, training delivered through immersive
technologies has been found to be associated with faster task completion times and fewer
task-related errors among professionals across different industries compared to traditional
training approaches [42–46].

Considering the reported promising outcomes of immersive technology-based training
in industry, such training can serve as a valuable support for both professionals’ and organi-
zations’ performance and success. However, at the outset, it is important that professionals
accept these types of training, that is, that they are sufficiently motivated to learn and
willing to engage with them. This is a significant consideration, as prior research has docu-
mented that the acceptability of technology-based interventions across various contexts
is influential for their applicability and practicality [47–49]. The Technology Acceptance
Model [50] suggests that individuals’ perceptions of a technology’s usefulness (i.e., the de-
gree to which a person believes that using a particular technology would provide benefits,
such as improved performance) and ease of use (i.e., the degree to which a person believes
that using a particular technology would be free of effort) influence their acceptance of
the technology and their willingness to use it. Accordingly, more positive perceptions of a
technology, including immersive technologies, can increase its acceptance and use [51,52].
Relevantly, prior research in manufacturing contexts has highlighted the importance of
professionals’ technology acceptance for the practicality of technology-supported learn-
ing [11,53]. Recent studies have continued to validate technology acceptance models in
the understanding of immersive training systems [54,55]. For example, Alshammari and
Al-Mamary (2025) [56] found that professionals across various industries who hold more
positive perceptions of artificial intelligence-powered cybersecurity training tools (perceiv-
ing them as easy to use) reported stronger inclinations to adopt such tools. In this vein,
within the context of immersive technology-based training, identifying factors associated
with positive perceptions of such training represents a reasonable line of inquiry, as it
can help clarify which aspects require attention to enhance the acceptability of immersive
technology-based training among industry professionals.

One important factor in shaping individuals’ positive perceptions of immersive
technology-based training can be their overall view of workplace training as useful and
valuable. When individuals perceive training as beneficial, they are more likely to hold
favourable perceptions of technology-based training in particular. Drawing on theoretical
frameworks such as the Hierarchical Attitude Structure and the Value–Attitude–Behaviour
Hierarchy (VAB) [57,58], specific perceptions and attitudes are cognitively and affectively
grounded in broader evaluative orientations (i.e., general perceptions and attitudes). These
models suggest that specific perceptions and attitudes are often embedded within higher-
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order, more generic, and more abstract evaluative structures. For instance, a general value
or perception, such as holding a biospheric value orientation (i.e., a self-transcendence
value orientation that involves valuing nature and other species for their own sake and
perceiving the Earth’s living system as inherently important rather than merely instru-
mental for human benefit), can be associated with related, more specific attitudes, such as
pro-environmental attitudes. These specific attitudes can, in turn, be linked to correspond-
ing behavioural intentions or enacted behaviours, such as recycling or thrifting [59]. Prior
research has suggested the explanatory utility of the hierarchical model (i.e., generic values,
perceptions, and attitudes → specific perceptions and attitudes) across several contexts [60–65].

Conceptual Development

In the context of manufacturing, general perceptions toward workplace training
(e.g., perceiving training courses in industry as useful in general) have been suggested
as informative factors that can provide insight into more specific outcomes (e.g., well-
being, job self-efficacy, job satisfaction) [66,67]. Considering these suggestions and inspired
by VAB hierarchical models of perceptions, the present study aimed to investigate how
general perceptions, including perceived benefits of workplace training (i.e., the extent
to which professionals generally perceive industry training as beneficial) and perceived
value of learning through workplace training (i.e., the extent to which professionals gen-
erally perceive learning through workplace training as valuable), are related to specific
perceptions including positive anticipation (i.e., the extent to which professionals expect
favourable outcomes from immersive technology-based training), perceived usefulness
(i.e., the extent to which professionals perceive immersive technology-based training as
useful), and perceived ease of use (i.e., the extent to which professionals perceive immersive
technology-based training as easy to use).

To examine whether the way professionals perceive workplace training in general is
associated with how they perceive immersive technology-based training in particular, the
present study explores the associations between general perceptions of workplace training
and more specific perceptions of immersive technology-based training (Figure 1). We
expect that stronger positive general perceptions of workplace training are associated with
stronger positive specific perceptions toward immersive technology-based training. This
investigation could clarify key factors influencing professionals’ acceptance of immersive
technology-based training. This is particularly important given the rapid pace of skill de-
mands, the increasing integration of immersive technologies within manufacturing training,
and the potential benefits such training approaches can offer [68–71]. Therefore, identifying
potential determinants associated with professionals’ openness to immersive technology-
based training appears warranted and can open the door to a deeper understanding of the
acceptance of immersive technology-based training in manufacturing contexts.

 
Figure 1. Conceptual model of the present study.
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2. Materials and Methods
2.1. Data Collection and Participants’ Profile

The target population of this study comprised of professionals working in manufac-
turing companies in Australia. To be eligible to participate in this study, the participants
should have met the following criteria:

• Employment within a company engaged in manufacturing in sectors such as heavy
industry, light industry, chemicals and pharmaceuticals, textiles and apparel, food
and beverage, construction materials, packaging and paper, energy and electronics, or
biotechnology and advanced materials.

• The company provided employee training and development internally or via outsourcing.

Data collection was conducted by a third-party panel company (PureSpectrum, NSW
2008, Australia) between September and October 2025, and a total of 1000 clean and val-
idated data records were obtained. Data were collected using Qualtrics platform. After
data collection, a two-stage data cleaning procedure was implemented. In the first stage,
incomplete responses and cases flagged by Qualtrics’ built-in quality checks as potential
bot activity or low-quality responses were removed. In the second stage, one of the authors
manually reviewed the remaining responses and cases exhibiting illogical or inconsistent
response patters were excluded as well. These indicators included irrelevant answers to
open-ended questions, as well as inconsistencies between responses to multiple-choice
items and corresponding text-entry questions. The survey also included a short video
demonstrating the applications of immersive technologies in advanced manufacturing
training settings. The video presented examples of AR and VR supported workforce train-
ing in manufacturing process and was included to establish a minimum consistent baseline
understanding of immersive technologies among participants before they completed the
survey. The same video was shown to all participants regardless of their company, role,
industry, and background to ensure a consistent introduction to the study context.

Of the participants, 65 (6.5%) were aged 18–24, 375 (37.5%) were aged 25–34, 371
(37.1%) were aged 35–44, 144 (14.4%) were aged 45–54, 37 (3.7%) were aged 55–64, six
(0.6%) were aged 65–74, and two (0.2%) were aged 75–84. In terms of gender identity,
335 participants (33.5%) self-identified as female, 663 (66.3%) as male, and one (0.1%) as
non-binary. One participant (0.1%) preferred not to disclose their gender. Regarding
educational attainment, three participants (0.3%) reported having less than a high school
education, 123 (12.3%) had completed high school or an equivalent qualification, 400 (40.0%)
held an undergraduate degree, 396 (39.6%) held a postgraduate degree, and 78 (7.8%) held
a doctoral degree. All participants gave their informed consent before taking part in the
survey, and the study received approval from the Human Research Ethics Committee at
the authors’ affiliated university.

2.2. Measures

Drawing on relevant theoretical frameworks, primarily the Technology Acceptance
Model [50–52], which provides a basis for understanding perceptions of and behavioural
intentions toward technologies, including immersive technologies, and informed by ex-
isting questionnaires used in prior research the study items were developed. More
specifically, perceived benefits construct was measured using seven items taken from
Newman et al. (2011) [72]. Perceived value construct was measured with three items taken
from Newman et al. (2011) [72]. Positive anticipation construct was measured with four
items taken from Hong et al. (2008) [73]. Perceived usefulness (with six items) and per-
ceived ease of use (with six items) constructs were measured using adapted from Davis
(1989) and Hong et al. (2008) [50,73]. All variables were measured on a five-point Likert
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scale (1 = strongly disagree, 5 = strongly agree). All measures demonstrated good internal
consistency (Table 1).

Table 1. Descriptive statistics and internal consistency estimates of the study variables.

Variable M SD Skewness Kurtosis α ω

Perceived benefits of workplace training
(perceived benefits) 4.22 0.69 −1.47 3.26 0.907 0.908

Perceived value of learning through workplace training
(perceived value) 4.24 0.72 −1.44 2.87 0.799 0.801

Positive anticipation of using immersive technologies in
workplace training (positive anticipation) 4.23 0.74 −1.62 3.75 0.868 0.868

Perceived usefulness of immersive technologies in
workplace training (perceived usefulness) 4.15 0.78 −1.54 3.09 0.924 0.924

Perceived ease of use of immersive technologies in
workplace training (perceived ease of use) 4.11 0.73 −1.29 2.40 0.899 0.900

It is important to mention that the labels for two variables from the adapted scales
have been slightly modified to suit the current research context. The variable “Perceived
Value,” was originally labelled as “motivation to learn” by Newman et al. (2011) [72]. In
this study, our main focus was the contrast between this variable and perceived benefits. Re-
viewing the items in both scales revealed that perceived benefits relate more to immediate,
practical perceptions of technology at work (e.g., how the technology can help improve job
performance). By contrast, what we now call perceived value refers to a person’s internal
or intrinsic appreciation for the training itself (how much they care about the training
programmes). Additionally, the variable “positive anticipation” was initially referred to as
“positive enjoyment” by Hong et al. (2008) [73]. For the purposes of this study, it has been
revised to “positive anticipated experience” to better reflect the current study’s context.
In Hong et al. (2008)’s [73] research, the survey was conducted after participants had
interacted with a technology, whereas the present study did not involve direct exposure
to a technology in an experimental setting. Therefore, the focus here is on participants’
anticipation of enjoyment or experience. As such this adjustment was made to enhance
both conceptual and contextual accuracy.

2.3. Statistical Analysis

Descriptive statistics, internal consistency estimates, Pearson correlation analyses, and
structural equation modelling (SEM) using a maximum likelihood (ML) estimator were
conducted. In the model, perceived benefits of workplace training (perceived benefits) and
perceived value of learning through workplace training (perceived value) were specified as
latent predictor variables. Age, gender, and education were included as observed control
variables. Positive anticipation of using immersive technologies in workplace training (pos-
itive anticipation), perceived usefulness of immersive technologies in workplace training
(perceived usefulness), and perceived ease of use of immersive technologies in workplace
training (perceived ease of use) were specified as latent outcome variables. To control for
age, gender, and education, dummy variables were created for each following the standard
K-1 coding process for categorical variables which is a common approach in social sciences
research using SEM [74]. The youngest age group (i.e., 18–24) for age, the female group
for gender, and the lowest education category (i.e., less than high school) for education
served as the reference groups (an approach which is common and widely acceptable in
SEM research). The model fit was evaluated using commonly applied indices [75,76]: the
Comparative Fit Index (CFI; ≥0.95 for good fit, ≥0.90 for acceptable fit), the Tucker–Lewis
Index (TLI; ≥0.95 for good fit, ≥0.90 for acceptable fit), the Standardised Root Mean Square
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Residual (SRMR; ≤0.08 for good fit), and the Root-Mean-Square Error of Approximation
(RMSEA; ≤0.06 for good fit, ≤0.08 for acceptable fit) with its 90% confidence interval (CI).
All statistical analyses were conducted in R (version 4.5.1).

3. Results
The mean, standard deviation, skewness, and kurtosis values, as well as internal

consistency estimates for the study variables, are presented in Table 1.
The Pearson correlation coefficients for the study variables are presented in Figure 2.

All variables were positively correlated with each other (ps < 0.01). Accordingly, all variables
were included in the structural model. Prior to model estimation, variance inflation factors
(VIFs) were examined. All VIF values were below the recommended threshold (≤5),
suggesting no concerns regarding multicollinearity [77].

Figure 2. Correlation plot of the study variables.

The conceptual model presented in the Conceptual Development section (Figure 1)
was tested empirically and demonstrated good fit to the data (χ2 = 1252.168, df = 588,
p < 0.01, CFI = 0.958, TLI = 0.953, RMSEA = 0.034 [90% CI: 0.033–0.039], SRMR = 0.044).
Figure 3 presents the statistically tested version of the model. Controlling for age, gender,
and education, perceived benefits of workplace training and perceived value of learning
through workplace training explained substantial proportions of variance in positive
anticipation of using immersive technologies in workplace training (R2 = 0.757), perceived
usefulness of immersive technologies in workplace training (R2 = 0.760), and perceived
ease of use of immersive technologies in workplace training (R2 = 0.774).

Positive anticipation of using immersive technologies in workplace training. The
model explained a large proportion of variance in positive anticipation of using immersive
technologies in workplace training (R2 = 0.757). Controlling for age, gender, and education,
perceived benefits of workplace training was positively and significantly associated with
positive anticipation of using immersive technologies in workplace training (β = 0.592,
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p < 0.01). In contrast, perceived value of learning through workplace training was positively
but not significantly related to positive anticipation (β = 0.276, p = 0.135).

Perceived usefulness of immersive technologies in workplace training. The model
explained a significant proportion of variance in perceived usefulness of immersive tech-
nologies in workplace training (R2 = 0.760). Controlling for age, gender, and education,
perceived benefits of workplace training was positively and significantly associated with
perceived usefulness of immersive technologies in workplace training (β = 0.655, p < 0.01).
In contrast, perceived value of learning through workplace training showed a positive but
nonsignificant association with perceived usefulness (β = 0.215, p = 0.139).

Perceived ease of use of immersive technologies in workplace training. The model
explained a substantial proportion of variance in perceived ease of use of immersive
technologies in workplace training (R2 = 0.774). Controlling for age, gender, and education,
both perceived benefits of workplace training (β = 0.437, p < 0.05) and perceived value of
learning through workplace training (β = 0.446, p < 0.01) were positively and significantly
associated with perceived ease of use of immersive technologies in workplace training.

Figure 3. Structural equation model of the study. Note. * p < 0.05; ** p < 0.01. Dashed arrows
represent nonsignificant (p > 0.05) associations. One-headed arrows represent regressions, while
double-headed arrows represent correlations. Age, gender, and education were controlled for in the
model. “Perceived Benefits” refers to perceived benefits of workplace training. “Perceived Value”
refers to perceived value of learning through workplace training. “Positive Anticipation” refers to
positive anticipation of using immersive technologies in workplace training. “Perceived Usefulness”
refers to perceived usefulness of immersive technologies in workplace training. “Perceived Ease of
Use” refers to perceived ease of use of immersive technologies in workplace training.

Figure 3 statistically illustrates the associations of perceived benefits of workplace
training and perceived value of learning through workplace training with positive antic-
ipation of using immersive technologies in workplace training, perceived usefulness of
immersive technologies in workplace training, and perceived ease of use of immersive
technologies in workplace training, while controlling for age, gender, and education. A
quantitative summary of the structural model results, including the standardized regression
coefficients and corresponding significance levels, is presented in Table 2.
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Table 2. Descriptive summary of the results.

Path Standardized Coefficient (β) p-Value Significance

Perceived Benefits → Positive Anticipation 0.592 <0.01 Significant (Supported)
Perceived Benefits → Perceived Usefulness 0.655 <0.01 Significant (Supported)
Perceived Benefits → Perceived Ease of Use 0.437 <0.05 Significant (Supported)

Perceived Value → Positive Anticipation 0.276 0.135 Nonsignificant (Not Supported)
Perceived Value → Perceived Usefulness 0.215 0.139 Nonsignificant (Not Supported)
Perceived Value → Perceived Ease of Use 0.446 <0.01 Significant (Supported)

4. Discussion
In today’s world, where skill demands are continually changing and professionals are

required to engage in ongoing learning regardless of seniority, acceptance of immersive
technology-based training represents an important consideration. This issue is particularly
important given the increasing use of immersive technologies for training purposes within
manufacturing contexts given growing evidence suggesting promising outcomes associated
with such approaches [68–71]. Greater acceptance of these training approaches can facilitate
more effective learning among professionals and enhance the overall effectiveness of
immersive training programs [50,52,78], which could ultimately benefit both professionals
and industries.

To help improve understanding of potential determinants associated with the ac-
ceptance of immersive technology-based training among manufacturing professionals,
the present study investigated whether general positive perceptions toward workplace
training are associated with specific positive perceptions of immersive technology-based
training (positive general perceptions toward training → positive specific perceptions
toward immersive technology-based training). Consistent with hierarchical models of
perceptions [57,58] and relevant empirical evidence suggesting that specific perceptions
and behaviours are cognitively and affectively rooted in broader, more generic percep-
tions and values [60–65], our findings suggest that more positive general perceptions of
workplace training are associated with more specific favourable perceptions of immersive
technology-based training. This pattern is aligned with prior suggestions that how pro-
fessionals perceive training in general can be informative for understanding more specific
outcomes, including specific perceptions [66,67]. However, it is important to note that
our results showed that not all general perceptions appear to exert the same degree of
association, with some potentially contributing more strongly than others.

Perceived benefits of workplace training, as a general perception, was positively and
significantly associated with positive anticipation of using immersive technologies in work-
place training, as a specific perception and a component which can indicate acceptance
of immersive technology-based training. In contrast, perceived value of learning through
workplace training, as another general perception, was not significantly associated with
positive anticipation. These findings suggest that professionals who view workplace train-
ing as beneficial to their immediate job tasks are more inclined to look forward to, or feel
optimistic about, engaging with new training modalities such as immersive technologies. In
other words, external motivators such as how the use of the technology can enhance job per-
formance, seem to be a stronger than internal intrinsic motivators in enhancing individuals’
willingness to participate or uptake immersive technologies in workplace training.

Research suggests that perceptions of the benefits associated with a given target
(e.g., a product) play an important role in shaping positive anticipation toward that target,
as well as related behavioural intentions (e.g., the contribution of perceived economic
benefits to positive attitudes and behaviours among consumers in the rental industry;
Ahn, 2024). This implies that when workplace training is perceived as beneficial overall,

https://doi.org/10.3390/jmmp10090356

https://doi.org/10.3390/jmmp10090356


J. Manuf. Mater. Process. 2026, 10, 356 10 of 17

immersive technology-based training may be interpreted as an additional or enhanced
means of delivering those benefits, which may, in turn, foster greater positive anticipation.
Interestingly, the absence of a significant association between perceived value of learning
through workplace training and positive anticipation of using immersive technologies
in workplace training suggests that valuing learning in the workplace may not necessar-
ily translate into anticipatory enthusiasm toward a specific training, such as immersive
technology-based training. Research suggests that general values and perceptions can
vary in the strength of their links to more specific perceptions and behavioural intentions
(e.g., consumers holding biospheric values, as a general orientation, may exhibit stronger
specific positive perceptions and higher consumption of seaweed food products compared
to consumers with other value orientations) [61]. This indicates that positive anticipation of
using immersive technologies in workplace training may be more closely tied to pragmatic,
outcome-oriented evaluations of training (i.e., perceived benefits) rather than to broader
perceptions about the inherent value of learning itself or the perceived value of learning
through workplace training.

In addition, perceived benefits of workplace training, as a general perception, was
positively and significantly associated with perceived usefulness of immersive technologies
in workplace training, as a specific perception and a component which can indicate accep-
tance of immersive technology-based training. In contrast, perceived value of learning
through workplace training, as another general perception, was not significantly associated
with perceived usefulness. These findings are similar to those observed for positive an-
ticipation of using immersive technologies in workplace training. These findings suggest
that professionals who generally view workplace training as beneficial may be more likely
to appraise immersive technology-based training as useful. When workplace training,
overall, is perceived as effective in delivering benefits (e.g., improved skills), immersive
technology-based training may be interpreted as a complementary or enhanced means of
realizing these benefits, which may, in turn, increase their perceived usefulness. Research
shows that when people believe a technology provides real benefits, they are more likely
to view it as useful and to evaluate its overall value more positively (e.g., in the context
of evaluating and using ride-hailing services) [79]. It can therefore be concluded that the
more professionals perceive workplace training as beneficial in general, the more likely
they may perceive specific forms of training, such as immersive technology-based training,
as useful, given the expectations they hold, which may be rooted in previous rewarding
experiences with workplace training. The non-significant association between perceived
value of learning through workplace training and perceived usefulness of immersive tech-
nologies in workplace training suggests that valuing learning in general (i.e., an overall
positive evaluation of learning and learning through workplace training) may not nec-
essarily translate into positive judgments about the practical utility of a specific training
modality, such as immersive technology-based training. In other words, professionals
who place greater value on learning through workplace training are not necessarily more
likely to perceive immersive technology-based training as useful. Rather, it seems that
perceiving immersive technology-based training as useful may be more strongly grounded
in professionals’ general evaluations of the benefits of workplace training than in their
broader evaluative orientation toward learning itself.

Moreover, perceived benefits of workplace training, as well as perceived value of learn-
ing through workplace training, as general perceptions, were positively and significantly
associated with perceived ease of use of immersive technologies in workplace training,
which represents a specific perception and a component which indicate acceptance of im-
mersive technology-based training. Regarding these findings, the first point to note is that
perceived ease of use may not always be consistently associated with perceived positive an-
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ticipation, perceived usefulness, or other acceptance-related and positive perceptions [80].
Our findings suggest that, with respect to perceived ease of use of immersive technologies
in workplace training, both professionals’ general evaluations of the benefits of workplace
training and their general valuation of learning through workplace training may be influ-
ential. Considering that immersive technologies are often designed to simplify procedures
and tasks, professionals who perceive workplace training as beneficial in general, as well
as those who value learning through workplace training, may be more likely to consider
immersive technology-based training as easy to use. Therefore, given that ease of use is a
defining characteristic of immersive technologies and that immersive technology-based
training is often perceived as easy to use [81], particularly when compared with traditional
training methods, professionals tend to evaluate immersive technology-based workplace
training as easy to use regardless of how they generally view workplace training.

From a Technology Acceptance Model (TAM) perspective, the findings of this study
provided additional insight into acceptance of immersive technologies in training among
manufacturing workforce is shaped. According to TAM, perceived usefulness and ease of
use are among the most important factors that determine acceptance of technologies and
their subsequent outcomes. In this study, perceived benefits of training were positively asso-
ciated with both perceived usefulness and ease of use of immersive technologies suggesting
that individuals who generally perceive training as beneficial (from a utilitarian perspec-
tive) are more likely to perceive immersive training as useful and easy to use. Additionally,
perceived value of training was positively associated with perceived ease of use suggesting
that individuals who inherently value training more, are more likely to perceive immersive
technology-based training more manageable. Similar results are reported in previous
studies in other contexts where individuals with higher perceived intrinsic motivation have
reported higher levels of ease of use when it comes to new technologies [82]. However,
unlike previous TAM studies in which the relationship between perceived benefits and ease
of use of technologies and their value is measured and reported [83,84], this study provides
a more holistic understanding of the contextual value (value of training) that is carried over
to the perceived ease of use of technology. As such, collectively it appears that the general
perceptions of workplace training are key antecedents of main TAM components.

5. Implications and Conclusions
The findings of this study can contribute to a clearer understanding of factors that may

help increase manufacturing professionals’ openness toward immersive technology-based
training (i.e., acceptance). In an era marked by rapid technological advancement and
continuously evolving skill demands, individuals are increasingly required to engage in
lifelong learning to stay relevant in their jobs. Among available training modalities, immer-
sive technologies are being progressively adopted for training in manufacturing and have
demonstrated promising learning and performance outcomes. Therefore, understanding
the factors that may underpin individuals’ acceptance of immersive technology-based
training in manufacturing is both timely and necessary. The present study suggests that
individuals’ general positive perceptions of workplace training are associated with their
specific favourable perceptions of immersive technology-based training. The results con-
tribute to the emerging empirical literature on the acceptance of immersive technologies
in training, as well as to the broader literature on contemporary training modalities, areas
in which empirical evidence remains relatively limited. In addition, these findings pro-
vide empirical support for hierarchical models of perceptions, which suggest that specific
evaluations are rooted in broader, more general perceptions. Consistent with hierarchical
models of perceptions, these findings indicate that acceptance of novel, technology-driven
training approaches may not occur in isolation but may instead be cognitively and affec-
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tively grounded in broader evaluations of workplace training. However, not all general
perceptions appear to exert equivalent influence. Perceptions emphasizing the benefits
of workplace training seem to play a more crucial role in shaping positive perceptions
(i.e., acceptance) of immersive technology-based training. These findings contribute to the
Technology Acceptance Model literature by suggesting that general workplace training
perceptions can serve as antecedents of perceived usefulness and perceived ease of use in
immersive technology-based training contexts.

This pattern of findings is consistent with theoretical and empirical frameworks differ-
entiating extrinsic motivations, which emphasizes the instrumental value of an activity and
its separable outcomes such as rewards, and intrinsic motivations, which emphasize the
inherently satisfying and rewarding nature of the activity itself [85]. The present study sug-
gests that, in the context of forming positive attitudes toward immersive technology-based
training, perceptions, motivations, and evaluations that are more extrinsically oriented may
be especially influential. Drawing on these findings, fostering more positive perceptions
of workplace training in general could represent a potential pathway for enhancing their
openness toward immersive technology-based training. Such openness can facilitate more
effective learning among individuals and enhance the overall effectiveness of immersive
training programs, which could ultimately benefit both professionals (e.g., higher-quality
and more efficient learning) and industries (e.g., more functional training systems, a more
effectively functioning workforce).

Beyond their theoretical implications, these findings also carry practical relevance,
particularly for training providers and industry stakeholders. When the objective is to
increase professionals’ engagement with immersive technology-based interventions, ef-
forts may be directed toward strengthening positive general attitudes toward workplace
training, especially those centred on its perceived benefits. By targeting these broader
evaluative frameworks, organizations may be better positioned to enhance the alignment
between professionals and immersive technology-based training models. This alignment
may yield a range of advantages, including improved functionality of training systems,
greater openness among professionals to innovative training approaches, and an enhanced
capacity for professionals to derive maximum value from immersive learning opportu-
nities. Ultimately, these benefits may extend beyond individuals and organizations to
broader societal outcomes, for example through the development of more competent work-
force, more effectively functioning industries, and, indirectly, healthier, more resilient, and
economically stable societies [86].

From a practical perspective, organizations are recommended to align their immersive
trainings with specific training needs rather than adopting a universal approach. For
instance, VR due to providing an alternative risk-free environment can be more suitable
for safety training while AR can be more appropriate for maintenance and inspection
training where visual real-time guidance during task execution can be specifically bene-
ficial. Similarly, MR and simulated systems may be more useful in supporting complex
troubleshooting and decision-making situations. In addition, consistent with the findings
of this study, organizations seeking to introduce immersive technologies in training should
first invest in forming positive perceptions regarding workplace training in general and
do not assume the introduction of immersive technologies by itself will lead to sustain-
able motivation and acceptance in employees when it comes to training. Therefore, a
phased long-term investment to enhance employees’ perceptions about value and benefits
of workplace training followed by introduction of immersive training seems to be the most
effective approach.
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6. Limitations and Future Research
This study is not without limitations. First, the present study was not designed to focus

on a specific industry within manufacturing sector or particular occupation. For example,
professionals in technology-intensive industries, such as electronic companies, may be
more open to and hold more positive perceptions of technology-based training. Second,
another limitation relates to the age distribution of the sample. Although participants were
recruited from a broad range of manufacturing occupations and demographics, the sample
was disproportionately composed of younger individuals with fewer participants being
above 45 years old. Therefore, this study’s findings may not precisely reflect the perception
of older professionals regarding the use of immersive technologies in training.

Third, a further limitation relates to the study eligibility criteria. For the purposes
of this study, the participants were recruited from organizations that provided employee
training either internally or through outsourcing. Therefore, individuals who engage
in self-directed learning and training are not represented in the sample. Since training
experience, internal motivations, and perceptions may differ between when organiza-
tions support training compared to when individuals engage in training themselves,
caution should be exercised when generalizing the findings of the current study to all
manufacturing professionals.

Fourth, this study did not directly assess participants’ prior experience with immersive
technologies including whether they have been engaged with technologies such as AR and
VR in training and other settings. Previous experience may influence perceived usefulness,
ease of use and anticipated experience. Therefore, future research could measure factors
related to previous experience and exposure of individuals through factors such as prior
experience, frequency of use, and level of expertise to evaluate if the results could be
generalized. Lastly, greater control over potential confounding variables is warranted in
future research. For example, individual differences in personality traits such as open-
ness to experience, which has been linked to technology acceptance [87], may influence
professionals’ perceptions of immersive technology-based training.
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