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In this study, an education program for heavy rainfall
risk management was developed using the Analysis,
Design, Development, Implementation, and Evalua-
tion (ADDIE) model of instructional design (ID) to en-
hance the disaster response capabilities of schoolchil-
dren 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 Ele-
mentary School in Nagaoka City, Niigata Prefecture,
which was devastated by the heavy rainfall caused by
2019 Typhoon No.19. The learning effect was con-
firmed throughout the program. Furthermore, the
program has improved because of its implementation
and evaluation.

Keywords: flood, elementary education, disaster man-
agement, 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 fre-
quent 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 [2], considering the lessons learned
from the Western Japan Heavy Rain Disaster in July 2018,

which claimed the lives of 237 people [3]. This revision
incorporates disaster management education as the first
of the 12 individual policies, which also includes the pol-
icy that “enabling them be conscious about their respon-
sibility to protect their own life, and to take evacuation
behavior on their own judgement ... disaster prevention
exercises and disaster prevention education will be pro-
moted continuously through schools, workplaces, local
autonomous organizations, and other relevant organiza-
tions.”

In addition, “to surely link disaster management infor-
mation, such as weather information and evacuation in-
formation, with residents’ evacuation actions” is alluded
to as a lesson learned from disasters in recent years. Fur-
thermore, 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 rain-
fall 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 res-
idents [5].

In “development of disaster management education to
nurture ‘Zest for Life’,” the Ministry of Education, Cul-
ture, Sports, Science and Technology (MEXT) 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 manage-
ment prepared by the boards of education across the coun-
try contain some examples of heavy rainfall disaster man-
agement education [7]. However, the learning depicted in
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these documents focuses on knowledge acquisition rather
than how to judge and behave to protect our lives, al-
though it treats the disaster as a learning opportunity.

Besides, the disaster management administrative orga-
nizations, river offices of the Ministry of Land, Infrastruc-
ture, Transport and Tourism, and the Japan Meteorologi-
cal Agency have developed various educational materials
using their knowledge of river management and meteoro-
logical service specialists [8, 9]. Additionally, researchers
also have developed educational materials incorporate ex-
pertise 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 learn-
ing 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 abil-
ity 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 sec-

tion, 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 rain-
fall. We also used the ADDIE (Analysis, Design, Devel-
opment, Implementation, and Evaluation) process of In-
structional Design method hereinafter referred to as ID,
to develop an education program on heavy rainfall disas-
ter 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 learn-
ing effect and improving the program.

This paper discusses the outline of the program’s devel-
opment, the results of the evaluation through implemen-
tation, 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 peda-
gogy, psychology, and educational technology and is de-
fined 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 mate-
rials can be prepared by identifying the requirements of
learners, such as the learning purpose, the problem, and
the learning objective, and as well as the learning materi-

Fig. 1. The ADDIE process.

als, the learning environment, and the knowledge required
to be implemented, and developing by following the AD-
DIE 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 gen-
eralized programs for earthquakes, tornadoes, and vol-
canic eruptions with the learning objective of “fostering
the attitude to behave proactively.” They also discussed
the development and generalization of a disaster manage-
ment education program for children with visual and cog-
nitive disabilities [17, 18].

In addition, Higashino and Yoshimoto [19] developed
e-learning materials for elementary school teachers by ap-
plying 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 dis-
aster 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 pro-
gram 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 ap-
plied 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 ed-
ucation program against heavy rainfall disasters accord-
ing to ADDIE. As described in Section 1.1, we analyzed
the current situation and issues surrounding heavy rain-
fall 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 Section 1. Sec-
tion 3.1 presents the analysis of the current situation, is-
sues, and requirements for disaster education in the class
under study. Consequently, we established the learning
objectives of the program. Section 3.2 depicts the pro-
gram’s design based on the analysis; Section 3.3 presents
the evaluation method of the program; Section 4.1 de-
scribes the implementation of the program in the target
school; Sections 4.2 and 4.3 reveal the evaluation re-
sults of the implementation in the target school, and Sec-
tion 4.4 highlights the problems and revisions of the pro-
gram based on the evaluation results.
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Fig. 2. Senju Elementary School and flooding hazard map
of the Shinano River. Base map was made from the Funda-
mental Geospatial Data and Digital Land Numerical Infor-
mation.

2.2. Outline of the Area for Study
The Shinano River, also known as the Chikuma River,

is a Class A river1 [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 exam-
ple, 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, dur-
ing Typhoon Hagibis in October 2019, the bank collapsed
in Nagano City and there was flooding along several trib-
utaries [25].

In 2019, Typhoon Hagibis caused flooding in the Shi-
nano (Chikuma) River and some of its tributaries. For-
tunately, 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 flood-
ing. 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 Dis-
aster Resilience (NIED), experts from national disaster
management-related organizations, a teacher, and gradu-
ate students from the National University of Education,

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

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.

3. Design and Development of the Heavy Rain-
fall 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 ed-
ucation in Niigata Prefecture, where the target school is
located.

The Prefectural Board of Education has prepared the
“Niigata Prefecture Disaster Management Education Pro-
gram” [7], hereinafter referred to as the “Prefectural Pro-
gram,” and 83% of the elementary schools in the pre-
fecture 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 infor-
mation, and hazard maps.

Therefore, the existing Prefectural Programs are not ca-
pable of implementing disaster education that enhances
children’s ability to make their own decisions and take
independent actions during heavy rains. In addition, in-
terviews with teachers of the target classes, who had first-
hand experience with the dangers of flooding, revealed
that they were aware of the dangers caused by heavy rain-
fall 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 disas-
ters; to understand weather information, evacuation infor-
mation, and hazard maps; and to acquire the attitude to be-
have proactively during heavy rainfall using the acquired
knowledge. The program assumed that the students had
already acquired the learning content presented in the Pre-
fectural 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 ac-
quired by the target group and the amount of study time
that could be expected (Table 1). We developed teach-
ing plans, slide materials, and worksheets for each lesson
(Fig. 3) according to the unit structure. The learning ob-
jectives and contents of each lesson are illustrated below.

Journal of Disaster Research Vol.16 No.7, 2021 1123



Ikeda, M. et al.

Table 1. Unit structure table.

Unit 1 is a prior learning unit aimed at making chil-
dren conscious of protecting their own lives from heavy
rainfall disasters and acquiring knowledge of the weather
and the evaluation information necessary for proper judg-
ments 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 dan-
gers of floods” and “learn about the preventive mea-
sures against flooding of large rivers.” By reviewing
the third-grade students’ learning from the river observa-
tions, 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 dis-
asters.

The learning objectives of Lesson 2: “Let us learn how
to gather information on dangerous rain” are to “under-
stand the disasters caused by heavy rainfall” and “know
about the dangers caused by heavy rainfall.” The learn-
ing objectives are to understand the importance of mak-
ing decisions based on the information by learning how
difficult it is to recognize the relation between rainfall in-
tensity and to intuitively recognize the danger of a dis-
aster 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

Fig. 3. Examples of worksheet (A) and slide (B).

that students learn how to make evacuation decisions dur-
ing heavy rainfall using a flooding hazard map. Active
learning is a learning method recommended by MEXT
based on new courses of study, in which students work in-
dependently 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 our-
selves 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 evacua-
tion destination and route during heavy rainfall. The ICT
tool “YOU@RISK Your Flood Evacuation” [28], devel-
oped by NIED with the aim of “providing the opportu-
nity 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 intro-
duced into the field of education based on the IT policies
of education and the infection control measures against
COVID-19.

Unit 3 is an active learning unit to develop the attitude
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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 situ-
ation,” 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 as-
sumed is that when children go to Nagaoka Station, heavy
rains will increase the risk of the Shinano River flood-
ing. They confirm the expected flooding depth using the
above-mentioned ICT tool, discuss each idea on evacu-
ation 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 be-
have as members of the local community.

3.3. Method for the Program Evaluation
The effectiveness of the developed program is evalu-

ated using a “learning questionnaire” based on the learn-
ing objectives. In ID theory, Gagne et al. state, “the pro-
gram 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 where to avoid
going during heavy rain?” Q.10 “Can you make evacua-
tion decisions according to the rainfall situation?” Q.11
“Are you ready to decide what you do if you know it will

Table 2. Schedule of the implementation and evaluation.

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 situa-
tions using YOU@RISK?” Q.14 “Can you organize opin-
ions 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
questions and discuss about floods with neighborhood res-
idents?” In addition, Qs.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 lit-
tle 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 Improve-
ment 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 × 2), for a total of six
lessons. The questionnaire was distributed a total of five
times before and after each unit to measure the effective-
ness (Table 2).

Unit 1 was implemented on November 11. The les-
son was conducted by the class teacher in a mass-teaching
style using a blackboard and slides according to the teach-
ing 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).

Unit 2 was implemented on November 25. After the
teacher demonstrated the model for using the ICT tool us-
ing 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
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Fig. 4. Lesson of Unit 1.

Fig. 5. Lesson of Unit 2.

Fig. 6. Lesson of Unit 3.

learning (Fig. 5).
Unit 3 was implemented on December 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 par-
ticipating residents gathered at the Senju community cen-
ter near the elementary school to watch the children’s pre-
sentations and to interact with each group online.

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
(November 10, 2020) and after (November 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 statisti-
cally 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 statis-
tically 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?” displays a statisti-
cally significant increase with a mean score from 2.67

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

pre-learning to 3.40 post-learning (t(44) = 4.77, p < .01).
Q.4: “Can you imagine what will happen to your neigh-
borhood 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 informa-
tion on disaster risks due to heavy rain?” displays a sta-
tistically significant increase with a mean score from 2.38
pre-learning to 3.38 post-learning (t(44) = 7.04, p < .01).

In Q.4, a statistically significant increase is not recog-
nized. However, the mean score of the pre-learning at
3.14 is already high. It seems that the schoolchildren ac-
quired the knowledge concerned because the class teach-
ers taught the lesson on local flood history before this pro-
gram.

Next, the learning effect of Unit 2 was measured before
(November 10, 2020) and after the learning (November
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 signifi-
cant 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 statis-
tically 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 a
statistically significant increase with a mean score from
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Fig. 8. Measurement results of the learning effect on Unit 2.

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 sta-
tistically 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 in-
crease with a mean score from 2.65 pre-learning to 3.11
post-learning (t(45) = 3.31, p < .01).

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 (December 21, 2020) and after the learning (De-
cember 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 statis-
tically 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 statis-
tically 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 pre-
sentation 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 in-
crease with a mean score from 3.29 pre-learning to 3.51

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

post-learning (t(48) = 1.97, n.s.). Q.18: “Can you ask
questions and discuss about floods with neighborhood res-
idents?” 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).

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 at-
tributed 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 in-
cluded 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 analy-
sis 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 sig-
nificance 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 ex-
plaining 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,
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Fig. 10. Results of ANOVA for Unit 1.

the reduction in learning effectiveness over time was mi-
nor and had no effect on the effectiveness of the overall
program. However, after the learning of Unit 3, the aver-
age score of these items increased again at the fourth mea-
surement. Although Qs.8 and 9 are not statistically signif-
icant, the mean scores continued to increase over the four
measurements. This suggests that there was a learning ef-
fect, as awareness and attitudes changed through learning,
and safe and dangerous spots were more apparent.

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

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 en-
hance 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 teachers.

4.4.1. Improve Understanding of Weather Informa-
tion

In Unit 1, the average score of Q.5 “Do you know what
kinds of information is available on the disaster risks due
to heavy rain?” is the lowest, and the increase in the aver-
age score between before and after the learning is likewise

Fig. 11. Results of ANOVA for Unit 2.

minor at 0.43. A meteorological expert who observed the
class noted that the program was not designed to teach
students through the flood occurrence process, from rain-
fall as the trigger, to rivers as the land factor and that this
might have led to a lack of understanding of the impor-
tance of weather information. The homeroom teachers
also agreed with this observation.

Accordingly, Unit 1 of the program has been revised to
begin with Lesson 1 “Let us learn about disasters caused
by heavy rain,” while Lesson 2 “Let us learn about dis-
aster control of large rivers” in Table 3 has been moved
ahead of Lesson 3 “Let us learn about the information
on dangerous rainfall” in Table 3. In addition, to deepen
the practical visualization and the understanding of heavy
rainfall disasters, as per the teachers’ suggestions, the
lessons on how heavy rainfall disasters occur based on
“Where rainwater goes and the conditions of the ground,”
the learning materials for science for the fourth grade, and
the materials to watch videos of heavy rainfall disasters
that have occurred in recent years have been added.

4.4.2. Enhance Ability to Make Decisions in Response
to Weather Situations

In Unit 2, the average score of Q.10 “Are you ready to
make a decision on evacuation depending on the situation
of rain etc.” is the lowest at 2.94, and the increase in the
average score of Q.11 “Have you already roughly decided
what kind of behavior you should display if you know that
it would rain heavily after several hours” is minor at 0.38.

Accordingly, following improvement was examined
to enhance the judgment on the behavior depending on
heavy rainfall and its timing. The learning to treat the
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Table 3. Revised unit structure table.

timeline indicating the issuance of weather information,
evacuation information, and the time the flood that oc-
curred during heavy rainfall disasters in recent years has
been added as materials to the contents of Lesson 2 of
Unit 1 “Let us know about dangerous and heavy rainfall
and how to collect the information.” Moreover, according
as the teachers’ suggestion, a teacher will ask a question
to children about evacuation decision making based on
weather information and situation, and they will discuss
these topics in pairs or small groups in Unit 2.

4.4.3. Retention of the Ability to Think and Express
Evacuation Actions

The increase of the average score of Q.12 in Unit 2
“Can you instruct people around you what to do during
heavy rain?” is minor at 0.43 and the average score af-
ter the lesson is also low at 3.08. However, statistical
significance is recognized in the repeated measures be-
cause after learning Unit 2, the teachers instructed the stu-
dents to explain their learning achievements, the map, and
the worksheet in which the lessons were recorded at their
homes and to engage in discussions about the topic.

Therefore, according to the teachers’ suggestion, it was
added to Unit 2 of the program to offer homework to
the students and to discuss the learning outputs with their
families following the lesson.

Based on the above improvements this program was re-
vised. 1) Unit 1 has been changed as follows to enhance
understanding of weather information. Unit 1 consists of
three lessons – Lesson 1 “Let us know about the disaster
caused by heavy rainfall”; Lesson 2 “Let us know about
the characteristics of large rivers and flood preparedness”;
and Lesson 3 “Let us know how to collect the informa-
tion on heavy rainfall.” In Lesson 1 “Let us know about
the disaster caused by heavy rainfall” has been added to
review “Where rainwater goes and the conditions of the

ground,” in school textbooks of science for the fourth
grade, and learn about heavy rainfall disasters in recent
years by videos. Moreover, in Lesson 3 “Let us know
how to collect information on heavy rainfall,” the learning
has been added to which treats the timeline demonstrat-
ing the release of weather information and the evacuation
information during the floods following heavy rainfall in
recent years. 2) To enhance students’ ability to make de-
cisions in response to weather situations, questions have
been included in the teaching plan of Unit 2. The ques-
tions ask students to make decision based on weather in-
formation and situation, and they discuss them in pairs or
small groups. 3) Furthermore, for retention of the ability
to think and express evacuation actions, an instruction has
been added to assign them homework to explain the map
and the worksheet to be created in the Unit 2 lessons to
their family members, and discuss these with them. The
unit structure table reflecting the above modifications is
shown in Table 3, and the instructional plans is shown in
Figs. 12–16.

5. Conclusions and Future Development

In this study, an education program for heavy rainfall
risk management was developed using the ADDIE pro-
cess of ID to enhance the disaster response capabilities of
schoolchildren by encouraging them to think about and
behave proactively to protect their own lives during disas-
ters resulting from heavy rainfall. The program was eval-
uated through an implementation at Nagaoka Municipal
Senju Elementary School in Nagaoka City, Niigata Pre-
fecture, which was affected by floods caused by Typhoon
No.19. Thus, the statistical significance between before
and after the learning was recognized and the learning
effect was verified throughout the program. The pro-
gram was further improved through its implementation
and evaluation.

This program is planned to be developed at elemen-
tary schools in Nagaoka City by the NPO Hometown
Future Creation Hall in the city, a cooperator of the
study, through a city-commissioned project called “Dis-
aster Management Treasure Box.” It is expected that by
repeating the cycle of implementation, evaluation, and re-
vision for local elementary schools with similar high flood
risk as Senju Elementary School, the program would be
enhanced, and its effectiveness would be increased in the
future. We also want to develop a program for heavy rain-
fall disaster management education treating urban inun-
dation and sediment disasters in hilly and mountainous
areas.
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