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Abstract: Education on fine dust is a challenging field, as it must explain abstract phenomena and
accompany the demands for behavioral changes. This research studied whether the adoption of
augmented reality (AR) technology can effect change in student perspectives with a view to improving
the attitudes of passive students regarding fine dust-related matters. With regard to student awareness,
94.0% of students responded that the issue of fine dust in Korea is severe; the higher the degree of
interest they had in fine dust, the more severe they perceived the issue to be. On the perceived severity
of fine dust in schools, 47.8% viewed it as severe; again, the level differed by the degree of interest.
Students (80%) who received a traditional education on fine dust expressed dissatisfaction. The effect
of using AR in experiential learning in fine dust environmental education has shown enhanced results
compared to before receiving the education, notably in the group with a low degree of interest in fine
dust and the group without prior experience in fine dust environmental education. Likewise, in the
satisfaction rate for AR-based education on fine dust, 72.5% of participants responded that they had
enjoyed the class, 75.9% showed active participation, and 80.0% felt that the content of the education
was useful. Considering that the objective of fine dust environmental education is not based on
understanding a theory but on maintaining individual health through practice in real life, the use of
AR in fine dust environmental education as applied in this study may be interpreted as having a
certain level of effect. Additionally, our results demonstrate that the use of AR in classes is effective in
arousing students’ interest and inducing participation for better engagement in learning activities,
which is, consequently, effective in enhancing the understanding of learning materials by students.
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1. Introduction

The problem of air quality has resurfaced in Korea since the 1980s, and around 2010, as a new
environmental problem. Due to the harmful effects of fine dust on the human body, the government
has invested considerably in the development of new technologies and the disclosure of information to
the public for the enhancement of air quality. However, air quality issues in Korea cannot be resolved
easily in a short period of time, as this requires the joint efforts of neighboring countries. Due to the
difficulty in installing air purification systems in large facilities, it is of dire importance to understand
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that the ultimate measure is to ensure that individuals have the will and attitude for self-protection
from fine dust.

However, according to a survey in 2017 by the Green Consumer Network in Korea, 93.8% of
the population were aware of the harmful effects of fine dust, but only four out of 10 people wore
masks due to the inconvenience of wearing them and doubts on the performance of their filters.
Likewise, while 94.7% of the respondents recognized that the damage caused by the increase in fine
dust concentrations is severe, raising awareness of the potential health risks seems necessary, as only
63.4% of respondents felt discomfort or experienced health issues caused by fine dust, whereas 71.9%
felt discomfort from restrictions on outdoor activities, 70.5% experienced visual discomfort, and 67.6%
experienced psychological discomfort. In other words, people do not commonly acknowledge the real
danger of fine dust or feel the need to tackle the problem [1].

Therefore, the Ministry of Environment developed a simulator for fine dust education, (1) to
engrave the harmfulness of fine dust in the minds of the public and students, and (2) to improve the
attitude and raise awareness of the public to actively take action against fine dust at an individual
level. They sought to find a new educational direction for the enhancement of public awareness and
attitudes, for which they took into consideration augmented reality (AR) simulations as a new means
of learning. Consequently, the Ministry developed an AR simulator environmental education program
for fine dust experiential learning.

Augmented Reality (AR) is a computer graphics technology that composites virtual objects or
information onto the real world to make them appear as objects that exist in reality. According to a
study by [2], the educational value of AR has recently increased by a significant level, and AR will
emerge as an important tool to enhance learning results. Users will be able to recognize real-life
objects through the displayed images and acquire information that is conveyed through visualized
virtual objects in an experiential method of learning. Such coexistence of virtual objects and the real
environment can enable learners to specifically understand complex spatial relationships and abstract
concepts [3,4]. It also delivers real-life experience and knowledge through a sense of engagement
that no other technology can provide [5]. This fact is very important in terms of environmental
sustainability because with AR-based intervention, our knowledge and experience can stimulate our
motivation, significantly changing our attitudes toward environmental issues. In this respect, AR,
as an educational tool, plays an essential role in maintaining and improving the environment by means
of education on specific issues such as fine dust. In fact, AR technology has already been used to
promote the development of higher levels of education in terms of economic, social, and environmental
sustainability [6].

AR only requires small computers and cameras, such as tablets and mobile phones, that are used
to build the environment, and utilizes software to visualize information. The camera displays an image
of an area visible through the screen, while markers are used to composite a virtual object onto the
corresponding area on the screen. Users move the markers to respond to the overlaid virtual objects [7].
Because virtual objects and information are displayed according to the user’s responses, the user
has to actively respond to the AR system and acknowledge the information for data exploration.
With the development of computers and portable devices, such technology is able to provide high-level
information and display various phenomena, with visual effects and hands-on experiences, that are
otherwise impossible to portray. Hence, AR is widely used in the field of education. The areas in
which AR is particularly effective and of high value are those where the subject is impossible to directly
observe in the real world, those that explain complex phenomena, those for which experiments are
impossible to execute, and those with high potential risk [8,9]. Additionally, AR responds to the user,
enabling learners to manipulate the material from diverse perspectives [10].

It has been argued that AR has great potential for educational purposes, and has seven
distinguishing characteristics: learning content in a three-dimensional perspective, ubiquitous traits,
collaboration and location learning, learner presence, immediacy and engagement, visualization of
the invisible, and connection between formal and informal learning [11],. Students’ understanding
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can be enhanced through three-dimensional objects, which may be useful in teaching anatomy [12],
astronomy [10], and geography [13]. These features of AR deliver a highly realistic learning experience
by providing information combined with the real world through virtual cognitive information, such as
sound, touch, and video [14].

The use of AR in education does not provide only merits [15]. The meta-analysis of [16] claims that
three-dimensional visualization technology produces considerably improved results in the acquisition
of spatial knowledge. However, the study did not always produce the same results, especially among
students of anatomy, as the improvement was visible only for junior students. Other studies have
shown that education with the use of technology is not always beneficial compared to traditional
teaching methods [17–20].

However, judging from the fact that AR-based educational activities were shown in existing
research to be helpful in learning, AR is expected to have an appropriate positive effect on education on
fine dust. No research was found on the effect of AR-based education on fine dust, and the usefulness
of development contents cannot be assessed without verification of the effect of fine dust education.
Therefore, the effects of AR developed through this research have been confirmed to be valid on
experiential education, such as for fine dust. In particular, it is impossible to provide education in the
form of site visits and observation for environmental education on fine dust. Thus, it is expected that
this research will provide information on how AR can be used as a learning tool for environmental
education—and for fine dust education in particular—to bring about positive effects and provide
insight into how the changes occur in students’ awareness and attitudes toward this issue.

2. Materials and Methods

2.1. Background

According to a study by [21], field trips or tours were the most widely valued teaching method by
teachers in environment-related classes. However, field trips or tours present challenges due to a lack
of relevant programs, safety issues, unexpected weather changes, and a lack of locations to allow for
on-site experiences.

Therefore, VR/AR technology has been used in various fields of education to attempt to create
virtual field trips in classrooms and verify their effectiveness (Table 1). According to [22], VR/AR-based
education effectively enhanced various learning capabilities, such as students’ interest, self-directed
learning skills, cooperation skills, and critical-thinking skills. One study on environmental education
using immersive VR (IVR) which focused on the change of marine ecosystems due to the impact of
climate change demonstrated that IVR-based experiential learning could help students to learn complex
and abstract notions associated with ocean acidification, thus reinforcing eco-friendly attitudes and
strengthening the effect of learning [23].

2.2. Research Design

This study provided fine dust environmental education to 182 first-year high school students in
Seoul, as shown in Figure 1. Two hours of theoretical classes were conducted to provide knowledge
and information on fine dust. A week later, another class was held for the same target students using
fine dust educational contents with augmented reality (AR) technology. Surveys were conducted
before and after the fine dust education to investigate changes in students’ awareness and attitudes.

2.3. Method of AR-Based Education

The education on fine dust was conducted for one hour at a time for two classes (Table 2, Figure 2).
Different educational subjects and teaching methods were adopted for each class. The first class
comprised basic theories, such as the concept of fine dust, its sources, and risks to the human body.
Lectures and discussions were utilized as methods of learning for the first class. More in-depth topics
were covered in the second class, such as fine dust inflow routes, pollution levels, and behavioral tips,
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and a portable tablet-based AR system was adopted. As for the contents of the education, marker-based
(Object/Image) technology was utilized.

Table 1. Research on VR/AR-based education in international journals.

Title (Reference) Abstract Conclusions

EcoMOBILE: Integrating
augmented reality and
probeware with
environmental education
field trips [24]

The EcoMOBILE project combined an
augmented reality (AR) experience with
the use of environmental probeware
during a field trip to a local
pond environment.

- Improved student interaction with the
pond in a format that was
student-centered rather
than teacher-directed.

- Deeper understanding.
- Expanded opportunities to engage in

activities that resemble
scientific practice.

Advantages and challenges
associated with augmented
reality for education: A
systematic review of the
literature [25]

This study presented a systematic review
of the literature on AR used in
educational settings considering factors
such as publication year, learner type,
technologies in AR, and the advantages
and challenges of using AR in
educational settings

- Increase in the number of AR studies
during the last four years

- The most widely reported advantage of
AR is that it promotes
enhanced learning.

- Some noted challenges imposed by AR
were usability issues and frequent
technical problems.

Mobile Augmented Reality:
The Potential for
Education [26]

This paper reviewed several studies on
mobile augmented reality and
exemplified the potential of the
technology for education.

- The effectiveness of AR can be further
extended when it is combined with
other types of technology such as
mobile devices.
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Table 2. Overview of the instruction of AR-based education on fine dust.

Lesson 1 Lesson 2

Title Fine dust concepts and basic
theory Title AR practical training

Teaching
Method Lecture, discussion Teaching

Method Lectures, practice, discussions, quiz

Contents

Concepts of Fine dust
Measurement method
The relationship between Fine
dust and weather
Human health risk
Emergency response

Contents

[Step 1]
AR Application operation
AR Application practice
[Step 2]
Experience educational contents of
fine dust using AR
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Figure 2. Students receiving AR-based education.

The specific method of performing fine dust education using AR consisted of two stages: In the
first phase, students were trained on the basic operation of the application before the official lesson
to better understand AR technology. As an example of AR technology implementation, a magical
newspaper with moving images in the widely known movie “Harry Potter” was presented to draw the
students’ interest. Afterward, students practiced the method of direct manipulation. They registered
pictures or letters that they created as markers and used the camera to recognize the markers in the
application, which were displayed as animated characters singing in three dimensions. The subtopics
covered in the second phase were the inflow of fine dust into the human body, the route and risk
to each body organ, the duration from inflow to discharge, and the principle of removing fine dust
using artificial rainfall technology. Each topic was developed with a short educational video of 1 to
5 min, and each video’s thumbnail (representative image of the video) was preregistered as a marker.
When the camera recognized the marker, the video was overlaid onto the image through the display
screen. Additionally, flexible and self-directed learning was encouraged in consideration of each
student’s progress rate and interest by providing learning tools and materials that could be used
autonomously. Figure 3 shows the learning materials used in the class.
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2.4. Survey

The survey targeted a total of 182 female, first-year high school students. Common questions
were asked in the pre- and post-test surveys, with questions on awareness of and attitudes to fine
dust. The post-test survey had an additional section inquiring about the level of satisfaction with the
AR-based fine dust education. The method of the survey used was interviews with the participants.
Each question in the survey used a Likert scale from one to five, with one representing strongly negative
or strongly disagree and five representing strongly positive or strongly agree.
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2.5. Method of Analysis

The section on measuring student’s attitudes toward fine dust was composed of 12 questions
(Table 3). All items were found to have a certain correlation, and Cronbach’s α was calculated as 0.815.
The 12 items for measuring students’ attitudes could thus be deemed reliable.

Table 3. Questions for Measuring Attitude.

Questions

(Q1) Check weather conditions through broadcasting, the Internet, etc.
(Q2) I adjust my commuting time to and from school and check whether the school is closed.
(Q3) I prepare personal hygiene products such as yellow dust masks, handkerchiefs, and tissues.
(Q4) If yellow dust or fine dust is severe, make sure to wear a mask when going to and from school.
(Q5) On days with high concentrations of fine dust, I close the windows and avoid outdoor activities.
(Q6) I perform personal hygiene activities thoroughly, such as washing hands and brushing teeth.
(Q7) Thorough recycling and cleaning.
(Q8) Not running or playing too much in the classroom.
(Q9) I try to reduce the amount of fine dust when I change into or out of my gym clothes or during physical
education classes.
(Q10) Ventilate indoor air after yellow dust and fine dust warnings.
(Q11) I use an air purifier, humidifier, etc. to maintain clean air indoors.
(Q12) Periodically ventilate indoor air on days when yellow dust and fine dust are not severe.

This study adopted a quantitative method for data analysis to observe changes in the Likert scale.
Descriptive statistics were calculated with the overall mean, each individual mean, standard deviation,
and maximum and minimum figures.

3. Results

3.1. Awareness of Fine Dust

As shown in Table 4, regarding students’ interest in fine dust, 86.1% of the total (182) showed a
higher than moderate degree of interest, whereas 13.1% showed no interest. Furthermore, 55.6% of
students with experience in fine dust-related environmental education in elementary, middle, and high
schools had a higher than moderate degree of interest. In comparison, 45.8% had no experience of
receiving such education.

Table 4. Statistics on students’ interest in fine dust.

Type Sample
Likert Scale

Mean (Std.)
1 2 3 4 5

Total 182 1.6 11.5 35.7 42.9 8.2 3.45 (0.86)

Education Experience Yes 99 1.0 9.1 34.3 45.5 10.1 3.55 (0.84)
No 83 2.4 14.5 37.3 39.8 6.0 3.33 (0.88)

As shown in Table 5, 94.0% of the students responded that Korea’s fine dust problem was severe.
As for the differences in the level of perceived severity based on the degree of interest in fine dust,
100% of students with a high degree of interest perceived the issue as being severe; 93.9% of students
with a moderate degree of interest perceived it as being severe, and 70.8% of students not interested in
the issue perceived it as being severe. Such results were statistically significant (F = 22.196, p < 0.001).
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Table 5. Awareness of the severity of fine dust problems in Korea based on the degree of interest in fine
dust and educational experience.

Type Sample
Likert Scale

Ave. (Std.) t/F
1 2 3

Total 182 48.9 45.1 6.0 4.43 (0.61)

Interest on
Fine Dust

(A) High 93 67.7 32.3 0 4.68 (0.47) F = 22.196
p = 0.000
(A > B,C)

(B) Moderate 65 30.8 63.1 6.2 4.25 (0.56)
(C) Low 24 25.0 45.8 29.2 3.96 (0.75)

Education
Experience

Yes 99 51.5 46.5 2.0 4.49 (0.54) t = 1.590
p = 0.114No 83 45.8 43.4 10.8 4.35 (0.67)

This finding indicates that the greater the degree of interest students had in fine dust, the more
aware they were of its severity. As for the differences in the level of perceived severity based on
the educational experience on fine dust received in elementary, middle, and high schools, 98.0% of
students with such experience perceived the issue as being severe, whereas 89.2% of students without
prior educational experience perceived it as being severe. However, there was no significant difference
between the groups with or without educational experience.

Regarding the severity of fine dust problem in schools (Table 6), 44.0% of students were aware of
its severity, with responses divided into serious (33.0%) and very serious (11.0%). Depending on the
degree of interest in fine dust, 57.0% of students with a high degree of interest (A) perceived the fine
dust in schools as being severe, and 25% of students with a low degree of interest (C) perceived the
issue as being severe. Such results were statistically significant (F = 7.574, p < 0.01).

Table 6. Awareness of fine dust problems in Korea based on the degree of interest in fine dust and
educational experience.

Type Sample
Likert Scale

Ave. (Std.) t/F
1 2 3 4 N/A

Total 182 11.0 33.0 47.8 7.7 0.5 3.48 (0.79)

Interest on
Fine Dust

(A) High 93 16.1 40.9 37.6 5.4 0 3.68 (0.81) F = 7.574
p = 0.001
(A > B,C)

(B) Moderate 65 6.2 26.2 60.0 6.2 1.5 3.33 (0.69)
(C) Low 24 4.2 20.8 54.2 20.8 0 3.08 (0.78)

Education
Experience

Yes 99 10.1 34.3 53.5 2.0 0 3.53 (0.7) t = 0.914
p = 0.362No 83 12.0 31.3 41.0 14.5 1.2 3.41 (0.89)

As for the educational experience, 44.4% of students with experience and 43.3% of students
without experience acknowledged the severity of the issue, which had no statistical significance.
The level of perceived severity of fine dust problems in schools varied depending on the degree of
interest students had in the fine dust problem and did not correlate with previous experience in
receiving fine dust-related education.

3.2. Attitude toward Fine Dust (Pretest Survey)

Students’ attitudes toward fine dust were at a moderate level, i.e., 3.35 (Figure 4). As for the
attitude toward fine dust by survey item, the survey items with a higher than moderate degree of
implementation of activities related to fine dust were Q6 = 3.80, Q11 = 3.77, and Q5 = 3.63, in descending
order. The degree of implementation was relatively low for items Q9 = 2.70, Q2 = 2.93, and Q3 = 2.94.
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Attitudes based on the degree of interest in fine dust averaged 3.63 for the “High (A)” group,
3.14 for the “Moderate (B)” group, and 2.83 for the “Low” group. Such results were statistically
significant (F = 27.204, p < 0.001) (Table 7). This finding can be understood as demonstrating that
the higher the degree of interest students show in fine dust, the higher their level of attitude was in
responding to the issue.

Table 7. The degree of implementation of fine dust-related activities according to the degree of interest
and educational experience.

Type Sample Mean (Std.) F/t

Total 182 3.35 (0.63)

Interst on
Fine Dust

(A) High 93 3.63 (0.56) F = 27.204
p = 0.000
(A > B,C)

(B) Moderate 65 3.14 (3.14)

(C) Low 24 2.83 (0.63)

Education
Experience

Yes 99 3.46 (0.63) t = 2.583
p = 0.011No 83 3.22 (0.62)

Concerning differences in the level of attitude based on educational experience, students with such
educational experience had a slightly higher degree of implementation of fine dust-related activities
(average: 3.46) than those with no prior relevant education (average: 3.22). These results show
significant differences between educational experience and attitude (t = 2.583, p < 0.05), which may be
understood as demonstrating that the level of attitude increases with educational experience (Table 7).

3.3. Level of Satisfaction with the Most Recent Education Received on Fine Dust (Pretest Survey)

The majority of the most recent environmental education on fine dust received by the students
was in the form of “lecture and video”; only 8.9% was conducted in the form of experiential learning
(group activities, etc.) (Table 8).

Concerning the education methods, many lessons were taught with “lecture and video” both
within and outside schools. However, the classes taught in schools used this approach more frequently
(83.1% of the time) than those taught elsewhere (77.8%). This indicates differences in education methods
depending on the location of education with statistical significance (χ2 = 27.823, p < 0.001).
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Table 8. Method of education in the most recent environmental education received on fine dust.

Type Sample Lecture·Video
Experience

(Group)
Activities

N/A χ2

Total 101 80.2 8.9 10.9

Education Place

In school 89 83.1 7.9 9.0
χ2 = 27.823

p = 0.000Outside school 9 77.8 22.2 0.0
N/A 3 0.0 0.0 100.0

Education
Teacher

School teacher 13 100.0 0.0 0.0
χ2 = 63.700

p = 0.000External Instructor 81 84.0 11.1 4.9

N/A 7 0.0 0.0 100.0

Unit: Number of people, %. Difference verification excludes no-response (N/A).

The differences based on instructors were as follows: education provided by school affiliated
teachers was entirely in the form of lectures and videos, whereas in the case of guest instructors,
most classes were taught with “lecture and video” (84.0%), while some were in the form of “experiential
learning (group activities, etc.)” (11.1%), which indicates that guest instructors utilized relatively more
diverse educational methods. The teaching methods in fine dust environmental education were found
to have differences depending on the instructor with statistical significance (χ2 = 63.700, p < 0.001)

To the question about the level of satisfaction with the most recent environmental education on
fine dust, the majority of students responded “Moderate” (52.5%), followed by “Satisfied” (30.7%);
only 9.9% indicated that they were “Dissatisfied”(Table 9).

Table 9. Level of satisfaction with the most recent environmental education received on fine dust.

Type Sample
Likert Scale

t
1 2 3 4 5 N/A Mean

(Std.)

Total 101 3.0 6.9 52.5 26.7 4.0 6.9 3.23 (0.78)

Education
Place

In school 89 3.4 6.7 55.1 25.8 4.5 4.5 3.22 (0.79)

t = −0.399
p = 0.691

Outside
school 9 0.0 11.1 44.4 44.4 0.0 0.0 3.33 (0.71)

N/A 3 0.0 0.0 0.0 0.0 0.0 100.0 -

Education
Teacher

School 13 0.0 7.7 76.9 15.4 0.0 0.0 3.08 (0.49)
t = −1.238
p = 0.228External 81 2.5 7.4 53.1 29.6 4.9 2.5 3.28 (0.78)

N/A 7 14.3 0.0 0.0 14.3 0.0 71.4 2.50 (2.12)

Teaching
Method

Lecture·
Video 81 2.5 8.6 55.6 25.9 4.9 2.5 3.23 (0.78)

t = −0.394
p = 0.695Activities 9 0.0 0.0 66.7 33.3 0.0 0.0 3.33 (0.50)

N/A 11 9.1 0.0 18.2 27.3 0.0 45.5 3.17 (1.17)

Unit: Number of people, %, Point. Mean (Std) and difference verification excludes no-response (N/A)

As for the level of satisfaction with the fine dust environmental education based on the location
at which the students received it, “Moderate” (55.1%) had the highest percentage for within schools,
and “Moderate” (44.4%) and “Satisfied” (44.4%) were equal first for outside schools. The satisfaction
level was higher for outside schools (average: 3.33) than for within (average: 3.22).

Regarding the level of satisfaction with the instructor, “Moderate” had the highest percentage
for both affiliated teachers and guest instructors (affiliated teacher 76.9%, guest instructor 53.1%).
The level of satisfaction, in descending order, was, on average, 3.28 for guest instructors and 3.08 for
affiliated teachers.
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For the method of education, “Moderate” had the highest number of responses for both
“lecture and video” and “experiential learning (group activities, etc.)” (lecture and video 55.6%,
experiential learning (group activities, etc.) 66.7%). The level of satisfaction was higher for experiential
learning (group activities, etc.) (average: 3.33) than for lecture and video (average: 3.23).

For responses of dissatisfaction (n = 10), 80.0% of students indicated that the lessons were
“focused on theoretical background and thus uninteresting”, which demonstrates the need for greater
variety in the form of classes that can arouse the interest of students (Table 10).

Table 10. Reasons for dissatisfaction with the most recent environmental education received by students
on fine dust.

Type Sample
Lack of

Information
Wanted to Know

Difficult to
Understand

Boring Because It Was
a Theory-Based Class

Total 10 30 10 80

Education Place
In school 9 33.3 11.1 77.8

Outside school 1 0 0 100

Education Teacher
School teacher 1 0 0 100

External Instructor 8 25 12.5 87.5
N/A 1 100 0 0

Teaching Method Lecture·Video 9 22.2 11.1 88.9
N/A 1 100 0 0

Unit: Number of person, %.

Regarding the reasons for dissatisfaction based on the location, the most common response was
that the lessons were “focused on theoretical background and thus uninteresting” for both within and
outside schools (77.8% and 100.0% respectively). For in-school education, the response “lack contents
that I wish to know” came in second, with 33.3%.

With regard to the reasons for dissatisfaction with the instructor, the response that the lessons
were “focused on theoretical background and thus uninteresting” was ranked first for classes taught
by either affiliated teachers or guest instructors (affiliated teachers: 100.0%, guest instructor: 87.5%).
Second in rank for reasons of dissatisfaction with guest instructors was “lack contents that I wish to
know (25.0%).”

As for the method of education, reasons for dissatisfaction with education in the form of lectures
and videos were, in descending order, “focused on theoretical background and thus uninteresting
(88.9%)”, “lack contents that I wish to know (22.2%)”, and “difficult to understand (11.1%).”

3.4. Effect of AR-Based Fine Dust Education (Posttest Survey)

Student’s overall attitudes toward fine dust improved after the AR-based lessons (Table 11).
The overall mean calculated before AR-based education was 3.35, which was a moderate level. By survey
item, the items with a high degree of implementation were, in descending order, “I thoroughly perform
personal hygienic activities, such as washing hands and brushing teeth” (average: 3.80), “I use an air
purifier, humidifier, etc. to maintain clean air quality indoors” (average: 3.77), and “On days with
high concentration of fine dust, I close the window and refrain from outdoor activities” (average: 3.63).
On the other hand, items such as “I try to reduce the amount of fine dust when I change into or out
of my gym clothes or during physical education classes” (average: 2.70), “I adjust the commuting
time to and from school and check whether the school is closed” (average: 2.93), and “I prepare
personal hygiene products such as yellow dust masks, handkerchiefs, and tissues” (average: 2.94) had
a relatively low degree of implementation. The overall mean after the AR-based lessons was 4.23,
an improvement of 0.88.
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Table 11. Changes in the Attitude toward Fine Dust after Experiential Education.

Type Sample Before
Mean (Std.)

After
Mean (Std.)

Diff.
(A-B) t/Z

Total 182 3.35 (0.63) 4.23 (0.65) 0.88 t = −12.299
p = 0.000

Degree of
Interest in
Fine Dust

High 93 3.63 (0.56) 4.22 (0.66) 0.59 t = −6.195
p = 0.000

Moderate 65 3.14 (0.53) 4.25 (0.61) 1.11 t = −10.724
p = 0.000

Low 24 2.83 (0.63) 4.22 (0.75) 1.39 t = −6.017
p = 0.000

Learning
Experience

Yes 99 3.46 (0.63) 4.25 (0.69) 0.79 t = −7.692
p = 0.000

No 83 3.22 (0.62) 4.21 (0.61) 0.99 t = −10.143
p = 0.000

AR
Utilization
Experience

Yes 50 3.44 (0.74) 4.32 (0.56) 0.88 t = −5.993
p = 0.000

No 132 3.32 (0.59) 4.20 (0.68) 0.88 t = −10.750
p = 0.000

Unit: Number of person, Point. (1) Calculated as the average of 12 dummy variables in the lower items. (2) AR
utilization experience means experience using AR for educational purposes prior to practical fine dust environment
education. (3) 1. Not at all; 2. Not very much; 3. Normal; 4. Relatively such; 5. Always so.

The degree of interest in fine dust was shown to enhance the degree of implementation of fine
dust-related activities, regardless of variations in the degree of interest. The degrees of interest were:
t = −6.195, p < 0.001 for “High”, t = 10.724, p < 0.001 for “Moderate”, and t = −6.017, p < 0.001 for
“Low”, all of which were statistically significant. A particularly notable tendency was that the lower
the initial degree of interest for the students, the greater the increase in the degree of implementation
of fine dust-related activities after receiving AR-based education (High = ∆0.59, Moderate = ∆1.11,
Low = ∆1.39).

Regarding the educational experience, the degree of implementation of fine dust-related activities
was enhanced, regardless of prior experience with relevant education; this was statistically significant
(“With” t = −7.692, p < 0.001, “Without” t = −10.143, p < 0.001). Students without experience in fine
dust environmental education were inclined to show a more significant increase in the degree of
implementation after the AR-based education (“With” = ∆0.79, “Without” = ∆0.99).

As for the experience with AR, the degree of implementation of fine dust-related activities
was enhanced, regardless of prior experience with AR in education; this was statistically significant
(“With” t = −5.993, p < 0.001, “Without” t = −10.750, p < 0.001). No correlation was visible between
experience with AR and the degree of implementation of fine dust-related activities, as the degree
of implementation for students without experience was enhanced at the same level as for those with
experience (“With” = ∆0.88, “Without” = ∆0.88)

With regard to changes in the degree of implementation of fine dust-related activities after the
AR-based experiential education, there was an increase in the degree of all 12 of the survey items
(see Table 12), especially for the following items in descending order: “I try to reduce the amount of fine
dust when I change into or out of my gym clothes or during physical education classes (∆1.42)”, “I adjust
the commuting time to and from school and check whether the school is closed (∆1.33)”, and “I prepare
personal hygiene products such as yellow dust masks, handkerchiefs, and tissues (∆1.20).”
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Table 12. Changes in each survey item regarding the degree of implementation of fine
dust-related activities.

Question Before Mean (Std.) After Mean (Std.) Diff.(A-B) t

Q1 3.53 (1.11) 4.23 (0.81) 0.70 t = −6.671, p = 0.000
Q2 2.93 (1.20) 4.26 (0.84) 1.33 t = −12.015, p = 0.000
Q3 2.94 (1.16) 4.14 (0.89) 1.20 t = −11.301, p = 0.000
Q4 3.21 (1.22) 4.25 (0.83) 1.04 t = −9.526, p = 0.000
Q5 3.63 (1.09) 4.20 (0.91) 0.57 t = −5.277, p = 0.000
Q6 3.80 (0.90) 4.33 (0.77) 0.53 t = −5.668, p = 0.000
Q7 3.42 (0.96) 4.10 (0.98) 0.68 t = −6.364, p = 0.000
Q8 3.54 (1.15) 4.20 (0.91) 0.66 t = −5.889, p = 0.000
Q9 2.70 (1.09) 4.13 (0.90) 1.42 t = −12.940, p = 0.000

Q10 3.18 (1.08) 4.21 (0.85) 1.03 t = −9.884, p = 0.000
Q11 3.77 (1.07) 4.40 (0.75) 0.63 t = −6.430, p = 0.000
Q12 3.59 (1.08) 4.35 (0.75) 0.76 t = −7.384, p = 0.000

Unit: Point.

3.5. Level of Satisfaction with AR-Based Education

Only 27.5% of students had used AR for educational purposes prior to the AR-based environmental
education on fine dust. Therefore, it was the first time using educational AR technology for most of the
students (Table 13).

Table 13. Degree of interest in environmental education using AR.

Type Sample 1 2 3 4 Mean (Std.)
(Point) F/t

Total 182 1.1 19.8 39.6 39.6 4.18 (0.78)

Degree of Interest
in Fine Dust

High 93 1.1 17.2 40.9 40.9 4.22 (0.76)
F = 0.728
p = 0.484

Moderate 65 1.5 18.5 40.0 40.0 4.18 (0.79)

Low 24 0.0 33.3 33.3 33.3 4.00 (0.83)

Learning
Experience

Yes 99 1.0 16.2 36.4 46.5 4.28 (0.77) t = 2.036
p = 0.043No 83 1.2 24.1 43.4 31.3 4.05 (0.78)

AR Utilization
Experience

Yes 50 0.0 16.0 42.0 42.0 4.26 (0.72) t = 0.895
p = 0.372No 132 1.5 21.2 38.6 38.6 4.14 (0.80)

Unit: Number of persons, %, Point. (1) Education experience was based on the entire experience of fine dust
environment education in elementary, middle, and high schools. (2) AR utilization experience means experience
using AR for educational purposes prior to practical fine dust environment classes.

On whether or not the students enjoyed the AR-based environmental education on fine dust
(Table 13), “Relatively enjoyable (39.6%)” and “Very enjoyable (39.6%)” were two responses with the
same highest percentage. Such a result indicates that AR-based education is effective at arousing
interest in young people.

Concerning the degree of enjoyment based on the degree of interest in fine dust, “Enjoyable”
(“High” 81.8%, “Moderate” 80.0%, “Low” 66.6%) had the highest number of responses, regardless of
the degree of interest. The degree of enjoyment regarding AR-based experiential learning was,
in descending order, “High (average: 4.22)”, “Moderate (average: 4.18)”, and “Low (average: 4.00).”

Regarding prior experience of environmental education on fine dust, “Relatively enjoyable” (46.5%)
was the response with the highest percentage for students with past educational engagement, and the
same response (43.4%) was also ranked as first for students without such experience. The degree of
enjoyment derived from AR-based experiential learning was higher for students with prior educational
experience (average: 4.28) than for those without it (average: 4.05). The difference in the degree
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of enjoyment based on such past educational engagement in fine dust had meaningful significance
(t = 2.036, p < 0.05). In other words, students who had previously received environmental education
on fine dust enjoyed the AR-based experiential learning more than those without such experience.

As for prior experience using AR for the purpose of education, the response with the highest
percentage was that the students enjoyed the program, regardless of previous use of the technology
(“With” 84.0%, “Without” 77.2%). The degree of enjoyment derived from AR-based experiential
learning was higher for “With” experience (average: 4.26) than for “Without” experience (average: 4.14).

On the question about the usefulness of the AR-based experiential learning in fine dust
environmental education, “Relatively useful” (41.8%) had the highest percentage of responses,
followed by “Very useful” (39.0%) (Table 14). These results demonstrated that the AR-based experiential
learning was beneficial.

Table 14. Usefulness of environmental education using AR.

Type Sample 3
(%)

4
(%)

5
(%) N/A Mean (Std.)

(Point) F/t

Total 182 18.1 41.8 39.0 1.1 4.21 (0.73)

Degree of Interest
in Fine Dust

High 93 14.0 45.2 38.7 2.2 4.25 (0.69)
F = 0.789
p = 0.456

Moderate 65 20.0 38.5 41.5 0.0 4.22 (0.76)

Low 24 29.2 37.5 33.3 0.0 4.04 (0.81)

Learning
Experience

Yes 99 13.1 46.5 39.4 1.0 4.27 (0.68) t = 1.086
p = 0.279No 83 24.1 36.1 38.6 1.2 4.15 (0.79)

AR Utilization
Experience

Yes 50 14.0 44.0 38.0 4.0 4.25 (0.70) t = 0.429
p = 0.669No 132 19.7 40.9 39.4 0.0 4.20 (0.75)

Unit: Number of persons, %, Point. (1) Education experience was based on the entire experience of fine dust
environment education in elementary, middle, and high schools. (2) AR utilization experience means experience
using AR for educational purposes prior to practical fine dust environment classes.

In relation to the degree of interest in fine dust, “Relatively useful (45.2%)” and “Very useful
(38.7%)” were the top two responses for students with a high degree of interest, whereas for students
with a moderate degree of interest, “Very useful (41.5%)” was higher than “Relatively useful (38.5%).”
As for the students with a low degree of interest, the order of the responses was “Relatively useful
(37.5%)” and “Very useful (33.3%).” The degree of perceived usefulness of the AR-based experiential
learning was highest for the students with a high degree of interest (average: 4.25), followed by
students with a moderate degree of interest (average: 4.22), and those with a low degree of interest
(average: 4.04).

With regard to prior experience in environmental education on fine dust, the majority of students
with such experience chose “Relatively useful (46.5%)”, while those without such experience mostly
responded that the education was “Very useful (38.6%)”. The degree of perceived usefulness of the
AR-based experiential learning was higher for those with past engagement in fine dust education
(“With” average: 4.27) than for those without such experience (“Without” average: 4.15).

As for the prior use of AR for educational purposes, “Relatively useful” was the response
with the highest percentage, regardless of previous experience with AR technology (“With” 44.0%,
“Without” 40.9%). The degree of perceived usefulness of the AR-based experiential learning was,
on average, 4.25 for students with experience in the use of AR in education and 4.20 for those without
such experience.

In observing the degree of active participation by students in the AR-based experiential learning,
responses with high percentages were, in descending order, “Relatively active (40.7%),” “Very active
(35.2%),” and “Moderate (20.9%)” (Table 15).
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Table 15. The degree of active participation in AR-based environmental education.

Type Sample 1 2 3 4 5 N/A Mean (Std.) F/t

Total 182 0.5 1.6 20.9 40.7 35.2 1.1 4.09 (0.82)

Degree of Interest
in Fine Dust

High 93 1.1 3.2 18.3 43.0 32.3 2.2 4.04 (0.87)
F = 0.861
p = 0.424

Moderate 65 0.0 0.0 21.5 36.9 41.5 0.0 4.20 (0.77)

Low 24 0.0 0.0 29.2 41.7 29.2 0.0 4.00 (0.78)

Learning
Experience

Yes 99 0.0 0.0 17.2 46.5 35.4 1.0 4.18 (0.71) t = 1.596
p = 0.112No 83 1.2 3.6 25.3 33.7 34.9 1.2 3.99 (0.94)

AR Utilization
Experience

Yes 50 0.0 2.0 14.0 48.0 32.0 4.0 4.15 (0.74) t = 0.504
p = 0.615No 132 0.8 1.5 23.5 37.9 36.4 0.0 4.08 (0.85)

Unit: Number of persons, %, Point. (1) Education experience was based on the entire experience of fine dust
environment education in elementary, middle, and high schools. (2) AR utilization experience means experience
using AR for educational purposes prior to the practical fine dust environment classes.

In relation to the degree of interest in fine dust, “Relatively active” had the highest percentages
regarding the degree of active participation by students with high and low degrees of interest
(“High”43.0%, “Low” 41.7%). As for students with a moderate degree of interest, “Very active (41.5%)”
was the response with the highest percentage. The degree of active participation in the AR-based
experiential learning was the highest for students with a high degree of interest in fine dust (average:
4.04), followed by those with a moderate degree of interest (average: 4.20) and a low degree of interest
(average: 4.00).

With regard to prior experience in environmental education on fine dust, “Relatively active (46.5%)”
was the response with the highest percentage for students with such experience, whereas “Very active
(34.9%)” was the top choice for those without such experience. The degree of active participation in
the AR-based experiential learning on fine dust environmental education was higher for students with
prior experience (average: 4.18) than for students without it (average: 3.99).

As for the prior use of AR for educational purposes, “Relatively active” was the response with the
highest percentage, regardless of past experience with AR technology (“With” 48.0%, “Without” 37.9%).
The degree of active participation in the AR-based experiential learning was, on average, 4.15 for
students with experience and 4.08 for those without such experience.

Regarding the question of whether the AR-based class helped the students to better understand
the study materials compared to regular classes, “Relatively helpful (41.2%)” and “Very helpful (41.2%)”
were the two responses with the highest percentages (Table 16). Such a result indicates that the
utilization of AR in education may help enable a better understanding of study materials through the
use of visual effects to arouse students’ interest and induce active participation.

Table 16. The degree of helpfulness of AR/VR-based education in understanding the study materials.

Type Sample 2 3 4 5 N/A Mean(Std.) F/t

Total 182 2.7 13.7 41.2 41.2 1.1 4.22 (0.79)

Degree
of Interest

in Fine Dust

High 93 2.2 11.8 39.8 44.1 2.2 4.29 (0.76)
F = 1.256
p = 0.287

Moderate 65 1.5 13.8 46.2 38.5 0.0 4.22 (0.74)

Low 24 8.3 20.8 33.3 37.5 0.0 4.00 (0.98)

Learning
Experience

Yes 99 2.0 10.1 46.5 40.4 1.0 4.27 (0.73) t = 0.801
p = 0.424No 83 3.6 18.1 34.9 42.2 1.2 4.17 (0.86)

AR Utilization
Experience

Yes 50 2.0 6.0 50.0 38.0 4.0 4.29 (0.68) t = 0.712
p = 0.477No 132 3.0 16.7 37.9 42.4 0.0 4.20 (0.82)

Unit: Number of person, %, Point. (1) Education experience was based on the entire experience of fine dust
environment education in elementary, middle and high schools. (2) AR utilization experience means experience
using AR for educational purposes prior to the practical fine dust environment classes.
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In relation to the degree of interest in fine dust, “Very helpful” was the response with the highest
percentage for students with both high and low degrees of interest (“High” 44.1%, “Low” 37.5%).
The degree of helpfulness of AR-based education in understanding the study materials was, on average,
4.29 for students with a high degree of interest in fine dust, 4.22 for those with a moderate degree of
interest, and 4.00 for those with a low degree of interest.

With regard to prior experience in environmental education on fine dust, “Relatively helpful
(46.5%)” was the response with the highest percentage for students with such educational experience,
whereas “Very helpful (42.2%)” was the most chosen answer for those without such experience.
The degree of helpfulness of AR-based education on understanding the study materials was, on average,
4.27 for students with prior experience in environmental education on fine dust and 4.17 for those
without such experience.

As for the prior use of AR technology for educational purposes, “Relatively helpful (50.0%)” was the
response with the highest percentage for students with prior experience using AR, whereas “Very helpful
(42.4%)” was the highest for students without prior experience with such technology. The degree of
helpfulness of AR-based education on understanding the study materials was, on average, 4.29 for
students with experience with AR technology and 4.20 for those without previous usage.

4. Discussion

4.1. The Effect of AR Utilization

Researchers have been developing curricula using various methods and studying their outcomes
to achieve more productive pedagogical approaches. As problems arose in teaching with the use of
text, a study that emphasized the importance of learning based on experience was proposed by [27],
who highlighted that effective learning comes from direct experience. It has been argued that the
value of experience is based on the situation, and that genuine learning is achievable through actual
participation [28]. In modern times, participatory learning based upon various experiences, such as
practical training, field trips, and problem-solving studies, has been developed for experimental and
experiential education [29].

However, such hands-on learning is often impossible in limited spaces such as in schools,
and outdoor activities are only possible within the boundaries of certain conditions. For example,
an explanation of natural phenomena, education about anatomy, or experiential learning, such as
studies of nature or observation of ecology, has limitations in terms of the difficulty of experience in the
classroom. Fine dust is invisible to the eye, and the principles of its impacts on the human body cannot
be concretized through experiments. Therefore, it is impossible to acquire experiential knowledge
either indoors or outdoors, which is a significant problem in fine dust education, as students are
directly affected by exposure to fine dust.

However, AR technology has made a breakthrough in this regard. The principles and harmfulness
of fine dust can be visualized and expressed to students. Fine dust related information can be provided
through activities that enable the students to obtain information by performing various activities using
mobile devices.

Overall, AR in fine dust education has given rise to more remarkable results than initially expected.
The reason AR has such a positive effect on learning is believed to be due to its capacity to stimulate
various human cognitive abilities.

Another reason is that AR allows for easier explanations of direct observation and dangerous
phenomena, and it can embody abstract concepts [30,31]. This function can enhance students’
understanding and arouse their interest and motivation [32]. In particular, AR is known to help
engrave information into the minds of users by deploying visual and spatial awareness capabilities.
In the research by [14], AR was used to help explain the anatomy of three-dimensional human bodies.
It was demonstrated that three-dimensional visualization technology, a form of computer-based
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education, was effective in anatomy education [33]. In particular, virtual objects used in classes on
anatomy were shown to have positive educational effects [34,35].

4.2. Awareness of and Attitudes towards Fine Dust among Students before the Application of AR

As with the results of this study, high school students’ perception and attitudes in responding to
fine dust show that despite high levels of awareness, their attitudes are not as active. Such results can
be found in previous studies on fine dust awareness.

In a study of university students, the level of awareness on fine dust was 3.59 out of 5.0. A level of
attitude of 3.18 indicated a clear difference between perception and attitude [36]. The students did not
have accurate knowledge of the definition of fine dust, and attitudes reflecting practical aspects were
not affected by perception [37].

In a more recent survey [1], 92.3% of respondents acknowledged that the concentration of fine
dust had increased significantly (92.3%) compared to 10 years ago, and that the damage was severe
(94.7%) compared to that in developed countries. Additionally, 60% to 70% of respondents also showed
anxiety, displeasure, and discomfort. However, only 54.8% of respondents used forewarning systems
to consider wearing masks outdoors, which is a relatively low figure.

Such a result indicates that knowledge does not correlate with actual practice [38], and that the
transmission of information alone does not to help determine risk and change behavior [39]. It has
been shown that this phenomenon is due to the determination of risk by the subjective judgment
of the individual, rather than by scientifically proven relative risk or statistical estimates based on,
for example, numbers of fatalities [40]. It has been noted that such inconsistencies in perception and
practice are the result of miscommunication [41].

This matter can therefore be attributed to problems in information delivery or education and
learning, which should encourage the development of correct subjective judgments through proper
communication. Therefore, the general public should be able to draw a sketch of the concept of fine
dust based on the key messages needed for risk assessment, and further link the information provided
in fragments to such a foundation in order to understand the phenomenon [42,43]. To overcome these
shortcomings, it is necessary to develop educational methods that fit the characteristics of the target
audience [44].

4.3. Benefits of AR-Based Education

In light of the results of this study, it has been confirmed that AR technology can serve as a tool to
reconcile inconsistencies in perception and practice. According to the survey results on satisfaction,
the existing methods of education were uninteresting to students and did not effectively stimulate their
motivation to learn. As a result, students did not have high expectations or interest in learning about
fine dust. However, the use of AR reduced the percentage of responses indicating a moderate degree of
interest and enjoyment from 52.5% to 19.8%, and increased the percentage of responses “satisfied” and
“very satisfied” from 26.0% and 4.0% to 39.6% and 39.6%, respectively. Overall, the degree of satisfaction
was enhanced from 30.7% to 79.2%, demonstrating the potential of AR-based education. In addition,
nearly 80% of students perceived the AR-based education on fine dust as useful, confirming that the
utilization of AR technology had a positive effect.

Additionally, students’ educational experience in learning about the environment and fine dust can
change their perception of the environment and become a driving force that could further strengthen
personal hygiene management. This finding confirms the sustainable aspect of such education, with its
impact on the environment and personal hygiene. Thanks to an effective pedagogical approach,
these changes to personal hygiene management may help students build a stronger foundation to
grow into adults who are able to achieve a sustainable environment and society by making efforts to
protect the environment and reduce fine dust.
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4.4. Students’ Attitudes toward the Use of AR

After receiving the AR-based education on fine dust, more than 75% of students actively
participated in learning. Additionally, judging from the positive results shown in terms of students’
attitudes toward fine dust, regardless of their interest or educational experience, it can be hypothesized
that AR technology in education has the potential to cause changes in students’ attitudes by motivating
them to learn and actively engage in their education.

In other words, AR technology effected changes in attitude by prompting students to actively show
a greater degree of interest. In fact, it has been argued that AR could strengthen students’ motivation
to learn, which is in line with the our finding that students show positive attitudes toward AR-based
learning [45]. The study by [46] also demonstrated that the application of AR to science education
resulted in enhanced academic performance and improved attitudes among middle school students.

However, the usability of AR is dependent upon the motivation to learn. As mentioned by [47],
students facing educational difficulties had a negative attitude toward such learning. The use of AR
can have a synergistic effect only when it is easy to manipulate and can increase the degree of students’
enjoyment and interest.

Regarding the usability of AR and the enjoyment and interest in AR activities that follow, it has
been argued that AR activities give pleasure to and prompt enthusiasm in students. Students also
did not show any signs of concern when using the technology [46]. The AR systems were easy to use
and found to be useful for students studying anatomy [48]; furthermore, academic groups using AR
achieved higher test scores than those that did not [49,50]. Groups that received education in which AR
was applied also had a higher level of understanding of three-dimensional figures [51]. In other words,
AR can be seen as a highly effective medium in terms of its usability and effectiveness compared to
traditional learning methods.

4.5. Students’ Understanding and Motivation regarding Fine Dust

It has been proven through this research that Augmented Reality (AR), which allows for experience
through virtual spaces with the adoption of technical elements, can be an alternative method in cases
where hands-on practice is not possible. Notably, 82.4% of students responded that AR technology
had helped them enhance their understanding of fine dust.

In the study by [13], applying AR in scientific education enhanced students’ understanding of
geography and also their levels of achievement [52]. By visualizing invisible phenomena such as
magnetic fields, AR technology helps students understand the subject in detail [53] and improves
motivation for students to learn [54].

4.6. Effect of AR-Based Fine Dust Education

The fact that AR-based education was effective regardless of prior experience in fine dust education
is enough to recognize the effect of adopting a new method of education using AR. In consideration of
the recent educational trend emphasizing experiential learning, AR, as demonstrated in this study,
provides a semirealistic experience, and its effect is thus more substantial than that of two-dimensional
or audiovisual learning materials which are traditionally used in classes. Concepts that are difficult to
visualize in the real world, such as issues associated with fine dust, cannot be adequately represented
in classrooms. However, AR has a significant effect on the teaching of abstract concepts or phenomena.
It can show specific symptoms upon exposure to fine dust by visualizing the harmfulness of fine dust
on the human body, the progress of its impact, and the possible diseases it may cause in each part of
the body. It has also been mentioned that AR concretizes and visualizes abstract concepts to enhance
students’ understanding and enable observation of phenomena which are not subject to experience in
real life [55]. Therefore, the application of AR in this study positively impacted the students in general,
as it raised awareness of fine dust and effected the changes in the degree of implementation of fine
dust-related activities.
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4.7. Issues and Limitations

The survey in this study was conducted on only a limited number of students in the first year of
high school. This experiment is thus be limited to explaining this particular case only. Overall, the study
result is not applicable to other students and the public. In order to make broader observations,
it would be necessary to incorporate a wider range of targets and perform additional experiments.

5. Conclusions

This study observed changes in the awareness and attitudes of first-year high school students
with regard to fine dust. It investigated whether AR-based education had the potential to change
students’ awareness of and attitudes to this matter.

About half (51.1%) of the target students had an interest in fine dust issues; 94.0% of students
responded that the recent problem of fine dust in Korea was severe, and students with a high degree
of interest in fine dust tended to perceive the issue as being even more severe (“High” average: 4.68;
“Moderate” average: 4.25; “Low” average: 3.96). On the perceived severity of the fine dust problem in
schools, 47.8% viewed it as moderate, whereas 44.0% perceived it as being severe. As for the problem
of fine dust in schools, there was a tendency for students who had a high degree of interest to view the
issue as severe (“High” average: 3.68; “Moderate” average: 3.33; “Low” average: 3.08).

With regard to the degree of implementation of activities related to fine dust in daily life,
students had a moderate degree of implementation (average: 3.35), and students with a high degree
of interest in fine dust had a greater tendency to implement such activities (“High” average: 3.63;
“Moderate” average: 3.14; “Low” average: 2.83). Such a result indicated that for students to protect
themselves from problems associated with fine dust, it is necessary to make sure that they are exposed
to an environment in which they can first gain interest in fine dust-related issues.

Only about half of the students had prior educational experience with fine dust,
i.e., 54.4% percentage. Since 2015, schools have been obliged to designate a person in charge of
fine dust-related matters to create a safer school environment and strengthen relevant education.
Still, only half of the students indicated that they had received such education. This indicates a lack of
education provided regularly in schools or the provision of education at a level that students cannot
clearly acknowledge.

It was found that for students with educational experience with fine dust, most of the relevant
programs were conducted in the form of lectures or videos (80.2%) taught by guest instructors (80.2%)
in schools (88.1%). The level of satisfaction among students with such education was moderate
(average: 3.23), and the majority of the respondents viewed the contents as uninteresting, as the classes
were “focused on theoretical background (80.0%).” As for the teaching methods, 45.1% indicated
satisfaction with “AR experiential learning with a focus on education” and 26.4% with “education using
audiovisual materials such as video clips.” This outcome demonstrates that students favor learning in
the form of new technology as opposed to traditional lectures.

There was an increase in the degree of implementation of fine dust-related activities in daily life
after receiving the AR-based experiential learning on fine dust environmental education compared to
before the education (Pretest average: 3.35; Posttest average: 4.23). The increase rate was higher for the
groups with low interest in fine dust (∆1.39) and without prior experience in fine dust education (∆0.99).
There were improvements in all 12 survey items that were used to assess the degree of implementation
of fine dust-related activities in daily life after the students received the AR-based education. Notably,
there were significant improvements for the following survey items: “I try to reduce the amount of
fine dust when I change into or out of my gym clothes or during physical education classes (∆1.42),”
“I adjust the commuting time to and from school and check whether the school is closed (∆1.33),”
and “I prepare personal hygiene products such as yellow dust masks, handkerchiefs, and tissues
(∆1.20).” Considering that the objective of fine dust environmental education is not understanding
a theory but, rather, maintaining individual health through practices in real life, the use of AR in
experiential learning as applied in this study was shown to have a certain positive effect.
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With regard to the educational effect of using AR based on the degree of interest, the result was
valid for all students in this study; a particularly notable finding was that the AR-based education was
more effective for students with a moderate or low degree of interest in fine dust. Such a result suggests
that AR-based education has the potential to bring about substantial benefits in achieving educational
objectives by encouraging students to actively engage in learning, even for those with less interest in
the subject. As for the effect of education based on prior educational experience, it was confirmed
in this research that AR-based education enabled students without background knowledge of fine
dust to easily approach the concept, and induced changes in their attitudes. Additionally, the effect
of AR technology in education on fine dust was found to contribute to environmental sustainability
by reinforcing students’ attitudes and behavior in a positive way, i.e., by inducing changes in their
lifestyle to protect themselves and the environment.
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