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ABSTRACT

Public education about disaster mitigation in Indonesia needs to be done comprehensively. One of them is through
learning at school. This study aims to integrate disaster mitigation in physics learning using a pedagogical approach and
teaching materials based on higher-order thinking skills. This research is part of the development stage (R&D), namely,
the field test. The research subjects were 82 students from several high schools in Kebumen and Cilacap districts.
Theoretical exploration, research instrument, and expert evaluation have been carried out based on higher-order thinking
skills (HOTS) on the aspects of students' evaluation and analysis abilities. The data analysis technique is descriptive
quantitative. The concept of wave propagation, momentum, and impulse raised in the integration of disaster mitigation
can increase student HOTS. It found that the effectiveness of the pedagogic approach was included in the medium
category (N-gain of 0.31). The use of teaching materials was also in the medium category (N-gain of 0.66). The results
of this study can be used as a source of reference in teaching disaster mitigation in other physics concepts and other

subjects in schools.
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1. INTRODUCTION

Indonesia's geographic location, which is located at
the junction of three active plates, results in a high level
of vulnerability to geological and hydro-climatological
disasters [1], [2]. The National Disaster Management
Agency (BNPB) recorded 2.127 natural disasters in
Indonesia from 1 January to 22 September 2020.
Kebumen and Cilacap are districts in Central Java, which
are prone to earthquakes and tsunami. For this reason, an
integrated effort is needed in reducing disaster risk.

Training for natural disaster preparedness has become
a major concern of UNESCO. Under the "Decade of
Education for Sustainable Development" (DESD), this
training is intended for students to be able to protect
themselves and behave appropriately if a disaster occurs
[3]. Several studies found that disaster mitigation
education should be part of the national curriculum. It
applies to all levels of education from elementary to
national secondary school by including in several school

subjects, such as geography, social sciences, natural
sciences, physics, history, and others. [3]-[5].

In the term learning and teaching process, innovative
pedagogies are suggested. Teaching disaster mitigation
in schools requires teachers to use active learning
methods that are more relevant to their needs, interests,
and able to motivate students to learn more. [3].
Pedagogical approaches must be active, interactive and
participatory. The goal is for students to be able to turn
on knowledge, practice skills and practice challenging
attitudes. [6]. Knowledge needs to be internalized with
contextualization in real situations. To reduce the risk of
a disaster, increasing understanding through knowledge
is essential. One way is by changing one's knowledge
about something [7]. If students' knowledge about
disasters is good, it will create a generation that is disaster
resilient and has adequate disaster mitigation.

Bloom's Taxonomy can be classified into two levels,
namely lower-order thinking (remember, understand,
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apply) and higher-order thinking (analyze, evaluate,
create) [8]. This research focused on higher-order
thinking skills (HOTS) in the term student's analyze and
evaluate ability. There are three indicators in Analyze
ability [9], [10], 1) Analyze incoming information and
divide or structure information into smaller pieces to
identify patterns or relationships; 2) Be able to identify
and distinguish the causes and effects of a complicated
scenario; 3) Identify/formulate questions. Evaluate
ability has four indicators [10], [11], 1) Provide an
assessment of solutions, ideas, and methodologies; 2)
using suitable criteria or existing standards to ensure their
effectiveness or usefulness; 3) Create hypotheses,
criticize and perform tests; 4) Accept or reject a statement
based on predetermined criteria.

The aim of this research 1) integrate disaster
mitigation in physics learning using a pedagogical
approach based on higher-order thinking skills; 2)
integrate disaster mitigation in physics learning using
teaching materials based on higher-order thinking skills;
3) Increase higher-order thinking skills student.

2. METHOD

This research is part of the development stage (R&D),
namely, the field test [12]. The research subjects were 82
students from several high schools in Kebumen and
Cilacap districts. Theoretical exploration, research
instrument and expert evaluation have been carried out
based on HOTS on the aspects of students' evaluation and
analysis abilities. The data analysis descriptive
quantitative. The concept of wave propagation,
momentum and impulse raised in the integration of
disaster mitigation can increase student HOTS. To
determine the level of effectiveness, we used the N-gain
analysis obtained from the students' pre-test and post-test
scores.

3. RESULT AND DISCUSSION

In our previous research, the learning design and
learning media (modules) were obtained using the SETS
(Science, Environment, Technology, Society) [13]. It has
four steps in syntax, namely Invitation, Exploration,
Solution, Application. The preparation of learning
modules also uses disaster incident studies. For example,
the collision material used a study of the earth's plate
motion in an earthquake. The validation process has also
been done before. Validation includes validation of
media experts, learning models, and physics content.

The field test in this study was to determine the
effectiveness ~ of  increasing  student's HOTS.
And from pre-test and post-test, N-gain was found in the
medium category for analysis and evaluation abilities.
Figure 1 shown evaluation ability.
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Figure 1 Evaluation ability

We can see from figure 1 that increasing has happened in
every indicator. There is a significant increase in the 4th
indicator, namely, accept or reject a statement based on
predetermined criteria. In working on questions of this
type, students can provide correct assessments and
answers based on their requirements and understanding.
For the next stage, students are asked to be able to make
decisions and reasons why their answers are correct.
What happens is that the reasons put forward are not by
the prevailing concepts of physics and theory because
students give reasons only based on observations and
experiences that have been encountered in everyday
events without thinking about what the physical concept
is. It was in line with previous research mentioned
another effect of direct observation; experiences can
increasing students conception [14]. Figure 2 shows as
analyze ability.
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Figure 2 Analyze ability

A significant increase was found in the 3rd indicator,
namely, identify/formulate questions. This indicator can
be seen from the student's ability to connect the subject
matter, keywords, viewpoints, or main concerns of a
problem. The examples of the problems and the student's
answers can be seen in Table 1. The questions in the
exercises, assignments, and pre and post-tests used the
approach of disaster events that recently occurred in
Indonesia. Students were asked to perform analysis and
evaluation by referring to the indicators above.
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Table 1. Example of problem and student's answer from the indicator of analysis ability

Problem

6. Gempa bumi yang terjadi di Pangandaran pada tanggal 17 Juli 2006 dengan kekuatan
gempa 7,0 SR menimbulkan sebuah gelombang tsunami dengan ketinggian mencapai
21 meter. Jika gelombang tsunami berjalan dengan kecepatan 180 km/jam mengenai
sebuah truk dengan massa 500 kg dan menubruk sebuah mobil yang diam dengan
massa 300 kg mengakibatkan mobil dan truk tersebut bergabung menjadi satu.
Termasuk dalam kategori tumbukan apa peristiwa tersebut? jelaskan beserta
alasannya! Jika kemudian mobil dan truk bergerak dengan kecepatan v, berapakah

nilai v tersebut?

Student's answer
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Judging from the results of the students' pre-test work
for the collision material questions were not resilient at
all associated with the earthquake disaster, all students
still could not answer the questions. The results of the
students’ post-test work on the collision material
questions were not resilient at all associated with the
tsunami disaster, and the results showed that most of the
students were able to answer these questions correctly
and following the question commands. An example of
students’ answer is "the tsunami that hit dozens of houses
and was washed away along with the water, including the
collision, was not resilient at all because after the
collision the two objects merged into one". From these
answers, it can be seen that students can evaluate an event
in a question associated with an earthquake or tsunami.

Each student has different basic abilities [8], [15].
Through the application of constructivism (SETS),
students can learn from various starting points that they
are familiar with the concepts of physics to be studied. In
the learning process used can improve the way students
think. This existence is evidenced by the activeness of
students when expressing opinions in solving problems
from natural disaster mitigation materials. Natural
disaster mitigation materials are following the
environment around students, both schools and
residences. Learning materials are presented in the form
of interactive modules so that learning is contextual. It
plays an important role because the learning models and
media used can train students' higher-order thinking
skills [16]. HOTS can be formed when the learning
process takes place, and the learning is student-centered
[17]. In such a process, students are free to express their
opinions according to the knowledge they have with
contextual learning materials. What they often encounter
natural disasters, there are even students who have
experienced one of these natural disasters. So, the
learning material used is very contextual and in
accordance with the achievement strategy for the future.

4. CONCLUSION

From the results of this study, it can be concluded that
Disaster mitigation can be integrated with physics
learning by pedagogical approach and teaching material.
And it can be effectively to increasing HOTS. The
effectiveness of the pedagogic approach and teaching
material was included in the medium category. And
finally, as suggestions for future research, the results of
this study can be used as a source of reference in teaching
disaster mitigation in other physics concepts and other
subjects in schools
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