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Abstract. The purpose of the study is to evaluate the effectiveness of E-Learning Safety Education on Safety Behavior from the perspective of
Protection Motivation Theory. Several Effective E-Learning Safety Education antecedents, such as E-Learning format characteristics,
technology characteristics, and instructor- and learner-related factors, are proposed, with implications for safety behavior. The relationship
between these characteristics and safety behavior designs is observed within the Protection Motivation Theory framework that deals with
threat and coping appraisal with the implication of improved Safety Behavior. A proposed theoretical framework could provide insight into E-
Learning's potential to enhance safety behavior across different sectors.
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1. INRTODUCTION

To ensure that safe behavior is firmly embedded within the system, it is essential to provide comprehensive
safety education. Furthermore, it assists in preventing accidents in domestic, occupational, and public settings
(Edmondson & Bransby, 2023; Muduli & Sinha, 2021; Soliman et al., 2024). The goal is to increase awareness,
recognition, and competence in risk control, hazard analysis, and safety measures (Landry et al.,, 2021). When
safety education is conducted effectively, individuals are empowered with the necessary skills and knowledge to
make decisions and take actions that would help protect themselves and the entire environment (Chen, 2020)

Today, E-Learning is considered a valuable process for extending safety education to a larger audience. The
effectiveness and coverage are high, making it more beneficial than traditional training. The benefits include but
are not limited to, ease of use, accessibility, and interactive multimedia content (Abogamous, 2022; Rasjid et al,,
2023). Effective E-Learning safety programs provide appropriate safety instruction, risk management, and
assessment of hazardous situations, allowing people to learn relevant skills and knowledge to practice safe
behaviors (Kapo et al., 2024; Kim & Chung, 2023; Rasjid et al., 2023). The Campbell Institute (2017) mentioned
that Protection Motivation Theory (PMT) provides a practical framework to understand safety behavior, in
which an individual’s safety behavior depends on their perception of threat and whether they can address it.
These perceptions drive their cognitive factor on how they respond to threats. The PMT can function as a tool
for experts to design and implement E-Learning programs that promote and achieve safe behavior.

Although several previous studies have examined the effectiveness of E-Learning in safety education (Bhute
et al,, 2021; Kim & Chung, 2023), not so much is known about the underlying mechanism behind E-Learning
Safety Education, especially how it affects Safety Behavior. By integrating PMT, the study could provide a more
comprehensive understanding of the impact of these digital learning programs on safety-related attitudes,
intentions, and behaviors.

The article is structured into five sections to explain and ensure a comprehensive exploration of how the E-
Learning Effectiveness antecedences affect E-Learning Safety Behavior. Section 1 provides background and gaps
in the research and why the study used the PMT to explore the relationship between E-E-Learning education
and safety attitude, intention, and behavior. Section 2 provides a detailed overview of the relevant literature,
highlighting key studies and their contributions, especially in E-Learning Effectiveness, PMT, and Safety
Behavior. Section 3 outlines the methodology employed, describing the research design, data collection, and
analytical techniques. Section 4 presents the results of the study and discusses how each of the E-Learning
antecedences can effectively affect the threat and coping appraisal that influences Safety Behavior. Finally,
Section 5 concludes the paper with a summary of key insights, implications for practice, and suggestions for
tuture research.

2. LITERATURE REVIEW
2.1. E-Learning Effectiveness

E-Learning adoption demonstrated a notable upward trajectory, especially due to the technological
advancements accelerated by the pandemic. This digital learning platform has become increasingly sophisticated
as people connect from anywhere, anytime, without any boundaries. As a result, in most contexts, people perceive
E-Learning as a more accessible and straightforward approach (Kapo et al., 2024). Many educational institutions
have begun adopting E-Learning in the context of safety education due to their capabilities, which have advanced
safety education due to their advantages. E-learning has several advantages over traditional, face-to-face
education procedures. It facilitates multimedia interaction that provides more convenient usage and access that
consequently can improve the comprehensiveness of safety procedures and measures (Al-Teete et al., 2023; Bhati
et al., 2023). The design of E-Learning safety programs must be efficient and concise but should include the
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recognition of potential dangers with their avoidance methods and safety practices. Adopting E-Learning in
safety education enables educational institutions and organizations to foster a robust safety culture and promote
safe practices across various contexts.

Several studies have examined the impact of E-Learning. The study by Triyanto et al. (2024) argued that E-
Learning effectiveness depends on three fundamental elements: pedagogy, evaluation, and technology. The
technological dimension pertains to the design interface and the technology employed. The pedagogical level
oversees the assessment of the learner's attitude and quality about the instructor and the learning process. The
efficacy of E-Learning is contingent upon the intrinsic and extrinsic variables of students in higher education
(Kapo et al., 2024). Intrinsic variables are internal and include knowledge sharing, self-efficacy, and personal
innovation. The remaining facilitators, which allow students to remain motivated towards using the E-Learning
platform, can be classified as extrinsic variables. These include the E-Learning systems, course content, teacher
support, and institutions. However, according to Sorgenfrei & Smolnik (2016),moderating variables assist in
analyzing E-Learning effectiveness. These include environmental dimensions, motivation, and cognitive
dimensions.

Miiller and Wulf (2020) posit that four parameters maintain a relationship and indicate the efficacy of E-
Learning. These include technology, format, instructors, and learners. The technology features were established
by combining Davis's (1985) Technology Adoption Model (TAM) and the (Goodhue & Thompson, 1995) Task-
Technology Fit (TTF) model. The model comprises several constructions: task-technology fit, quality, richness,
usefulness, ease of use, reliability, and playfulness. Considering the format features, blended learning encompasses
both online and traditional face-to-face instruction. Such variables may include control, ease of use, usability,
diversity analysis, learning climate, interaction, and flipped learning.

The instructor's features are contingent upon their designation, personality, and interactions with learners,
among other factors. The instructor's attitude and level of control over technology are also considered. The
instructor must interact with learners in a technological framework, employing communication, scaffolding,
purposeful confusion strategies, feedback, and guidance for the audience. Additionally, learner features can help
explain technology effectiveness. These features include earlier technological experience, anxiety about
technology, academic performance, age, sex, emotions and motivation levels, reflection, and online activity types.

2.2. Protection Motivation Theory

As Rogers (1975) posited, the Protection Motivation Theory (PMT) represents a comprehensive model
beyond merely conceptualizing specific cognitive and individual procedures that mobilize individuals to engage in
protective activities. The fundamental premise of PMT is that two key variables influence an individual's safety
behavior. First, the perceived severity of the threat must be considered, and second, the availability and efficacy of
the coping mechanisms must be evaluated. Two aspects of threat perception can be identified: the estimated
threat intensity (for example, a disaster) and the ability or strength to manage it. A distinction can be made
between coping appraisal and resource assessment, the latter of which is present to manage the threat.

The cognitive procedures posited by PMT influence an individual's motivation and intention to implement
protective measures, giving rise to safety behaviors. The UMT has been employed to examine a range of
behaviors, including online risk-taking (Aurigemma et al., 2019), computer security (Haag et al., 2021), and
health-protective behaviors (Razak et al., 2021). The research mentioned above enabled the validation of the
PMT framework, thereby extending the explanations and predicting the behavior of individuals concerning
safety across various sectors.

Nevertheless, the application of the PMT in the context of extending E-Learning safety education has yet to
be subjected to rigorous assessment. Incorporating the PMT constructs into research and evaluation of safety
behavior practices enables the identification of internal motivators that facilitate the implementation of protective
behaviors across various sectors (Nouri et al., 2024). When this PMT is applied to safety-related matters, it
promotes creating and enhancing interventions and programs designed to foster a safety culture and encourage
safe behaviors (IFaryabi et al., 2023).

Threat appraisal is the process of how individuals evaluate potential harm and threats related to their
vulnerability (Walsh et al., 2022). It involves evaluating the level of severity and the likelihood that they are
being affected. This threat appraisal might affect safety behavior in several ways. When individuals perceive that
there are severe threats and believe that they are vulnerable, they are more likely to comply with safety
regulations. The higher the risk perception, the more motivated they are to follow safety guidelines, which leads
to risky behavior avoidance that might increase hazard exposure. The recognition of the seriousness of those
threats encourages individuals to participate actively in a safety problem, even if they might voluntarily
participate in safety committees or contribute to developing safety procedures. Individuals also will report unsafe
conditions when they heighten the levels of threat that contribute to overall safety culture development through
proactive communication. The high appraisal could lead to vigilante, which might reduce safety performance. The
detailed and carefully executed safety procedures will improve safety performance. Such a threatening situation
has the potential to be overwhelming, which may result in feelings of anxiety or stress. The circumstances also
will impede performance, given that fear and overthinking can have a detrimental impact on cognitive processes.

The conceptual framework offers a potential avenue for integrating the design of an E-Learning safety
education program with the implementation of the Protection Motivation Theory. By this framework, the E-
Learning safety education components should align with the PMT variables, such as the protection motivation
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incorporated into the cognitive individual process. In particular, the E-Learning strategy may affect the coping
appraisal, threat appraisal, actions taken to ensure personal safety, and the actual behavior intended. As
illustrated in Figure 1, the E-Learning-based model/scheme can encompass the E-Learning safety education and
PMT core constructs, as previously outlined in the framework. This model demonstrates that through the
strategic integration of E-Learning variables, it is feasible to influence coping appraisal, threat appraisal, and
target safety behavior intent. The conceptual procedure enables the administration of digital interventions and
the enhancement of commitment toward safety behavior among the target audience.

E-Learning Effectiveness
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Figure 1: Proposed conceptual framework.

2.3. Safety Behavior

In the workplace context, environments prioritizing health, safety, and environmental (HSE) concerns must
foster a culture of safety behavior to reduce the number of injuries and ensure the organization's continued well-
being. Safety behavior can be classified into three distinct categories. The initial category is compliance,
necessitating adherence to established policies, procedures, and safety regulations. Secondly, participation
signifies engagement with safety-related elements or measures. Finally, performance refers to the efficiency of
completing tasks to ensure employee safety. The two essential determinants of safety behavior are coping
appraisal and threat appraisal. Such variables are referred to as psychological variables. The findings indicate that
appraisals facilitate the management of specific safety behaviors and that organizations can implement measures
to ensure a safe work environment.

For students, teachers, and administrators, safety behaviors inside and outside the school premises are of
paramount importance, representing a crucial area of research. It is imperative to identify the measures that must
be put in place to ensure the safety of both staft and students.

It is urgent and important to take all precautions to ensure student safety. This involves understanding the
physical and psychological past that might harm them through safety research and implementing measures that
might prevent those incidents.

The study by Sugai & Horner (2009) reveals that school-wide Positive Behavioral Interventions and Supports
(SWPBIS) could motivate expected behavior through school-associated dynamic establishment. For example,
there is a social-emotional learning (SEL) program implemented in 40 states throughout the United States that
drives the growth of positive behavior by maintaining and organizing a positive learning environment. The study
by Skoog-Hoffman et al. (2024) explored two types of safety: physical and psychological safety. These two types
of safety have different purposes. In contrast, physical security has the purpose of eliminating violence through
threat assessment and protection procedures. Physiology safety has the purpose of mitigating bullying, abuse, or
violence perpetrated by peers through the implementation of enhanced school environments and multi-level
procedures.

Implementing safety protocols may have diftferent impacts, depending on the context. Teacher-led initiatives
through teacher Occupational Health and Safety (OHS) play a significant role in student safety behavior
development (Y. C. Cheng, 1994). An instructor’s position is crucial as they have the authority to make decisions
and provide incentives to encourage their students to engage in safe behaviors at school. Moreover, Knowledge-
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Attitude-Behavior (KAB) models provide insight into students' safety-related behavioral decisions. It
demonstrated that a student's knowledge and engagement have a positive relationship with occupational health
and safety, and peer interactions also exert a considerable influence. The presence of supportive peers has been
shown to encourage responsible behavior in students, especially in the laboratory environment, where specific
consideration is required given the inherent risks involved. Integrating theoretical instruction with hands-on
practice facilitates the learning process while ensuring that safety lessons are prioritized. It is possible to alter
students' attitudes regarding the appropriate utilization of resources and materials in a laboratory setting by
conducting experiments that expose them to risk while acquiring professional knowledge.

3. RESEARCH METHOD

This study might employ a quantitative, quasi-experimental research design to assess the eftectiveness of E-
Learning safety education on safety behavior from the perspective of Protection Motivation Theory. The study
will involve control and intervention groups, with the intervention group receiving the E-Learning safety
education program. Participants will be recruited from a target population of workers in a specific industry or
organization. A random sampling technique will be used to ensure a representative sample. Power analysis will
determine the sample size to provide sufficient statistical power. Data will be collected through self-report
surveys administered multiple times, including pre-intervention, post-intervention, and follow-up assessments.
The surveys will include validated measures of the PMT constructs (threat appraisal, coping appraisal, and
behavioral intentions) and safety behavior. Additionally, usage data from the E-Learning platform will be
collected to assess engagement and interaction with the program. The independent variable will be the E-
Learning safety education program, the dependent variable will be self-reported safety behavior, and the
mediating variables will be the PMT constructs (threat appraisal and coping appraisal). Data will be analyzed
using structural equation modeling to test the hypothesized pathways between the E-Learning program, PMT
constructs, and safety behavior. Mediation analysis will examine the PMT constructs' mediating role in the
relationship between the E-Learning program and safety behavior.

4. DISCUSSION

The discussion will focus on four antecedent factor groups that determine the effectiveness of E-Learning.
These include the format of E-Learning, the characteristics of enabling technology, and factors related to
students and instructors.

4.1. The Relationship Between The E-Learning Format with Thread and Coping Appraisal

Learner perspectives on HES considerations are crucial in developing robust E-Learning programs.
Perceived vulnerability refers to how individuals perceive themselves as at risk of a potential threat. Perceived
severity refers to the degree to which an individual assesses the seriousness of a specific threat and its associated
consequences. These perceptions can be influenced by how the content is designed, developed, and delivered,
especially in relation to its format. The E-Learning format could influence the HSE's perceived vulnerability and
severity in several ways: (1) E-Learning uses multimedia such as videos, animation, and simulation to illustrate
realistic hazardous scenarios that have safety threats and consequences. This immersive technology can augment
the learners' perception of threat severity in a more realistic way (Nurjaya et al., 2024; Scorgie et al., 2024); (2) E-
Learning allows learners to control the speed of their studies using features like pausing, rewinding, and
replaying the E-Learning content. It enables learners to process complex information related to HSE threats at
their own pace more deeply (Zhao et al., 2021), which may strengthen awareness of potential hazards. (8) The E-
Learning format can be in the form of Blended learning. It enables students to independently study and have
critical thinking through case studies (Haftador et al., 2023). The Case study helps the learner analyze previous
HSE situations and understand how to prevent and solve problems. (Gil-Quintana & Osuna-Acedo, 2020); (%) To
recognize gaps, instruments like online assessments and quizzes enable learners to evaluate and highlight their
understanding of HSE protocols and understand what they need to improve (Tran Minh et al., 2022); (5) The
asynchronous nature of E-Learning formats enable learners with the time to reflect on HSE materials further.
This reflection could lead to an increase in the awareness of personal susceptibility to threats as learners relate
the content to their existing condition (Giesbers et al., 2014).

4.2. The Relationship between E-Learning Technology Factors with Thread and Coping Appraisal

E-Learning technologies enable interactivity, ubiquity, flexibility, and accessibility for knowledge
dissemination. High-fidelity simulation and immersive technology, such as virtual reality, can recreate realistic,
hazardous situations that are emotionally engaging. It allows learners to witness the potential consequences of
HSE threats without facing real physical risk (Birrenbach et al., 2021; Utomo et al., 2023). This immersive
experience can increase the perceived severity by making the dangers more tangible, while emotions can reinforce
the threat's seriousness. For example, videos showing the consequences of safety incidents can drive empathy and
concern from the students and deepen the potential threat consequences.

E-learning interactivity is enabled by features like quizzes, situations, branch scenarios, and real-time
discussions that engage the learner instead of just passively consuming content. Cross-platform compatibility
across devices like computers, tablets, and smartphones enables continuous engagement, reinforcing the presence
of HSE considerations in daily life (Jamaludin et al., 2024). Accessibility and ubiquity allow learners to access
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HSE content anytime and anywhere as long as they have an internet connection, making the material more
relevant. It could also increase their personal vulnerability perception to threats.

Self-monitoring tools allow the learner to track their performance and learning behavior. They also allow
learning gaps, allowing the learner to be more aware of their vulnerabilities. Technology allows benchmarking
learning safety practices against peers, which will highlight the vulnerability gap that drives improvement. The
collaboration features enabled by technology, e.g., online communities and forums, will facilitate discussion and
let learners understand other learners' experiences on HSE Topics.

Collaboration features like online communities and forums facilitate discussions about HSE topics and let
learners understand others' experiences with safety incidents, which also eventually increases awareness of
potential vulnerabilities; collaborative projects on safety assessments or problem-solving tasks can reveal gaps in
understanding, making individuals more conscious of their susceptibility to threats. Technology also enables self-
management skills that affect coping appraisal by influencing learners' ability to access and engage effectively
with the rest of the learners about the topic.

Proficiency in using E-Learning technologies allows learners to navigate platforms efficiently, enabling them
to spend more time on learning content rather than dealing with technical issues. Technology user-friendliness
will increase the learner’s self-efficacy and allow the learner to allocate their cognitive resources to learn and
master coping mechanisms rather than managing technical challenges.

4.3. The Relationship between Instructor and Learner Factors with Thread and Coping Appraisal

The environment built for Instructor-Learner interaction can significantly influence how learners perceive
the severity of HSE threats and their danger. Understanding these influences is crucial for designing effective E-
Learning strategies that enhance awareness and promote proactive safety behaviors.

In E-Learning, instructors play a significant role in impacting students' cognitive processes and attitudes.
The study by Ramlatchan and Watson (2020) posits that instructors with expertise in HSE subjects can help
learners internalize threats. When presented with realistic scenarios by more experienced instructors, potential
hazard awareness increased. Proactive teachers can enable and facilitate a more interactive learning environment
by actively participating in class discussions, providing feedback, and encouraging students to ask questions (Y.
Cheng et al., 2022). The engagement will increase student awareness and can foster belonging and shared
responsibility

Motivational factors, past knowledge, and self-efficacy influence the perception of the seriousness and
vulnerability of HSE threats. Individuals who are motivated and have a profound personal interest in HSE topics
are more likely to recognize the comprehensive scope of the subject matter, leading to an increased perception of
the severity of potential dangers (Aboobaker & K.H., 2022). A learner with high motivation will demonstrate a
high level of determination in their efforts to comprehend the various factors that contribute to the threat of
inadequate safety measures. In contrast, learners with low motivation levels are more susceptible to threats due
to their lack of comprehension regarding the level of HSE risks due to perceiving HSE issues as being of less
significance than they are.

These sentiments also result from prior knowledge and experience with HSE, reinforcing this condition.
Suppose they or an individual with whom they are acquainted has previously been involved in an accident. In that
case, these learners may perceive themselves as more susceptible than others and thus attach greater significance
to potential threats. This can be enhanced through E-Learning platforms, where students interact with one
another and share personal experiences, thereby demonstrating the practical applicability of the course content in
real-world scenarios. According to self-efficacy, which encompasses an individual's beliefs and perceptions
regarding their ability to perform safety-related tasks, the perception of vulnerability may also be influenced.
Although self-efficacy provides students with a secure environment to assess risk, it also diminishes their
emotional vulnerability to potential threats. Consequently, many self-efficacious students may not perceive
themselves as particularly vulnerable, given their belief in their capacity to exert control over the circumstances.
Conversely, individuals with low self-efficacy may perceive the risks as alarming and ascribe a high vulnerability
rating to themselves.

Learner-related elements, such as self-control and prior knowledge, significantly influence coping appraisal.
A learner's capacity to organize, evaluate, and manage learning activities is defined as self-regulation. Regarding
formulating transparent learning objectives, determining optimal methodologies for instructional delivery, and
evaluating the employed techniques, self-regulated learners demonstrate a capacity for self-direction. Those who
adopt a proactive perspective also tend to exhibit higher levels of self-efficacy, believing they can learn and
implement HSE measures, enhancing their coping appraisal. Furthermore, learners who employ effective learning
techniques, such as summarizing and questioning, to enhance their comprehension of coping mechanisms
demonstrate perseverance and determination in the face of adversity. This ensures a comprehensive
understanding of safety precautions, ultimately enhancing their comfort level when implementing them.
Moreover, providing a scaffold that facilitates the straightforward assimilation of new information allows the
influence of existing knowledge on coping evaluation to be observed. As a result of their familiarity with the
subject matter, these learners can rapidly assimilate new safety precautions, thereby enhancing their capacity to
carry out the suggested activities. Moreover, their ability to apply previously acquired competencies in novel
contexts enhances their capacity to manage a spectrum of HSE threats.

Instructor-related factors, such as experience and reflection, also significantly influence coping appraisal.
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Students who are encouraged to engage in planning and reflection or are compelled to engage in self-reflection
are motivated to establish those deeper connections that facilitate the consideration of information and the
evaluation of their skills. Learners reflect on their activities and understanding, identifying areas for improvement
and formulating personalized coping strategies that align with their strengths and weaknesses. As a result,
students become more responsible for their learning, facilitating their ability to adhere to safety regulations.
Instructors with excellent knowledge can present information lucidly and emphatlcally, provide comprehensive
explanations, and present realistic perspectives on how students might employ coping mechanisms. These
instructors exemplify practical coping skills, which students are likely to emulate, and their specialization
enhances credibility, increasing the likelihood that students will heed their suggestions and enhance their self-
efficacy in coping strategies.

4.4. The Moderation Effect Factors

(Sorgenfrei & Smolnik, 2016) Proposed three moderating factors: Environmental factors, Motivation-related
factors, and Cognitive factors. Cognitive factors include a person's capacity to regulate his/her learning and make
the best decisions depending on the knowledge at hand. A person's interest in finishing the learning activities,
his/her emphasis on the objectives, and his/her perception of ability to succeed in a task are all examples of
motivating factors; the structure and content of the course are among the environmental factors.

4.5. Conceptual Framework

The conceptual framework proposes that the strategic integration of customized feedback, scenario-based
simulations, and interactive multimedia can influence everyone's threat and coping appraisal processes. It is
postulated that the E-Learning approach will enhance the perception of threat self-efficacy and vulnerability,
thereby increasing the likelihood of adopting safety-related behaviors.

The conceptual model's findings indicate that utilizing E-Learning platforms tailored to the PMT framework
is beneficial to delivering safety education to the target audience. This facilitates an increase in perceived threat
severity and susceptibility levels, fosters positive attitudes toward safety practices, and encourages the adoption
of protective safety behaviors.

Utilizing this intervention can promote theoretical perspectives on how to effectively encourage safety
behavior via digital learning that integrates Protection Motivation Theory concepts. In terms of practice, the
paradigm discussed here may inform the development and implementation of online safety education programs to
foster a safety culture among the target audience.

The conceptual model further illustrates how the interactive multimedia material of the E-Learning tool and
scenario-based simulations, along with individualized feedback, may facilitate a change in the assessment
processes regarding an individual's risk and coping. It is hypothesized that the E-Learning approach will increase
motivation and intentions to engage in protective behaviors when individuals have a more nuanced
understanding of the following: the severity of threats, their perceived susceptibility to harm, the efficacy of their
responses, and their self-efficacy. This model incorporates the PMT framework while addressing the challenges
of creating visually appealing E-Learning components to bridge the gap between safety education initiatives and
the target audience's protective behaviors.

5. CONCLUSION

In pursuing effective safety education, the proposed new framework in this study will integrate E-Learning
principles with the Protection Motivation Theory (PMT), thereby providing a novel dimension to the field. The
proposed framework will provide supplementary E-Learning resources, including case-based simulations,
interactive multimedia, and customized feedback, to enhance people's motivation and intention to pursue safety-
related action by integrating PMT threat assessment and coping appraisal models.

In future studies, the relationships between PMT, behavioral changes in safety, and E-Learning safety
education should be subjected to objective evaluation to demonstrate that these tangible outcomes are applicable
in real-world contexts. Regarding E-Learning, the objective is to design and evaluate programs that will
ultimately influence individuals' awareness of risks, their capacity to cope, and their security-related behaviors.

If the suggested conceptual model is experimentally validated, the efficacy of satety awareness programs is
anticipated to be significantly increased. The combination of PMT and E-Learning offers safety experts and
educators the potential to develop more engaging, tailored, and practical strategies to encourage the target
audience to adhere to safety procedures with greater rigor. Conversely, this approach can potentially enhance the
general level of safety and accountability among workers in each workplace.
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