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In this study, an education program for heavy
rainfall risk management was developed using the
Analysis, Design, Development, Implementation,
and Evaluation (ADDIE) model of instructional
design (ID) to enhance the disaster response
capabilities of schoolchildren to encourage them to
think and act responsibly to protect themselves
during a disaster following heavy rainfall. The
program’s effectiveness was evaluated by its
implementation at Nagaoka Municipal Senju
Elementary School in Nagaoka City, Niigata
Prefecture, which was devastated by the heavy
rainfall caused by 2019 Typhoon No0.19. The
learning effect was confirmed throughout the
program. Furthermore, the program has improved
because of its implementation and evaluation.

Keywords: flood, elementary education, disaster
management, instructional design (ID), ADDIE

1. Background and Objective of the Study

1.1. Present conditions and problems associated
with disaster education for heavy rainfall

Weather disasters have become more violent and
frequent worldwide in recent years, and have caused
serious harm to humans in Japan as well [1]. The
government revised “the Fundamental Plan for
National Resilience” in December 2018 [3],
considering the lessons learned from the Western
Japan Heavy Rain Disaster in July 2018, which
claimed the lives of 237 people [2]. This revision
incorporates disaster management education as the
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first of the 12 individual policies, which also includes
the policy that “enabling them be conscious about their
responsibility to protect their own life, and to take
evacuation behavior on their own judgement ...
disaster prevention exercises and disaster prevention
education will be promoted continuously through
schools, workplaces, local autonomous organizations,
and other relevant organizations.”

In addition, “to surely link disaster management
information, such as weather information and
evacuation information, with residents’ evacuation
actions” is alluded to as a lesson learned from disasters
in recent years. Furthermore, the Flood Control Act,
which plays a major role in flood control in Japan, was
revised and implemented in 2017, following the
disaster resulting from heavy rainfall in recent years
[4]. Following the implementation of the Act, river
managers advocated for a revision of flood hazard
maps and to increase public awareness among
residents [5].

In “development of disaster management education
to nurture ‘Zest for Life,”” the Ministry of Education,
Culture, Sports, Science and Technology takes the
above into consideration and focuses on heavy rainfall
disaster management education, to set real examples
for learning about disasters resulting from heavy
rainfall [6]. Furthermore, the materials for school
disaster management prepared by the boards of
education across the country contain some examples
of heavy rainfall disaster management education [7].
However, the learning depicted in these documents
focuses on knowledge acquisition rather than how to
judge and behave to protect our lives, although it treats
the disaster as a learning opportunity.
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Besides, the disaster management administrative
organizations, river offices of the Ministry of Land,
Infrastructure, Transport and Tourism, and the Japan
Meteorological Agency have developed various
educational materials using their knowledge of river
management and meteorological service specialists
[8-9]. Additionally, researchers also have developed
educational materials incorporate expertise in disaster
management, such as hazard maps, in their previous
research [10]. However, if teachers try use these
materials in their classes, they require a significant
amount of time and effort, or support from experts.

As per past studies, despite the availability of
teaching materials for acquiring knowledge, there is a
lack of learning practices and teaching materials to
foster an awareness of “protecting our own lives.”
Considering the above, it is critical to develop
materials and programs that enable teachers to educate
children, which can enhance their ability to take
necessary actions based on their judgment and

evacuate during disasters resulting from heavy rainfall.

1.2. The objective of this study

In response to the issues raised in the previous
section, this study aims to develop and improve
educational programs to enhance the disaster response
capabilities of schoolchildren to ensure they can
respond actively to weather information based on their
judgment to protect their lives in the event of a disaster
following heavy rainfall. We also used the ADDIE
(Analysis, Design, Development, Implementation, and
Evaluation) process of Instructional Design method
hereinafter referred to as ID, to develop an education
program on heavy rainfall disaster management,
hereinafter referred to as “the program.” We then
conducted a practical verification of the program for
the children in the target school, confirming the
learning effect and improving the program.

This paper discusses the outline of the program’s
development, the results of the evaluation through
implementation, and how the program’s contents were
improved based on the evaluation results.

2. Study Method

2.1. Development of education program

This program was developed based on the ADDIE
of ID. ID is the learning theory used in the fields of
pedagogy, psychology, and educational technology
and is defined as “the models or the study field
compiling methods to make educational activities
more effective, efficient, and attractive, as well as the
process to realize the learning environment by
applying such models and methods” [11].

According to the ID theory [12], better teaching
materials can be prepared by identifying the
requirements of learners, such as the learning purpose,
the problem, and the learning objective, and as well as
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the learning materials, the learning environment, and
the knowledge required to be implemented, and
developing by following the ADDIE process (Fig.1).

Previous studies that applied the ID theory to
develop disaster management education programs
include studies by Nagata and Kimura [13-16], who
developed and generalized programs for earthquakes,
tornadoes, and volcanic eruptions with the learning
objective of "fostering the attitude to behave
proactively.” They also discussed the development and
generalization of a disaster management education
program for children with visual and cognitive
disabilities [17-18].

Design

—p Develop

/

Analyze

Evaluate

Fig. 1 The ADDIE Process

In addition, Higashino and Yoshimoto [19]
developed e-learning materials for elementary school
teachers by applying the ID theory and discussed the
effectiveness of the materials. Examples of previous
studies applying ID theory outside the field of
education include the study by Umeno and Asada [20],
who developed a large-scale disaster training program
for medical institutions, the study by Ogasawara [21],
who developed a learning support program for a
company, and the study by Ishii et al. [22], who
developed a technology management education
program for an engineering liberal arts course. As
previously stated, the application of the ID theory in
Japan in recent years has been widespread beyond the
field of education. In this study, we referred to these
previous studies and applied the concept of the ADDIE
process of ID theory to develop and evaluate a disaster
education program based on scientific methods.

This paper describes the development process of the
education program against heavy rainfall disasters
according to ADDIE. As described in Section 1.1, we
analyzed the current situation and issues surrounding
heavy rainfall disasters and the knowledge of them in
Japan. In Section 2.2, we identified the target school
and class of this study based on the information in
Chapter 1. Section 3.1 presents the analysis of the
current situation, issues, and requirements for disaster
education in the class under study. Consequently, we
established the learning objectives of the program.
Section 3.2 depicts the program’s design based on the
analysis; Section 3.3 presents the evaluation method of
the program; Section 4.1 describes the implementation
of the program in the target school; Sections 4.2 and
4.3 reveal the evaluation results of the implementation
in the target school, and Section 4.4 highlights the
problems and revisions of the program based on the
evaluation results.
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2.2. Outline of the area for study

The Shinano River, also known as the Chikuma
River, is a class-A river'[23] that runs through Niigata
and Nagano Prefectures and is the longest river in
Japan with a channel length of 367 km. This river has
suffered from several large-scale flood disasters in the
past. For example, the heavy rainfall in July 1896, also
known as the “Yokota burst,” with a death toll of 75,
the heavy rainfall in Niigata and Fukushima in July
2004 with a death toll of 15, and the heavy rainfall in
Niigata and Fukushima in July 2011 with a death toll
of four [24]. In addition, during Typhoon Hagibis in
October 2019, the bank collapsed in Nagano City and
there was flooding along several tributaries [25].

In 2019, Typhoon Hagibis caused flooding in the
Shinano (Chikuma) River and some of its tributaries.
Fortunately, there was no major damage in Nagaoka
city. However, the Shinano River reached its highest
level ever, which raised awareness within the city
government and among the citizens about the Shinano
River flooding. Therefore, the "Heavy Rain Disaster
Management Project" was initiated in the Senju area,
located near the Shinano River in the city. As a part of
the project, Senju Elementary School, whose school

district was included in the inundation hazard area (Fig.

2), was selected as a target school for the disaster
education program of this study. To select the school,
we analyzed the current status and issues with disaster
education in the target classes of the school.

The project members included researchers from the
National Research Institute for Earth Science and
Disaster Resilience (NIED), experts from national
disaster management-related organizations, a teacher,
and graduate students from the National University of
Education, led by the co-authors. They coordinated
with the target school, prepared the program and
learning materials, and developing the Information

Communication Technology (ICT) tools.
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Fig. 2 Senju Elementary School and flooding hazard map of
the Shinano River. Base map was made from the Fundamental
Geosnatial Data and Digital Land Numerical Information.

! Rivers subject to the River Law are classified into Class A and Class
B rivers, depending on the importance of their roles. Class A rivers
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3. Design and Development of the Heavy
Rainfall Disaster Management Program

3.1. Designing targets and learning objectives

Using the ADDIE process in this study, we
developed an education program for heavy rainfall
disasters. First, we analyzed the current status and
issues of disaster education in Niigata Prefecture,
where the target school is located.

The Prefectural Board of Education has prepared
the “Niigata Prefecture Disaster Management
Education Program,” [7] hereinafter referred to as the
"Prefectural Program,” and 83% of the elementary
schools in the prefecture implement disaster
management education using the Prefectural Program
[26]. The prefectural program provides learning
materials for students in grades one through six. The
flood disaster version of the program includes a river
observation study by the third grade and a study
program on specific flood disasters by the fourth grade.
However, all the learning materials for the fourth
grade and above are aimed at acquiring knowledge,
and do not provide materials aimed at considering
evacuation behavior based on weather information,
evacuation information, and hazard maps.

Therefore, the existing prefectural programs are not
capable of implementing disaster education that
enhances children's ability to make their own decisions
and take independent actions during heavy rains. In
addition, interviews with teachers of the target classes,
who had firsthand experience with the dangers of
flooding, revealed that they were aware of the dangers
caused by heavy rainfall disasters. They also
considered the lack of learning materials on heavy
rainfall disasters as a concern.

Consequently, the learning objectives of the
program developed in this study were established as
follows: to be aware of protecting one’s life from
heavy rainfall disasters; to understand weather
information, evacuation information, and hazard
maps; and to acquire the attitude to behave proactively
during heavy rainfall using the acquired knowledge.
The program assumed that the students had already
acquired the learning content presented in the
prefectural program up to the fourth grade.

3.2. Development of learning contents

In developing the learning content, we decided on a
three-unit structure based on the findings of interviews
with homeroom teachers about the knowledge already
acquired by the target group and the amount of study
time that could be expected (Table 1). We developed
teaching plans, slide materials, and worksheets for
each lesson (Fig. 3) according to the unit structure. The
learning objectives and contents of each lesson are
illustrated below.

are managed by the national government (MLIT), prefectural
governor, or ordinance designated city mayor.
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Table 1 Unit structure table

Unit Lesson Learning objective
Unit 1: Lesson 1: - Understand the character
Prior Let us learn about of large rivers.

Learning  [characteristics and |- Be informed about the
disaster control of flood control facilities of
large rivers large rivers.

Lesson 2: - Understand the disaster
Let us learn how to | caused by heavy rainfall.
gather information |- Acquire information on
on dangerous rain dangerous rainfall.

Unit 2: Lesson 3: - Read the hazard map

Active Let us learn how to | correctly.

Learning by |protect ourselves

Individual |from flooding (1)

Lesson 4: - Determine evacuation
Let us learn how to | actions based on flood
protect ourselves hazard at the spot.
from flooding (2)

Unit 3: Lesson 5: - Consider how to evacuate

Active Let us discuss how | according to the situation.

Learning by [to evacuate - Discuss evacuation

Group according to the actions within the group.
situation (1)

Lesson 6: - Summarize and present

Let us discuss how | information on what you

to evacuate have learned.

according to the - Ask and discuss about

situation (2) heavy rains with adults
living in the community.

Handout1 (correct answer)

Grage: 4, Class: . No: . Name:

Large river — ‘L_ Small river -
PR S e -y
- E— % S e
Characteristics Behavior in Compare to Characteristics Behavior in ‘Compare to
heavy rainfall a person heavy rainfall a person
Width is Water level rises Tolerant Width is Water level rises Intolerant
& | (1 wide @slewly y g | narow 4 rapidly P
gz v & ¢ rapidly ) SN
S - 3
= o
Bank is (¥ Difficult ) to Patient Bank ts @ Easy )to Impatient
ox |5 mgh ) overfiow when the: " low overflow when the F
EH water level rises i waterlevel rises -,‘j'-l‘::\
b
Length is Water level rises  Friendship with | Length is Water level rises  Friendship with
F& | g ) even when heavy  peaple faraway | (" short only when neighbarhacds
23 rain falls far away -~ heavy rain falls ~ N
F = | Catchment area 5" | Catchment area  nearby b s
is (10 wide ) Is (** narrow ) & 5
« Flooding can be caused by a Sekdom angry, | * Flooding can be caused even by a Angry and
o | long-hours heawy rainfall aver awide  butvery scary | shon-hours heavy rainfall over a scary
g 2 | arealike typhoon when angry narrow area, like torrential rain
a i = Flooding can be caused even by a
S5 | heavy rainfallin far away places. =y M
8 | - Once fiooded, it might cause massive oo -
e b= &

Limitation of measures against floo:ﬂ

If it rains heavily beyond the limits of flood

control facilities, flooding occurs.

For example,
collapse.

Flood control facilities can endure up to the
limit and secure a certain amount of time

even beyond

overtopping and levees

the limit.

How will you spend that time?

CIENC]

o7 BrscAIER

I

RAR

Fig. 3 Examples of worksheet (A) and slide (B)
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Unit 1 is a prior learning unit aimed at making
children conscious of protecting their own lives from
heavy rainfall disasters and acquiring knowledge of
the weather and the evaluation information necessary
for proper judgments during heavy rainfall. This unit
is divided into two lessons.

The learning objectives of Lesson 1 “Let us learn
about characteristics and disaster control of large
rivers” are to “understand the characteristics of rivers
and the dangers of floods” and “learn about the
preventive measures against flooding of large rivers.”
By reviewing the third-grade students' learning from
the river observations, understanding the features of
large rivers, how a flood occurs, the measures against
the flooding of a large river, and their limitations, the
learning materials help the schoolchildren understand
the importance of their early behavior based on their
judgment while residing near a large river that is prone
to low- frequency large-scale disasters.

The learning objectives of Lesson 2: “Let us learn
how to gather information on dangerous rain” are to
“understand the disasters caused by heavy rainfall”
and “know about the dangers caused by heavy rainfall.”
The learning objectives are to understand the
importance of making decisions based on the
information by learning how difficult it is to recognize
the relation between rainfall intensity and to intuitively
recognize the danger of a disaster through video
materials, etc., and to understand the probability of a
disaster depending on the topography, the weather
information, and the evacuation information.

Unit 2 adopts active learning and consists of lessons
that students learn how to make evacuation decisions
during heavy rainfall using a flooding hazard map.
Active learning is a learning method recommended by
the Ministry of Education, Culture, Sports, Science
and Technology (MEXT) based on new courses of
study, in which students work independently and
actively, using their knowledge and skills to discover
problems and deepen their thinking to solve them [27].

Lesson 3: “Let us learn the behavior to protect
ourselves from a flood, part 1” and Lesson 4: “Let us
learn the behavior to protect ourselves from a flood ,
part 2” are the two lessons of this unit. The learning
objectives for Lessons 3 and 4 are to “read hazard map
correctly” and “judge evacuation actions according to
the danger at the spot.” Students learn how to use an
ICT tool to confirm the expected flooding depth at
one’s own home on a flood hazard map, as well as to
assess the evacuation destination and route during
heavy rainfall. The ICT tool “YOU@RISK Your
Flood Evacuation” [28], developed by NIED with the
aim of “providing the opportunity to learn what should
be known and how to behave against risk in the event
of a disaster,” has been used in this program. ICT-
based learning is thought to have a strong affinity for
active learning [29] and is being introduced into the
field of education based on the IT policies of education
and the infection control measures against COVID-19.

4
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Unit 3 is an active learning unit to develop the
attitude to behave actively when learners recognize
heavy rainfall weather information.

The learning objectives for Lesson 5 “Let us discuss
how to evacuate according to the situation, part 1” are
to “consider an evacuation action according to the
situation,” and “discuss evacuation actions in a group.”
The learning style is group discussion, and groups are
formed in the basis of their home location. The
situation assumed is that when children go to Nagaoka
Station, heavy rains will increase the risk of the
Shinano River flooding. They confirm the expected
flooding depth using the above-mentioned ICT tool,
discuss each idea on evacuation actions, and decide the
evacuation destination and route.

The learning objectives for Lesson 6 “Let us discuss
how to evacuate according to the situation, part 2 are
“To summarize what you learned and explain this to
other people,” and “To ask an adult living in the area
any questions.” By presenting what the schoolchildren
have learned to representatives from each area and
questioning each other to exchange opinions, the
schoolchildren can connect their thoughts with the
local flood history and the behavior of local residents
in the past to learn how to behave as members of the
local community.

3.3. Method for the program evaluation

The effectiveness of the developed program is
evaluated using a “learning questionnaire” based on
the learning objectives. In ID theory, Robert M. Gagne
states, “the program performance is definitely defined
by the evaluation of the learner” [30]. Following this
concept, a method to quantify the effectiveness using
a learner questionnaire was adopted in this study. In
addition, Nagata and Kimura evaluated the learners'
performance by using pre- and post-questionnaires to
measure the effectiveness of their educational program
[13-18].

As for the question items, questions corresponding
to the three units were formulated, six questions per
unit, totaling 18 questions.

The question items for Unit 1 are as follows: Q.1
“Do you know what kinds of flood hazards exist
depending on the characteristics of the river?” Q.2 “Do
you know what kinds of disaster risks due to heavy
rain exist along the nearby river?” Q.3 “Do you know
how flood control facilities, such as levees, function
during heavy rain?” Q.4 “Can you imagine what will
happen to your neighborhood in a disaster following
heavy rains?” Q.5 “Do you know what kinds of
information is available about disaster risks due to
heavy rain?” and Q.6 “Do you know how to collect
information about disaster risks due to heavy rain?”

The question items for Unit 2 are as follows: Q.7
“Can you use a hazard map to find out the estimated
flooding depth in a certain area?” Q.8 “Do you know
where the safe evacuation sites are located in your
neighborhood during heavy rain?”” Q.9 “Do you know
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where to avoid going during heavy rain?” Q.10 “Can
you make evacuation decisions according to the
rainfall situation?” Q.11 “Are you ready to decide
what you do if you know it will rain heavily in a few
hours?” and Q.12 “Can you instruct people around you
what to do during heavy rain?”

The question items for Unit 3 are as follows: Q.13
“Can you look up evacuation sites and routes for
various situations using YOU@RISK?” Q.14 “Can
you organize opinions discussed in groups about
evacuation during heavy rain?” Q.15 “Can you
evacuate correctly when a river is likely to flood?”
Q.16 “Can you make a presentation of what you
observed and thought about the flood?” Q.17 “Can you
explain what you found out and thought about floods
to your family members,” and Q.18 “Can you ask
guestions and discuss about floods with neighborhood
residents?” In addition, Q.13 to 16 evaluates the
learner’s ability to behave proactively based on their
knowledge and skills.

The schoolchildren responded with a 4-point Likert
scale: “Think so or can do so-4 points,” “Think so a
little or can do so a little-3 points,” “Don’t think so
much or cannot do so well-2 points,” and “Don’t think
so or cannot do so-1 point.” Moreover, the program is
also evaluated on this 4-point Likert scale.

4. Implementation, Evaluation, and
Improvement of the Education Program

4.1. Implementation of the program

The program was implemented over three days for
52 fourth-grade students of Nagaoka Senju
Elementary School, in two classes. The lessons are
taught twice for each of the three units (45 min x 2),
for a total of six lessons. The questionnaire was
distributed a total of five times before and after each
unit to measure the effectiveness (Table 2).

Table 2 Schedule of the implementation and evaluation

I/E Contents Date

E | 1% learning questionnaire Nov. 10, 2020
I | Unit1, Lessons 1and 2 (45 min X 2) |Nov. 11, 2020
E |2 learning questionnaire Nov. 12, 2020
I |Unit 2, Lessons 3 and 4 (45 min X 2) |Nov. 25, 2020
E |3 learning questionnaire Nov. 26, 2020
E |4 learning questionnaire Dec. 21, 2020
I |Uni. 3, Lessons 5 and 6 (45 min X 2) | Dec. 22, 2020
E |5 learning questionnaire Dec. 23, 2020

I: implementation, E: evaluation

Unit 1 was implemented on Nov. 11. The lesson was
conducted by the class teacher in a mass-teaching style
using a blackboard and slides according to the teaching
guide. The students wrote down their learning on the
worksheet. A part of the lesson was implemented as a
team-teaching activity with the authors (Fig.4).
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Unit 2 was implemented on Nov. 25. After the
teacher demonstrated the model for using the ICT tool
using a PC, the students examined the inundation
depth, the evacuation site, and the evacuation route
near their own homes. They then completed the
worksheet with their learning (Fig.5).

Unit 3 was implemented on Dec. 22 as a group
learning exercise. The presentations and questions
with the residents of the Senju Elementary School
district were conducted using the Zoom web
conference platform to prevent the spread of Covid-19
(Fig.6). The eight participating residents gathered at
the Senju community center near the elementary
school to watch the children’s presentations and to
interact with each group online.

- AR
PPN =T

Fig. 6 Lesson of Unit 3

4.2. Evaluation results of the program through
implementation

As mentioned earlier, the "learning questionnaire”
was administered to the children before and after the
program study to assess the learning effects of each
unit. The paired t-test was used as a statistical analysis
method.

The learning effect of Unit 1 was measured before
(Nov. 10, 2020) and after (Nov. 12, 2020) the learning.
The results are presented in Fig.7. Q.1: "Do you know
what kinds of flood hazards exist depending on the
characteristics of the river?" displays a statistically
significant increase with a mean score from 2.93 pre-
learning to 3.58 post-learning (t (44) = 5.82, p < .01).
Q.2: "Do you know what kinds of disaster risks due to
heavy rain exist along a nearby river?" displays a
statistically significant increase with a mean score
from 3.09 pre-learning to 3.57 post-learning (t (43) =
3.33, p < .01). Q.3: "Do you know how flood control
facilities, such as levees, function during heavy rain?"
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displays a statistically significant increase with a mean
score from 2.67 pre-learning to 3.40 post-learning (t
(44) =4.77, p < .01). Q.4: "Can you imagine what will
happen to your neighborhood in a disaster due to
heavy rain?" does not reveal a statistically significant
increase with a mean score from 3.14 pre-learning to
3.36 post-learning (t (43) = 1.65, n.s.). Q.5: "Do you
know what kinds of information is available about
disaster risks due to heavy rain?" displays a
statistically significant increase with a mean score
from 2.71 pre-learning to 3.13 post-learning (t (44) =
3.76, p < .01). Q.6: "Do you know how to collect
information on disaster risks due to heavy rain?"
displays a statistically significant increase with a mean
score from 2.38 pre-learning to 3.38 post-learning (t
(44) = 7.04, p<.01).

Before learning (Nov. 10, 2020)
[ After learning (Nov. 12, 2020)

Effect Measurement
of Unit 1 (n=45)

Q.1 Do you k.now what .kinds of flood 293 t(44)=5.82
hazards exist depending on the ol o<
characteristics of the river? 3.58 Ly

Q.Z. Do you.know what kinds of. 3.09 t(43)=3.33
disaster risks due to heavy rain ] o<
exist along the nearby river? 4 r<01

Q.3 Do you know how flood control 267 t(44)=4.77
facilities, such as levees, w <01
function during heavy rain? S-4) N

Q.4 Can you irnagine.what will ) 3.14 t(43)=1.65
happen to your neighborhood in a o
disaster following heavy rains? 7777J n.s.

0.5' Do youlknoyv what k'indsl of 2.71 t(44)=3.76
disaster risks information is e <01
available related to heavy rain? o p=-

Q.§ Do you know hovvl to colle‘ct 1(44)=7.04
information about disaster risks o <01
due to heavy rain? il P

T T T
Don't Don't thinkThink so Think so

think so so much a little

Fig.7 Measurement results of the learning effect on Unit 1

In Q.4, a statistically significant increase is not
recognized. However, the mean score of the pre-
learning at 3.14 is already high. It seems that the
schoolchildren acquired the knowledge concerned
because the class teachers taught the lesson on local
flood history before this program.

Next, the learning effect of Unit 2 was measured
before (Nov. 10, 2020) and after the learning (Nov. 26,
2020). The results are presented in Fig.8. Q.7: "Can
you use a hazard map to find out the estimated
flooding depth in a certain area?" displays a
statistically significant increase with a mean score
from 2.87 pre-learning to 3.59 post-learning (t (45) =
3.86, p < .01). Q.8: "Do you know where the safe
evacuation sites are located in your neighborhood
during heavy rain?" displays a statistically significant
increase with a mean score from 2.96 pre-learning to
3.30 post-learning (t (45) = 2.27, p < .05). Q.9: "Do
you know where to avoid going during heavy rain?"
displays a statistically significant increase with a mean
score from 2.91 pre-learning to 3.26 post-learning (t
(45) = 2.19, p < .05). Q.10: "Can you make evacuation
decisions according to the rainfall situation?" displays
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a statistically significant increase with a mean score
from 2.37 pre-learning to 3.02 post-learning (t (45) =
4.45, p <.01). Q.11: "Are you ready to decide what to
do if you know it will rain heavily in a few hours?"
displays a statistically significant increase with a mean
score from 2.78 pre-learning to 3.20 post-learning (t
(45) = 2.68, p < .05). Q.12: "Can you instruct people
around you what to do during heavy rain?" reveals a
statistically significant increase with a mean score
from 2.65 pre-learning to 3.11 post-learning (t (45) =
3.31,p<.01).

Before learning (Nov. 10, 2020)
After learning (Nov. 26, 2020)

Effect Measurement
of Unit 2 (n=46)

Q.7 Can you use a hazard map 287
to find out the estimated - 1(45)=3.86
flooding depth in a certain p<.01
area?
Q.8 Do you know where the safe 296
evacuation sites are in your ) t(45)=2.27
neighborhood during heavy p<.05
rain?
Q.9 Do you know where to avoid Zen (45)=2.19
going during heavy rain? p<.05
Q.10 Can you make evacuation 237 1(45)=4.45
decisions according to the
rainfall situation? p<.01
Q.11 Are you ready to decide what 278 1(45)=2.68
you do if you know it will :
rain heavily in a few hours? p<.05
Q.12 Can you instruct people around 2.65 1(45)=3.31
you what to do during heavy i
rain? p<.01
T T T

Don't Don't thinkThink so Think so
think so so much a little

Fig.8 Measurement results of the learning effect on Unit 2

Paying specific attention to the questions on
learning with ICT, which is the merit of this learning,
the average score of Q.7 increased by 0.68, and that of
Q.10 increased by 0.65, indicating a larger increase
than other questions, indicating a particularly high
learning effect.

Finally, the learning effect of Unit 3 was measured
before (Dec. 21, 2020) and after the learning (Dec. 23,
2020). The results are presented in Fig.9. Q.13: "Can
you look up evacuation sites and routes for various
situations using YOU@RISK?" displays a statistically
significant increase with a mean score from 2.69 pre-
learning to 3.31 post-learning (t (48) = 3.37, p < .01).
Q.14: "Can you organize opinions discussed in groups
about evacuation during heavy rain?" displays a
statistically significant increase with a mean score
from 2.88 pre-learning to 3.14 post-learning (t (48) =
2.10, p<.05). Q.15: "Can you evacuate correctly when
a river is likely to flood?" displays a statistically
significant increase with a mean score from 3.08 pre-
learning to 3.35 post-learning (t (48) = 2.29, p < .05).
Q.16: "Can you make a presentation of what you
observed and thought about the flood?" indicates a
statistically significant increase with a mean score
from 2.92 pre-learning to 3.22 post-learning (t (48) =
2.46, p <.05). Q.17: "Can you explain what you found
out and thought about the flood to your family
members?" does not reveal a statistically significant
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increase with a mean score from 3.29 pre-learning to
3.51 post-learning (t (48) = 1.97, n.s.). Q.18: "Can you
ask questions and discuss about floods with
neighborhood residents?" indicates a statistically
significant increase with a mean score from 2.94 pre-
learning to 3.37 post-learning (t (48) = 3.46, p < .01).

Before learning (Dec. 21, 2020)
After learning (Dec. 23, 2020)

Effect Measurement
of Unit 3 (n=49)

Q.13 Can you look up evacuation 269 1(48)=3.37
sites and routes for various - ’
situations using YOU@RISK? p<.01

Q.14 Can you organize opinions 2.88 t(48)=2.10
discussed in groups about - :
evacuation during heavy rain? p<.05

Q.15 Can you evacuate correctly 3.08 t(48)=2.29
when a river is likely to <05 :
flood? p<

Q.16 Can you make a presentation of 2.92 1(48)=2.46
what you observed and thought (48)=2.
about the flood? p<.05

Q.17 Can you explain what you found 329 .
out and thought about floods {(48)=1.97
to your family members, n-s.

0.18 Can you ask questiqns and 2.94 1(48)=3.46
discuss about floods with <01
neighborhood residents? p=-

T T T

Don’t Don't thinkThink so Think so
think so so much a little

Fig.9 Measurement results of the learning effect on Unit 3

Paying attention to the questions about ICT learning,
the increase in the average score of Q.13 is 0.62, which
is the highest, and therefore, the effect of ICT learning
is confirmed. In Q.17, a statistically significant
increase was not recognized. Furthermore, the average
score of Q.17 before the learning was higher at 3.24.
This could be attributed to the fact that the homeroom
teacher instructed the students to have a home study of
the discussion on the learning of Unit 2 with their
family, which was not included in the program, so that
the students' ability related on Q.17 was high even
before the learning of Unit 3.

4.3. Analysis on retention of learning effect

Next, the repeated measures analysis of variance, or
ANOVA, was applied to the four measurements of
Units 1 and 2 to verify if the knowledge and skills
acquired by the implementation of the program could
be retained across time and other conditions. The
results are presented in Figs. 10 and 11.

As for the learning from Unit 1, the results of the
analysis of variance display statistical significance in
five items except for Q.4, where the average score was
high before the learning. Therefore, the learning effect
was verified throughout the program. As for Unit 2,
statistical significance was confirmed in three items of
Qs.7, 10, and 12. Qs.7 and 10 are related to ICT
learning, and it is thought that the expected learning
effect was achieved. In Q.12, it is thought that the
effect was enhanced by explaining the learning results
in class and at home. Except for Qs.8 and 9, in ten
items, the mean score decreased slightly in the third
effectiveness measurement. However, the reduction in

7
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learning effectiveness over time was minor and had no
effect on the effectiveness of the overall program.
However, after the learning of Unit 3, the average
score of these items increased again at the fourth
measurement. Although Qs.8 and 9 are not statistically
significant, the mean scores continued to increase over
the four measurements. This suggests that there was a
learning effect, as awareness and attitudes changed
through learning, and safe and dangerous spots were
more apparent.

From the above, it is confirmed that the group
learning activity and the exchange with the local
residents conducted in Unit 3 could retain the learning
effects of Units 1 and 2 and deepen the understanding
of the schoolchildren.

Repeated Measures ANOVA for Unit 1 (n=44)

= Q.1 Do you know what kinds of flood hazards exist depending on
the characteristics of the river?.(F(2,93)=13.8, p<.01)

~ Q.2 Do you know what kinds of disaster risks due to heavy rain
exist along the nearby river?.(F(2,92)=4.6, p<.05)

A Q.3 Do you know how flood control facilities, such as levees,

= function during heavy rain?.(F(2,93)=6.2, p<.01)

- Q.4 Can you imagine what will happen to your neighborhood in a

= disaster following heavy rains?.(F(2,92)=1.9, n.s.)

~_ Q.5 Do you know what kinds of disaster risks information is
available related to heavy rain?.(F(2,93)=5.1, p<.01)

A Q.6 Do you know how to collect information about disaster
risks due to heavy rain?.(F(2,93)=26.1, p<.01)

Think so -
2 ]
o

Think so g/ > a

a little
&
Nov. 11, 2020 Dec. 22, 2020
Don't think _| Unit 1 Unit 3
so much ! I T i
Nov. 10,2020  Nov. 12,2020 Dec. 21,2020 Dec. 23, 2020

1st measure 2nd measure 3rd measure 4th measure

Fig.10 Results of ANOVA for Unit 1

Repeated Measures ANOVA for Unit 2 (n=44)
Q.7 Can you use a hazard map to find out the estimated
flooding depth in a certain area?.(F(2,94)=8.6, p<.01)

Q.8 Do you know where the safe evacuation sites are in your
neighborhood during heavy rain?.(F(2,93)=2.8, n.s.)

Q.9 Do you know where to avoid going during heavy rain?.

(F(2,94)=2.1, ns.)

Q.10 Can you make evacuation decisions according to the
rainfall situation?.(F(2,94)=9.3, p<.01)

Q.11 Are you ready to decide what you do if you know it will
rain heavily in a few hours?.(F(2,94)=2.7, n.s.)

A Q.12 Can you instruct people around you what to do during
heavy rain?.(F(2,94)=3.3, p<.05)

o
o
A

A
[}

~
19}

Think so -
R Py 4
PAS ~-=

Think so | L

a little ‘6“ =
O Nov. 25, 2020 Dec. 22, 2020
Don't think _| Unit 2 Unit 3
so much

T T T T
Nov. 10,2020  Nov. 26, 2020 Dec. 21, 2020 Dec. 23, 2020
1st measure 2nd measure 3rd measure 4th measure

Fig.11 Results of ANOVA for Unit 2
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4.4. Revision of the program based on evaluation

From the above evaluation results, the learning
effect of this program can be substantiated.
Furthermore, to enhance the learning effect of the
education program, it was improved based on the
analysis results. Specifically, the program is improved
by summarizing the challenges as follows: focusing on
the items where the average score is low after the
lesson and increases only a little between before and
after the lesson, and referring to the opinions of the
class teac