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ABSTRACT

Background: Recently, there have been many studies on the harmful effects
of radiation and the regulations on radiation safety have been toughened
both at the in nation and abroad. This study aims to identify the perceptions
and actions taken as to radiation safety, and the degree of knowledge related
to radiation held by the radiologists working in large hospitals. Materials and
Methods: The research tool used in this study is a structured questionnaire. It
is consisted of three parts. The first part was about demographic
characteristics with 10 questions. The second part was about basic knowledge
with 15 questions. The third part was about the perceptions and actions with
10 questions each. The data was statistically analyzed by t-test, ANOVA and I-P
analysis. Results: First, the more education the study subjects received, their
knowledge of radiation increased even though the result was not statistically
significant. Second, there was a statistically significant difference in relation to
the gender and the age group in safety management practices. The degree of
safety management practice was higher among the men than the women.
Third, there was a statistically significant difference at the significant level of 5
percent in all 10 questions on the radiation safety management and the
degree of practice. Conclusion: Since there is a growing importance on the
radiation safety management, it is imperative to tailor educational programs
to trainees’ gender, age, educational level and duty in order to make the
education program for radiation professionals more teleological.
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INTRODUCTION

Radiation with a wide range of applications
has improved the life of human beings. However,
it also causes a variety of diseases. The
International Commission on Radiological
Protection (ICRP) created and distributed
international guideline for the purpose of
minimizing the harmful effect of radiation and
promoting the safe use of radiation ().

In recent years, the medical field is making a
lot of efforts to minimize the radiation exposure
of patients by improving significantly the
perception as to the harmful effects of radiation

(2-6). On the aspect of hardware, computed
tomography equipment was developed as it
substantially reduced the scan time (7.8). On the
aspect of software, the degree management
system on radiation generation equipment has
been settled successfully. As a result, the
user-centric radiation test and treatment action
was changed to the patient-centric action with
the purpose of reducing the amount of radiation
exposure (9-13),

As the role of a radiologist is gaining more
importance as a health professional, it is very
important for a radiologist to obtain expert
knowledge as to the specialized field of study in
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terms of saving the life of a patient. Moreover, it
is equally important to conduct safety
management for themselves (14, To this end,
radiologists should complete the segmented and
systematic education programs provided by the
government since 2014 pursuant to the
amended nuclear safety law rather than simply
taking a general education program provided by
companies. Thus, all radiologists should
complete the education for radiation
professionals for a certain period, which include
such  preliminary education as safety
management in accordance with the use of
nuclear facilities, handling of radioactive
substances, defense of radiation obstacle,
education on the characteristic of companies
and relevant laws on radiation safety.

However, it is imperative to prepare more
segmented education programs rather than to
conduct education a program without
considering gender, age, education level and
work function in order to make the education
program for radiation professionals conducted
by the legislation becomes more teleological
education. Thus, there have been several studies
that conducted a survey on the knowledge level
and safety management attitude of radiation
professionals (15-18), However, these studies have
not considered the fact that the functions and
roles of today's radiologists are segmented.
Moreover, these studies have not analyzed in
depth the perceptions and actions of
radiologists as to safety management. Therefore,
this study aims to provide preliminary data for
the configuration of segmented education
programs by analyzing the differences in
radiation knowledge in accordance with the
three work functions of radiologists (image
medicine, radiation cancer study, nuclide
medical study), region (Seoul, Gyeonggi-do and
other provinces) and work experience from the
perspective of service quality. To this end, this
study developed 15 questions that measure the
information and knowledge that radiation
professionals who have aforementioned three
work functions must know as a health
professional and 10 questions each for the
perceptions and actions based on the previous
studies (19.20), The main purpose of this study is
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to compare the differences as to the radiation
knowledge and ‘perception-action’ in accordance
with the three work functions and locations of
workplace of related professionals. This study is
expected to contribute to the provision of
preliminary information in order to conduct
efficiently the education for professionals, which
aims to reduce the radiation exposure as to
patients in addition to radiation professionals.

MATERIALS AND METHODS

Data collection

This study selected S Medical Center, S
University Hospital and C University Hospital in
Seoul and 5 hospitals including K University
Hospital in other metropolitan cities and 10
hospitals including the National C Center and
Jeju H Hospital in provinces. This study assigned
a certain number of samples for each work
function of radiation professionals as to the
selected hospitals. Then, this study conducted a
survey using convenience sample. The survey
was conducted based on a self-reported method
for 420 subjects from September 22 to October
24, 2014. The collected questionnaires were
analyzed using IBM SPSS ver. 21.

Measurement

The research tool used in this study is a
structured questionnaire that modified and
complemented the questionnaires from the
previous studies (18-21). More specifically, it is
consisted of three parts. The first part was about
the demographic characteristics with 10
questions on gender, education level, etc. The
second part was about the basic knowledge with
15 questions. The third part was about the
perceptions and actions with 10 questions each
(table 1). As for the radiation-related knowledge,
the subjects were instructed to answer "Yes" or
"No" so that they would have less pressure in
providing an answer. As for the perceptions and
actions related to safety management, they were
instructed to answer using a five point Likert
scale.
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Table 1. Information on configuration of study tools.

size, Hospital location

Survey Item Detailed Information Numbgr of
Questions
Gender, Marital status, Education level, Work experience, Work hours,
Demographic Item Number of completed safety education programs, Department, Hospital 10

Radiation Knowledge

Radiation screening, Radiation dose limit, Radiation accident measure,
Radiation waste type and processing method, Neutron generation, 15
Radioactivity calculation, Knowledge on various regulations, etc.

Safety Management Wearing personal dosimeter, Wearing personal protection equipment, 10
Perception Securing stability of workspace, Confirming radiation exposure result,
Safety Management action Measuring radiation, Notifying abnormality, etc. 10

Contents of statistical analysis

As for the radiation knowledge, it was graded
based on a total of 15 points with one point for
each question. As for the safety management
perception and action, "Very likely" was given
one point, whereas "Very unlikely" was given 5
points. However, Question 6 for safety
management action ("I store the gown with
personal dosimeter in the work storage space")
was reversely coded in the process of analysis.
The specific statistical analysis is as following.
First, this study conducted a descriptive
statistical analysis, a two-sample independent
t-test and a one-way analysis of variance as to
the knowledge level for the demographic items.
Second, this study examined the correlation
analysis between radiation knowledge and
action. Third, this study conducted an in-depth
analysis of ‘perception-action’ by application of I
-P analysis (importance-performance analysis)
(22.23) from the marketing perspective. In the
above statistical significant tests, we used 5%
significant level.

Importance-performance analysis

The [-P analysis (importance-performance
analysis) is an evaluation technique to analyze
relative importance and achievement of each
property simultaneously by evaluating the
importance before the use of each property and
the degree of satisfaction after use of each
property in order to measure the satisfaction of
users as to the products and services from the
perspective of marketing (24. [-P analysis can
present problems clearly and it has a high
degree of practical utility by facilitating the
interpretations of outcomes through evaluating
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the expectation and satisfaction simultaneously.
The specific objectives of the I-P analysis are to
evaluate the user satisfaction by determining
how important the properties or characteristics
of a particular product are to users and set the
relative importance as to each feature and the
degree of utilization at the supplier end as to
each feature (5. During the interpretation
process, the fourth quadrant has a high degree of
importance. However, the satisfaction degree
thereof is low. Thus, it is an area requiring
intensive management. The third quadrant has a
high degree of importance and satisfaction. Thus,
it is required to have a strategy of
maintaining it consistently. The second quadrant
has a low degree of both importance and
satisfaction. Thus, it can be given lower priority
in terms of management. The first quadrant has
a low degree of importance; however, it has a
high degree of satisfaction. Thus, it is required to
have a strategy of removing or improving
unnecessary excessive management (figure 1).
This study aims to examine the safety
management in accordance with the three
radiation related work functions, work

low importance

strengths weaknesses

L. Possible overkill ‘ | I0. Low priority

high low
performance performance

keep up the good work concentrate here

1. Opportunities ‘ | IV. Threats

high importance

Figure 1. Interpretation of I-P analysis result.
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experiences and education completion by
conducting ‘perception-action’ (P-A) analysis.

RESULTS AND DISCUSSION

Extent of radiation knowledge according to
demographic characteristics
The results of this study were partially

consistent with the results of the previous
studies. On that account, caution is required
when generalizing the results of this study.
However, this study has great significance since
it contributes to the provision of preliminary
information in order to conduct education
efficiently for professionals, which aims to
reduce the radiation exposure as to patients in
addition to radiation professionals. First, the
mean of men was significantly higher than the
mean of women in relation to the radiation
knowledge. As for the age group, the 20s had the
highest level of radiation knowledge. Although it
was not statistically significant (5% significant
level), the extent of knowledge was lower among
the older age groups. This indicates that people
tend to have less radiation-related knowledge as
they get older. Thus, it will be necessary to
provide additional education to the older age
groups. Next, there was no statistically
significant difference in terms of marital status
and education level (5% significant level). These
findings were not consistent with the findings of
previous studies that focused only on the
specific region (15 16), The regional distribution of
study subjects used in this study is wider than
the previous studies. Also, the question about
the knowledge level was different from the one
of the previous studies ( table 2) .

Extent of radiation knowledge according to
work characteristics and work functions

As for the knowledge level in relation to
radiation according to the work experience, it
was lower for longer years of work experience.
Thus, it had a similar result to the age. However,
there was no statistically significant difference
(5% significant level). As for the number of times
they received the education on radiation safety
management, the knowledge level would
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generally increase with more education they
received even though the difference was not
statistically significant (5% significant level).
The finding hereof was consistent with that of
the previous study (13). Thus, it is necessary to
provide regular education programs on safety
management to professionals not only for the
health of those professionals but also for the
health of patients. The knowledge level of
radiation professionals working at the
large-sized hospitals with more than 1,000
sickbeds was slightly higher; however, the
difference was not statistically significant
(5% significant level). However, there was a
statistically significant difference at the
significant level of 5 percent in relation to the
department and hospital location. In particular,
department of nuclear medicine had the highest
value, followed by the department of radiation
oncology and department of radiology. As for the
hospital location, Gyeonggi region including
Incheon had the lowest score with 8.69 points,
whereas the provincial hospitals in Busan,
Chungcheong region, Jella region, Jeju region, etc.
had 9.28 points and Seoul had the highest score
with 9.52 points (table 3).

Extent of safety management practice
according to demographic characteristics

This study examined the extent of safety
management practice based on the sum of the
10 questions. "Very likely" was given 1 point.
Thus, a lower sum indicates a higher extent of
practice. This study found a statistically

Table 2. Extent of radiation knowledge according to
demographic characteritics(* p<0.05).

. p-value
Variables Mean SD
(t/F)
Male 9.26 2.33 «
Gender | romale 8sa | 240 | 00200
Under 29 9.29 2.25
Under 39 9.26 2.33
Age Under 49 9.05 | 248 [0283
Over 50 8.51 2.29
Marital Marrled 9.17 2.33 0.737
Status Single 9.09 2.40
. Undergraduate | 9.18 2.36
Bducation | = juate gss |233 [030°
Total 9.14 2.35
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significant difference in the gender and age
group. The extent of safety management
practice was higher among the men than the
women. The 20s group had the lowest extent of
safety management practice. Meanwhile,
married professionals and those with graduate
degrees were found to have a higher extent of
safety management practice. However, the
differences thereof were not statistically
significant (5% significant level). These findings
were not consistent with the findings of the
previous studies (15 19, This is because the
questions about the regional distribution and
knowledge level of study subjects were different
(table 4).

Extent of radiation safety management
practice according to work characteristics
and work functions

As a result of verifying whether there was a
difference in the extent of practice of safety
management made up of the 10 questions in
accordance with work characteristics and work
functions, this study found a significant

Table 3. Extent of radiation knowledge according to work
characteristics and work functions (* p<0.05).

. p-value
Variables Mean SD
(t/F)
Under 5 years 9.37 2.33
Career 6~10 years 9.23 2.18 0.243
Over 11 years 8.91 2.50
Working Under 8 hours 9.18 2.32 0.779
Hour Over 8 hours 9.11 2.39 ’
Under 2 times 8.82 2.46
Eﬁﬁzt;d 3~5 times 9.13 244 | o
for Safet 6~10 times 8.95 2.22 ’
Y |over 11 times 9.55 2.27
Radiology
Service Radiation 7.94(a) |2.28 <0.001
Area Oncology 9.38(b) |2.14 *)
Nuclear 10.57(c) |1.68
Medicine
Hospital Under 1,000 beds | 8.96 2.42 0.201
Size Over 1,000 beds |9.26 2.30 ’
Seoul 9.52(b) |2.10
Region Gyeonggi 8.69(a) |[2.44 ]0.006(*)
Others 9.28(b) |2.46

difference in the number of times they received
the education on radiation safety management,
department, hospital size and hospital location.
In particular, the degree of practice was
generally increased as people received more
education. Thus, it is required to continue
providing safety management education for
practice. In addition, this study found a high
extent of safety management practice in
large-sized hospitals and those located in Seoul.
Lastly, as for the department, the department of
nuclear medicine has the highest extent of
practice, followed by the department of radiation
oncology and department of radiology.
Examining the aforementioned findings in
association with table 3, the extent of knowledge
and safety management practice related to
radiation is higher when they work in the
department of nuclear medicine with a higher
number of times they receive the education on
safety management (table 5).

Perception-action analysis

To examine whether there was a difference in
the extent of consent and practice as to the
radiation safety management, this study
conducted the paired sample t-test as to each of
the 10 questions. As a result, there was a
statistically significant difference at the
significant level of 5 percent as to all of the 10
questions. In addition, the perception showed a

Table 4. Extent of safety management practice according to
demographic characteristics (* p<0.05).

. p-value
Variables Mean SD
(t/F)
Gender Male 17.85 5.44 0.004
Female 20.07 5.01 | (*)
Under 29 (1:)'94 4.64
Under 39 5.33 | 0.042
Age Under 49 17.77@) 1 g 25 | (%
Over 50 17.68(a) 1 ¢ 0o
18.78(a) ’
Marital Married 17.90 5.41 0.07
Status Single 19.09 5.32 ’
Educatio | Undergraduate | 18.57 5.44 0.108
n Graduate 17.32 5.33 '
Total 18.30 5.42

** (a), (b) and (c) refer to the groups classified based on the result of
Duncan post-hoc analysis.
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** (a), (b) and (c) refer to the group classified as a result of Duncan
post-hoc analysis.
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lower score than the practice score. Thus, the
study subjects could not conduct safety
management as much as they perceived it. The
mean score as to the perception and practice
action for each question is as shown in table 6.
The action with the least level of practice was "I
handle the radiation measurement equipment
well (Question 8)", "I have measured the dose of
radiation control area by myself (Question 7)"
and "I store the gown with personal dosimeter
in work storage (Question 6)". In contrast, such
questions as "l always put on personal
dosimeter when working with radiation
(Question 1)", "I immediately inform the safety
manager when there is any abnormal event in
the radiation workplace (Question 10)" and "I
am well aware of the risk of radiation exposure
and I have acted to reduce radiation exposure
for patients and guardians (Question 4)" had a
relatively small difference between perception
and action. It can be concluded based on figure 1
that all of Item 5, Item 6, Item 7 and Item 8,
which are located in the second quadrant, have a
low extent of perception and action; thus, they
should be given lower priority. All of Item 1,
[tem 2, Item 3, Item 4 and Item 10, which are
located in the third quadrant, have a high extent
of perception and action; thus, they require
continuing safety management (figure 2).

Concluding remarks

This study has great significance since it
contributes to the provision of preliminary
information in order to conduct efficiently the
education for professionals, which aims to
reduce the radiation exposure as to patients in
addition to radiation professionals as a health
professional.

Conflicts of interest: none to declare.

Table 5. Extent of radiation safety management practice
according to work characteristics and work functions

(* p<0.05).
. p-value
Variables Mean SD (t/F)
Under 5years | 19.29 5.28
Career 6~10 years 18.22 5.05 0.064
Over 11 years 17.55 5.71
Working Under 8 hours | 18.07 5.36 0435
Hour Over 8 hours 18.57 5.52
Under 2 times | 20.33(c) 6.09
Fducated | 35 times 19.00(b) | 5.26 | <0.001
for Safety | 6710 times 17.91(b) | 4.87 (*)
Y | Over 11 times | 15.70(a) | 4.08
Radiology
. Radiation 20.14(c) 5.73
2ervice | oncology 17.97(b) | 5.00 | < 3'*0)01
Nuclear 15.84(a) | 4.15
Medicine
Under 1,000
Hospital beds 19.27 5.95 0.004
Size Over 1,000 17.48 4.84 (*)
beds
Seoul 17.54(a) | 5.04 0.017
Region Gyeonggi 18.04(a) | 5.64 '(*)
Others 19.81(b) | 5.35

** (a), (b) and (c) refer to the group classified as a result of Duncan

post-hoc analysis.
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Figure 2. Action and perception plot for 10 items.

Table 6. Verification on difference between perception level and practice as to safety management action.

Question | Question | Question | Question | Question | Question | Question Question Question Question
1 2 3 4 5 6 7 8 9 10
Perception 1.10 1.15 1.13 1.17 1.33 1.28 1.38 131 1.22 1.17
Execution 1.29 1.60 1.56 1.48 1.86 2.47 2.50 2.52 1.63 141
Difference -.192 -.447 -434 -.314 -.531 -1.194 -1.129 -1.210 -.407 -.240
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