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    ABSTRACT

    This study aimed to improve radiation safety literacy among healthcare workers through electromedical technology-based training as a novel educational approach. The program involved 30 healthcare workers in Padang and was conducted in a one-day session using an educational-participatory method, including lectures, Arduino-based radiation simulation demonstrations, and hands-on practice with protective equipment. Data were collected through pre-test and post-test assessments and skill observations. The results showed a significant increase in knowledge scores from 55 to 85 (p < 0.05) and improved practical skills. This training approach effectively enhanced participants’ awareness and competence in applying radiation safety principles in healthcare settings.
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INTRODUCTION


The
use of radiological equipment in healthcare facilities continues to increase
along with the advancement of diagnostic technology (Aprillia, 2025). This
condition requires healthcare workers to have adequate understanding of
radiation safety principles in order to minimize exposure risks for both staff
and patients (Behzadmehr et al., 2021). However, field observations indicate that radiation protection
literacy remains relatively low, particularly among non-radiographer healthcare
workers who are also involved in the use of radiological equipment.
(Wally et al., 2024).


The
limited availability of practical and technology-based training is one of the
main contributing factors (Romli et al., 2022). Most
educational activities still rely on conventional methods without incorporating
interactive media, making them less effective in improving practical
understanding (Chikeme et al., 2024).  Therefore, an innovative approach is needed
through electromedical technology-based training that can provide direct
hands-on learning experiences (Nuha Febry Anisa et al., 2025).


This
community service activity focuses on improving radiation safety literacy
through the use of an Arduino-based simulation device designed to visualize
radiation exposure in a simple and interactive manner (Aprillia et al., 2024). This approach represents the main contribution of the program, as
it provides not only theoretical education but also practical experience that
is easily understood by participants (Christwardana
et al., 2022).


The
contribution of this activity lies in the implementation of simple yet
practical technology-based learning media that can be sustainably utilized in
healthcare facilities (Aprillia,
2024). In addition, this activity offers novelty through the integration
of electromedical technology with community service programs, particularly in
the aspect of radiation safety, which is still rarely developed in the form of
direct simulation (Brzozek & Karipidis, 2023).


Thus, this activity aims not only to improve knowledge but also to
build awareness and enhance the skills of healthcare workers in properly
applying radiation protection principles in daily healthcare practice.


 


IMPLEMENTATION AND METHODS


Implementation
of the Activity


This community service activity was conducted at Siti Rahmah
Hospital in Padang City in January 2026. The program was carried out over one
day with structured sessions, including lectures, demonstrations, hands-on
practice, and evaluation. A total of 30 participants were involved, consisting
of healthcare workers such as nurses, medical staff, and supporting personnel
engaged in the use of radiological equipment. The diverse backgrounds of
participants indicated the need to improve understanding of radiation safety,
particularly among those without formal training in radiology.


The activity began with an introduction to basic radiation safety
concepts, followed by a demonstration of a radiation simulation device, and
hands-on practice using radiation protective equipment. The program concluded
with an evaluation to measure improvements in participants’ knowledge and
skills.


Method
of Activity


The
community service method applied in this activity was an
educative-participatory approach that combined both theoretical and direct
practical learning. This method was chosen to enhance participant engagement
and to facilitate a better understanding of radiation safety concepts.


The methods used in
this activity included:


1.     
Lecture Method


Delivery of materials
related to basic principles of radiation safety, biological effects of
radiation, and the importance of using personal protective equipment in
healthcare practice. 


2.     
Demonstration Method


Demonstrations were
conducted using an Arduino-based radiation simulation device designed to
provide a simple and interactive visual representation of radiation exposure
levels.
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Figure 1. Arduino-Based
Radiation Detection Device for Monitoring Radiation Safety


 


3.      Hands-on Practice Method


Participants performed practical exercises in using radiation
protective equipment, such as lead aprons and thyroid shields, and learned safe
positioning when operating radiological equipment. 


4.      Evaluation Method


Evaluation was conducted through pre-test and post-test
assessments to measure improvements in participants’ knowledge, as well as
direct observation to assess their skills in using radiation protective
equipment.Materi Kegiatan


The
materials delivered in this activity included:


a)     
Basic principles of radiation safety


b)    
Biological effects of radiation


c)     
Principles of radiation protection (justification, optimization,
and dose limitation)


d)    
Use of radiation protective equipment


e)     
Radiation exposure simulation using an Arduino-based device


 


Conceptual
Framework Flow:
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Figure
2. Process Flow Diagram


 


1.      Input: 


Healthcare workers with low radiation literacy


2.      Process:

Electromedical technology-based training (lectures + simulation +
hands-on practice)


3.      Output:

Improved knowledge and skills


4.      Outcome:

Increased radiation safety awareness among healthcare workers


 


RESULTS
AND DISCUSSION


The
implementation of the community service activity was carried out through
several structured stages, namely lectures, demonstrations, hands-on practice,
and evaluation. At the initial stage, participants were given a pre-test to
measure their baseline knowledge of radiation safety. Subsequently,
participants attended educational sessions covering the basic principles of
radiation protection, biological effects of radiation, and the use of personal
protective equipment.
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  Figure 3. Documentation of
  Radiation Safety Education Activities for Participants

  
 

 
  	
   

  
 




During
the demonstration stage, the team introduced an Arduino-based radiation
simulation device designed to visualize radiation exposure levels in a simple
and interactive manner. Participants were then given the opportunity to engage
in hands-on practice, including the use of lead aprons, thyroid shields, and
proper positioning at a safe distance from radiation sources.
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  Figure 4. Demonstration of the Radiation
  Detection Device

   

  
 




The evaluation results showed an improvement in participants’
understanding after the training. In general, there was an increase in scores
from pre-test to post-test, indicating the effectiveness of the training
methods used. A summary of the evaluation results is presented in Table 1,
showing the relationship between participants’ pre-test and post-test scores.
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Figure 5. Relationship Between
Participants’ Pre-Test and Post-Test Scores


 


The data distribution in Table 1 indicates a positive relationship
between pre-test and post-test scores. The upward trend in the distribution
pattern suggests that participants with higher initial abilities tended to
achieve better final evaluation scores. In addition, there was an overall
increase in scores from pre-test to post-test, indicating that the applied
learning methods contributed to improving participants’ understanding.
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Figure 6. Results of Data
Normality Test


 


The results of the normality test indicated that both pre-test and
post-test data were normally distributed. Based on the Kolmogorov–Smirnov test,
the significance values for the pre-test and post-test were 0.200 (> 0.05),
respectively. Consistent results were also shown by the Shapiro–Wilk test, with
significance values of 0.906 for the pre-test and 0.291 for the post-test.
Since all significance values were greater than 0.05, the data met the
assumption of normality, allowing the use of parametric statistical analysis
such as the paired sample t-test.
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Figure 7. Results of the Paired
Sample t-Test


 


The
results of the paired sample t-test showed a significant difference between
pre-test and post-test scores. The mean difference was −30.600 with a
t-value of −89.720 and degrees of freedom (df) = 29. The significance
value obtained was 0.000 (p < 0.05), indicating that the difference between
the two measurements was statistically significant. The 95% confidence interval
ranged from −31.298 to −29.902, further confirming an improvement
in learning outcomes after the intervention. These findings indicate that the
applied learning method had a significant effect on increasing participants’
scores from pre-test to post-test.


 


Discussion


The
results of the study indicate that the training activities conducted were able
to improve participants’ understanding of radiation safety. The increase in
scores from pre-test to post-test suggests that the learning approach, which
combined lectures, demonstrations, and hands-on practice, contributed
positively to enhancing participants’ knowledge. The experiential learning
approach enabled participants not only to receive theoretical information but
also to understand the application of radiation safety concepts through
simulation and direct practice.


The use
of an Arduino-based radiation simulation device in the demonstration activities
also contributed to improving the effectiveness of the learning process. The
simple and interactive visualization of radiation exposure levels helped
participants understand radiation protection concepts more concretely. Learning
methods that utilize simulation media are known to enhance participant
engagement and strengthen conceptual understanding of the material, especially
for abstract topics such as radiation exposure.


The
statistical test results further support these findings. The normality test
indicated that the data met the assumption of normal distribution, allowing
parametric analysis to be applied. Furthermore, the results of the paired
sample t-test showed a significant difference between pre-test and post-test
scores, indicating that the training intervention had a significant effect on
improving participants’ knowledge. These findings confirm that the training
method used was effective in enhancing participants’ understanding of basic
radiation safety principles.


In
addition to the improvement in knowledge, observations during the activity also
showed an increase in participants’ skills in using radiation protective
equipment and their understanding of safe positioning relative to radiation
sources. This indicates that a learning approach integrating cognitive aspects
and practical skills can provide a more comprehensive impact in enhancing
radiation safety awareness and competence. Therefore, a training model based on
demonstration and hands-on practice, supported by simulation media, has strong
potential to be an effective strategy for radiation safety education programs
in both educational settings and healthcare facilities.


 


CONCLUSIONS AND
RECOMMENDATIONS


The
radiation safety training conducted through lectures, demonstrations, and
hands-on practice proved effective in improving participants’ understanding.
The evaluation results showed an increase in scores from pre-test to post-test,
indicating an improvement in knowledge after the training. Statistical test
results also demonstrated that the data were normally distributed and that
there was a significant difference between pre-test and post-test scores. This
indicates that the training method applied, including the use of an
Arduino-based radiation simulation device, was able to enhance participants’
understanding of radiation safety principles as well as the proper use of
radiation protective equipment.


 


Recommendations


Based
on the study results, it is recommended that radiation safety training programs
using demonstration and hands-on practice approaches be continuously developed
and implemented. The use of interactive simulation media can serve as an
effective alternative learning method to enhance participants’ conceptual
understanding and practical skills. Furthermore, future studies are suggested
to involve a larger number of participants and conduct long-term evaluations to
assess the sustainability of improvements in knowledge and skills in applying
radiation safety in workplace or educational settings.


 


ACKNOWLEDGMENT


The
authors would like to express their appreciation and gratitude to Siti Rahmah
Hospital in Padang City for providing support and facilities for the
implementation of this community service activity. The authors also extend
their thanks to all healthcare workers who actively participated as trainees in
the radiation safety literacy improvement program. In addition, the authors
would like to thank Baiturrahmah University for its academic and institutional
support, which made this activity possible. The authors also acknowledge the
contributions of the entire community service team involved in the planning,
implementation, and evaluation of this electromedical technology-based
training. The support and collaboration from all parties greatly contributed to
the success of this program in enhancing healthcare workers’ awareness and
competence in radiation safety.


 


REFERENCES




Aprillia, F. (2024). Hubungan Antara Parameter Fisiologis
Dengan Kecemasan Anak Pada Praktik Perawatan Gigi Menggunakan Machine Learning.
Universitas Gadjah Mada.







Aprillia, F. (2025). Deteksi Dini Dan Intervensi Terpadu Melalui
Pemeriksaan Kesehatan Dasar Dan Terapi Okupasi Bagi Penyandang Disabilitas. Inovasi
Kolaborasi Dalam Percepatan Pengendalian Penyakit Menular Dan Tidak Menular:
Pengabdian Masyarakat Untuk Mengoptimalkan Kesehatan Hati, 97–104.







Behzadmehr, R., Doostkami, M., Sarchahi, Z., Dinparast Saleh, L.,
& Behzadmehr, R. (2021). Radiation protection among health care workers:
knowledge, attitude, practice, and clinical recommendations: a systematic
review. Reviews on Environmental Health, 36(2), 223–234.
https://doi.org/10.1515/reveh-2020-0063







Brzozek, C., & Karipidis, K. (2023). Community engagement
programs on radiation and health: addressing public concerns. Public Health
Research and Practice, 33(3). https://doi.org/10.17061/phrp3332325







Chikeme, P. C., Ihudiebube-Splendor, C. N., Ogbonnaya, N. P.,
Mbadugha, C. J., & Elodi, L. O. (2024). Flipped classroom model versus
conventional teaching method: effects on nursing students’ self-directed
learning readiness in a research methodology course. The Pan African Medical
Journal, 47. https://doi.org/10.11604/pamj.2024.47.70.38359







Christwardana, M., Handayani, S., Enjarlis, E., Ismojo, I.,
Ratnawati, R., Joelianingsih, J., & Yoshi, L. A. (2022). Community service
as an application of the independent learning – independent campus program to
improve the competence of chemical engineering students through collaborative
and student project-based learning. Education for Chemical Engineers, 40,
1–7. https://doi.org/10.1016/j.ece.2022.03.002







Aprillia, F., Kinanggit, N. D., Yanuar, Y., & Maulana, Y.
(2024). Design and Build Lighting Aids at Fingertips for Dentists: Rancang
Bangun Alat Bantu Penerangan di Ujung Jari untuk Dokter Gigi. Journal of
Industrial Engineering and Education, 1(2), 31–39.
https://scholar.google.com/citations?view_op=view_citation&hl=id&user=3exIjyYAAAAJ&citation_for_view=3exIjyYAAAAJ:u-x6o8ySG0sC







Nuha Febry Anisa, Panjaitan, A. D. U., Tanjung, Y. I., & Fairuz,
T. (2025). Systematic Literature Review: The Influence of Learning Media on
Student Learning Outcomes on Solar System Material. ISER (Indonesian Science
Education Research), 7(1), 48–57.
https://doi.org/10.24114/iser.v7i1.68224







Romli, M. H., Wan Yunus, F., Cheema, M. S., Abdul Hamid, H.,
Mehat, M. Z., Md Hashim, N. F., Foong, C. C., Hong, W.-H., & Jaafar, M. H.
(2022). A Meta-synthesis on Technology-Based Learning Among Healthcare Students
in Southeast Asia. Medical Science Educator, 32(3), 657–677.
https://doi.org/10.1007/s40670-022-01564-3







Wally, S. F., Abu Sabir, S. A. H., Alharbi, S. M., Albalawi, I. A.
J., Alharbi, K. M. R., Binsulaiman, N., Albalawi, N. M., & Alshareef, A. M.
(2024). Radiation Safety Awareness Among Non-radiology Staff at Tabuk
Hospitals, Saudi Arabia. Cureus. https://doi.org/10.7759/cureus.70603











4.png





3.png





6.png
Tests of Normality

Koimogorow smimor* Stapiowik
sustc o s swsc o So

PreTest 2 w W m ER

PostTest 104 0 a0 em ERE

= This 15 lows bound ofth s signifeance.
2 Ulieors Signficance Coracton





5.png
& Hom

a2PEL






7.png
Palrd Samples Test

oo swommon "W o wew a4 ssaws






1.png





2.png
| 2 lnpg——)[:ﬁ-',: mi]—)[ﬁn outpu:)-—)[@ Outcome l






