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Abstract. Natural hazards pose global
risks making it essential to incorporate

risk perception and response strategies
into science curricula. This study analyzed
the distribution of risk perception and
response indicators for natural hazards—
including earthquakes, tsunamis,
typhoons, landslides, floods, droughts,
volcanoes, wildfires, storms, and extreme
temperatures (heat waves, cold waves)—in
lower secondary science curricula: the
Cambridge Lower Secondary Curriculum
2020 (UK), Indonesia Merdeka Curriculum
2022, South Korea Curriculum 2022, and
Singapore Lower Secondary Express and
Normal (Academic) Curriculum 2021. A
descriptive qualitative content analysis
was conducted by analyzing curriculum
documents to evaluate risk perception

and response indicators distribution. The
findings show that the distribution of risk
perception and response to natural hazards
in specific science curricula does not align
with the geographic characteristics of

the respective regions. Furthermore, risk
perception is given greater emphasis than
response strategies, creating an imbalance
in the lower secondary science curriculum.
This study suggests the need to modify

the explanation of risk perception and
response to natural hazards in the science
curriculum, which emphasizes a global
approach that broadens understanding
beyond local hazards to prepare individuals
for risks they may encounter while moving,
traveling, or living in other countries.
Keywords: natural hazards, risk
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Introduction

Natural hazards affected people including children, infrastructure, and
economic losses. Natural hazards cause significant risks to human life, both
presently and in the foreseeable future. According to Bertoli et al. (2023),
approximately 175 million children are impacted by natural hazards each
year. International Federation of Red Cross and Red Crescent Societies
(2022) also explained that an average of 44 countries per year, in the last 30
years, have been impacted by simultaneous disasters. Between 1994 and
2013, the Emergency Event Database (EM-DAT) recorded there were 6,973
natural disasters worldwide, and people who were affected reached 218
million annually over 20 years (Centre for Research on the Epidemiology of
Disasters (CRED), 2015). In 2020, a total of 388 disasters occurred globally
(Asian Disaster Reduction Center, 2023). Moreover, an earthquake occurred
in the Sichuan Province with a magnitude of 8 SR, killing approximately
70,000 people, and the Kobe earthquake, in 2005, killed over 6,000 people
(Asian Development Bank, 2013). Likewise, about 80% of tsunamis occur in
the Pacific Ocean (Pan American Health Organization, 1994). Additionally,
demographic growth, globalization, prevalent poverty, especially in hazard-
ous areas, and dynamic climate will be causing the risk along with greater
natural hazards in the future, which is associated with more population at risk
(International Strategy for Disaster Reduction, 2009). For children and young
people, natural hazards raise threats to their protection, physical health, and
overall development (UNICEF, 2020).

In this world, various types of natural hazards have occurred and may
happen in the future due to the risks that emerge from the natural disaster
phenomenon. Depending on the geographic area, natural hazards occur
differently. A natural hazard is defined as a natural process and event that
poses a potential threat to the life of humans and property, while a disaster
is described as a hazardous event that occurs within a certain zone in a lim-
ited period (Keller & Devecchio, 2015). For instance, the geographic features
of the United Kingdom include hills, low mountains, rivers, and beaches
(Koterba, 2019). Hills, rivers, beaches, low mountains, and plentiful rainfall all
year round trigger the frequent occurrence of natural hazards such as floods
(coastal flooding and river flooding), landslides, and relatively small volcanic
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eruptions (Giles, 2020; Koterba, 2019; Stock & Wentworth, 2019). The sediment along Scotland’s north-eastern
coasts and at locations in northeast England has been characterized as tsunami deposits and ascribed to a major
submarine landslide (Giles, 2020). The most tectonically and seismically active area is at the northwest corner of
Wales. However, the earthquake’s seismic risk is classified as low to moderate (Giles, 2020). Summers are the warm-
est, reaching temperatures that can rise above 35°C in the southeast of England, which is closest to the European
mainland, leading to natural hazards including droughts and heat waves (Koterba, 2019; Stock & Wentworth, 2019).
Moreover, Indonesia is located near the Ring of Fire (tectonic belt, volcanic mountain) and sea (Pambudi, 2018).
Since Indonesia is in the Ring of Fire, the types of natural hazards that frequently occur are earthquakes, volcanic
eruptions, and tsunamis (Protschky, 2022). The geography of South Korea is along the coastlines of the south, east,
and west seas, consisting of mountains, rivers, plains, and the proximity of tectonic plate boundaries along the
Pacific Rim (Kwon et al., 2016; National Geographic Information Institute, 2017), which contributes to the types
of natural hazards prevalent in the region including river flooding, the potential of earthquake and volcanoes
(Kang & Skidmore, 2018; Kim & Yoon, 2020; National Geographic Information Institute, 2017). In addition, South
Korea's geographic position also places it within the path of many typhoons that originate in the western part of
the North Pacific Ocean, which bring destructive wind, waves, storm surges, heavy rain, and landslides (National
Geographic Information Institute, 2017). The coldness that originated from China gathered moisture from the
warmer Yellow Sea, resulting in a thick snowfall across Korea, which triggered a cold wave (National Geographic
Information Institute, 2017). Additionally, in Singapore, which is mostly low-lying and flat terrain (Bai et al., 2023),
the types of natural hazards that are caused by the surrounding countries are earthquakes and tsunamis in a low
seismic hazard area (Lai & Tan, 2013).

Since every country has its natural hazards, reduction of the riskimpact of natural hazards can be implemented
through a science curriculum, particularly about the explanation of risk perception and response to natural hazards.
Bertoli et al. (2023) have argued that children must cultivate awareness of natural risks to mitigate or diminish the
adverse effects of these events. Moreover, according to Cerulli et al. (2020), education contributes to the reduc-
tion and alleviation of losses inflicted by disasters. Preparedness strongly depends on school education, especially
science learning. According to the International Strategy for Disaster Reduction (2009), science has contributed
and is recognized as an important key in the successful strategy of risk reduction. One of the subjects that has
the potential to be integrated with disaster risk reduction efforts is natural science (Tyas, 2020). Risk perception is
vital for adequate preparedness (Margarint et al., 2023). Risk perception is explained as beliefs regarding harmful
potential or loss possibility (Darker, 2013). Risk perception is outlined as the competence to identify and evalu-
ate the risk related to hazardous events (King & Blickensderfer, 2023). Studies on risk perception examined the
assessments individuals make when classifying and evaluating hazardous activities (Slovic, 1987). Risk perception
denotes the subjective evaluation of the likelihood of a specific accident occurring and the level of apprehension
regarding its consequences (Sjoberg et al., 2004).

Further, risk responses to risk are generally placed into one of four categories, such as reduce risk, remove
risk, transfer risk, or accept risk (Sweeting, 2017). Risk response planning involves formulating alternatives and
identifying risk responses that reduce dangers (Javid et al., 2020). In individual and social-cultural factors, prior
personal experience with natural hazards has altered how people perceive and react to danger (Luis-Angel et al.,
2022). Analyzing the explanation of risk perception and response to natural hazards in the science curriculum
leads to the objective of this study, to what extent students are informed about these types of natural hazards. The
comprehension of perceiving the risk perception and response allows students to reduce the risk of these hazards
and respond effectively to the impact. Although previous studies have explored risk perception and response strat-
egies to natural hazards, limited research has examined how these concepts are integrated into science curricula.
Most existing studies focus on general disaster education, emergency preparedness, or community resilience,
but there is a lack of research analyzing whether science curricula adequately prepare students for natural hazard
risks. Hence, this study analyzed the distribution of risk perception and response to natural hazards through the
science curriculum. By analyzing how risk perception and response are incorporated into the science curriculum,
this study intends to bridge the gap between theoretical knowledge and practical preparedness, ensuring that
students can effectively perceive risks and respond appropriately to natural hazards.

Research Problem

This research problem addresses the gap by critically analyzing how risk perception and response to natural
hazards are presented in science curricula. The complexities of natural hazards are not adequately explained in
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the current science curricula, which impacts the sufficient preparation of students to understand risks and the lack
of decision judgment during such events. For students to effectively respond to natural hazards, it is necessary to
evaluate whether the current science curriculum discussing content on natural hazards and related risk responses
aligns with their practical skills and knowledge. Furthermore, analyze whether this presentation of risk perception
and risk response within the science curriculum is effective in developing students’ understanding and prepared-
ness. Despite the rising frequency of natural hazards and their impact, there is limited knowledge of how effective
risk perception and appropriate response strategies are taught in the science curriculum.

Research Aim and Research Questions

The purpose of this study was to analyze how risk perception and responses to natural hazards are integrated
and distributed within the lower secondary science curricula. This research analyzed the risk perception and
response indicators to natural hazards, including earthquakes, tsunamis, typhoons, landslides, floods, droughts,
volcanoes, wildfires, storms, heat waves, and cold waves within lower secondary science curricula including four
countries such as Indonesia, South Korea, the United Kingdom, and Singapore. The distribution of risk perception
and risk response in the science curriculum of each country is examined.

The research questions in this study were as follows:

1. Does the lower secondary science curriculum in Indonesia, South Korea, the United Kingdom, and
Singapore address risk perception and response to natural hazards in alignment with their geographic
characteristics?

2. How are risk perception and response to natural hazards explained in the lower secondary science
curriculum of Indonesia, South Korea, the United Kingdom, and Singapore?

Research Methodology
General Background

This research applied a descriptive qualitative research design. In a descriptive analysis, the data was labeled
for summary in terms of a text, word, or short phrase (Miles et al., 2014). Content analysis was the chosen method
to analyze the explanation of risk perception and response indicator to natural hazards, including earthquakes,
tsunamis, typhoons, landslides, floods, droughts, volcanoes, wildfires, storms, heat waves, and cold waves, in the
science curricula of Indonesia, South Korea, the United Kingdom (Cambridge Curriculum), and Singapore. Content
analysis was chosen in this study because the subject of analysis consisted of curriculum documents in the form
of text. Content analysis was outlined as a methodical, repeatable process for reducing a lot of text into a smaller
number of content categories based on certain coding rules (Berelson, 1952). Systematically transforming many
words into a concise summary of key findings was the objective of qualitative content analysis (Erlingsson & Brysie-
wicz, 2017). The researchers categorized and set the indicators of risk perception and response to natural hazards
as shown in Table 5. This categorization and indicators were used to analyze the science curriculum document of
each country. Descriptive analysis was used to report the results after the content analysis. The research was con-
ducted from November 2023 to February 2025. This time frame allowed for the collection, analysis, and interpreta-
tion of curriculum documents from the selected countries. The scope of this study was focused on analyzing the
distribution of risk perception and response indicators for natural hazards in the lower secondary science curricula
of four specific countries: the Cambridge Lower Secondary Curriculum 2020 (UK), Indonesia Merdeka Curriculum
2022, South Korea Curriculum 2022, and Singapore Lower Secondary Express and Normal (Academic) Curriculum
2021.The natural hazards examined in this research included earthquakes, tsunamis, typhoons, landslides, floods,
droughts, volcanoes, wildfires, storms, and extreme temperatures (heat waves and cold waves). The methodological
steps in this research are shown below.

Approach

This research analyzed the risk perception and responses to natural hazards within science curriculum docu-
ments from South Korea, Indonesia, the United Kingdom, and Singapore. This study utilized an inductive content
analysis method to organize and categorize the content for descriptive purposes systematically. A systematic strat-
egy for assessing qualitative data, guided by specific objectives, was called an inductive approach (Thomas, 2006).
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Analysis Procedure

Figure 1 describes the steps of the data collection procedure in this study. The data collection procedure began
with a preparation document and review of the science curriculum for Indonesia, South Korea, and Cambridge as
representatives of the United Kingdom, and Singapore. These countries were chosen according to the riskimpact
classification shown in Table 1. Afterward, researchers identified the risk perception and risk response elements
within the science curriculum of each country and categorized them into coding schemes as depicted in Table 5.

Figure 1
Data Collection Procedure

Sample preparation of science curriculum documents for South Korea, Indonesia, the United
Step 1 Preparation Kingdom, and Singapore was conducted by reviewing the Ministry of Education resources from
each country, relevant textbooks, and websites related to their curricula.

Review of science curriculum

Once the science curriculum documents were prepared, the researchers reviewed them to identify

Step 2 the types of natural events examined in this study, such as earthquakes, tsunamis, typhoons,
documents . . . .
landslides, floods, droughts, volcanic eruptions, wildfires, storms, heat waves, and cold waves.
After reviewing the curriculum, which mentioned several natural hazards (including earthquakes,
Creation of a framework for tsunamis, typhoons, landslides, floods, droughts, volcanoes, wildfires, storms, heat waves, and
Step 3 cold waves), the researchers identified and defined a framework based on references from other

risk perception and response

U

Categorization of the frame-
Step 4 work into risk perception and
response indicators

An analysis was conducted on the explanations of texts regarding risk perception and response
Step 5 Document analysis to natural hazards within the science curriculum documents, based on the categorization of risk
perception and response analysis indicators developed in the previous stage.

Step 6 Data interpretation After analyzing the documents, the results were compiled and presented in Table 6.

research papers. According to the references, the indicator for risk perception and risk response
to natural hazards was developed in alignment with science curriculum text analysis.

Researchers categorized the framework into: 1) categories; 2) subcategories; 3) indicators for
analysis in curriculum text; and 4) example items for curriculum analysis. As a result, the catego-
rization of the framework for risk perception and risk response was developed and used as the
foundational tool in this study, as shown in Table 5.

Selection of Countries

The World Risk Index 2023 evaluated the risk of disasters across 193 nations, including all UN countries, which
account for almost 99 percent of the global population (Biindnis Entwicklung Hilft & Institute for International Law
of Peace and Armed Conflict, 2023). According to the World Risk Report (WRR) 2023 data and the classification of
the risk impact of natural hazards, the countries’ sampling is shown in Table 1.
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Table 1

The Selected Countries of Risk Perception and Response to Natural Hazards

Risk impact classification Country
Very high Indonesia
High South Korea
Medium United Kingdom
Very low Singapore

According to the classification of riskimpact from natural hazards in the World Risk Report Data 2023, Indonesia
stands out as the nation with the highest risk impact. Closely following, South Korea is classified with a high-risk
impact. The United Kingdom is positioned with a classification indicating a medium-risk impact, while Singapore,
in contrast, exhibits a remarkably low-risk impact regarding natural hazards. As indicated in Table 1, this study
selected countries based on risk impact classifications ranging from very high to very low. Therefore, Indonesia,
South Korea, the United Kingdom, and Singapore were chosen for this research.

Selection of Natural Hazard Types

The criteria for selecting data in this study were based on the frequency of natural hazard occurrences, the
number of deaths, the total number of affected humans, economic losses, and the biggest natural hazard in his-
tory to track the largest effect on the world. The selection of natural hazard types was based on the data below.

1. The data from the Centre for Research on the Epidemiology of Disasters (CRED)
2. The biggest natural hazard occurrence in history

The data on the impact of natural hazards, sorted by type in 2022, were compared to the 2002 - 2021 annual

average in the world (CRED, 2022) and are shown in Table 2.

Table 2
The Data of Natural Hazards Impact in 2022 Compared to the 2002 - 2021 Annual Average in the World (CRED, 2022)

Type of natural NO* ND* TAH* (million) EL* (billion US$)
hazards 2022 2002-2021 2022 2002-2021 2022 2002-2021 2022 2002-2021

Drought 22 16 2601 1057 106.9 705 2601 1057
Earthquake 31 27 1626 35124 36 55 1626 35124
tEu’;geme tempera- 12 19 16416 8538 0.1 48 16416 8538
Flood 176 168 7954 5195 57.1 80.1 7954 5195
Landslide 17 18 403 838 0.1 0.2 403 838
Mass movement 0 1 0 37 0 0 0 37
Storm 108 104 1611 10006 16.8 36.9 1611 10006
Volcanic activity 5 6 6 90 0.1 0.3 6 90
Wildfire 15 11 76 82 0.2 0.7 76 82
Total 386 370 30693 60967 184.9 199 30693 60967

*NO: Number of Occurrences; ND: Number of Deaths; TAH: Total Affected to Humans; EL: Economic Losses
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Table 2 shows the data on natural hazard impact, including the number of occurrences, the number of deaths,
the total affected to humans, and the economic losses in the world. According to the data presented in the Num-
ber of Occurrences (NO), it is evident that from 2002 - 2021 to 2022, various types of natural hazards, including
droughts, earthquakes, extreme temperatures, floods, landslides, mass movements, storms, volcanic activities,
and wildfires, increased in occurrence from 370 to 386 incidents. It indicates that the number of occurrences of
natural hazards mentioned in Table 2 might continue to increase in the future. Owing to the prospective rise in
the occurrence of disasters triggered by natural hazards, preparation is necessary to face such natural hazards.
Moreover, the Number of Deaths (ND) in 2022 decreased compared to the period from 2002 - 2021; however, this
number remains high. These data prove the continued loss of life resulting from the occurrence of natural hazards.
Preparedness needs to be instilled and implemented to reduce the number of deaths caused by natural hazards.
Additionally, the Total Affected to Humans (TAH), including physical injury, emotions, behavior, well-being, and
thought, decreased slightly in 2022 compared to 2002-2021.The total number of affected humans differed by 14.1
million. Therefore, the optimization of risk management of natural hazards was required to further reduce human
impact more effectively. Furthermore, the Economic Losses (EL) by these types of hazards significantly decreased
from 2002 - 2021 to 2022. However, the figure of 30,693 billion US dollars still represents a considerable amount
for the economic losses caused by natural hazards. Reducing the impact of these losses through risk management
strategies is required. The natural hazards data in Table 2 indicates that the occurrence of these types of natural
hazards will increase even further in the future and will have adverse impacts on humankind, including the number
of deaths, affected individuals, and economic losses. Therefore, the types of natural hazards selected in this study
included droughts, earthquakes, extreme temperatures, floods, landslides, storms, volcanic activities, and wildfires.
In the case of extreme temperatures, this study considered both heat waves and cold waves. Mass movements were
not considered because of their low impact and infrequent occurrence. Furthermore, according to Ayala-Carcedo
(2001), the largest occurrence of natural hazards in history is illustrated in Table 3.

Table 3
The Biggest Natural Hazard Occurrence in History (Ayala-Carcedo, 2001)

Natural hazards Area (Year) Mortal casualties
Black death pandemics Worldwide (1346-51) 175,000,000
Drought India (1942) 1,500,000
Plague Ireland (1845-47) 1,500,000
Flood China (1887) 900,000
Earthquake China (1556) 836,000
Typhoon Bangladesh (1979) 500,000
Mud-flows China (1920) 100,000
Tsunami Krakatoa (1883) 36,417
Volcano Mt. Pelée (1902) 29,000
Snow avalanches Alpes (218 B.C) 19,000
Heatwaves USA (1901) 9508
Tornado USA (1925) 689

Based on the data obtained in Table 3, natural hazards such as typhoons and tsunamis were included in this
study. The cases of the Black Death pandemic and plague were not considered in this research because these are
not classified as natural hazards and were not influenced by geographic characteristics. Mudflows were considered
part of landslides. Additionally, snow avalanches were not included because the selected countries for this study
lacked sufficient snow conditions that could trigger snow avalanches, while tornadoes were considered as part
of storms. According to these sources, this research assessed the combination of previously mentioned natural
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hazards. Hence, the typical natural hazards analyzed in this study included earthquakes, tsunamis, typhoons,
landslides, floods, droughts, volcanoes, wildfires, storms, and extreme temperatures (heat waves and cold waves).

Selection of Curricula

According to the science subject at the lower secondary level, the selected curricula of the countries are
shown in Table 4.

Table 4
The Selected Curricula of Risk Perception and Response to Natural Hazards

Country Curriculum Subject Grade
Indonesia Merdeka Curriculum 2022
South Korea South Korea Curriculum 2022
Science Lower secondary

United Kingdom Cambridge Lower Secondary Science 0893 Curriculum Framework 2020

Singapore Singapore Express and Normal (Academic) Curriculum 2021

As outlined in Table 4, this research focused on the science curriculum for lower secondary students, typically
aged between eleven and sixteen years, for each country. The lower secondary science subject was selected be-
cause the science curriculum varies at the primary and upper-secondary levels across countries. In the Indonesian
curriculum, primary school students studied a mix of subjects, where the subjects were blended between science
and social studies. Furthermore, at the high school level in Indonesia, the United Kingdom, and Singapore, science
was divided into physics, chemistry, and biology, which differed from South Korea. In South Korea’s high school
curriculum, the science subjects included physics, chemistry, life science (biology), and earth science. In contrast,
other countries included the study of the Earth in the geography subject, which was part of social studies. Since
science had become a consistent subject at the lower secondary level across the selected countries in this study,
the science curriculum of the lower secondary level was chosen for this research. Considering the diversity of
curricula implemented within each country, this study limited its focus to the latest science curriculum from each
nation, namely the Merdeka Curriculum 2022, in which‘Merdeka’ means‘Independence, is the latest national cur-
riculum of Indonesia; the South Korea Curriculum 2022 of South Korea; the Cambridge Lower Secondary Science
0893 Curriculum Framework 2020 of the United Kingdom; and the Singapore Express and Normal (Academic)
Curriculum 2021 of Singapore.

Framework

The framework was inspired by research conducted by Cai et al. (2023), which analyzed the connection be-
tween public disaster mitigation behavior and risk perception in Wenchuan geological hazard emergency manage-
ment. The framework for risk perception and public mitigation behavior in disaster emergency management was
proposed by Cai et al. (2023). It included two emergency management phases: 1) pre-disaster preparation and 2)
mid-disaster emergency response. Cai et al. (2023) defined that the four primary characteristics of risk perception
are perceived probability, perceived severity, fear, and self-efficacy. Perceived probability designates a person’s
assessment of whether a risk event might have adverse outcomes; perceived severity refers to a person’s judg-
ment regarding risk event will have severe consequences; fear implies an individual feeling if they experience a
potential threat; self-efficacy is essentially a perceived assessment of handling disaster risks, which represents a
person’s confidence in their capacity to implement mitigation strategies and falls under the general category of risk
perception (Cai et al., 2023). Participating in evacuation drills, accumulating disaster supplies, attending training on
disaster prevention and mitigation, and acquiring disaster insurance are examples of proactive steps in advance
of pre-disaster preparedness (Cai et al., 2023).

The framework of risk perception and response to natural hazards was compiled from various sources and
references, including SCI journal research, information from UN agencies, theses, research institutes, and discus-
sions among researchers who participated in this study. The items that were used included risk perception and
pre-disaster mitigation behavior. Meanwhile, the item categorized under ‘mid-disaster emergency response’ was
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excluded from the framework, as most countries have established disaster management agencies that implement
field training through disaster simulations in schools to enhance students’ preparedness for natural hazards, which
was not relevant to the analytical focus of this science curriculum text document. In most curricula, risk percep-
tion and pre-disaster mitigation behavior are introduced as foundational knowledge or initial perceptions. These
concepts are emphasized as essential from an early age and are systematically integrated into the curriculum. In
the risk perception subcategories, the item ‘fear’ was excluded due to the challenges in analyzing its indicators
within the curriculum text document. Therefore, based on the references mentioned above, the framework for risk

perception and risk response within science curriculum was developed as shown in Table 5.

Table 5

The Framework for Risk Perception and Risk Response for Analysis in Curriculum Text

Categories

Subcategories

Indicators for analysis in curriculum text

Example item for curriculum analysis

Risk Perception

Risk Response:

Perceived Probability

Perceived Severity

Self-efficacy

Evacuation Drill
Activities

Storage of Disaster
Response Materials

Disaster Mitigation
Training and Publicity

References to likelihood or probability of natural
hazards occurring in specific contexts or con-
veyed the processes of natural hazards occur.

Emphasis on the potential impact or conse-
quences of natural hazards on human life, the
environment, and property.

Perceive understanding and knowledge of dealing
with natural hazards, which reflect students’ belief
in their ability against natural hazards

Content related to preventive measures, such as
preparedness activities, warning tools or safety
drills.

Recommendations or guidelines for storing
disaster or hazard response materials like food,
water, and first-aid kits.

Importance of spreading awareness and engag-
ing in disaster or hazard mitigation training.

“Does the curriculum include examples that highlight
the probability of natural hazards, or the processes of
natural hazards occur (e.g., earthquakes, floods)?”

“Does the text describe the severity of impacts from
hazards such as tsunamis, wildfires, etc.?”

“Does the curriculum provide an understanding and
knowledge into students’ beliefs about the actions
they need to take against natural hazards?”

“Does the curriculum encourage learning about
emergency preparedness (e.g. warning system tools,
evacuation drills)?”

“Does the curriculum provide activities related to
creating or understanding emergency kits?”

“Are there references to participating in community
disaster or hazard mitigation training, discussion

on reducing hazard, disaster damage, or education
campaigns?”

As shown inTable 5, the framework of risk perception and response to natural hazards was used to analyze the
science curriculum of each country. The element of risk perception was the inclusion of content covering the causes,
risk impact, and concern about topics ranging from the perceived probability of an event to the consequences of
natural hazards (Avvisati et al., 2019; Ronan et al., 2001). Risk perception indicators included attitudes concerning the
likelihood, awareness, beliefs, describing natural hazards, the effect of natural hazards, explaining natural hazards,
the impact of natural hazards, information flows about natural hazards, knowledge about natural hazards, severity,
showing curiosity, and threat intrusiveness (Avvisati et al., 2019; Pazzi et al., 2020; Ronan et al., 2001; Yildiz, 2022).
The risk response indicator showed an explanation of actions and methods to mitigate natural hazards to ensure
safety including knowledge about natural disaster mitigation, response, preparedness, prevention, reconstruction,
risk reduction, and risk management of natural hazards (Alfi et al., 2019; Rocha, 2021; UNESCO & UNICEF, 2012).

Science Curriculum Text Document Analysis

The science curriculum text document was analyzed beginning with the researchers, who were provided
with the framework in Table 5, assessing risk perception and response indicators towards natural hazards. After the
researchers familiarized themselves with the set of frameworks for risk perception and response to natural hazards,
the data collection commenced, and each curriculum was analyzed utilizing the content analysis method. Each
researcher marked every phrase, sentence, and explanation on the text document of this science curriculum by
referring to the framework’s item of risk perception and response to natural hazards in the science curriculum of
each country. The discussion was extended with an invitation to the professional and research team in the field of
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science education. In this study, three researchers examined the curricula of Indonesia, South Korea, Cambridge
(as representatives of the United Kingdom), and Singapore. Subsequently, the findings of the analysis were cross-
checked and reviewed again in the second phase, which involved collaborative review sessions. The observation
notes were consulted during the conversation to enhance the validity of the results. The coding was considered to
create valid data if the codes correspond to the criteria of correct decision-making standards (Potter & Donnerstein,
1999). According to the framework for each of the items studied, the researchers independently analyzed and
evaluated the classification of identification. To minimize bias and enhance the consistency of the interpretations,
the data results were reviewed and voted on based on agreement and disagreement among the researchers. The
level of consistency of the result was determined by comparing their classifications with each other. After analyzing
the science curriculum text document, the identification results are shown in Tables 6 and 7.

Research Results

The analysis of elements related to risk perception and response framework to natural hazards in the science
curriculum of Indonesia, South Korea, the United Kingdom, and Singapore is shown in Table 6.

Table 6
Risk Perception and Response Distribution to Natural Hazards in the Science Curriculum

Indonesia Merdeka South Korea Cambridge_ Lower Singapore Express.and
curriculum curriculum Secopdary Science 0893 Normal (Academlc)
NHP* 2022 2022 Curriculum Framework Curriculum
2020 2021
RP* RR* RP* RR* RP* RR* RP* RR*
Earthquake 0 0] 0] 0 0 0
Tsunami 0 0 0
Typhoon 0 0
Landslide
Flood
Drought
Volcanoes 0 0 0 0 0
Wildfire
Heat wave
Storm
Cold wave

*NHP: Natural Hazard Phenomenon; RP: Risk Perception; RR: Risk Response; O: appears within the science curriculum

Table 6 illustrates the result of indicators related to risk perception and response to natural hazards in the sci-
ence curriculum of Indonesia, South Korea, the United Kingdom, and Singapore. It shows that within the Indonesia
Merdeka Curriculum 2022, both risk perception and response indicators are evident for earthquakes and tsunamis,
while for volcanoes, only the risk perception indicator is present. Similarly, the South Korea Curriculum 2022 ad-
dresses both risk perception and risk response concerning earthquakes, volcanoes, and weather-related disasters,
with typhoons commonly appearing in textbooks. In the case of the Cambridge Lower Secondary Science 0893
Curriculum Framework 2020, as representative of the United Kingdom, it addresses only risk perception related to
earthquakes, volcanoes, floods, and droughts. Furthermore, the Singapore Express and Normal (Academic) Cur-
riculum 2021 includes only the risk perception of earthquakes, tsunamis, and volcanoes. In addition, risk percep-
tion and response indicators for landslides, wildfires, heatwaves, storms, and cold waves are not fully integrated
into any curriculum. The detailed findings of the exposition on risk perception and responses to natural hazards
in the science curricula of Indonesia, South Korea, Cambridge (representing the United Kingdom), and Singapore
are shown inTable 7.
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Table 7
Risk Perception and Response in the Curriculum Text Document

Curriculum Quoted text in the curriculum Subc‘a.t egory Categories
Identification
“How do earthquakes and volcanic eruptions change human  Self-efficacy

Indonesia Merdeka Curriculum

2022

life?”

“Why do not tsunamis always happen during earthquakes?”

Perceived probability

Risk perception

“Make an action campaign to anticipate before, during, and
after earthquakes occur.”

Disaster mitigation train-
ing and publicity

Risk response

“Describe the effects of earthquakes and volcanoes on
human life.”

Perceived severity

Risk perception

“Evaluating tsunami warning system tools and exploring other
methods.”

Evacuation drills activities

Risk response

“Choose and deal with the study case of a disaster such as

Perceived probability

the spread of infectious disease, chemical leaks, transporta-
tion accidents, earthquakes, volcanic eruptions and weather-
related disasters, etc.”

Risk perception

South Korea Science Curriculum

“Discuss ways to reduce damage, not only deal with post-
mortem but also prevention and preparedness.”

Disaster mitigation train-
ing, publicity, and
Evacuation drills activities

Risk response

“Describe how earthquakes, volcanoes, and fold mountains
occur near the boundaries of tectonic plates.”

Perceived probability

Cambridge Lower Secondary Sci-
ence 0893 Curriculum Framework

“Describe the historical and predicted future impact of climate  Perceived probability and
change, including sea level change, flooding, drought, and severity
extreme weather events.”

Risk perception

Singapore Science Curriculum, the
Singapore Express and Normal
(Academic) Curriculum 2021

“Show curiosity about the destructive power of forces in
nature (e.g., earthquakes, tsunamis, volcanic eruptions,
tropical cyclones.”

Perceived severity

Table 7 presents the analysis and identification of risk perception and response in the curriculum text docu-
ments of Indonesia, South Korea, the United Kingdom, and Singapore. Through discussion and analysis among
researchers, it was found that in Indonesia’s Merdeka Curriculum 2022, as reflected in the Indonesia Science Text-
books of Lower Secondary by Lestari et al. (2021), three quotes were identified as representing risk perception,
while two quotes were categorized under the risk response. In the South Korea Science Curriculum, as explained
in the South Korea Curriculum 2022 - (22) Disaster and Safety (7}) Achievement Standard Explanation [92} 22-01]
and [92} 22-02], it shows that one quote was identified as risk perception, and another was categorized as risk
response. Additionally, in the United Kingdom Science Curriculum, examples of passages of how the risk perception
and response indicators were delivered in the Cambridge Lower Secondary Science 0893 Curriculum Framework,
published by Cambridge Assessment International Education in 2020, showed that two quotes were identified
under the risk perception category. Similarly, the Singapore Express and Normal (Academic) Curriculum 2021 [9:
Application of Forces and Transfer of Energy] included a quotation focused on risk perception. According to the
data analysis, it is evident that the risk perception category is prominently addressed within the science curricu-
lum. Furthermore, the subcategories of ‘perceived probability, ‘perceived severity; and ‘self-efficacy’are frequently
emphasized within these science curricula.

The Distribution of Risk Perception and Response to Natural Hazards
The risk perception and response to natural hazards within the science curriculum of Indonesia, South Korea,

the United Kingdom, and Singapore are supposed to be aligned with the natural hazards depending on their
geographic characteristics. According to the research results, the findings of this research are shown in Table 8.
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Table 8

The Distribution of Risk Perception and Response to Natural Hazards

Within the science

Type of natural

Country Geography characteristics hazard Risk Perception Risk Response
PP*  PS*  SE* ED* SD* DM*
Earthquake 0 0 0 X X 0
. Ring of fire: tectonic belt, volcanic mountain, .
Indonesia sea Tsunami X X X 0 X X
Volcanoes 0 0 0 X X X
Typhoon 0 X X 0 X 0
. Storm
Coastlines along the south, east, and west —
seas, mountains, rivers, plains, tectonic plate ~ Wildfire
boundaries along the Pacific Rim, within the Flood X
South Korea path of many typhoons (western part of the _—
North Pacific Ocean), thick snow across South _-andslide
Korea because China gathered moisture from  Cold wave
th Yellow S
¢ warmer Yelow vea Volcanoes 0 X X 0 X 0
Earthquake 0 X X 0 X 0
Flood 0 0 X
Hills, low mountains, rivers, beaches, plentiful  Drought 0 0 X
rainfall, sediment along the eastern and north- Landslid
ern coast of Scotland, the northwest corner andside
United Kingdom  of Wales is, tectonic seismically active places ~ Heat wave X X
(low-moderate seismic), during summer reach Tsunami
high temperatures in the southeast of England
(closest to European mainland) Earthquake 0 X X
Volcanoes 0 X X
Earthquake X 0 X
Singapore Low-lying and flat terrain Tsunami X 0 X X
Volcanoes™* X 0 X

*Note: PP: perceived probability; PS: perceived severity; SE: self-efficacy; ED: evacuation drill activities; SD: storage of disaster
response materials; DM: disaster mitigation training and publicity; **: Types of natural hazards that infrequently occur in their
respective countries but are included in the curriculum; O: appears within the science curriculum; X: does not appear within the
science curriculum

As depicted in Table 8, within the Indonesia Merdeka Curriculum 2022, the risk perception and response
related to natural hazards that frequently occur in Indonesia, such as earthquakes and tsunamis, which are appro-
priate for the country’s geographic context. However, the risk response for tsunamis does not align well with the
geographic characteristics of the region. Similarly, the South Korea Curriculum 2022 appropriately addresses the
risk perception and response to typhoons, which are relevant to South Korea’s geographic context. However, the
expressions of risk perception and response to storms, wildfires, floods, landslides, and cold waves in the science
curriculum are not well-suited to the specific geography of South Korea. In addition, the curriculum includes both risk
perception and risk response related to volcanoes and earthquakes, indicating that these aspects are aligned with
geographic features associated with events that occur infrequently in the region. Regarding the United Kingdom
and its Cambridge Lower Secondary Science 0893 Curriculum Framework 2020, the risk perception of floods and
droughts aligns with the geographic characteristics of the United Kingdom. However, the risk response for floods
or droughts is not mentioned. Additionally, the risk perception and response related to landslides, heatwaves, and
tsunamis are not relevant to the context of the geographic characteristics of the United Kingdom. Furthermore,
the curriculum addresses only the risk perception of earthquakes and volcanoes, which is appropriate for the local
geography, however, it does not include a risk response to these hazards. In Singapore, the Singapore Express and
Normal (Academic) Curriculum 2021 addresses only the risk perception of earthquakes and tsunamis, which are
relevant to the country’s geographic area. Additionally, the curriculum includes volcanoes, which are not common
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natural hazards in Singapore. This suggests that the inclusion of volcanoes is more influenced by the geographical
characteristics of surrounding countries.

Discussion

The results obtained in this study indicate that the distribution of risk perception and responses to natural
hazards in specific science curricula is not appropriately aligned with the geographic characteristics of the respec-
tive regions. Moreover, the study reveals an imbalance in the coverage of risk perception and response to natural
hazards within the lower secondary science curriculum. According to the findings, the risk perception category
is prominently addressed within the science curriculum. To achieve a more balanced perspective, it is essential
not only to emphasize the risk perception but also to explore more the risk response aspect of natural hazards.
Balancing both risk perception and response will enable individuals or communities to manage the impacts of
inevitable natural hazards. Through this study, the explanation of risk perception and risk response to natural
hazards in the science curricula of Indonesia, South Korea, the United Kingdom, and Singapore were analyzed to
reduce the risk of natural hazards and increase the risk management of natural hazards within school curricula,
especially the science curriculum at lower secondary. Learning about risk perception and risk response to natural
hazards within the science curriculum is crucial for mitigating and reducing the impact of such natural hazards,
particularly for students. Modifying the distribution of risk perception and response concerning natural hazards
within the science curriculum would be advantageous.

The improvement in the distribution of risk perception and response within the science curriculum will un-
doubtedly enhance knowledge and mitigate the risk of natural hazards. For instance, Japan had the biggest 9.0
magnitude earthquake and tsunami in 2011, and Turkey-Syria’s 7.8 magnitude earthquake in 2023. According to
the Asian Disaster Reduction Center (ADRC) and the International Recovery Platform (IRP) (2011), the earthquake
and tsunami in Japan killed 14,508 people. In contrast, as reported by the U.S. Geological Survey (2023), the
earthquake that occurred in Turkey-Syria killed 57,340 people. These data show that Japan has prepared for the
worst-case effects of earthquakes and tsunamis. Japan has a good practice of assessing the response scenarios
throughout every crisis, which is significant (Jimee et al,, 2019). In Japan, disaster education is incorporated within
the national curriculum, and the Ministry’s curriculum guidelines of 2017 increased the amount of disaster edu-
cation covered in foundational disciplines like science and social science (Sakurai et al., 2020). Thus, potentially
furnishing its populace with risk perception and response strategies to mitigate and confront the impact of earth-
quakes and tsunamis, consequently, reducing the death of people resulting from these natural hazards. In terms
of infrastructure, buildings in Japan are also constructed to be earthquake resistant. Japan’s measures undertaken
before the disaster or natural hazards strike, for instance, the construction of embankments and other hard-soft
infrastructure measures (Jimee et al., 2019). This risk perception and response to earthquakes and tsunamis have
greatly aided Japan in coping effectively with the impact. Conversely, alignment with research conducted by Demir
(2023) has indicated that Turkey's theoretical preparation and structure for disaster and humanitarian relief were
and continue to be highly flawed. Furthermore, research conducted by Kara & Ozdemir (2020) has found that the
majority of students knew only a few preventive practices related to response to natural hazards, and there were
notable significant differences between schools and localities. These could be the reasons why Turkey-Syria has
experienced a higher number of fatalities, extensive infrastructure damage, and a greater number of casualties
compared to Japan. It proves the importance of learning about risk perception and response to natural hazards
in education, particularly in science.

This study suggests broadening the understanding of risk perception and response to natural hazards beyond
those present within the country itself through a global curriculum in the science subject. Following the findings
outlined in the PISA 2018 Science Evaluation Framework and Evaluation Instruments (Korea Institute for Curriculum
and Evaluation, 2019), it is evident that national question problems constitute 60.9% of the evaluation, whereas
worldwide question problems comprise 29.6%. These statistics underscore the significance of addressing national
question problems in educational curricula, while also emphasizing the importance of incorporating worldwide
problem-solving skills into learning objectives. Therefore, developing a global curriculum addressing risk perception
and response to natural hazards would enhance global preparedness. Such a curriculum could significantly con-
tribute to assessing students’ comprehension of natural hazards, potentially mitigating the impacts of such events.

Additionally, this research can contribute to helping individuals deal with the damage caused by natural
hazards while residing in or visiting another country for a trip, work, or study abroad. In line with the research
conducted by Rocha et al. (2021), the study has highlighted that the majority of international students believe
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they are at risk, however, nearly all of them are unsure of how to respond. Focusing on natural hazards exclusive
to the home country within the science curriculum may prove insufficient when individuals are situated in a dif-
ferent geographic location or characteristic. A curriculum that integrates insights into the diverse natural hazards
characteristic of different regions prepares individuals to navigate unforeseen natural hazards. By recognizing
the array of potential threats in various natural hazards, science education assumes a crucial role in cultivating a
globally aware and resilient population.

The distribution of risk perception and response to natural hazards within science curricula is essential. However,
the material on natural hazards should not be confined to science subjects alone, it can also be addressed with
social curricula. For instance, the Korean social studies curriculum [9AHX|2])08-03] emphasizes the importance
of daily preparedness for natural hazards as shown below.

“Identifying the geographical characteristics of natural hazards in Korea and efforts to minimize the damage and
explore their responses in the event of natural hazards in various situations in daily life."

However, since it focuses solely on the risk response to natural hazard occurrences, it is challenging to present
the process of risk perception to students through social subjects. Therefore, a scientific analysis of the phenomena
that cause natural hazards, along with the exploration of risk perception through the science curriculum, is essential
for preparing modern citizens. There is a need for collaboration between science and social studies to integrate risk
perception and risk response into the science curriculum. According to Hodson (2021), when creating the science
curriculum, it is valuable to distinguish among the four main types of learning objectives: (1) learning science, (2)
learning about science and scientific practice, (3) doing science, and (4) addressing socioscientific issues (SSI). The
SSI develops the critical ability to address the scientific, environmental, social, economic, personal, moral ethical
elements of SSI and identify acceptable, socially responsible, and successful responses (Hodson, 2021). Organizing
a collaborative activity can provide an understanding of risk perception and response related to natural hazards
through a case study, such as a tsunami or a major earthquake that occurred in a certain area. Students would
analyze the case and investigate how it happened from a scientific perspective. After understanding how natural
hazards occur scientifically, students can comprehend information regarding natural hazard phenomena. Moreover,
students can prepare themselves for mitigation steps by developing or creating a tool, such as an early warning
system that applies scientific concepts. In addition, these science subject activities can be integrated with social
subjects. For instance, students can explore more deeply the social impact of a major natural hazard case. Students
are able to analyze how the affected community responded to the disaster, how the government and international
organizations provided aid, and the socio-economic impact of the post-disaster situation. In this way, students can
also learn how to minimize the large-scale social and community impact of natural hazards.

Conclusions and Implications

This study analyzed the distribution of risk perception and response towards natural hazards (earthquakes,
tsunamis, typhoons, landslides, floods, droughts, volcanoes, wildfires, storms, heat waves, and cold waves) is ad-
dressed within the lower secondary science curricula of Indonesia, South Korea, the United Kingdom, and Singapore.
This research aims to enhance the coverage of risk perception of natural hazards and strategies for responding and
reducing its impact within the science curriculum.

The results obtained in this study indicate that the distribution of risk perception and responses to natural
hazards in specific science curricula is not appropriately aligned with the geographic characteristics of the respec-
tive regions. Moreover, the study reveals an imbalance in the coverage of risk perception and response to natural
hazards within the lower secondary science curriculum. According to the findings, the risk perception category is
prominently addressed within the science curriculum.

This study underscores the importance of balancing risk perception and response within the science curriculum
to ensure a comprehensive understanding of natural hazards. A well-structured curriculum that integrates both
aspects will better equip students to deal with natural hazards. Furthermore, the incorporation of global perspec-
tives on risk perception and response within science curriculais crucial in preparing students for the diverse natural
hazards they may encounter beyond their home countries. Internationally, it impacts individuals who travel, live
abroad, or vacation outside their home countries, where natural hazards may differ. These individuals can develop
risk perceptions and response strategies for unexpected natural hazard events. For instance, if an individual comes
from a country with few coastlines and infrequent earthquakes, but then moves to a country like Japan, where
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earthquakes and tsunamis are common, they need to be provided with knowledge about the associated risks and
proper evacuation procedures to respond to these natural hazards. Additionally, collaboration between science
and social studies is also necessary to provide a holistic approach to disaster education. Interdisciplinary learning
activities, such as case studies and problem-solving tasks, can enhance students’ understanding of the scientific,
social, and economic dimensions of natural hazards. This study recommends revising the science curriculum to
ensure a balanced distribution of risk perception and response. By incorporating a more integrated and interdis-
ciplinary approach to disaster education, schools can help students develop the knowledge and skills necessary
to anticipate, prepare for, and respond to natural hazards effectively.
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