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[Background] Understanding the behavior of scattered radiation is important for learning appropriate
radiation protection methods, but many existing visualization systems for scattered radiation require
special devices such as head-mounted displays, making it difficult to use them in educating about
radiation protection.

[Purpose] The purpose of this study was to develop teaching material for radiation protection that can
help visualize the behavior of scattered radiation with augmented and virtual reality on a web browser,
develop a method for using it in education for radiation protection and examine its effectiveness.
[Methods] The behavior of scattered radiation in the room during radiography was calculated using
Monte Carlo simulation, and scattered radiation visualization teaching material that can be used with
a smartphone or personal computer was created. The material was used in a class for students of the
Department of Radiological Technology, and the educational effect was evaluated using a
questionnaire created based on the ARCS model. In addition, text mining was used to evaluate
impressions objectively.

[Results] Education material on radiation protection was developed that can be used in X-Reality for
studying the behavior of scattered radiation. The results of the questionnaire showed that the average
value of each item was more than 4 on a 5-point scale, indicating that the teaching material attracted
the interest of users. Through text mining, it could be concluded that there was improved

understanding of scattered radiation and there was a raise in confidence level for radiation protection.
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I. Introduction
The use of radiation for examination and treatment is growing rapidly due to the emergence of new

equipment based on latest technology. Radiological workers face health risks because of radiation



exposure [1]; therefore, radiation protection methods should be understood and efforts should be made
to reduce exposure. In addition, radiation protection should be explained to the medical staff and
assistants involved in radiation examinations to reduce their own exposure. Therefore, education on
radiation protection is important to obtain knowledge on radiation protection. In particular,
understanding the behavior and spread of scattered radiation, which is the main cause of exposure, is
important for protection against external radiation.

As scattered radiation is not visible, visualization is necessary to learn about its behavior.
Visualization studies on the behavior of scattered radiation include studies using X-Reality (XR),
which is a visualization technique similar to augmented reality (AR) and virtual reality (VR) [2, 3].
There are studies that use AR to visualize scattered radiation in various ways during examinations. In
a study by J. Kilian-Meneghin et al. [4], a two-dimensional cross-section of the scattered radiation
distribution during an angiogram was displayed using Kinect in the examination room on a machine
using AR. Some studies have used VR to understand the behavior of scattered radiation. In a study by
Matthias Siincksen et al. [5], the user can observe how scattered radiation spreads from the source by
wearing a head-mounted display, and can also experience the operation using a special controller. By
using AR and VR, three-dimensional observation is possible instead of two-dimensional observation,
as in a textbook. There are reports that the use of AR and VR in teaching materials attracted interest
in users [2, 3, 6]. However, most studies that use AR and VR to visualize scattered radiation often
require special equipment, such as dedicated cameras and head-mounted displays [7, 8]. Therefore,
the environment under which such devices can be used are limited, making it difficult to use them for
radiation protection education. Using WebXR is a simple method to observe the behavior of scattered
radiation using XR on a tablet device or a personal computer, which is currently owned by many
people.

WebXR does not require any special devices and can be used, provided there is access to internet.
WebXR enables visualization and observation of the behavior of scattered radiation with simple
operations. Basically, the features of WebAR and WebVR are different. WebAR can be used on a
device with a camera (e.g., smartphone, tablet, etc.). In addition, observation can be done in an intuitive
and simple way, as it can be done in any direction by simply moving the device. For example, a study
used WebAR to visualize and learn the structure of proteins [9]. WebVR can be used on any device,
even if no camera is attached, as long as internet access is available. One study has made it possible
to observe and learn about the blood flow in blood vessels using WebVR [10].

The purpose of this study is to propose a method of exercises based on radiation protection education
materials using a system to visualize the behavior of scattered radiation using WebXR, and to

investigate the educational effect of WebXR.

II. Materials and methods



1I-1. Simulation of the behavior of scattered radiation during examination.

To visualize the behavior of scattered radiation, the Monte Carlo particle and heavy ion transport
code system (PHITS) ver3.20 [11] was used. The behavior of scattered radiation when using a portal
radiography system, which is one of the examinations that many medical workers are involved in, was
simulated. First, supine frontal chest radiography was performed. The imaging conditions were a tube
voltage of 120 kV, tube current time product of 2 mAs, and source-to-detector distance of 120 cm
source to detector distance (SSD) [12]. The detailed geometric arrangement and composition during
the simulation were based on the study by Nishi et al. [13]. To observe the shielding effect of using a
protective apron for imaging under similar conditions, a plate made of lead with a lead equivalent of
0.35 mmPb was placed on the side of the patient, as shown in figure 1, for simulation. To observe the
differences in dose values of scattered radiation arising due to differences in imaging conditions, the
simulation was performed assuming frontal imaging in the supine pelvis, with a tube voltage of 120
kV, tube current and exposure time product of 22 mAs , and an SSD of 120 cm.

3D objects were created from the simulation results for use in WebXR. The 3D visualization
software ParaView version 5.6.0[14] was used to display the spread of scattered radiation for each

specified dose value.
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Figure 1: Simulation layout and the location of the lead plate.

II-2. Creating WebXR

WebXR was created based on the 3D data that we created. First, to create WebAR, a web framework
A-Frame [15] and a Java script library AR.js [16] were used. WebAR is activated by scanning a QR
code with a camera, which then connects to the system's web page . After activating the system, the

object is displayed by copying a special AR marker in the device. The detailed development method



and features of WebAR are based on Nishi et al.'s study [17]. WebVR was also created using A-Frame,
a web framework. The functions of WebAR and WebVR are the same, and the display screen of
WebXR is shown in figure 2 and 3. By pressing the dose display button ((a) in figure 2), the scattered
radiation of the marked dose is displayed in 3D (direct X-rays are mainly direct rays from X-rays).
The Animation button ((b) in figure 2) displays an animation of a two-dimensional cross-section where
scattered radiation spreads after irradiation. By pressing the Scale button ((c) in figure 2), the distance
from the center of the irradiation field at a height where the patient is lying and the dose values at the
height of the chest at points A (50 cm), B (100 cm), and C (150 c¢cm) are displayed. By pressing the
coronal and axial buttons (Fig. 2 (d)), the 2D scattered radiation distribution is displayed, and the
buttons (e) in Fig. 2 allow the user to switch between three views: supine chest front view, supine chest
front view with lead plate shielding, and supine pelvis front view. In WebAR, there is a rotation button,
and when it is pressed, the displayed object rotates (even if the display device is moved, the displayed
object can be observed from various directions). WebVR displays can be rotated with a left mouse

click, moved with a right mouse click, and scaled with the wheel.
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Figure 2: Explanation of WebXR screens and functions (Left: WebAR, Right: WebVR)
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Figure 3: Display screen for each function of WebVR
(a) 3D display of scattered radiation, (b) Animation of scattered radiation, (c) Display of distance and
dose value, (d) Two-dimensional coronal cross section of scattered radiation, (e) Two-dimensional

axial cross section of scattered radiation.

1I-3. Creating Web-based teaching materials

Teaching materials for the class were created based on the developed web system. The contents of
the teaching materials included items that are to be observed and exercises based on the three principles
of radiation protection. Nine exercises were developed. The exercises are listed in Table 1. A
questionnaire was created to evaluate the effectiveness of education. It was based on ARCS model
[18, 19]. The ARCS model is based on motivation to learn by considering the following four factors:
Attention: A, Relevance: R, Confidence: C, and Satisfaction: S, and was proposed to analyze the
motivation of learners to learn in classes and the effectiveness of teaching materials and to enhance
their motivation to learn [18]. The questionnaire consisted of 12 questions on attention, 9 questions on
relevance, 9 questions on confidence, and 6 questions on satisfaction; a total of 36 questions. The
questionnaire asked the users to answer each item on a 5-point scale, and the average values of each
item (A, R, C, and S) were calculated and evaluated. However, some of the questions in the

questionnaire were negative, and the evaluation scores were reversed for those questions. The Mann-



Whitney U test was then used to examine whether there was a difference in the evaluation of WebAR
and WebVR, assuming that the null hypothesis for the four items did not differ between WebAR and
WebVR. The Mann-Whitney U test was performed using EZR statistical software [20]. Similarly, the
average scores of the exercises were analyzed using the U test to evaluate whether there was a
difference between WebAR and WebVR. Two additional free-response questions were also included
in the questionnaire. The content of the questionnaire was the student’s impression of the WebXR
system and the overall impression of the class in using WebXR. To evaluate the class objectively from
the responses of the questionnaire, text-mining analysis was conducted. KHcoder software was used
for the analysis [21]. KHCoder was developed by Higuchi.K of Ritsumeikan University, Japan, and
consists of the programming language "R" and the language morphological analysis system "ChaSen"
as a backend program [22, 23]. Words that appeared more than three times in the sentences were
extracted and summarized. Cluster analysis was used to create a figure to clarify the relationship

among the extracted words.

Table 1: Contents of the exercises

Number Content of the Question
1 Choose the correct one regarding the spread of scattered radiation.
2 Choose a location with low radiation dose when assisting with supine
frontal chest imaging.
& Choose the correct one about the difference of exposure dose by height.
4 Choose the correct relationship between the distance from the center of the

irradiation field and the dose value at that point.

Choose the one that is considered to be close to the dose value at a point

2 200 cm from the center of the irradiation field.
6 Choose the correct one regarding the spread of scattered radiation when
using a protective apron.

7 Choose the correct one for the dose at point A (50 cm from the center of the
irradiation field) behind the protective apron.

8 Choose the correct one that describes how the scattered radiation spread

during pelvic imaging is different compared to chest imaging.
9 Choose the correct dose value for pelvic imaging, referring to the imaging

conditions, to see how it differs from the dose value for chest imaging.

IT-4. Classes using WebXR

The class of 35 third-year undergraduate students at Kyushu University, majoring in radiation
technology science was instructed using WebXR. The class was divided into two sessions: 18 students
in the first half and 17 students in the second half. In this study, to investigate whether WebAR and
WebVR have different educational effects, the first half of the exercise was conducted using WebAR

and the second half using WebVR. The class began with an explanation of occupational exposure in



examinations that dealt with radiation. Then, the purpose of the class and how to use WebAR or
WebVR were explained. After explaining the operation and checking the operation, the students were
asked to make observations and perform exercises using WebXR. The students were asked to fill in
the answers to the exercises on the answer sheets, which were collected, and then the answers to the
exercises were explained. After that, the whole group was divided into two groups to perform
additional exercises to deepen their knowledge on radiation protection. One group wore actual
radiation protection aprons and radiation protection glasses to experience what it was like. The other
group used AR to observe the behavior of full-scale scattered radiation on a real stretcher. When

everyone completed the two additional exercises, a questionnaire was given to them.

II1. Results
I1I-1. Exercise Scores
In the class using WebAR, the average score of 18 students was 8.89. In the class using WebVR,
the average score of the 17 students was 8.71. The P value of the U test for the scores of the exercises
when using WebAR and WebVR was 0.19, which was greater than the significance level of 0.05. No
significant differences were found, and the null hypothesis was not rejected. Therefore, there was no

difference in the mean scores of the WebAR and WebVR exercises.

I11-2. Results of ARCS Evaluation

The evaluation results of the ARCS model are presented in Table 2. All items had a mean value of
4 or higher. The item with the highest value for both WebAR and WebVR was the confidence item.
The evaluation of the ARCS model for each class using WebAR and WebVR is summarized in figure
4. The P values of the U test conducted for each item were 0.582 for item A, 0.723 for item R, 0.536
for item C, and 0.296 for item S. All P values were greater than the significance level of 0.05, and no
significant difference was found; the null hypothesis was not rejected. Therefore, differences between
the evaluation of the ARCS model of WebAR and WebVR cannot be said to exist.

Among the items in the questionnaire, there were three question items that received high ratings
((4.5 or higher) when using WebAR and WebVR. The first is "This educational content contains too
much information and it was difficult to pick up and remember the important points". The second is
"I am convinced that I could learn how to protect against scattering lines by using this educational
content". The third is "I did not understand most of the educational content in this exercise" In contrast,
there were two question items that received low ratings of less than ~ when using WebAR and
WebVR. The first is "I learned something amazing and/or unexpected through this educational
content." The second was "The advice and other feedback I received after training helped me feel like
my efforts had paid off."

In addition, among the 36 questions, there were three questions in which the difference in the mean



values of the evaluation between WebAR and WebVR was larger than the others. The first was "I
learned something surprising and/or unexpected through this educational content,”" which was rated
0.43 higher for WebAR. The second was "The educational content was not relevant to my needs
because I already knew most of it," which was rated 0.57 higher for WebAR. The third was "Il was
able to relate the content of this educational content to what I have seen, done, or thought in my

previous learning,” which was rated 0.57 higher for WebVR.

I11-3. Extraction of words using text mining
First, the words included in the comments on WebXR that were entered more than three times were
extracted. The results are presented in Table 3. In both cases, "See,” "Feel,” and "Understand" were

frequently included in the users' impressions.

Table 2: Evaluation results of ARCS models

WebAR WebVR

A : Attention 425+ 0.23 421 + 0.38
R : Relevance 424 + 0.22 4.25 + 0.37
C : Confidence 436 + 0.27 444 + 0.25
S : Satisfaction 417 £ 0.24 425 + 0.34
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Figure 4: Comparison of ARCS model evaluation between WebAR and WebVR.



Table 3: Words and number of occurrences in comments on the WebXR system.

Scattered (5) See (5)
Use (5) Feel (4)
AR (4) Scattered (4)
Feel (4) Use (4)

Understand (4) Actually (4)
See (3) Boot (3)
Spread out (3) Spread out (3)

Actually (3) New (3)

Understand (3)

Next, the same thing was done to evaluate the overall impression of the class using WebXR. The
results are presented in Table 4. In both cases, "Understand" was included in many of the users'

comments.

Table 4: Words and number of occurrences in comments on WebXR-based classes.

Understand (9) Understand (8)
Radiation (7) Protection (4)
Protection (5) Scattered (3)

AR (3) Visually (3)
Scattered (3) Content (3)
Use (3)
First time (3)
Deepen (3)

I11-4. Cluster Analysis Using Text Mining
Cluster analysis was performed on the impressions of the WebXR system, and the relationship
among the extracted words is summarized in figure 5. Similarly, figure 6 shows the relationship among

the words extracted for the feedback in the classes from the WebXR system.
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Understand

See

Protection

Understand

|
i

|

Boot

Use

| ==

Visually

Scattered

| =
- Actually

Content

1.0 0.0 05 1.0

-
|-
0.0 05

HH

Understand

Figure 6: Relationships among the words included in the feedback on classes using WebXR

(Left: WebAR, right: WebVR).

IV. Considerations
IV-1. Exercise scores
The scores of the exercises were high, indicating that the users had gained a high level of
understanding. However, the score may have been high because the users were students of the
Department of Radiation Technology Science, and had prior knowledge of radiation protection.
Therefore, the same survey should be conducted on those who have less knowledge of radiation

protection, and the results thus obtained should be compared.



IV-2. The ARCS model

The average score of the evaluation of the ARCS model was high, with a mean value of 4 or higher
for all items, indicating that the education materials using WebXR increased interest and motivation
of the users in the class. In particular, the high rating of the questionnaire items related to confidence
in radiation protection indicated that the materials increased the users' confidence in radiation
protection. In addition, the high rating of the item "easy to understand the importance and outline of
the educational content" indicates that the use of XR technology deepens user's understanding.

There were two items rated low. First, the item "I was able to learn unexpected things" was rated
low, which may have been due to the fact that the users were students of the Department of
Radiological Technology and the exercises were basic questions. The next item, "feedback was
useful," was rated low, probably due to the fact that the content of the exercise was basic to the users
and many of them knew the answers to the questions. To improve the evaluation of these two question
items, the exercises and exercise methods should be modified to suit the users and purpose.

As for the two questions where WebAR was rated higher than WebVR, AR was considered to be a
more unknown and fresh experience for users than VR, so AR was more likely to attract the interest
ofusers and was rated higher. For the question where WebVR was rated higher, it was rated so, because

the observations in VR were more stable and easier to understand and relate to.

IV-3. Results of text mining

As for the words with the highest number of occurrences, "understanding" was included in all the
comments, suggesting that the use of the WebXR system had an effect on the understanding the
educational content. And since the words "feel" and "see" were included, the WebXR system is
considered to be easy to understand visually.

From the relationship diagram of the words in the impressions about the WebXR system in cluster
analysis, it could be concluded that students could understand the spread of scattered radiation by
actually seeing and feeling it, hence, deepening their understanding on radiation protection. Therefore,
the WebXR system helped understand the behavior of scattered radiation visually, and enhanced the

understanding of radiation protection.

V. Conclusion
A new method of education for radiation protection using WebXR was developed. WebXR allows
the user to visually observe and understand the spread of scattered radiation. We concluded that this

method improves the user's interest, understanding, and confidence in radiation protection.
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