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Abstract: Developing a highly competent workforce is essential for meeting the evolving
demands of modern manufacturing. In this context, evaluating traditional and innovative
training methods plays a critical role in enhancing the effectiveness of assembly processes.
With a range of options—such as on-the-job training, classroom training and eXtended Reality
solutions—it is critical to identify the most appropriate training approach for different contexts.
Therefore, we performed a literature review and visited manufacturing companies to gain
an overview of metrics involved in the assessment of training methods. To support this, we
developed a comprehensive framework that guides the selection of such approaches. Our research
identified key factors that contribute to training, which are integrated into the framework. The
framework is designed to evolve alongside technological and contextual changes, allowing for
ongoing adjustments as new strategies emerge or existing ones improve, such as decreasing
Virtual Reality costs or personnel limitations impacting traditional training. This adaptability
ensures the framework remains a reliable resource for making informed training decisions,
tailored to specific needs while accounting for an ever-changing industrial landscape.
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1. INTRODUCTION

The manufacturing sector is undergoing a significant trans-
formation, largely driven by advancements in automation,
digital technologies, and Industry 5.0 principles (Schwab
(2017)). This transformation is characterized by integrat-
ing physical production systems with advanced digital
technologies, creating smart factories where machines, sys-
tems, and humans work. The increasing adoption of tech-
nologies such as robotics, the Internet of Things (IoT),
and artificial intelligence (AI) has revolutionized man-
ufacturing processes, driving operational efficiency, cus-
tomization, and adaptability. However, these technolog-
ical changes bring with them a parallel challenge: the
need for a highly skilled workforce capable of adapting to
new roles, learning new skills, and operating sophisticated
machinery (Brynjolfsson and McAfee (2014)). As such,
effective and efficient workforce training has become a
critical component of modern manufacturing. Manufactur-
ing environments require a variety of training methods
to ensure that workers can acquire the necessary skills
and knowledge. Traditional methods, such as on-the-job
training (OJT) and classroom-based learning, have been

effective in transferring fundamental skills crucial for op-
erating machinery and ensuring basic safety. In contrast,
emerging technologies such as Augmented Reality (AR)
and Virtual Reality (VR) offer promising alternatives to
traditional training approaches (Palmas et al. (2019)).
Training programs using AR or VR have the potential
to support individual learning, but they remain largely
unpersonalized (Pimminger et al. (2021)). In addition,
these technologies allow for the creation of detailed sim-
ulations of complex tasks, allowing workers to practice
skills in a controlled environment and receive immediate
feedback, which has been shown to significantly improve
skill acquisition and retention (Huang et al. (2021)).

The key contribution of this work is a framework for
selecting training methods in manufacturing, developed
through an analysis of traditional and digital approaches
to identify key effectiveness metrics and contextual factors.
This framework supports decision-makers in choosing ap-
propriate methods, optimizing workforce skill development
with greater efficiency and effectiveness.
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2. CURRENT TRAINING METHODS

2.1 Traditional Training Methods

Traditional training methods have long been the corner-
stone of skill development in manufacturing, encompassing
classroom training and OJT expert guidance. Each ap-
proach offers unique advantages and limitations depending
on the context.

Classroom-based Training: Classroom-based training in-
volves structured learning sessions, typically led by an
instructor, where theoretical concepts are explained before
being applied in practice. This method is particularly effec-
tive for imparting foundational knowledge, such as safety
protocols, production theory, or understanding technical
diagrams (Bacca Acosta et al. (2014)). Classroom learning
provides an environment where trainees can ask questions
and interact with peers. Furthermore, it can be challenging
to tailor the content to the varying needs of individual
learners, resulting in a one-size-fits-all approach that may
not be effective for all trainees (Freina and Ott (2015)).

Expert Help in Manufacturing Training: Expert help in
manufacturing, which integrates on-the-job training with
mentorship, is vital for developing skills. Trainees work
on real tasks under the guidance of experienced work-
ers, acquiring practical, role-specific abilities (Burke and
Hutchins (2008)). One of the strengths of this approach is
its ability to provide immediate feedback and address spe-
cific challenges trainees face. It also facilitates the transfer
of knowledge that is often hard to capture in formal train-
ing programs. However, training depends heavily on the
availability of skilled mentors, and the quality of learning
can vary based on the mentor’s ability to teach (Psarom-
matis et al. (2023)). Additionally, safety risks, disruptions
to production, and the high costs of personalized training
make it challenging to scale (Liu et al. (2022)).

2.2 Digital Training Methods

Virtual Reality (VR): VR offers fully immersive learn-
ing experiences, allowing workers to engage with realis-
tic simulations of their work environment (Palmas et al.
(2019)). VR immerses users entirely in a virtual setting,
enabling them to practice tasks in a safe and controlled
environment. This is particularly beneficial for hazardous
tasks or complex procedures (Wolfartsberger et al. (2023)).
Engagement caused by VR improves information reten-
tion (Ip and Li (2015)). VR supports standardized train-
ing, ensuring consistency in instruction regardless of an
employee’s physical location (Bacca Acosta et al. (2014)).

Augmented Reality (AR): AR integrates virtual ele-
ments into the real world, offering a more hands-on ex-
perience as trainees interact with both virtual objects and
their physical surroundings (Palmas et al. (2019)). This
enhances the sense of realism, making it particularly effec-
tive for tasks requiring spatial awareness and coordination.
Like VR, AR provides a safe environment for practicing
complex or hazardous tasks (Wolfartsberger et al. (2023)),
but its added connection to real-world elements may lead
to even greater applicability in certain manufacturing con-
texts.

Digital Work Instructions (DWI): DWIs are increas-
ingly used on the work floor, accessible via devices such as
tablets, smartphones, or AR glasses. These tools provide a
dynamic, on-demand platform for training, allowing opera-
tors to access information as needed and learn at their own
pace (Pimminger et al. (2021)). Digital work instructions
support flexibility and personalization, enabling workers to
focus on specific tasks or refresh their knowledge without
disrupting workflows. On the other hand, it requires the
material preparation.

The comparison between digital and traditional training
methods in manufacturing is a topic of ongoing research in
which different papers have performed reviews comparing
various training methods (e.g. Daling and Schlittmeier
(2024)). However, a comprehensive framework for consis-
tently evaluating and comparing these methods remains
lacking.

3. METHODOLOGY

The methodological approach adopted for this research
aimed at providing a comprehensive review of existing
training methods in manufacturing, focusing on both tra-
ditional and digital approaches. This section outlines how
the review was structured, the characteristics of the train-
ing approaches considered, the specific training methods
analyzed, and the metrics used to evaluate them. The anal-
ysis involved both an extensive literature review and peer
evaluations, incorporating insights from multiple studies to
ensure a robust and well-rounded perspective on training
metrics and effectiveness.

3.1 Review

To develop an in-depth understanding of the training
methods used in manufacturing, we conducted a review
based on academic literature and expert opinions. The
review aimed to identify, categorize, and assess training
strategies for manufacturing. The experts include individ-
uals responsible for the training and career planning of
operators within manufacturing companies. We sourced
papers from IEEE Xplore, ScienceDirect, and Springer-
Link due to their broad coverage of engineering and tech-
nology and their rigorously peer-reviewed publications,
ensuring a comprehensive and credible set of studies. The
training methods analyzed in this review were systemati-
cally categorized into traditional and digital approaches. A
summary of the training methods considered is presented
in Table 1. The training methods were evaluated based
on their application in specific manufacturing contexts,
focusing on the task type, environment, and technology
used.

The review of training methods highlights the diversity
in approaches employed across various studies, reflecting
the breadth of needs and technological advancements in
workforce training. VR methods are extensively explored
showcasing their immersive and interactive potential. Ad-
ditionally, one study investigates the integration of VR
with AI, demonstrating its potential for enhancing adapt-
ability and personalization in training. AR methods are
also prominent, with some focusing on AR Head-Mounted
Displays (HMDs), some others on handheld AR devices,

Table 1. Overview of training methods present
in literature

Group
Training
methods

Number of papers

VR
VR + AI 1
VR glasses 11
Screen-basedVR 11

AR
AR headset 6
AR handheld 7
AR projection 3

Classroom-
based
training

Classroom 1

Expert help
On the job
Expert help

7

Digital &
written
instructions

Paper-based 8
Video-based 2
Desktop app 2
Supported
with physical
3D elements

2

and three on AR projection systems. These studies em-
phasize AR’s capability for real-time, contextual guidance,
particularly in tasks such as maintenance and repair.
Other methods include classroom-based training, expert
mentorship or on-the-job training, and digital or written
instructions, such as paper-based approaches, video-based
learning, and training supported by physical 3D elements.

3.2 Identified Metrics

We often see metrics like task execution time being used to
measure training effectiveness, yet their selection is often
arbitrary and variable. This literature review addresses
this inconsistency, emphasizing the need for a compre-
hensive framework to guide the assessment of training ef-
fectiveness across diverse methods. Metrics were gathered
from reviewed papers and peer-reviewed expert ratings.
We collected all metrics investigated in the papers from
Table 1 which confirmed the huge variety of training
metrics and limited structure present. Table 2 shows an
overview of the metrics we encountered.

Performance was the category most analyzed, represented
by diverse metrics. Next to a set of objective metrics, we
also encountered subjective measures, such as usability of
the training or perceived engagement or presence. This
result highlights the need for a more structured approach,
in which results can be better aligned with all aspects
related to training.

3.3 Company Visits

We visited five manufacturing companies, including two
sheltered workplaces, to understand their training prac-
tices. On the work floor, we observed daily routines and
conducted interviews with key training personnel. These
companies mainly focused on assembly work (e.g., assem-
bling windows or electrical cabinets). The interviews pro-
vided insight into their training methods, competency as-
sessment, and employee development strategies. Although
training was generally planned based on operational needs
and regulatory requirements, companies lacked structured
insight into the impact of learning or the most effective

training methods. OJT training and DWIs were com-
mon relying on experienced staff for guidance, whereas
classroom sessions covered broader topics such as safety
regulations or certification requirements (e.g., for electron-
ics). None of the companies had implemented VR or AR
for training, though they expressed openness to adopting
these technologies in the future. These findings highlight
the need for a structured framework to systematically
compare training strategies. By combining insights from
the literature review with findings from company visits,
we bridge the gap between the state-of-the-art and the
state-of-practice.

4. FRAMEWORK FOR GUIDING TRAINING
METHOD SELECTION

The results of this review provided valuable insights into
the factors that influence the effectiveness of training
methods in manufacturing, the criteria for selecting ap-
propriate training methods, and how different training
methods compare when applied to various task types. This
section presents the findings, highlighting the contextual
factors that drive the choice of training methods, the
criteria used to scale and evaluate their effectiveness, and
the comparative analysis of these methods across different
training contexts.

4.1 Key Factors Influencing Training Effectiveness

Our analysis of the literature and expert feedback revealed
that these contextual factors significantly affect the suit-
ability and outcome of training programs. We introduce
the factors below and propose the framework in Table 3.

Training Objectives Definition: The goals of a training
program are guided by the complexity of skills required,
safety requirements, certification and performance track-
ing needs. Tasks involving high risk, precision, and time
pressure require advanced training solutions, such as im-
mersive simulations, to develop complex skills in a con-
trolled environment. Safety concerns may require the use
of simulations for hazardous tasks, ensuring a risk-free
learning experience (Doolani et al. (2020))). Furthermore,
the ability to track performance in real time enhances
training effectiveness by facilitating continuous feedback
and progress monitoring (Roldán et al. (2019)).

Technological and Organizational Readiness: An organiza-
tion’s technological infrastructure, budget, and staff capa-
bilities determine the feasibility of training methods. Low
technological and infrastructure effort allows for easier im-
plementation of digital solutions, while budget constraints
may limit options for smaller enterprises (Doolani et al.
(2020)). Technological proficiency among staff is also crit-
ical, as skilled personnel can seamlessly adopt advanced
methods, while organizations with less experience may
need to invest in preparatory training before adopting
complex systems (Vélaz et al. (2014)).

Training Content and Audience: The structure and de-
sign of training content must accommodate various needs
through visual, auditory or kinesthetic methods. Person-
alization of content, such as adapting hints or delivery
styles, enhances learning outcomes. Consistency between
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Table 1. Overview of training methods present
in literature

Group
Training
methods

Number of papers

VR
VR + AI 1
VR glasses 11
Screen-basedVR 11

AR
AR headset 6
AR handheld 7
AR projection 3

Classroom-
based
training

Classroom 1

Expert help
On the job
Expert help

7

Digital &
written
instructions

Paper-based 8
Video-based 2
Desktop app 2
Supported
with physical
3D elements

2

and three on AR projection systems. These studies em-
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3.2 Identified Metrics
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hensive framework to guide the assessment of training ef-
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We collected all metrics investigated in the papers from
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training methods. OJT training and DWIs were com-
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regulations or certification requirements (e.g., for electron-
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compare training strategies. By combining insights from
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state-of-practice.
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Table 2. Training metrics encountered in literature review

Group Sub-elements

Training and Task Performance Task Completion Time, Task Accuracy, Training Time, Long-term Skill Retention, Perfor-
mance, Learning and Recall, Learning Process, Number of Hints Given, Voice Message Rep-
etitions (Operator Confidence), Use-case Specific Performance Measures, Task Completion
Time (man hours), Task Completion Time (Quantitative), Execution Time, Task Completion
Time (Training Cycle Duration), Average Training Time, Assessment Scores (Quantitative),
Performance Times, Number of Errors, Effectiveness, Efficiency (Task Completion Time)

Safety Safety Violations, Operational Errors, Using Wrong Tools, Awkward Working Postures,
Milestone Failures, Rework Time to Complete Task, Travel Distance to Complete Task

Cognitive Load & Engagement Cognitive Load, Reaction Time, Perceived Engagement, Perceived Presence, Knowledge, Self-
Efficacy, Task Difficulty, Feeling of Presence

Usability & Ease of Use Usability, Ease of Learning, Enjoyment, Ease of Use, Satisfaction with Performance

Subjective Evaluation Questionnaire (Qualitative), Subjective Evaluation, Risk Perception, Decision Making, In-
creased Productivity, Environmental Protection, Safety of Plant

all trainees ensures uniform knowledge and skills develop-
ment. Furthermore, scalability and geographical flexibility
are important for training large distributed teams, with
AR and online solutions offering access to remote locations
(Westerfield et al. (2015)).

Practical Constraints: Time flexibility, space requirements,
and production impact are essential considerations when
selecting training methods. Flexible schedules and low
spatial dependencies, as provided by VR and AR, reduce
disruptions to ongoing operations (Kaplan et al. (2021)).
Training should also minimize interference with daily pro-
duction tasks. Lastly, regulatory compliance must be ad-
dressed, as some industries have strict guidelines on train-
ing methods. Ensuring compliance with these regulations
protects organizations from legal or safety issues.

By systematically addressing these factors, organizations
can develop tailored training strategies that maximize
effectiveness while balancing operational and resource con-
straints. The proposed framework supports decisions re-
lated to such constraints and requirements.

4.2 Rating the Framework Elements

We aim to avoid imposing strict ratings for each metric in
the framework, as this may limit its adaptability to diverse
contexts. Instead, we provide illustrative examples of how
these metrics could be defined, drawing on insights from
existing literature and practical use cases. To facilitate
evaluation, we propose a 1-5 rating scale, where a higher
value indicates greater suitability for the given context.

VR training is known for its high level of immersion and
safety, making it ideal for complex and hazardous tasks;
therefore, we could rate Safety Requirements and Com-
plexity of Skills as 5. On the other hand, VR is not easily
scalable given that each user needs a headset, therefore we
would rate Audience Scalability and Technological Effort
1 or 2 depending on the requirements of the company.
However, if a company already possesses the necessary
VR equipment, scalability becomes less of a concern, and
the technological effort required for implementation is re-
duced, potentially leading to higher ratings (e.g., 4). This
variability illustrates why we do not apply strict, fixed
ratings in the framework but instead consider company-
specific factors.

AR training strikes a balance between the real and virtual
worlds. It is effective for OJT and remote instruction,

which could argue for a rating of 4 or 5 for Geograph-
ical distribution. On the other hand, same as for VR,
certification is still a challenging aspect, although this
might change in the future, when AR and VR gets more
integrated in training routines.

Classroom training is a more traditional approach, known
for its Audience Scalability opportunities and safety
(Safety Requirements) (ratings of 4 or 5), but less flexible
to personalization (e.g. rating of 3 since a teacher can
adapt to the audience to a certain extent).

Expert help provides tailored instruction and support
(rated 4 for Personalization), making it ideal for complex
skills and problem-solving. It offers valuable insights and
guidance. However, the Consistency of this kind of training
is highly doubtable (e.g. rating 1) given that the experience
and ways of working influences the knowledge transfer.

DWI methods offer flexibility and accessibility, scoring
high in Consistency (rated 5) and Type of Instructions
(video, text, audio,... - rated 4-5). However, real-time
Performance Tracking can be more of a challenge (e.g.
rating 2) compared to e.g. VR in which any type of
interaction can be captured.

This framework provides a structure to enter baseline
ratings for different training methods across elements
such as Technological Effort and Personnel Requirements.
Organizations then compare their own circumstances (like
existing VR resources or the number of trainees) to these
baseline values to determine the best-fit training method.

4.3 Utilizing the Framework in Practice

Imagine a manual assembly precision task tailored for 20
individuals in a factory. The framework becomes a valuable
guide in recommending the most effective training meth-
ods. One might find that high-complexity tasks (Com-
plexity of Skills) benefit greatly from AR or VR, offering
immersive simulations and real-time feedback. Yet, scal-
ability (Audience Scalability) matters less with a smaller
audience size, making OJT or instructor-led sessions more
practical. Meanwhile, when factors like Space Require-
ments and Impact on Daily Production pose constraints,
more straightforward methods like DWI or text/video-
based training might be preferable. When faced with such
contradictory results, the framework remains flexible, al-
lowing companies to determine which training method
aspects have the greatest impact on their decision based on

Table 3. Proposed framework, consisting of all elements contributing to training methods

Theme Training method aspect Rating

Training Objectives
Definition

Complexity of Skills: Risk, precision, time pres-
sure

5: Supports complex skill development - 1:
Supports basic skill development

Safety Requirements: The training involves haz-
ardous materials or environments

5: The training is completely safe - 1: Safety
risks are the same as in the real job

Certification: Possibility to obtain a certificate
after training

Yes/No

Performance Tracking: There is a need to mea-
sure progress and performance

5: Real-time and less effort - 1: Manual perfor-
mance assessment at end of training

Technological and
Organizational
Readiness

Technological Effort: Effort to obtain and install
equipment

5: Low effort - 1: Big effort

Budget: The budget for initial setup and ongoing
costs

5: Low costs - 1: High costs

Personnel Requirements: The operating person-
nel is technologically adapted to use advanced train-
ing systems

5: Low requirements - 1: High requirements

Training Content
and Audience

Type of Instructions: The training needs visual,
auditory, or kinesthetic content for better under-
standing

5: Complex visualization capabilities - 1: Basic
visualization capabilities)

Personalization of Training: The training can be
adapted to individual training needs (hints, more
explanations, style)

5: High personalization - 1: Generic, no per-
sonalization

Consistency: It is ensured that all the trainees get
the same sequence of training

5: Very consistent - 1: Not consistent

Audience Scalability: There is a need to train as
many people as possible

5: Good scalability - 1: Bad scalability

Practical
Constraints

Time Flexibility: How time-dynamic the training
could be

5: High flexibility - 1: Low flexibility

Space Requirements: Do you have the physical
space needed for the training setup?

5: Any room/space is good - 1: Dedicated space

Impact on the Daily Production: The training
interferes with daily production, and some tasks need
to be interrupted or delayed

5: No impact on production - 1: Big impact on
production

their specific use case. In this example, the company can
choose the option that best aligns with its preferences.

The framework may also recommend not one, but mul-
tiple training methods that perform similarly in certain
aspects, depending on the requirements and use case. For
instance, in a maintenance scenario, aspects like Consis-
tency, Safety, Personalization, and Type of Instructions
could be crucial. AR might score high on Consistency
and Type of Instructions but low on Safety and Person-
alization, whereas Expert Help might exhibit the opposite
pattern. Ultimately, selecting a training method is always
an equation of many aspects, and there is no single ideal
solution that fits all cases. Therefore, instead of enforcing
a strict set of ratings for all aspects, we aim to offer a
structured support system. This system can better guide
the selection of training methods by helping users define
which aspects are most relevant to their specific training
needs without overlooking elements contributing to their
decision.

5. DISCUSSION

The findings of this research highlight several important
aspects of manufacturing training, particularly in relation
to the diverse methods employed, their effectiveness, and
the influencing contextual factors. This section discusses
the broader implications of these findings and future
research tracks.

The Need for a Training Recommendation Tool. A key
insight from this study is the importance of a structured

approach to selecting training methods. The proposed
framework, outlined in our results, guides decision-makers
in identifying suitable training approaches by considering
factors such as company needs, technological readiness,
training objectives, and task complexity. While the frame-
work itself offers valuable guidance, it could be made more
practical and actionable by developing a recommendation
tool that leverages ratings for all training methods across
different aspects. These ratings, provided on a 1–5 scale,
would enable to recommend the most suitable training
method when users define their specific training context
based on the proposed aspects. Such a tool could oper-
ationalize the framework by offering tailored suggestions
and reducing the guesswork involved in decision-making.

The Need for Secondary Validation. Besides the sugges-
tion for a recommendation tool, secondary validation is
crucial to prove the effectiveness in real-world scenarios.
This involves empirical evaluation through pilot studies,
where we involve training experts to validate the proposed
framework. Such validation helps to improve the frame-
work, ensuring it is practical and effective to be used in
selecting the appropriate training methods.

Bridging the Gap Between Traditional and Digital Meth-
ods. Bridging the gap between traditional and digital
methods is essential for creating hybrid training programs
that leverage the strengths of both approaches instead
of comparing them against each other. In literature, we
often see a focus on one versus the other, such as AR
or VR compared to OJT, but we believe complementary
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The framework may also recommend not one, but mul-
tiple training methods that perform similarly in certain
aspects, depending on the requirements and use case. For
instance, in a maintenance scenario, aspects like Consis-
tency, Safety, Personalization, and Type of Instructions
could be crucial. AR might score high on Consistency
and Type of Instructions but low on Safety and Person-
alization, whereas Expert Help might exhibit the opposite
pattern. Ultimately, selecting a training method is always
an equation of many aspects, and there is no single ideal
solution that fits all cases. Therefore, instead of enforcing
a strict set of ratings for all aspects, we aim to offer a
structured support system. This system can better guide
the selection of training methods by helping users define
which aspects are most relevant to their specific training
needs without overlooking elements contributing to their
decision.

5. DISCUSSION

The findings of this research highlight several important
aspects of manufacturing training, particularly in relation
to the diverse methods employed, their effectiveness, and
the influencing contextual factors. This section discusses
the broader implications of these findings and future
research tracks.

The Need for a Training Recommendation Tool. A key
insight from this study is the importance of a structured

approach to selecting training methods. The proposed
framework, outlined in our results, guides decision-makers
in identifying suitable training approaches by considering
factors such as company needs, technological readiness,
training objectives, and task complexity. While the frame-
work itself offers valuable guidance, it could be made more
practical and actionable by developing a recommendation
tool that leverages ratings for all training methods across
different aspects. These ratings, provided on a 1–5 scale,
would enable to recommend the most suitable training
method when users define their specific training context
based on the proposed aspects. Such a tool could oper-
ationalize the framework by offering tailored suggestions
and reducing the guesswork involved in decision-making.

The Need for Secondary Validation. Besides the sugges-
tion for a recommendation tool, secondary validation is
crucial to prove the effectiveness in real-world scenarios.
This involves empirical evaluation through pilot studies,
where we involve training experts to validate the proposed
framework. Such validation helps to improve the frame-
work, ensuring it is practical and effective to be used in
selecting the appropriate training methods.

Bridging the Gap Between Traditional and Digital Meth-
ods. Bridging the gap between traditional and digital
methods is essential for creating hybrid training programs
that leverage the strengths of both approaches instead
of comparing them against each other. In literature, we
often see a focus on one versus the other, such as AR
or VR compared to OJT, but we believe complementary
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hybrid approaches represent the future. Hybrid training
programs can combine e.g. VR or AR for foundational
skill acquisition with OJT or mentorship for real-world
application, blending immersive technology with expert
insights (Freina and Ott (2015)).

Practical Implications for Industry. The practical impli-
cations of this research are significant for manufacturing
companies looking to improve their training programs.
The framework provides more structure to companies in
choosing the best training methods based on their specific
needs. It is designed as an ever-evolving tool that will
adapt over time to reflect new developments in the training
landscape, such as advancements in technology.

6. CONCLUSION

This research identified significant gaps in the literature
regarding the comparison of current training methods in
manufacturing. We proposed a decision-making framework
to enhance the selection process for the most beneficial
training methods in each situation. A key next step is to
validate the framework with experts and operators to as-
sess its relevance, usability, and acceptance. An operator-
centered approach, aligned with Industry 5.0, ensures that
training methods meet user needs and support effective
adoption. We encourage other researchers to challenge
and refine this framework, further advancing the field
and enhancing the operator’s role in training design. At
the same time, improving the efficiency of manufacturing
training remains a pressing priority, as cost and time
constraints are crucial factors. By optimizing training
methods and supporting informed decision-making, the
proposed framework has the potential to make training
programs more effective, adaptable, and resource-efficient,
ultimately contributing to the broader goals of enhancing
workforce capabilities and productivity.
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