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Learning about disaster prevention in high school
-Scientific understanding of natural disasters
and acquisition of knowledge of disaster prevention behavier

K. Kawakatsu ; A. Mitsui; N. Kodama; T. Maeda; H. Nakanou; A. Tada; Y. Muromoto;
K. Kishigami; H. Gotou; K. Motowaki; Y. Nishino; T. Satou; M. Shimura;
K. Sugawara; K. Takada ; T. Takeuchi; Y. Takeuchi; N. Yamaura; Y. Yokoo; R. Yoshida
Honmachi 68-70, Himeji-city, Hyogo Prefecture, Japan
kazuya-kawakatsu@hyogo-c.ed.jp

Our school is located near the epicenter of the
Southern Hyogo Earthquake that occured on January  FiG.1 WHAT IS NEEDED FOR DISASTER PREVENTION?

17, 1995. As the years pass by, lessons learned have / ///“\\///H\\\ \

started to be forgotten. The main lesson we learned : \

from the disaster is that it is necessary to understand / lnter-Qisch;:lnarv ' p?;:::gn \
. P - scientific

the natural world scientifically and to practice b noemiining activities on

disaster prevention activities as an individual and \ of natural ;22:;:]72'6 :I"; .

societal scales to protect ourselves from disasters N e /

- PO ST
(Fig.1). \. \"”Notmemorization, but = /

Japan has many natural disasters (such as ~__logical understanding
earthquakes, volcanic eruptions, tsunamis and i gisgill
typhoons) and students are taught how to prepare for and respond to them. Aside from those
practical considerations, students learn about the underpinning scientific theories of such disasters
in earth science classes. However, students don’t study the four natural science (chemistry,
physics, biology and earth science), but only choose to study 2 or 3 subjects from them. Therefore,
students who don’t choose earth science have no opportunities at school to learn the mechanisms
behind disasters. In modern Japan, very few schools offer earth science courses so many students
are denied the opportunity to understand the theory of natural disasters.

Our school has been designated as a Super Science High school (SSH) since April 2020. The
SSH program designates high schools that focus intensively on math, science and technology
education. It implements advanced math and science education programs in high schools and
assigns additional funding to further develop the abilities of students. In addition, it also develops
teaching methods and materials which develop students’ creativity and originality.

The most important research and development theme of our school is "International Activities
centered on Earth Science". Our school has set up "Basic Inquiry-Based Study of Natural
Science" (worth 4 credits in 1% grade and 2 credits in 2" grade) to encourage comprehensive
across the four fields of science (chemistry, physics, biology, and earth science) with a focus on
earth science. Here is also "Inquiry-Based Study of Science and Mathematics" (1 credit in 1%
grade, 2 credits in 2" grade and 1 credit in 3™ grade) research based on earth science. In this
system, all students study across the four fields of natural science as well as mathematics and so
they can come to understand natural phenomena and natural disasters comprehensively. In "Basic
Inquiry-Based Study of Natural Science", students actually go out and get hands-on experience
earth sciences. In 2021, a group of students investigated the Nojima Fault which was responsible
for the Southern Hyogo Earthquake and visit the Disaster Prevention Future Center. We learned
about disaster prevention and mitigation techniques there. We conducted a survey on students
who participated about these activities. The results shows that our school's efforts is significant
[1]. We would like to show the country the fruits of our labour nationwide.

Keywords: Southern Hyogo Earthquake; mechanisms; activities
References: [1] Himejihigashi Senior High School (2020) R & D implementation Report
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Disaster Prevention Education: Combining Scientific Understanding of

Disasters with Knowledge of Disaster Mitigation Strategies

K. KAWAKATSU !, K. KISHIGAMI ', M. SHIMURA ', K. SUGAWARA '
(1. Hyogo Pefectural Himeji Higashi Senior High School, Japan)

Abstract: Himeji Higashi High School is located near the epicenter of the 1995 Southern Hyogo Earthquake.
The occurrence of these tragedies stresses the necessity to scientifically understand disasters and develop and
implement disaster prevention actions at both the individual and societal levels. It is our belief that we cannot
properly prepare for or mitigate disasters without understanding how and why they occur. Such knowledge is
gained through Earth science education, which synthetically interweaves all three natural sciences to facilitate a
deeper theoretical comprehension of natural disasters. Himeji Higashi’s Super Science High School program aims
to provide interdisciplinary scientific education to foster students’ comprehensive understanding of natural
phenomena and consolidate their related learning. Students learn by selecting specific subjects of disaster
prevention and mitigation to study. In addition, students understand the mechanisms of natural disasters in class
and experience disasters through museum training. A questionnaire was administered to the students upon
completion of the program. The results showed that the program is promising and may have had a positive impact
on students. More than 85% of students were satisfied with our educational program, and we can expect that they
will understand nature and work for disaster prevention and mitigation themselves.

Key words: Southern Hyogo Earthquake, Natural Science, disaster prevention, disaster mitigation

1. Introduction: The Need for the Theoretical Understanding of Disaster Prevention

Himeji Higashi High School is located near the northern tip of Awaji Island, which was the epicenter of the
Southern Hyogo earthquake (i.e., commonly the Hanshin-Awaji earthquake). This earthquake occurred at 5:46
AM on January 17, 1995, killing 6,434 people. It caused widespread devastation, particularly in the built-up urban
areas of Kobe city, such as Sannomiya or Motomachi (Figure 1). However, as years passed, the lessons learned
were forgotten to the point that interest in disaster prevention is waning, especially in generations that have never
experienced such disasters.

Japan’s disaster prevention and mitigation education is only briefly addressed in Earth science textbooks, and
only touches on advance preparation and actions to take in the event of a disaster. This kind of education, which
does not cover the mechanisms by which disasters occur, produces students who fear nature. Moreover, not all
students study Earth science as a mandatory subject in Japan. However, disaster victims point out that it is

Honmachi 68-79, Himeji city, Hyogo prefecture, Japan. E-mail: kazuya-kawakatsu@hyogo-c.ed.jp
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Figure 1. Images of the devastation in Kobe city

important to understand and coexist with nature to prevent and mitigate disasters.

Therefore, the authors believe that successful disaster prevention and mitigation involves developing a
scientific understanding of the natural world and the mechanisms at play in disasters (Figure 2). Based on this,
stakeholders can then undertake the vital process of developing, refining, implementing, and practicing disaster

prevention and mitigation strategies at both the individual and societal levels.

-

~

Inter-

~Inte Disaster
disciplinary prevention
scientific Disaster | activities on

understanding | prevention
of natural
phenomena

individual and
societal levels

Not memorization,
but logical understanding

Figure 2. Concepts necessary for disaster prevention education

Natural disasters, including earthquakes and typhoons, occur at a high frequency in Japan, and students are
taught how to prepare for and respond to them. This education includes practical measures, such as preparing
disaster stocks and teaching students how to understand hazard maps, evacuation routes, among others.
Meanwhile, Earth science education weaves natural sciences (i.e., chemistry, physics, and biology) to provide
students a deeper understanding of the Earth and its natural disasters. However, few students study Earth science
as it is not a widely offered subject. Furthermore, many students do not have the opportunity to study all natural
sciences (chemistry, physics, and biology). Japan students cannot freely select natural science courses because
their curricula already involve many compulsory subjects. To address the situation, Himeji Higashi High School
has implemented a new curriculum to promote a deeper interdisciplinary understanding of the natural world. The
current report is a part of various efforts to disseminate the results of this endeavor to wider audiences.
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2. Synthetical Understanding of Natural Sciences in Earth Science

Our school has been designated as a Super Science High School since April 2020 by the Science and
Technology Council of the Ministry of Education, Culture, Sports, Science and Technology (2009). The Super
Science High School program targets the development of science, technology, engineering, the arts, and
mathematics (also known as STEAM) subjects by funding and implementing advanced programs to develop the
ability, creativity, and originality of each student covered by the program. Himeji Higashi High School’s particular

focus is International Activities centered on Earth Science (Figure 3).
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Figure 3. Super Science High School research and development
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Our school independently began conducting the “Basic Inquiry-Based Study of Natural Science” and
“Inquiry-Based Study of Science and Mathematics” courses to promote comprehensive learning across the four
fields of science (chemistry, physics, biology, and Earth science) with a particular focus on Earth science, and help
students understand natural phenomena and disasters (Figure 4).

~

Earth science experiments
_

Basic Inquiry-

Basic Basi Basic Based Study
++ T of Natural

. Science
Based on Earth science

l Exercise
Inquiry-Based Study
of Science and Mathematics

Figure 4. Class development

Through these two courses, students develop logical thinking (e.g., hypothesis formation and deductive
reasoning) and the ability to use, present, and analyze data objectively through appropriate use of statistics and
probability laws. Presentation and communication abilities in both Japanese and English are also refined, so that
students can learn how to effectively relay their ideas to others and discuss and debate ideas.

The following example serves to illustrate the goal of this curricula to combine the study of natural sciences
and synthesize a deeper understanding of a topic. In physics classes, students conduct experiments that help them
understand the roles of gravitational and rotational forces in forming the Earth as an oblate spheroid. In classes on
radioactivity, radioisotopes, half-lives, and decay mechanisms, students are taught the concepts of absolute and
relative ages; for example, by measuring the half-lives of radioactive isotopes contained in rocks, we can
determine how many years ago the rocks solidified. In biology classes on species evolution and the environment,
students examine fossils and conduct literature reviews to learn about prehistoric species and their various
paleoenvironments. While studying atoms and molecules in chemistry classes, students also learn about the crystal
structures of minerals, how they are created, transformed, and destroyed, and observe minerals using polarizing
microscopes to learn more about how initial conditions affect their properties, such as their crystal form and color.
They also use polarizing microscopy to observe and learn more about minerals.

In addition to natural science, students must understand mathematics for objective evaluation, possess logical
English skills, and develop their communication skills. In mathematics class, students learn statistics and vector
equations. In English classes, students read previous research in various fields and discuss findings with each
other, and in communication classes, students acquire skills for presentations. In this way, students engage with
many subjects to understand nature, and the basis of these subjects is the study of Earth science. To achieve this,
teachers from different specialties form teams to create syllabi and work on their lessons (Figure 5).
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Figure 5. Interdisciplinary team teaching

3. Hands-On Experience to Consolidate Learning

For inexperienced students, it is important to “visit the site” and “touch the real thing” in order to develop a
connection with natural sciences. To learn about dinosaurs in a biological evolution class is a very different
experience from seeing a skeleton of one and wondering what kind of world it lived in. In the “Basic
Inquiry-Based Study of Natural Science” course, students go out and get hands-on experience of Earth sciences
and are provided with special lectures and workshops that help to consolidate in-school learning.

In 2021, students visited the Hokudan Earthquake Memorial Park Nojima Fault Preservation Museum and
the Disaster Reduction and Human Renovation Institute to learn about disaster prevention, reduction, and
mitigation (Figure 6). The Nojima Fault Preservation Museum houses a visible section of the Nojima Fault, which
was responsible for the 1995 Southern Hyogo Earthquake and was designated a “special natural monument” by
the International Union of Geological Science. Students could not only see and touch a part of the fault line but
also observe examples and records of the devastation caused by the earthquake, as well as get a better grasp of the
mechanisms that caused the event. At the Disaster Reduction and Human Renovation Institute, students learned in
more detail the causes and consequences of the Southern Hyogo Earthquake and could view and handle artifacts
from the disaster (Figure 7). Before visiting the museum, teachers always study in advance to narrow down the
points for observation and experimentation. After the visit, students are required to submit a detailed report on

AR N
z N

concepts learned.

Figure 6. At the Hokudan Earthquake Memorial Park Nopma Fault Preservation Museum
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Figure 7. At the Disaster Reduction and Human Renovation Institute

Students also visited the National Museum of Nature and Science and the National Museum of Emerging
Science and Innovation (Miraikan) to broaden their knowledge in various fields of science. The National Museum
of Nature and Science is one of the largest science museums in Japan, containing a vast collection of tangible
examples of natural science, history, and science technology (Figure 8). Meanwhile, Miraikan is one of the largest
engineering museums in Japan, with extensive exhibitions primarily concerning the relationship between science

and society, and aspects of scientific ethics (Figure 9).
g

Figure 9. Training at the National Museum of Emerging Science and Innovation (Miraikan)

84



Disaster Prevention Education: Combining Scientific Understanding of Disasters with Knowledge of Disaster Mitigation Strategies

The in-person education is not limited to receiving special lectures and workshops to improve theoretical
understanding, but also includes practical field work. As an example, students visit and conduct geological

surveys at the San’in Geopark World Heritage site, known for its outcrops where geological structures and rock
consolidation can be clearly observed (Figure 10).

377 | § A VEpeLEREE

Figure 10. At the Genbudo cave in San’in Geopark

4. Evaluation of Progress to Date and Future Tasks

Considering that the program is still too novel to produce statistically meaningful effects in students’

achievement grades, to evaluate students’ response to these curricula and field trips, surveys were conducted
(Figure 11).

B | strongly believe so B | think so | don't think so

O Idon't think so at all

Q1 Wereyou able to be active?

Q 2 Did you study enough in advance?

Q 3 Are you satisfied with the field trips and training?

Q4 Have you developed an interest in the topics covered by lectures and discussions?
Q5 Was there any content that you may use in future studies?

Q6 Has your interest in nature increased through the program?

Figure 11. Aggregate results of student responses to the questionnaire on the “Basic Inquiry-Based Study of

Natural Science”
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The following are some of the comments submitted by students (Himeji Higashi Senior High School 2020):

+ “In addition to acquiring knowledge in individual fields, I was able to understand the importance and
difficulty of understanding nature as a whole.”

+ “I think it is important to have a broad understanding of nature in order to question the ‘why’ and ‘what’
about all things, and to thoroughly investigate these questions.”

+ “I comprehended well the intention of understanding nature based on Earth science.”

+ “If my research is based on one specialized field, I will lose my awareness of the relationship between the
natural sciences and society.”

These comments and the results presented in Figure 11 show an overall favorable attitude toward the course
and field trips. Many students commented that they were able to see the deep connections between different fields
of science. Figure 12 summarizes the results of a student questionnaire regarding the museum trips. More than 85%
of students acknowledged the trips’ effectiveness and commented that they wished they had spent more time at the

sites.

B | strongly believe so B 1think so B 1don't think so O 1don't think so at all

Q 1 Wereyou able to be active?

Q 2 Did you study enough in advance?

Q 3 Are you satisfied with the field trips and training?

Q 4 Have you developed an interest in the topics covered by lectures and discussions?
Q 5  Was there any content that you may use in future studies?

Q 6 Has your interest in nature increased through the program?

Figure 12. The results of a student questionnaire regarding the museum trips

The following are some of the students’ impressions of the trips:

- “I was able to rediscover things that I didn’t know deeply until now, such as the mechanism of
earthquakes.”

- “Looking at the fault that runs through the site of the house, I felt the unstoppable threat of nature, and at
the same time, I learned that disaster mitigation is possible with appropriate measures.”

* “One thing that left an impression on me in the stories of the victims was the words, ‘It is important to be
more in tune with nature’.”

- “For me, who thought that disaster prevention was about how to conquer nature, it was shocking to hear
that harmoniously coexisting with nature would lead to disaster prevention.”

The results show that our school’s efforts may have had a significant effect on student learning. For teachers
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to be able to integrate four fields of science (i.e., chemistry, physics, biology, and Earth science) and understand
nature comprehensively, varied, cross-disciplinary knowledge is needed. Many teachers in Japan study at
universities to specialize in specific subjects, such as chemistry or physics, and are hired to teach specific subjects.
Therefore, it is difficult for many teachers to understand and teach the natural sciences from a broad perspective.
The authors will continue their efforts to overcome various issues in nature education that remain, and endeavor to
disseminate the results of our school’s efforts to the whole of Japan. The results introduced here will be reported
to the Ministry of Education, Culture, Sports, Science and Technology and may have a significant impact on
Japan’s future education policies.
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