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Abstract

Purpose: This study was conducted to determine the levels of self-efficacy regarding radiation protection 
among vocational school students and to examine the effect of a structured educational intervention on 
these levels.

Materials and Methods: This quasi-experimental study was conducted using a one-group pretest-
posttest design. A total of 34 students enrolled in a vocational school of health services participated in 
the study. Data were collected using an introductory information form prepared by the researchers and 
the Radiation Protection Self-Efficacy Scale. Construct validity of the scale was evaluated by exploratory 
factor analysis, and reliability was assessed using Cronbach’s alpha coefficient. Dependent samples t-test, 
independent samples t-test, and one-way analysis of variance were used for statistical analysis.

Results: Exploratory factor analysis demonstrated that the scale had a one-dimensional structure 
consisting of 12 items. The Kaiser-Meyer-Olkin coefficient was 0.777, the total explained variance was 
74.273%, and Cronbach’s alpha coefficient was 0.934. The mean radiation protection self-efficacy score 
increased from 4.51±2.01 before the training to 8.35±1.48 after the training. The difference between 
pretest and posttest scores was statistically significant (p<0.001). Although a significant difference 
was found according to gender before the training, this difference disappeared after the training. No 
significant difference was found according to the academic program attended or the unit in which the 
students worked during clinical practice.

Conclusion: It was determined that structured training on radiation protection significantly improved 
the self-efficacy levels of vocational school students. These findings indicate that radiation safety 
education should be provided early, systematically, and in a practice-oriented manner within health 
education curricula.

Keywords: Radiation protection; Radiation safety; Self-efficacy; Vocational school students; Health 
education

Introduction 

Ionizing radiation has become an essential component of many contemporary medical 
practices, including diagnostic radiology, computed tomography, interventional radiologic 
procedures, nuclear medicine, and radiotherapy [1,2]. Although advances in imaging 
and treatment have greatly improved patient care, the use of radiation without adequate 
protection measures may create preventable risks for patients, healthcare workers, and 
students [2,3]. Current international evidence shows that the increasing volume of medical 
exposure has made radiation safety not merely a technical matter confined to radiology 
units, but an interdisciplinary safety concern that extends across multiple areas of healthcare 
delivery [2,4]. For health sciences students, particularly those who may encounter portable 
radiography, fluoroscopy, computed tomography, or nuclear medicine during clinical training, 
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radiation protection knowledge should be regarded as a core 
professional competency [1,4]. The International Commission on 
Radiological Protection recommends that healthcare personnel 
involved in diagnostic and interventional procedures receive 
radiation protection education appropriate to their roles and 
emphasizes that such training should not be limited to theoretical 
instruction alone [1]. The International Atomic Energy Agency 
similarly highlights the importance of structured, up-to-date, 
and competency-based radiation protection education for health 
professionals [4]. Educational perspectives from Europe and the 
United States also stress that radiation biology, exposure risks, 
protection principles, and appropriate imaging selection should 
be systematically addressed in undergraduate health professions 
education [5,6].

Insufficient preparation in radiation safety among healthcare 
students may lead to improper use of protective equipment, 
disregard of warning signs, underestimation of exposure risks, 
and continuation of unsafe behaviors during clinical practice [1,3]. 
This concern is not limited to students directly enrolled in imaging-
related programs; it also applies to students in other health 
programs who may be present in clinical settings where radiation 
is used during internships or practical training [2,3]. Recent 
commentaries and educational reviews have shown that radiation 
safety instruction in many institutions remains fragmented, limited 
in duration, and weak in practical application [6,7]. Because of 
the density of healthcare curricula, radiation protection is often 
treated as a secondary topic, leading students to rely on fragmented 
course content, informal sources, or observational learning in 
clinical environments [4,7]. However, evidence suggests that 
early and structured radiation safety education strengthens not 
only knowledge, but also the ability to recognize clinical risks and 
adopt safe behaviors [1,4]. For this reason, radiation safety should 
be approached not simply as a technical knowledge area, but as a 
shared component of patient safety, worker safety, and safe clinical 
decision-making culture [2,6].

In the health education literature, self-efficacy is defined as 
an individual’s belief in their ability to perform a specific task 
effectively and is considered an important determinant of skill-
based learning outcomes [8,9]. Students with higher self-efficacy 
are more likely to apply newly acquired knowledge and skills in 
practice, maintain appropriate behavior in risky situations, and 
perform professional responsibilities more safely [8,9]. In the 
context of radiation protection, self-efficacy reflects the extent to 
which individuals perceive themselves as capable of understanding 
the ALARA principle, using personal protective equipment 
appropriately, recognizing radiation warning signs, complying with 
safety regulations, and assessing risks in the clinical environment 
[1,8]. Therefore, measuring knowledge alone may not fully explain 
a student’s capacity to demonstrate safe behavior in real clinical 
settings [1,9]. Self-efficacy-focused assessment is particularly 
valuable in evaluating educational interventions because it helps 
reveal whether knowledge can be translated into safe practice [8,9].

Previous studies have shown that levels of knowledge, 
awareness, and practice related to radiation safety among healthcare 

students and professionals are not uniform and often remain below 
the desired level [10,11]. A study conducted among final-year 
medical students in Norway reported limited knowledge regarding 
radiation dose and associated risks [10]. More recent investigations 
have similarly identified inadequate or fragmented understanding 
among medical students concerning ionizing radiation, the risks 
associated with common radiologic examinations,	  and 
radiation protection measures [12,13]. Studies involving nurses 
and nursing students have reported comparable findings, showing 
that formal education, clinical experience, and work setting may 
influence knowledge and awareness of radiation protection [11,14]. 
In addition, recent research involving dental students and students 
from other applied health programs has revealed continuing 
deficiencies in understanding the risks of ionizing radiation, the 
use of protective equipment, and safe behavioral practices [16,17]. 
Taken together, these findings make it clear that radiation safety 
is not a narrow topic relevant only to radiology, but a shared 
educational issue across multiple health disciplines [14,17].

Another important issue is that most studies in this area 
have used cross-sectional designs and have primarily focused on 
describing levels of knowledge or awareness [12,18]. Although 
these studies are valuable for identifying the current situation, 
they are limited in their ability to demonstrate the direct impact of 
educational interventions on self-efficacy or perceived safe practice 
[14,18]. Recent systematic reviews have emphasized that radiation 
protection literacy among healthcare professionals generally ranges 
from moderate to low and that educational content, instructional 
materials, and institutional safety culture should be strengthened 
[18]. Current practice-based studies have also shown substantial 
differences in access to radiation safety education and in the use 
of protective practices among personnel working in areas such 
as interventional radiology and catheterization laboratories [19]. 
At the same time, the diversity of clinical environments in which 
students may encounter radiation makes it necessary for radiation 
protection education to be not only theoretical, but also practical 
and context-sensitive [2,20]. For this reason, quasi-experimental 
designs evaluating pre- and post-education change offer strong 
potential to complement the largely descriptive literature with 
practice-oriented evidence [18,20].

When the existing literature is considered as a whole, it 
becomes clear that although evidence on radiation knowledge 
and awareness among healthcare students has increased, studies 
focusing on vocational school students remain limited, especially 
those involving students from different programs, with variable 
clinical placements and heterogeneous levels of potential radiation 
exposure [11,17]. Students in vocational schools of health services 
may be enrolled in programs such as oral and dental health, 
anesthesia, medical imaging, elderly care, or similar fields, and 
they may encounter radiation directly or indirectly during clinical 
training [1,2]. However, studies examining radiation protection self-
efficacy in this group through pre- and post-education comparisons 
are still scarce [14,18]. Moreover, much of the existing research 
centers on knowledge levels, while giving less attention to students’ 
perceptions of their ability to translate that knowledge into safe 
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behavior in clinical settings [8,9]. This points to a clear gap in the 
literature in terms of both target population and outcome measure.

This study was designed to address that gap among vocational 
school students enrolled in health services programs [18,20]. By 
measuring students’ radiation protection self-efficacy before and 
after a structured educational intervention, the study quantitatively 
evaluates the effect of education across students from different 
academic programs [4,8]. In doing so, it goes beyond describing 
students’ current perceptions and provides evidence regarding the 
extent to which this domain can be improved through education 
[8,18]. This approach may offer direct guidance to curriculum 
planners and educators regarding when and how radiation safety 
training should be incorporated into health professions education 
[4,6]. Accordingly, the main aim of this study was to determine 
the levels of radiation protection self-efficacy among vocational 
school students and to examine the effect of structured training 
on these levels. It was expected that the educational intervention 
would significantly improve students’ radiation protection self-
efficacy scores and might also reduce some baseline group 
differences observed before training [8,9]. In this respect, the study 
contributes practice-oriented evidence to the literature by treating 
radiation safety instruction as a measurable, improvable, and 
programmatically planned area of education.

Materials and Methods
Study design and educational intervention

This quantitative study was conducted using a quasi-
experimental one-group pretest-posttest design to determine 
vocational school students’ levels of radiation protection self-
efficacy and to examine the effect of a structured educational 
intervention on these levels. In this design, the same participants 
were assessed before and after the training, allowing direct 
evaluation of within-group change over time. Following completion 
of the pretest, the participants received structured training 
on radiation protection. The educational content included the 
definition of radiation, ionizing and non-ionizing radiation types, 
harmful effects of radiation, dose limits, the ALARA principle, 
basic principles of radiation protection, use of personal protective 
equipment, radiation safety warning signs, and protocols related to 
pregnant workers.

Setting, population, and sample

The study population consisted of students enrolled in the 
relevant vocational school of health services. The study sample 
included 34 students who voluntarily agreed to participate and 
completed both the pretest and posttest assessments. Of the 
participants, 76.5% were female and 23.5% were male. The 
students were enrolled in oral and dental health, anesthesia, 
medical documentation and secretarial studies, medical imaging 
techniques, and elderly care programs. Their clinical practice 
experiences were concentrated in internal medicine units, surgical 
units, emergency departments, operating rooms, intensive care 
units, outpatient clinics, and radiology units.

A non-probability convenience sampling method was used 
because the study aimed to reach an accessible student group and to 
compare pretest and posttest scores within the same participants. 
The inclusion criteria were being enrolled in one of the relevant 
academic programs, agreeing to participate voluntarily, and 
completing both phases of data collection.

Data collection instruments

Study data were collected using a questionnaire developed by 
the researchers. The data collection form consisted of two sections. 
The first section included questions on descriptive characteristics 
such as sex, age, academic program, and clinical practice unit. This 
section also included multiple-choice questions regarding the 
sources from which the participants had obtained information 
about radiation protection and the radiation-related applications 
they encountered during clinical practice.

The second section consisted of items assessing radiation 
protection self-efficacy. The scale items were scored on a 10-point 
Likert-type scale ranging from 1 (“I have no knowledge”) to 10 (“I 
have complete knowledge”). The scale covered topics such as the 
justification principle in medical radiation applications, harmful 
effects of radiation, the distinction between ionizing and non-
ionizing radiation, deterministic and stochastic effects, the ALARA 
principle, use of personal protective equipment, radiation safety 
regulations, warning signs, and protocols for pregnant workers.

Validity and reliability of the scale

Exploratory factor analysis was performed to evaluate the 
construct validity of the measurement tool. As a result of the analysis, 
five problematic items were removed, and a one-dimensional 
structure consisting of 12 items was obtained. The Kaiser-Meyer-
Olkin coefficient was 0.777, and the total explained variance was 
74.273%. Internal consistency was assessed using Cronbach’s 
alpha, and the coefficient was 0.934. Scale scores were calculated 
based on item means, with higher scores indicating higher levels of 
radiation protection self-efficacy. Data were collected at two time 
points, before and after the educational intervention.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 
for Windows, version 22.0. Descriptive data were summarized as 
number, percentage, mean, and standard deviation. Exploratory 
factor analysis was used to assess construct validity, and Cronbach’s 
alpha analysis was used to evaluate internal consistency.

Table 1: Skewness and kurtosis values of radiation 
protection self-efficacy scores before and after the training.

Time point n Skewness Kurtosis

Pretest 34 0.025 -1.338

Posttest 34 -0.853 0.224

The distributional properties of the overall scale scores before 
and after the training were examined using skewness and kurtosis 
coefficients, and the results are presented in Table 1. For the 
pretest scores, skewness was 0.025 and kurtosis was -1.338. For 
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the posttest scores, skewness was -0.853 and kurtosis was 0.224. 
Because these values were within the ±2 range, the data were 
considered suitable for parametric testing.

Accordingly, paired-samples t test was used to compare pretest 
and posttest scores. Independent-samples t test was used for 
comparisons according to sex, and one-way analysis of variance 
was used for comparisons according to academic program and 
clinical practice unit. Statistical significance was set at p<0.05.

Ethical considerations

Ethical approval for the study was obtained from the Çukurova 
University Faculty of Medicine Research Ethics Committee. The 
study was reviewed at Meeting No. 156, and approval was granted 
under Decision No. 57 on June 13, 2025. Institutional permission 
was also obtained before data collection. The study was conducted 
in accordance with the principles of the Declaration of Helsinki.

Results
Construct validity of the radiation protection self-
efficacy scale

Exploratory factor analysis was performed to examine the 
construct validity of the Radiation Protection Self-Efficacy Scale. 
Principal component analysis was used to determine the factor 
structure of the scale. Kaiser-Meyer-Olkin and Bartlett’s test of 
sphericity were performed to evaluate the suitability of the data for 
factor analysis. The Kaiser-Meyer-Olkin coefficient was 0.777, and 
Bartlett’s test of sphericity was statistically significant (p<0.001), 
indicating that the dataset was appropriate for factor analysis.

Table 2: Factor analysis results of the radiation protection 
self-efficacy scale.

Item Item-Total Correlation Factor Loading

Item 6 0.697 0.933

Item 11 0.781 0.908

Item 5 0.624 0.894

Item 14 0.827 0.867

Item 15 0.691 0.826

Item 13 0.872 0.819

Item 17 0.800 0.808

Item 12 0.792 0.773

Item 8 0.887 0.726

Item 7 0.759 0.719

Item 3 0.636 0.693

Item 4 0.748 0.625

Abbreviations: KMO: Kaiser-Meyer-Olkin.

Note: KMO=0.777; total explained variance=74.273%.

Because the scale showed a one-factor structure, no rotation 
procedure was applied. During the analysis, items 1, 2, 9, 10, and 
16 were removed because they were identified as problematic. 
A single-factor structure with an eigenvalue greater than 1 was 

obtained, and the total explained variance was 74.273%. The final 
form of the scale consisted of 12 items. Factor loadings ranged 
from 0.625 to 0.933, whereas item-total correlations ranged from 
0.624 to 0.887. These findings indicated that the items measured 
the same construct and had acceptable discriminative power. The 
factor loadings and item-total correlations of the final scale are 
presented in Table 2.

All items in the final version of the scale were significantly 
correlated with the total scale score. The correlations between 
the items and the total score were moderate to high at the 0.01 
significance level, providing further evidence for the item validity 
and homogeneity of the scale.

Reliability of the radiation protection self-efficacy scale

The internal consistency of the Radiation Protection Self-
Efficacy Scale was evaluated using Cronbach’s alpha coefficient. 
The Cronbach’s alpha coefficient was 0.934, indicating a high level 
of reliability. This finding supports that the items of the scale were 
internally consistent and measured the same construct.

Participant characteristics

A total of 34 students participated in the study. Of the 
participants, 76.5% were female and 23.5% were male. With regard 
to academic program, 14.7% were enrolled in oral and dental 
health, 14.7% in anesthesia, 17.6% in medical documentation 
and secretarial studies, 26.5% in medical imaging techniques, and 
26.5% in elderly care. In terms of clinical practice placement, 17.6% 
of the participants were in internal medicine units or wards, 2.9% 
in surgical units or wards, 11.8% in the emergency department, 
5.9% in the operating room, 11.8% in the intensive care unit, 32.4% 
in outpatient services, and 17.6% in the radiology unit. Participant 
characteristics are presented in Table 3.

Table 3: Participant characteristics.

Variable Group n %

Sex
Female 26 76.5

Male 8 23.5

Academic program

Oral and Dental Health 5 14.7

Anesthesia 5 14.7

Medical Documentation and 
Secretarial Studies 6 17.6

Medical Imaging Techniques 9 26.5

Elderly Care 9 26.5

Clinical practice unit

Internal medicine units/wards 6 17.6

Surgical units/wards 1 2.9

Emergency department 4 11.8

Operating room 2 5.9

Intensive care unit 4 11.8

Outpatient services 11 32.4

Radiology unit 6 17.6

Abbreviations: n: Number of Participants.
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Sources of information on radiation protection before 
and after the training

The sources from which participants obtained information 
about radiation protection were compared between the pretest and 
posttest periods. Before the training, 82.35% of the participants 
reported school or coursework as a source of information, 11.76% 
reported colleagues, 29.41% reported training provided before 
clinical practice, 29.41% reported their instructor during clinical 
practice, and 35.29% reported media sources. After the training, 
these rates were 94.12%, 11.76%, 38.24%, 26.47%, and 29.41%, 
respectively. In addition, 20.59% of the participants reported 
courses, seminars, or congresses as a source of information after 
the training. These findings are shown in Table 4.

Table 4: Sources of information on radiation protection 
before and after the training.

Source of 
information Pretest n Pretest 

% Posttest n Posttest 
%

School/coursework 28 82.35 32 94.12

Colleagues 4 11.76 4 11.76

Training provided 
before clinical 

practice
10 29.41 13 38.24

Instructor during 
clinical practice 10 29.41 9 26.47

Media (TV, internet, 
social media, etc.) 12 35.29 10 29.41

Courses/seminars/
congresses 0 0 7 20.59

Abbreviations: n: Number of Participants.

Note: Participants could select more than one response.

Radiation-related applications encountered during 
clinical practice

Table 5: Radiation-related applications encountered 
during clinical practice before and after the training.

Radiation-Related 
Application Pretest n Pretest % Posttest n Posttest %

Bedside direct 
radiography 4 11.76 6 17.65

X-ray 12 35.29 11 32.35

Computed 
tomography 9 26.47 10 29.41

Drugs used in 
nuclear medicine 2 5.88 0 0

No radiation 
exposure 14 41.18 15 44.12

Other (laboratory 
devices) 0 0 1 2.94

Abbreviations: n: Number of Participants.

Note: Participants could select more than one response.

Radiation-related applications encountered by the participants 
during clinical practice were examined separately for the pretest 
and posttest periods. Before the training, 11.76% of the participants 

reported exposure to bedside direct radiography, 35.29% to X-ray, 
26.47% to computed tomography, and 5.88% to drugs used in 
nuclear medicine. After the training, 17.65% reported exposure to 
bedside direct radiography, 32.35% to X-ray, 29.41% to computed 
tomography, and 2.94% to laboratory devices as a source of 
radiation exposure. In addition, 41.18% of the participants before 
the training and 44.12% after the training reported that they were 
not exposed to radiation during clinical practice. The distribution 
of radiation-related applications encountered by the participants is 
presented in Table 5.

Radiation protection self-efficacy scores before and 
after the training

Radiation protection self-efficacy scores were compared before 
and after the training. The mean pretest self-efficacy score was 
4.51±2.01, whereas the mean posttest score was 8.35±1.48. Paired-
samples t test showed that the difference between the pretest and 
posttest scores was statistically significant (t=-9.23, p<0.001). 
These findings indicated that the participants’ radiation protection 
self-efficacy levels were significantly higher after the training than 
before the training. Pretest and posttest self-efficacy scores are 
presented in Table 6.

Table 6: Radiation protection self-efficacy scores before 
and after the training.

Time point n Mean SD t p

pretest 34 4.51 2.01 -9.23 <0.001

posttest 34 8.35 1.48

Abbreviations:	 n: Number of Participants; SD: Standard 
Deviation.

Note: Paired-samples t test.

Radiation protection self-efficacy according to sex, 
academic program, and clinical practice unit

Radiation protection self-efficacy scores before and after 
the training were further examined according to sex, academic 
program, and clinical practice unit. According to sex, the mean 
pretest self-efficacy score was 3.99±1.85 in female participants and 
6.21±1.59 in male participants. Independent-samples t test showed 
a statistically significant difference between female and male 
participants before the training (t=-3.052, p=0.005). Thus, male 
participants had higher pretest radiation protection self-efficacy 
scores than female participants. After the training, the mean 
score was 8.41±1.40 in female participants and 8.17±1.81 in male 
participants, and this difference was not statistically significant 
(t=0.401, p=0.691).

According to academic program, the mean pretest self-efficacy 
scores were 4.10±1.06 for oral and dental health, 4.17±1.23 for 
anesthesia, 3.92±1.71 for medical documentation and secretarial 
studies, 5.60±1.88 for medical imaging techniques, and 4.25±2.85 
for elderly care. One-way analysis of variance showed no statistically 
significant difference in pretest scores according to academic 
program (F=0.912, p=0.470). Posttest mean scores were 8.80±1.13, 
7.10±1.75, 7.53±1.81, 8.53±0.95, and 9.18±1.24, respectively, and 
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the difference among programs was also not statistically significant 
(F=2.628, p=0.055).

According to clinical practice unit, pretest mean self-efficacy 
scores were 3.71±2.16 for internal medicine units or wards, 4.00 for 
surgical units or wards, 4.42±2.97 for the emergency department, 
3.58±1.65 for the operating room, 5.63±2.85 for the intensive 
care unit, 3.85±1.47 for outpatient services, and 6.26±0.32 for 

the radiology unit. Posttest mean scores were 8.40±2.23, 8.17, 
8.96±0.80, 7.96±1.71, 8.56±1.66, 7.97±1.67, and 8.63±0.75, 
respectively. One-way analysis of variance showed no statistically 
significant difference according to clinical practice unit in either 
pretest scores (F=1.550, p=0.200) or posttest scores (F=0.267, 
p=0.948). The distribution of radiation protection self-efficacy 
scores according to sex, academic program, and clinical practice 
unit is presented in Table 7.

Table 7: Radiation protection self-efficacy scores according to sex, academic program, and clinical practice unit.

Variable Group n Pretest Mean Pretest SD Posttest Mean Posttest SD

Sex*

Female 26 3.9936 1.84766 8.4103 1.40236

Male 8 6.2083 1.59302 8.1667 1.81375

t; p value -3.052; 0.005 0.401; 0.691

Academic program**

Oral and Dental Health 5 4.1 1.05968 8.8 1.12824

Anesthesia 5 4.1667 1.23322 7.1 1.74543

Medical Documentation 6 3.9167 1.70783 7.5278 1.81327

Medical Imaging 9 5.6019 1.88091 8.5278 0.94832

Elderly Care 9 4.25 2.84556 9.1759 1.24195

F; p value 0.912; 0.47 2.628; 0.055

Clinical practice unit**

Internal medicine units/
wards 6 3.7083 2.15816 8.4028 2.22512

Surgical units/wards 1 4 - 8.1667 -

Emergency department 4 4.4167 2.96586 8.9583 0.79786

Operating room 2 3.5833 1.64992 7.9583 1.70884

Intensive care unit 4 5.625 2.85166 8.5625 1.66302

Outpatient services 11 3.8485 1.47282 7.9697 1.66761

Radiology unit 6 6.2639 0.32239 8.625 0.74861

F; p value 1.550; 0.2 0.267; 0.948

Abbreviations:	 n: Number of Participants; SD: Standard Deviation.

Note: *Independent-samples t test. **One-way analysis of variance.

Discussion
The present study showed that structured radiation protection 

training significantly improved vocational school students’ self-
efficacy scores. The increase in the mean score from 4.51±2.01 
before training to 8.35±1.48 after training suggests that 
radiation protection self-efficacy is not a fixed characteristic, 
but an educational outcome that can be strengthened through 
targeted instruction. This finding is consistent with international 
recommendations emphasizing that radiation protection education 
should be systematic, role-specific, and practice-oriented for 
healthcare learners and professionals [1,4].

This interpretation is also supported by broader institutional 
and public health documents showing that the expanding use of 
ionizing radiation in medicine has increased the importance of 
radiation safety across healthcare settings. As medical exposure 
continues to grow globally, the need for learners to develop not 
only basic awareness but also operational confidence in safe 
practice becomes more pressing [2,3]. From this perspective, the 
strong post-intervention gain observed in the present study is 

educationally meaningful because it reflects improved readiness 
to apply protection principles in clinical environments rather than 
mere passive knowledge acquisition [2,3].

Another important point is that the present findings 
support current calls to strengthen radiation-related content in 
undergraduate and pre-licensure health education. European 
and U.S.-based educational papers have argued that radiation 
science, imaging safety, and appropriateness principles should 
be introduced earlier and more consistently in health professions 
curricula [5,6]. In the same vein, mandatory or more structured 
radiology education has been proposed as a way to reduce 
fragmented learning and improve safe decision-making among 
future healthcare professionals [7]. The substantial improvement 
observed after training in this study supports these arguments and 
suggests that even a focused intervention may produce measurable 
gains in perceived competence [5,7].

The psychometric findings also strengthen the interpretation 
of the main outcome. The final 12-item scale showed a one-factor 
structure, acceptable sampling adequacy, substantial explained 
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variance, and high internal consistency. These results are in line 
with prior psychometric work indicating that radiation protection 
competence can be meaningfully assessed through structured self-
evaluation tools [8]. In addition, the broader self-efficacy literature 
suggests that perceived capability is closely linked to performance 
in skill-based educational settings [9]. Accordingly, the post-
training increase in self-efficacy scores in the present study may 
be interpreted as an important indicator of improved educational 
preparedness, even though actual behavioral performance was not 
directly measured [8,9].

The current findings are also broadly compatible with previous 
studies showing insufficient or uneven radiation-related knowledge 
among students in the health professions. Research among final-year 
medical students in Norway demonstrated limited understanding 
of radiation dose and associated risks, while more recent studies 
have similarly identified inadequate knowledge among medical and 
applied medical sciences students [10,12]. Likewise, studies from 
other medical student populations have reported poor awareness 
of radiation hazards and continuing demand for more formal 
teaching on radiation protection [13,15]. Against this background, 
the significant increase observed in the present study suggests that 
deficiencies identified in descriptive studies are modifiable when 
students receive structured educational input [10,15].

Comparable patterns have been reported in nursing and 
allied health education. Previous studies have shown that nurses’ 
knowledge of radiation protection is often uneven, with weaker 
understanding in areas such as radiation physics, biology, and 
principles of safe use, particularly among those without prior 
education [11,16]. Similarly, final-year nursing students have been 
reported to have insufficient awareness of radiation hazards and 
protection, and formal education has been recommended to support 
safer clinical practice [14]. These findings help explain why the 
intervention in the present study may have been effective: students 
may begin with fragmented or experience-based understanding, 
and a structured training session can help organize and reinforce 
that knowledge into a more confident perception of safe practice 
[11,14].

The absence of significant differences across academic programs 
and clinical practice units after the intervention is also noteworthy. 
One plausible interpretation is that radiation protection training 
may address a common educational need across heterogeneous 
student groups, even when their routine exposure contexts differ. 
This interpretation is supported by studies showing that deficits 
in radiation knowledge are not limited to one discipline; similar 
concerns have been reported among nursing students, dental 
students, and other healthcare learners [14,17]. In addition, 
systematic review evidence indicates that radiation protection 
literacy remains variable across health professions exposed to 
ionizing radiation, supporting the view that this topic should be 
treated as a shared safety competency rather than a narrowly 
specialized subject [18].

One of the more interesting findings of the present study was 
the significant sex difference before training, which disappeared 

after the intervention. Although the current literature does not 
provide a consistent pattern strong enough to support a single 
explanation, this result may indicate that baseline differences in 
prior exposure, confidence, or informal learning can be reduced 
when all students receive the same structured educational content. 
Studies in student and professional groups often emphasize overall 
knowledge deficits rather than stable demographic patterns, which 
makes the disappearance of the sex difference after training more 
suggestive of an equalizing educational effect than of an inherent 
group difference [9,13]. This point deserves further exploration in 
larger samples.

The findings related to information sources also deserve 
attention. School and coursework were the most frequently 
reported sources both before and after the intervention, and this 
proportion increased after training. This pattern suggests that 
formal education was recognized by participants as the main 
reference point for radiation protection knowledge. At the same 
time, the post-training appearance of courses, seminars, and 
congresses as information sources may reflect increased awareness 
and greater attentiveness to professional learning opportunities 
after the educational intervention. This interpretation is compatible 
with current literature showing that radiation protection practices 
and educational access vary substantially across real clinical 
settings, making structured educational reinforcement especially 
valuable [19,20].

Several limitations should be considered when interpreting 
these findings. First, the study was conducted in a single center with 
a relatively small sample, which limits generalizability. Second, the 
one-group pretest-posttest design did not include a control group; 
therefore, the observed improvement cannot be attributed to the 
educational intervention with absolute certainty. Third, the data 
were based on self-report, which may have introduced response 
bias or social desirability effects. Fourth, some subgroup sizes 
were very small, which may have reduced the statistical power 
of comparisons by academic program and clinical practice unit. 
These limitations mean that the results should be interpreted as 
promising but preliminary evidence rather than definitive proof of 
effectiveness.

Despite these limitations, the study has practical implications. 
The findings support the integration of structured, early, and 
practice-oriented radiation protection education into vocational 
health services curricula. Such training should not be restricted to 
students in imaging-focused programs, because exposure risks and 
safety responsibilities extend across multiple clinical areas. Future 
studies should use larger multicenter samples, include control or 
comparison groups, and examine whether gains in self-efficacy are 
sustained over time and translated into observable safe behaviors 
in clinical practice. In addition, further validation of the scale 
in different student	 populations would strengthen its	
usefulness as an educational evaluation tool. Overall, the present 
study suggests that radiation protection education is both necessary 
and improvable, and that self-efficacy may serve as a meaningful 
outcome for assessing its impact.
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Conclusion
This study demonstrated that structured radiation protection 

training had a significant and positive effect on vocational school 
students’ radiation protection self-efficacy. Comparison of pretest 
and posttest scores showed a marked increase in students’ perceived 
competence regarding radiation safety, protection principles, the 
ALARA approach, use of personal protective equipment, warning 
signs, and related protocols. In addition, the measurement tool 
used in this study showed acceptable construct validity and high 
internal consistency in this sample.

The disappearance of the significant sex-based difference 
observed before the training suggests that the intervention not only 
improved overall self-efficacy levels, but may also have reduced 
some baseline differences among students. In contrast, the absence 
of significant differences according to academic program and 
clinical practice unit indicates that radiation protection education 
represents a common and essential need across different student 
groups. Taken together, these findings suggest that radiation 
protection education is a necessary, effective, and improvable 
component of training for students enrolled in vocational health 
services programs.

Radiation protection content should therefore be addressed 
more systematically within vocational school curricula. In 
particular, standardizing training provided before clinical practice 
may strengthen not only students’ knowledge levels but also 
their self-efficacy related to safe clinical behavior. Including core 
radiation safety modules in all programs with potential exposure 
to radiation, and increasing applied training on warning signs, 
protective equipment use, and exposure awareness in clinical 
settings, may be beneficial. Future studies should be conducted 
with larger samples, in different institutions, and preferably with 
controlled designs to improve the generalizability of the findings. 
Re-testing the scale in different samples and conducting long-term 
follow-up studies would also contribute to evaluating the lasting 
impact of radiation protection education.
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