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Abstract

Vocational education is designed with learning that is relevant to the
industrial sector. In learning activities, teaching materials are essential
to support learning goals. The study aimed to identify the effectiveness
of the E-module and learning style on application learning to increase
the occupational safety and health knowledge for vocational education.
This research is quantitative on variables bound between variables.
The population of the study are all students of the education machine
engineering faculty that have taken the Health and Safety course in the
academic year 2023/2024. The methods used to collect the data
needed in the research are R and D, which include developing
instruments; lesson plans, practice questions, and quizzes; pre-testand
post-test questions, learning style questionnaires, and E-module. The
research results show that the E-module increases the effective health
and safety work learning achievements, and with that, the style of
learning lacking learning effectiveness in improving health and safety
work depends on methods and the use of the E-module.
Simultaneously, E-module and learning-style learning achievements
effectively increase health and safety, especially for the visual learning
style; the effectiveness of the E-module has a good outcome.
Furthermore, the use of E-module and learning style development is
needed.

1. Introduction

Knowledge, defined as the fact of knowing a state, thing, person, etc., encompasses the know-how to do something
in a particular (Mahardika etal., 2021; Sanova et al,, 2022). Within the knowledge economy, there are four distinct
types of knowledge: Know-who, Know-why, Know-what, and Know-how. Each type pertains to understanding the
processes necessary for various tasks (Mahardika et al., 2021; Turan & Kog, 2018). In the modern era, knowledge
can be created, distributed, and accessed at unprecedented speeds. Instead, students need the appropriate tools
to select, process, and apply knowledge effectively in response to the ever-changing demands of jobs, leisure
activities, and family dynamics (Dewi et al., 2022). This shift highlights the growing trend in education to prioritize
the development of competencies over the mere transmission of factual knowledge.
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Originally, the French term for competence was used in vocational training contexts, referring to the ability
to perform specific tasks (Arifin & Sukmawidjaya, 2020; Mufidah et al., 2023). Over the past few decades, the
concept of competence in education has shifted towards denoting the 'capacity’ or 'potential’ to act efficiently
within a given context. This evolution underscores the importance of the practical application and purpose of
knowledge, rather than knowledge itself (Mukhopadhyay, 2019). Enhancing competence involves equipping
learners with the ability to mobilize, apply, and integrate acquired knowledge in diverse and unpredictable
situations.

Humans, in general, tend to be conservative, and teachers are no exception. Many educators prefer traditional
methods of teaching because these methods are more familiar and easier to implement (Skovsgaard, 2018).
Embracing new teaching methods requires additional thought and energy, making it a challenging transition for
many. The reluctance to change is often rooted in the comfort and predictability of established routines (Koolivand
etal., 2024). New approaches necessitate not only the learning of new content but also the adaptation to new ways
of engaging students, which can be daunting for educators who have relied on conventional methods throughout
their careers (Chiu etal., 2023).

Vocational education, as a sub-system of national education, holds significant responsibilities in human
resource development and plays a crucial role in advancing national development (Ananta et al., 2023; Isa, 2020).
This branch of education is specifically tasked with preparing students for specific trades and professions,
ensuring that they are well-equipped with the skills and knowledge required in the workforce (Sauli, 2021).
Vocational education must stay updated with industry standards and practices to remain relevant and effective.
By doing so, it ensures that students are not only competent in their respective fields but also adaptable to
technological advancements and changes within their industries (Tripopsakul, 2021).

Vocational Education or Technical and Vocational Education and Training (TVET) is an important pillar in
preparing a workforce that is adaptive to the demands of the global era and the 4.0 industrial revolution. TVET
not only emphasizes technical skills, but also 21st-century skills such as communication, collaboration, creativity,
and critical thinking. Research by (Pharamela & Singh-Pillay, 2025) confirms that while TVET instructors
recognize the importance of 21st-century skills, their implementation remains limited due to rigid curricula,
inadequate facilities, and insufficient professional training. On the other hand, studies by Moreno et al. (2025);
Romadin et al. (2022); Yoto, Suyetno, et al. (2024) highlight that TVET curricula still face significant challenges in
adapting to industry needs, particularly in the field of digital technology. Therefore, curriculum reform, the
addition of new fields such as innovation and sustainability, and improvements in pedagogical quality are urgent
needs to strengthen the role of TVET in enhancing the competitiveness of graduates in the global job market.
Research by Saputra et al. (2025) on vocational students' technological literacy shows that most students only
have a basic understanding of using Computer-Aided Design (CAD) software, necessitating innovative learning
interventions, teacher training, and access to up-to-date learning resources. Therefore, TVET must be designed to
be more inclusive, adaptive, and technology-based to ensure graduates are not only technically competent but
also prepared to face the dynamics of the modern industry.

TVET should not only focus on mastering technical skills and 21st-century skills but also instil awareness of
the importance of occupational safety and health (OSH). The objective of imparting knowledge about the basic
concepts of OSH in vocational education is to ensure that students understand the foundational principles that
can be applied in various technical fields such as machining, cooling systems, and welding (Liu et al., 2020; Najib,
2020). Understanding OSH basics is critical in preventing workplace accidents and illnesses, thereby promoting a
safe and efficient work environment (Rinjea et al, 2022). This focus on practical applications means that
vocational education not only provides factual knowledge but also develops the practical skills necessary for
students to thrive in their respective fields (Hussain etal., 2021). By integrating OSH principles into their training,
students become more aware of the importance of safety and health in their professional practices, leading to
more responsible and effective workforce members (Ahmad Razali etal,, 2020; Aram, 2021; Michaelis et al.,, 2022).

This research builds upon previous studies where the self-regulation learning model was applied, revealing
that motivation and learning achievement fell within medium to high categories. Despite these encouraging
results, it became apparent that other factors influencing learning achievement needed further investigation (Al-
hawamleh et al., 2022; Alt & Naamati-schneider, 2021; Bylieva et al,, 2021; Stephen, 2021). Analysing the average
scores in the Mechanical Engineering Education study program at the Faculty of Engineering, Universitas Negeri
Makassar (UNM), particularly for the OSH subject, highlighted some concerning trends. For instance, during the
academic year 2022/2023 (1), 33 students achieved an average score of 7.2, whereas in 2022/2023 (2), 35
students had an average score of 7.0, indicating a slight decline in performance. This trend underscores the
necessity for enhanced research to identify and address factors that could improve learning outcomes.

Given these findings, the current study aims to explore the effectiveness of E-module and learning styles on
the self-regulation learning model to enhance OSH knowledge among Mechanical Education students at
Universitas Negeri Makassar. E-module serve as an independent learning medium, featuring digital instructions
and interactive content, which makes learning more engaging and accessible (Nasir et al, 2022; Simatupangetal,,
2020). The concept of learning styles, which refers to how individuals absorb, organize, and process information,
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is also critical to this research. Learning styles encompass various aspects such as visual, auditory, writing, and
speaking preferences, as well as cognitive processing styles like sequential, analytical, and global or left-brain
processing (Alfaro etal.,, 2019; Almulla, 2023). Additionally, learning styles involve how learners respond to their
environment, whether they absorb information abstractly or concretely (Haruna et al., 2019; Turan & Kog, 2018).

Self-regulation learning is fundamental to this research, providing a conceptual framework to understand
the cognitive, motivational, and emotional aspects of learning. This model involves repeated cycles of planning,
monitoring, and reflecting on one's learning processes, which are applied systematically in experimental settings
(Al-hawamleh et al., 2022; Stephen, 2021). By incorporating E-module and tailored learning styles into the self-
regulation model, this study aims to foster a more personalized and effective learning experience for students.
The goal is to improve their OSH knowledge significantly, which is crucial for their future professional success in
various technical fields.

Learning achievement, in this context, is measured by the degree to which students master the teaching
material. A score greater than 76 is considered indicative of effective learning (Ashfahani et al., 2020; Hermansyah
& Pammu, 2023). By leveraging the interactive nature of E-module and accommodating diverse learning styles,
this research seeks to enhance students' engagement and comprehension, thereby improving their academic
performance. The anticipated outcome is a more profound understanding of OSH principles, equipping students
with the knowledge and skills necessary to ensure safety and efficiency in their professional practices. This
approach not only addresses the immediate educational needs but also contributes to the broader goal of
developing competent and responsible professionals in the field of mechanical engineering.

2. Method

This research is a quantitative study aimed at uncovering knowledge through data represented numerically. The
study examines the interplay of three types of variables: the independent variables (E-module and learning style),
the moderating variable (Self-Regulated Learning), and the dependent variable (Learning achievement in
Occupational Safety and Health). The research involved mechanical engineering education students, specifically
selecting a sample size of 48 students divided into two experimental classes due to the impracticality of contacting
the entire participant pool.

The process of developing this interactive learning module began with a preliminary study to understand the
needs of learners and available facilities, followed by planning and collecting materials (refer to Figure 1). Several
methods were used to collect the necessary data, including the development of research instruments such as
lesson plans, practice questions, quizzes, pre-test and post-test questions (refer to Table 1), learning style
questionnaires, and E-module. The developed instruments were then validated by experts, after which a pre-test
was conducted on both groups to collect baseline data on learning styles. In the experimental phase, the learning
model was applied to both classes, followed by a post-test to measure learning achievement after E-module
implementation. The data collected from these activities were analysed, and the module was revised and refined
based on the trial results and feedback obtained. After the module was declared feasible, it was produced as a final
product ready to be used as a learning resource.

The analysis utilized two primary instruments: a multiple-choice test to gauge students' understanding and
a questionnaire to gather non-test data. Descriptive statistical analysis was performed to interpret the pretest and
post-test results and questionnaire responses, using SPSS software for assistance. Inferential statistical analysis
was also employed to compare the mean scores of the experimental classes before treatment and to test the
study's hypotheses. This comprehensive approach aimed to provide robust evidence on the effectiveness of E-
module, learning styles, and Self-Regulated Learning models in enhancing learning achievement in the context of
Occupational Safety and Health education. In collecting research data guided by the research instrument lattice
consisting of: (1) Pre-test and Post-test Instrument Indicators (refer to Table 1), (2) learning style instrument
(refer to Table 2) and (3) Module trial instrument to users (refer to Table 3).
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Table 1 Pre-test and post-test instrument indicators
No Competency Indicators Cognitive Level Number of
Questions
1  Explainthe basic concepts of occupational safety and health C1 (Remembering) 4
(OSH)
2 Identify potential hazards in the work environment C2 (Understanding) 4
3  Determine the appropriate personal protective equipment C3 (Applying) 4
(PPE)
4  Analyse the causes of workplace accidents C4 (Analysing) 4
5 Conclude safe work procedures in accordance with OSH C5 (Evaluating) 4
standards
N 20
Table 2 Learning style instrument grid
Aspects Indicator Question
Number
Students understand information more easily through pictures, 147
diagrams, maps and graphs. T
i ) Students tend to take notes full of symbols and pictures. 2,5
Visual Learning Styles . ] . .
Students prefer to learn by watching videos, presentations or reading 36
picture books. ’
Use colours or visual cues to organize information. 8,9
Students understand information better when they hear it, such as
; . 10,13,16
through lectures or discussions.
Auditory Learning Students prefer to learn through group discussions or listening to 11 14
Styles recordings. !
Students often repeat information verbally to understand it. 12,15
Recall information by listening to explanations or recordings. 17,18
Students understand information through hands-on experience or 19 22 25
practice. T
gtlnlaesthetlc Learning g\ dents prefer to learn by using movement or physical activity. 20,23
es
y Students tend to remember information by doing or touching things. 21, 24
Students prefer a hands-on or laboratory approach to learning. 26,27
N 27
Table 3 Module user test instrument
Aspects Indicator Number of Instrument  Question
Items Number
Display  Attractiveness of the module 1 1
Image attractiveness 1 2
Image suitability with material 1 3
Ease of understanding the material 2 4,5
Presentation Systematic accuracy of material presentation 3 6,7,8
Clarity of sentences 1 9
Clarity of terms 1 10
Ease of learning 2 11,12
Benefits  Interestin using teaching materials in the 2 13,14
form of modules
Increased learning motivation 1 15
N 15
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The validity of the OSH learning achievement test instrument was tested through construct validity using
Pearson product moment correlation between each item score and the total test score. The validity analysis results
showed that of the 42 items tested, 42 items had a correlation value greater than 0.30, so they were declared valid.
Two other items had correlations below 0.30 and were excluded from the instrument. Thus, this instrument is
considered valid and capable of accurately measuring mastery of OSH material. The reliability of the instrument
was measured using Cronbach's Alpha to determine the internal consistency of the test. The results of the
instrument reliability calculation showed a Cronbach's Alpha value of 0.83, which means that the instrument has
a high level of reliability and can be trusted to consistently measure students' abilities in K3 material.

Before conducting inferential statistical analysis, the pretest and post-test data for both classes were first
tested for normality using the Kolmogorov-Smirnov test with a significance level of 0.05. The results of the
normality test showed that the p-values for the pretest and post-testin Class A were 0.200 and 0.150, respectively,
while in Class B they were 0.200 and 0.180, respectively. Since the p-values were greater than 0.05 for all data, it
can be concluded that the data were normally distributed and met the assumptions for parametric analysis such
as the t-test.

The test results were then analysed descriptively and inferentially, including the maximum, minimum, mean,
and standard deviation values on the pretest and post-test for both classes. Inferential analysis using a mean
comparison test (t-test) was conducted to determine the significance of the increase in scores from the pretest to
the post-test. A significant increase in the percentage of students in the “good” score category on the post-test
compared to the pretest serves as an indicator of the success of using the E-module. The effectiveness of E-module
usage is interpreted using percentage criteria, namely 0%-20% = Very Ineffective; 21%-40% = Ineffective; 41%-
60% = Moderately Effective; 61%-80% = Effective; and 81%-100% = Very Effective.

3. Result and Discussions

Based on the research design, hypothesis testing was conducted to determine the effect of E-module use and
learning styles on improving OSH knowledge among Mechanical Engineering students. In this testing, two
hypotheses were formulated, namely: (1) Ho, which states that the use of E-module and learning styles together
do not have a significant effect on improving OSH knowledge, and (2) H;, which states that the use of E-module
and learning styles together have a significant effect on improving OSH knowledge among students.

3.1 Data on student achievement tests

Data on student achievement tests for Occupational Health and Safety are presented in the table 4:

Table 4 Description of the data on the results of the occupational health and safety learning achievement test
Class A Class B

Description

Pretest Post-test Pretest Post-test
Maximum 80 97 86 98
Minimum 53 60 58 60
Mean 69.83 80.45 69.54 76.95

Standard deviation 7.39 11.77 7.25 10.58

Based on the data in the table above, the overall highest post-test score achieved by students is 98, while the
lowest score is 60. This range indicates a significant variance in student performance. Nevertheless, despite this
variation, the average student learning outcomes for both classes have met the criteria for a minimum category B
score. According to the assessment criteria, a score within the Good (B) category is defined as greater than 76.
Therefore, it can be inferred that the majority of students performed well in their post-tests, demonstrating a
satisfactory level of understanding and mastery of the material taught.

Furthermore, the data on the percentage of completeness for both the pretest and post-test of the two
experimental classes are detailed in Tables 5 and 6. These tables provide insights into the students' progress and
improvement over time. By comparing the pretest and post-test results, it is possible to evaluate the effectiveness
of the instructional methods used and to identify any areas that may require further attention or intervention. The
improvement in scores from pretest to post-test suggests that the students have benefited from the instructional
strategies employed, resulting in enhanced learning outcomes.
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Table 5 Percentage of completeness of the experimental class A pretest and post-test

Pretest Post-test

Score Category . % %
91-100 A 0 0 4 16.67
86-90 A- 0 0 5 2083
81-85 B+ 0 o0 7  29.16
76 - 80 B 0 0 3 125
Score <76 Noteffective 24 100 5 20.83
Total 24 100 24 100

Table 6 Percentage of completeness of the experimental class B pretest and post-test

Pretest Post-test

Score Category

F % %
91-100 A 0 0 8 33.33
86-90 A- 0 0 5 20.83
81-85 B+ 0 o0 4 16.67
76 - 80 B 0 0 3 12.50
Score <76 Noteffective 24 100 4 16.67
Total 24 100 24 100

Based on the comparison of pretest and post-test results, it is evident that there has been a significant
improvement in learning achievement for Occupational Health and Safety in the experimental classes. The data
indicates that the implementation of the E-module has had a positive impact on student performance. Specifically,
in experimental class A, 83.33% of the students achieved a score that falls within the "good" category. This marks
a considerable increase in their learning outcomes compared to their pretest scores.

In experimental class B, the results were similarly positive, with 79.16% of the students reaching the "good"
category on their post-test. This demonstrates that the E-module was effective in enhancing the learning
achievement of students in both experimental groups, although class A had a slightly higher percentage of students
meeting the good category criteria. The consistency in these findings across both classes reinforces the conclusion
that the E-module is a valuable tool in improving students' understanding and performance in Occupational
Health and Safety.

Overall, the increase in the number of students achieving good scores in their post-tests signifies a successful
intervention through the use of the E-module. This improvement highlights the importance of incorporating
digital learning tools and tailored learning styles to foster better educational outcomes. It also underscores the
potential for such modules to be integrated into broader curriculums to enhance student engagement and
achievement in various subjects.

3.2 Learning Style Questionnaire Results Data

The learning style data of the experimental class is presented in the table 7:

Table 7 Description of the results of the questionnaire learning styles
Class A Class B

Learning Style

S % F %
Visual 13 54.16 9 37.50
Audio 6 25.00 10 41.67

kinaesthetic 5 20.83 5 20.83
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Fig. 2 The results of the questionnaire learning styles

The data after treatment is used to test the research hypothesis, which is to find out the effectiveness of the E
Module and Learning Style in self-regulated learning model learning to improve occupational health and safety
learning achievement.

3.3 Test Assumptions Before Treatment

Test assumptions before treatment is presented in the table 8:

Table 8 Kolmogorov Smirnov assumption of normality test results before treatment

Experiment Class Variable Significance
A (class with visual dominant learning style) Pretest 0.345
B (class with audio dominant learning style)  Pretest 0.126

Table 8 shows that the significance value of each variable in the two experimental classes is greater than 0.05
(sig. > 0.05), leading to the acceptance of HO. The acceptance of HO implies that there is no significant difference
between the distributions of the variables, which in turn suggests that the data is normally distributed. This
normal distribution is a crucial assumption for many statistical tests, ensuring that the results are reliable and
valid. The verification of normality allows for the use of parametric tests, which are typically more powerful than
their non-parametric counterparts, providing more precise insights into the data.

Furthermore, the results of the multivariate homogeneity assumption test, as presented in Table 8, indicate a
significance value of 0.165. This value, being greater than 0.05 (sig. > 0.05), leads to the conclusion that the
variance-covariance matrix between the experimental Class A (with a Visual Dominant Learning Style) and
experimental Class B (with an Audio Dominant Learning Style) is homogeneous. Homogeneity of variance is
another important assumption in multivariate analysis, ensuring that the comparison between the two classes is
valid. The homogeneity indicates that the variability in scores for each group is similar, allowing for a fair
comparison of the effectiveness of the different learning styles employed in each class.:

Table 9 Multivariate homogeneity test results before treatment
BoX-M F df.1 df2  sig.

1436 1562 2 26.0 0.165

3.4 Similarity Test of Experimental Class A (Class with Visual Dominant Learning Style)
and Experimental Class B (Class with Audio Dominant Learning Style)

With the assumptions of normality and homogeneity of the initial data being met, the MANOVA (Multivariate
Analysis of Variance) test can be appropriately performed. Meeting these assumptions ensures the validity and
reliability of the MANOVA test, allowing for accurate comparison of the groups. The statistical data from the
MANOVA test are presented in Table 9. This test is used to determine if there are any statistically significant
differences between the means of multiple dependent variables across the groups being studied. In this case, it
compares the learning achievements of students from two experimental classes with different dominant learning
styles—visual and audio—prior to any instructional intervention.

The results of the MANOVA test, as shown in Table 10, indicate a significance value greater than 0.05 (sig. >
0.05). This result means that there is no statistically significant difference in the mean pretest scores between the
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experimental Class A (with a Visual Dominant Learning Style) and experimental Class B (with an Audio Dominant
Learning Style). Consequently, it can be concluded that, before the instructional methods were applied, both
groups had similar levels of learning achievement. This finding is crucial as it establishes a baseline equivalence
between the groups, ensuring that any observed differences in posttest results can be attributed to the
instructional interventions rather than pre-existing disparities in student achievement.

Table 10 Results of the similarity of means between two experimental classes

Levene’s Test F dflt  Df2 Sig.
Class A 0.265 1,00 48 0.725
Class B 0.172 1,00 48 0.568

3.5 Test Assumptions After Treatment (Giving E Module)

The assumptions of normality and homogeneity were rigorously tested using the SPSS program, a statistical
software widely used for such analyses. These tests are essential for validating the conditions under which certain
statistical tests can be applied. The results of the normality assumption test after the treatment in both
experimental classes are detailed in Table 8. This table presents the significance values for each variable,
demonstrating whether the data follows a normal distribution. A significance value greater than 0.05 (sig. > 0.05)
for each variable indicates that the null hypothesis (Ho), which posits that the data is normally distributed, is
accepted. This confirmation of normality is crucial as it supports the validity of subsequent parametric tests, which
rely on this assumption.

In addition to testing for normality, the multivariate homogeneity assumption was also evaluated, with the
results presented in Table 11. Similar to the normality test, the homogeneity test checks whether the variance-
covariance matrices of the different groups are equivalent. The data in Table 11 shows that each variable from
both experimental classes has a significance value greater than 0.05 (sig. > 0.05). This indicates that Hois accepted,
leading to the conclusion that the data is homogeneous. Establishing homogeneity is critical for multivariate
analyses, suchas MANOVA, as itensures that the groups being compared are sufficiently similar in their variability.
These results collectively affirm that the data meets the necessary assumptions, allowing for robust and reliable
comparisons between the experimental groups post-treatment.

Table 11 Normality test results after administration of E Module

Experiment Class Variable Significance
A (class with visual dominant learning style) Posttest 0.135
B (class with audio dominant learning style) Posttest 0.265

Table 12 Homogeneity test of variance after treatment

Variable Levene Statistic df.1 df.2 sig.

ClassA  0.097 1 48 0.236
ClassB  0.245 1 48  0.156

In the table above, the significance values for the homogeneity test are presented for both experimental
classes. For Class A, which is characterized by a Dominant Visual Learning Style, the significance value obtained is
0.236. Similarly, for Class B, characterized by a Dominant Audio Learning Style, the significance value is 0.156.
These significance values are both greater than 0.05 (sig. > 0.05), indicating that the differences in variance-
covariance matrices between the two classes are not statistically significant. This means that the null hypothesis
(Ho), which posits that the variance-covariance matrices of the two classes are equal, is accepted.

The conclusion that the variance-covariance matrix between the experimental Class A and Class B is
homogeneous is crucial for the validity of subsequent multivariate analyses. Homogeneity of variance-covariance
matrices implies that the variability in scores across the different variables is comparable between the two classes.
This is a key assumption in multivariate analysis techniques like MANOVA, as it ensures that the comparisons
made between the groups are fair and not influenced by unequal variances. Therefore, with this assumption met,
researchers can confidently proceed with further statistical tests, knowing that the underlying data structure
supports the integrity of their comparative analysis. This homogeneity supports the reliability of any observed
differences in learning outcomes, attributing them more likely to the differing instructional methods rather than
inherent variability in the groups' initial conditions.
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3.6 Test The Effectiveness Between Experimental Class A (Class with Dominant Visual
Learning Style) and Class B (Class with Dominant Audio Learning Style) with the
Application of E Module

The effectiveness test between experimental class A (Class with Dominant Visual Learning Style) and Class B

(Class with Dominant Audio Learning Style) with the Application of E Module was conducted using one sample t-
test. The results of the one sample t-test in both classes are presented in table 13.

Table 13 Effectiveness test results between experimental class A (Class with dominant visual learning style) and
class B (Class with dominant audio learning style) with the application of E Module

Variable Experiment Class Df tcount ttable
Performance A (Visual Learning Style Dominant) 24 10.125 2.567
Study (Post-test) B (Audio Learning style Dominant) 24 6.742  2.567

Based on the data presented in the table above, it can be seen that in experimental class A (class with Visual
Dominant Learning Style) with the application of module E, the learning achievement value of OSH shows a
significant increase, as indicated by the calculated t value of 10.125. This calculated t value is higher than the table
value of 2.567, which indicates that the results obtained are statistically significant. This indicates that the use of
E-module is effective in improving student learning outcomes in classes with visual dominant learning styles.

This significant increase in learning achievement suggests that the E-module specifically designed to meet the
needs of visual learning styles can facilitate a better understanding of the OSH material. This module most likely
includes visual elements such as pictures, diagrams and graphs that help visual students process and recall
information more effectively. The effectiveness of this E-module proves that an approach tailored to learning
styles can improve student engagement and their learning outcomes.

Furthermore, the success of E-module in experimental class A provides empirical evidence that learning
materials optimized according to individual learning preferences can have a significant positive impact. This is in
line with learning theory which suggests that students learn better when teaching methods match their learning
styles. In this context, E modules provide the necessary tools for students with visual learning styles to more easily
understand complex concepts in OSH.

In conclusion, the application of E-module tailored to students' dominant learning styles in experimental class
A has proven effective in improving OSH learning achievement. These results highlight the importance of a
personalized approach in education and show that considering students' learning styles can result in better
learning outcomes. Therefore, educators are expected to adopt diverse and customized learning methods to
accommodate various learning styles in order to achieve optimal educational outcomes.

3.7 Discussion of the Relationship between Research Results and Research Hypotheses
Application of E-module

The use of E-module adapted to students' learning styles has a significant effect on improving knowledge of OSH
among Mechanical Engineering students. This is evidenced by a significant improvement in learning outcomes in
experimental class A, which is dominated by students with visual learning styles. The calculated t-value of 10.125,
which far exceeds the table t-value of 2.567, indicates that this improvement is statistically significant, thereby
supporting the alternative hypothesis (H;) stating that the combined use of E-module and learning styles has a
significant impact on improving OSH knowledge.

In the context of the research title “The Effectiveness of E-module and Learning Styles in the Self-Regulated
Learning Model to Improve Occupational Safety and Health Knowledge,” these findings provide empirical
evidence that the self-regulated learning model combined with E-module designed according to students' learning
styles, particularly visual learning styles, can improve learning effectiveness. The integration of visual elements
such as images, diagrams, and graphs in E-module has been proven to assist students with visual learning styles
in understanding and retaining information more effectively.

Thus, the results of this study support hypothesis H; and reject the null hypothesis (Hy), which states that
there is no significant effect. These findings are also consistent with learning theory, which states that teaching
methods that align with individual learning styles within a self-directed learning framework can enhance student
engagement and learning outcomes. This underscores the importance of a personalized approach in education,
particularly in the development of digital instructional materials in the fields of engineering and occupational
safety.

The integration of E-module with learning styles in a self-regulated learning model is a state-of-the-art
approach to improving educational outcomes (Mahardika etal.,, 2021; Sanova et al., 2022). E-module, or electronic
modules, are digital tools designed to deliver educational content dynamically and interactively through
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multimedia elements such as text, images, videos, animations and simulations (Mufidah et al., 2023; Nasir et al,,
2022). These modules can be customized to meet various learning styles, which are individual preferences and
strategies that influence how students acquire and process information.

The self-regulation learning model emphasizes students' active participation in their own learning process,
including setting goals, monitoring progress, and adjusting strategies based on their understanding and needs
(Bylieva et al., 2021; Idkhan et al.,, 2024; Yoto, Marsono, et al., 2024). When E-module are tailored to students’
learning styles in this model, several benefits emerge, students tend to engage more deeply with the material when
it is presented in a format that suits their preferential learning mode (Billett, 2011; Romadin & Fauziah, 2023).
For example, visual students can utilize diagrams and graphical representations that help explain complex
concepts, improving their understanding and retention.

Auditory students can utilize E-module that include audio components such as narration or explanation,
allowing them to reinforce understanding through hearing (Al-hawamleh etal., 2022; Ramadhan et al., 2020). This
adaptation supports their learning style by providing information in a format that suits their auditory processing
strengths (Hidayat et al., 2023; Putri et al., 2023). Similarly, kinaesthetic students can interact with simulations or
virtual labs integrated in the E-module, allowing them to apply theoretical knowledge in practical scenarios
(Mahardika et al,, 2021). This approach encourages active learning and helps kinaesthetic students develop
practical skills while reinforcing the understanding of theoretical concepts.

In addition, the flexibility and accessibility of E-module facilitate self-regulation among students (Al-
hawamleh et al, 2022; Bylieva et al,, 2021). They can set the pace of learning according to individual needs and
preferences, access resources and engage in activities that support their learning styles. By empowering students
to take control of their own learning process, E-module tailored to learning styles support autonomy and
motivation, key factors in establishing effective self-regulatory learning behaviours.

Apart from that, the development of E-module in TVET is an important innovation for improving the quality
of learning, especially in the face of the digital era and the demands of Industry 4.0. E-module provide flexibility,
accessibility, and interactivity through the use of multimedia elements, making learning more interesting and
contextual for vocational students (Manggala & Nyana, 2024). Other research also indicates that E-module can
improve understanding of complex concepts, such as brazing and riveting methods using the VAK learning
approach, although they still face challenges related to digital infrastructure and educators' technological literacy
(Hashim et al.,, 2024). Additionally, adaptively designed E-module have proven effective in developing 21st-
century competencies, improving learning outcomes, and preparing students to face future challenges (Chairad et
al, 2025; Dini et al., 2024). Thus, the implementation of E-module in TVET not only supports the transfer of
technical knowledge but also fosters creativity, critical thinking skills, and awareness of lifelong learning.

Based on the results, research findings, and discussion, it can be concluded that the integration of E-module
with learning styles within the framework of the self-regulated learning model significantly improves the
knowledge of Mechanical Engineering students regarding OSH. This improvement is statistically proven through
the calculated t-value, which far exceeds the table t-value, and practically through improved learning outcomes in
the experimental class, particularly among students with visual learning styles. This indicates that when digital
instructional materials are designed in accordance with students' learning characteristics, the learning process
becomes more effective, focused, and positively impacts the understanding of technical and applied subjects such
as OSH. Furthermore, the development of E-module in TVET is a strategic innovation that not only enhances the
effectiveness of technical learning but also fosters 21st-century competencies and awareness of lifelong learning
in the digital age and Industry 4.0.

Furthermore, this approach supports the principles of self-regulated learning, in which students are not only
recipients of information but also managers of their own learning processes. E-module equipped with multimedia
elements and tailored to learning styles provide greater flexibility, accessibility, and control in learning, thereby
encouraging active engagement, intrinsic motivation, and better academic achievement. Therefore, these findings
underscore the importance of developing digital instructional materials based on learning styles as part of a
personalized education strategy in the digital age, particularly in vocational and technical education, to create
more meaningful and adaptive learning experiences tailored to the needs of learners.

4. Conclusion

Based on the research results presented, it can be concluded that the application of E-module in experimental
class A with the dominance of visual learning styles significantly improves learning achievement in Occupational
Health and Safety subjects. This is evidenced by the significant t value (10.125), which exceeds the table value
indicating statistically significant results. E-module customized with visual elements such as pictures and
diagrams help clarify complex concepts, improving students’ understanding of the material. This success confirms
that approaches that tailor learning materials to individual learning styles can positively influence student
learning outcomes, demonstrating the importance of personalized approaches in educational contexts to achieve
optimal results. For future research in the development of E-module, it is more advisable to input the latest
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technology such as Al, AR, VR technology, so that the implementation of learning is relevant to industrial learning
4.0 and 5.0.
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