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ABSTRACT 

Disaster mitigation efforts in learning mathematics need to be carried out to foster disaster awareness in students through 

higher-order thinking (HOT) mathematical problems in a disaster context. One effort that can be done is to design HOT 

math problems with disaster context. However, the problems developed have not gone through the readability test stage 

by students. This study aims to analyze the readability of HOT mathematical problems in a disaster context for junior 

high school students. This research is development research limited to the stages of one-to-one and small group only. 

This study resulted in 16 HOT math problems in a disaster context for junior high school students who had passed the 

readability test. This research is expected to provide a scientific contribution as a basis and reference for further research 

and the problems that have been tested for readability can be used by teachers in the teaching and learning process in 

the classroom. 
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1. INTRODUCTION 

Geographic location and population size affect an 

area's vulnerability to disasters [1-2]. Indonesia is one of 

the largest archipelagic countries in Asia and even in the 

world with a population of 268.1 million people [3]. 

Located in an area where three tectonic plates meet, 

namely the Indo-Australian Plate, the Eurasian Plate, and 

the Pacific Plate, Indonesia is one of the most seismically 

active areas on earth [3]. During 2019, Indonesia 

experienced 3.814 disaster events [4]. It can be concluded 

that Indonesia is a disaster-prone area. 

These conditions require the community to increase 

awareness of disasters from an early age as a disaster 

mitigation effort. Government Regulation of the 

Republic of Indonesia Number 21 of 2008 mentions 

mitigation as a series of disaster risk reduction efforts. 

Disaster mitigation can be done physically through 

infrastructure development and psychologically through 

awareness of disaster threats. Disaster mitigation can be 

applied in all aspects, especially in the field of education. 

Education contributes to prosperity by equipping people 

with the knowledge and skills for problem-solving and 

helping to provide a sense of control and mastery in life 

[5]. 

The application of disaster mitigation in the field of 

education can increase disaster knowledge and change 

attitudes of the community, especially in schools located 

in disaster risk areas [6]. Efforts that can be made are to 

include disaster material as a compulsory subject in 

schools [7]. Disaster mitigation can also be applied using 

disaster context in learning [8], including in learning 

mathematics. 

The implementation of mathematics learning in 

schools should follow the 21st-century learning mandate. 

21st-century skills refer to various skills such as learning 

and innovation skills consisting of critical thinking, 

creativity, collaboration, and communication skills [9]. 

These skills can be grown through Higher Order 

Thinking (HOT) problems. 

The HOT problem is a problem used to measure high-

level skills consisting of the ability to analyse, evaluate, 

and create [10]. HOT problems can be enriched by 

integrating various contexts, including disaster contexts. 

The HOT math problem in disaster context is a problem 
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that can measure high-level thinking skills and contains 

disaster problems [11]. Students' higher-order thinking 

skills can be measured, including through solving HOT 

math problems in the context of a disaster. 

The results of research conducted by [12] showed that 

teachers did not have math problems in a disaster context 

and only a small number of students had read math 

problems in a disaster context. The research concludes 

that math problems with disaster contexts are still limited 

and need to be developed. [13] have developed a math 

problem in the context of a disaster, but it is only limited 

to one problem, even though problems with a disaster 

context help students to raise awareness of disasters and 

knowledge about disaster mitigation [14]. Thus, it can be 

concluded that mathematical problems in disaster 

contexts are still limited and need to be developed. 

Previous research has attempted to develop problems 

with HOT characteristics and accommodate disaster 

contexts which resulted in 16 HOT math problems in a 

disaster context for junior high school students that meet 

theoretical validity [11]. However, the problems 

developed have not gone through the readability test 

stage by students as users. In fact, the readability test was 

carried out to see the understanding or readability of the 

problems on the research subject after the HOT math 

problems in disaster context were tested [15]. The higher 

the level of readability of the problem, the easier it is to 

understand. Thus, readability is a measure of whether a 

problem is appropriate for students in terms of the level 

of difficulty and ease of understanding the problem. 

Based on the description above, this study aims to 

analyse the readability of HOT math problems in a 

disaster context for junior high school students. 

2. METHODS 

This research is development research [16] which 

consists of self-evaluation, expert review, one-to-one, 

small group, and field test. Because this study aims to 

determine the readability of HOT math problems in a 

disaster context and is a follow-up study from [11], the 

researchers carried out the one-to-one and small group 

stages only. The one-to-one stage involves three students 

with high, medium, and low abilities. The small group 

stage involves six students with various abilities. The 

subjects of the study were class VIII students for the 

2020/2021 academic year at one of the public junior high 

schools in Banda Aceh City. 

In the one-to-one stage, students are asked to read and 

examine the problems and then give responses about the 

readability and clarity of the meaning of the problems. 

The findings obtained are used in revising prototype 1. 

The results of this revision of prototype 1 are prototype 

2. Next, prototype 2 is tested on students in the small 

group stage. Students were asked to solve prototype 2 

problems. Then, the students were also asked to respond 

to the problems they had worked on. Based on the data 

from students' answers and comments on the problems on 

prototype 2, the problems were revised again. The results 

of the revised prototype 2 are called prototype 3 which is 

the final prototype in this study. 

Readability data about problems was obtained 

through open interviews and tests. The instruments in this 

study were open interview guide sheets, test sheets, and 

field notes. Interview guide sheets were used to obtain 

readability data through students' understanding of the 

problems. The test sheet contains 16 problems developed 

at the expert review stage consisting of problems with the 

context of drought, climate change, forest fires, 

earthquakes, volcanic eruptions, natural disasters, 

tsunamis, landslides, and flash floods. The questions are 

at levels C4 (analyse), C5 (evaluate), and C6 (create). 

The test sheet is used to collect readability data through 

students' answers. Field notes are used as support to 

record data that supports the readability of the problems 

during interviews and tests. The data analysis was carried 

out descriptively by analysing, describing, and 

summarizing the conditions of the various data collected. 

3. RESULT AND DISCUSSION 

3.1 One-to-one 

Students are asked to read and examine the problems 

so that researchers can analyse student responses 

regarding the readability and clarity of the meaning of the 

problems. Based on the analysis of the results of 

interviews with students with high, medium, and low 

abilities, it was concluded that of the 16 problems 

developed, 11 problems were revised, namely problem 1, 

problem 2, problem 3, problem 5, problem 6, problem 7, 

problem 9, problem 10, problem 11, problem 14, problem 

15. The following description explains the results of 

student comments through interviews. 

3.1.1 Problem with the context of drought 

Problem 1 with the context of drought disaster 

mitigation relates to the material of number operations. 

This problem was developed to meet the learning 

objectives where students can solve problems related to 

arithmetic operations with integers correctly. The 

problems are at level C4 where the problems can measure 

the ability to analyse. Problem 1 before the revision can 

be seen in Figure 1 and Figure 2. 

 

Figure 1. Prototype 1 of Problem 1 (in Bahasa) 
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Figure 2. Prototype 1 of Problem 1 (in English) 

Student comments on these problems are presented in 

Table 1. 

Table 1. Student comments on Problem 1 

Student 

Ability 

Comments/responses Revision Decision 

High I don't understand the 

sentence “berapa desa 

paling banyak yang 

mungkin untuk 

mendapatkan 

bantuan?”. 

("How many villages are 

possible to get help?") 

Replace the sentence 

“berapa desa paling 

banyak yang mungkin 

untuk mendapatkan 

bantuan?” (“How 

many villages are at 

most possible for 

assistance?”) 

becomes “tentukan 

jumlah desa paling 

banyak yang 

mendapat 

bantuan!”("Determine 

the number of 

villages that receive 

the most 

assistance!".). 

Medium To answer this problem, 

we need to do division. 

Ma'am, I'm not having 

problems with the 

numbers. 

(no revision) 

Low The numbers used are 

too big, Ma'am, I also 

don't understand 

division, Ma'am. 

(no revision) 

 

Based on these comments, the revisions made to this 

problem can be seen in Figure 3 and Figure 4. 

 

 

 

Figure 3. Prototype 2 of Problem 1 (in Bahasa) 

Figure 4. Prototype 2 of Problem 1 (in English) 

3.1.2 Problem with the context of climate change 

Problem 7 with the context of climate change relates 

to the material for presenting data. This problem was 

developed to meet the learning objectives, namely, 

students can interpret the data presented in the form of 

line diagrams correctly. This problem is at level C6 

because it measures the ability to be creative. Problem 7 

before the revision can be seen in Figure 5 and Figure 6. 

 

Figure 5. Prototype 1 of Problem 7 (in Bahasa) 

 

Figure 6. Prototype 1 of Problem 7 (in English) 

Student comments on these problems are presented in 

Table 2. 

Table 2. Student comments on Problem 7. 

Student 

Ability 

Comments/responses Revision 

Decision 
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High The language and 

instructions are clear. 

(no revision) 

Medium I'm a little difficult to 

understand because the 

explanation on the 

graph is in English. If I 

could change this 

problem, I would make 

a graphic caption in 

Indonesian. 

Change 

graphic 

captions into 

Bahasa 

Low I don't know how to 

answer this problem, 

ma'am. 

(no revision) 

 

Based on these comments, the revisions made to this 

problem can be seen in Figure 7 and Figure 8. 

Figure 7. Prototype 2 of Problem 7 (in Bahasa) 

Figure 8. Prototype 2 of Problem 7 (in English) 

3.1.3 Problem with the context of forest fires 

Problem 15 with the context of forest fires relates to 

comparative material. This problem was developed to 

meet the learning objectives, namely, students can solve 

contextual problems related to the scale appropriately. 

This problem is at level C4 because it measures the 

ability to analyze. Problem 15 before the revision can be 

seen in Figure 9 and Figure 10. 

 

 

Figure 9. Prototype 1 of Problem 15 (in Bahasa) 

 

Figure 10. Prototype 1 of Problem 15 (in English) 

Student comments on these problems are presented in 

Table 3. 

Table 3. Student comments on Problem 15. 

Student 

Ability 

Comments/responses Revision 

Decision 

High There are two different 

information, namely in 

the picture and the 

problem, the 

information in the 

picture is confusing, 

ma'am. 

Remove the 

information in 

the picture and 

replace the 

information in 

the problem. 

Medium The problem is 

understandable, but I'm 

curious what kind of 

peat soil it is, ma'am. 

The floor plan in the 

picture is a canal 

construction plan. 

Removes 

information in 

the image. 

Low The problem is the area 

where the fire occurred, 

isn’t it, ma'am. 

(no revision) 

 

Based on these comments, the revisions made to this 

problem can be seen in Figure 11 and Figure 12. 
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Figure 11. Prototype 2 of Problem 15 (in Bahasa) 

 

Figure 12. Prototype 2 of Problem 15 (in English) 

3.2 Small-Group 

The small group stage involves 6 different students 

from the previous stage. Students are asked to look at the 

problems and comment on the problems they have 

completed. The results seen are the practicality of each 

item for students. In general, all the problems have been 

understood and solved, there are only a few problems that 

still need to be revised because they lead to different 

interpretations from the actual meaning of the problems. 

At this stage, two problems were revised, namely 

problem 6 and problem 10 out of 16 developed problems. 

The results of students' work on the problems at the small 

group stage and the process of revising prototype 2 to 

prototype 3 are presented below. 

3.2.1 Problem with the context of an 

earthquake 

Problem 4 with the context of an earthquake deals 

with the matter of linear inequalities in one variable. This 

problem was developed to meet the learning objectives, 

namely, students can determine the limits of a variable 

from a problem that is known correctly. This problem is 

at level C4 because it measures the ability to analyse. 

Students' answers to this problem can be seen in Figure 

13. 

 

Figure 13. Student answers to problem 4 on prototype 2 

Figure 13 shows that students have modelled the 

limits of light and heavy PGA scores correctly. Students 

are also able to analyse moderate PGA scores in their 

own sentences, but students have not converted the 

sentences into mathematical models. Based on the results 

of the interviews, students claimed to have understood 

the meaning of the problems so that problem 4 was not 

revised. 

3.2.2 Problem with the context of an erupting 

volcano 

Problem 6 with the context of a volcanic eruption is 

related to comparative material. This problem was 

developed to meet the learning objectives, namely that 

students can solve problems related to comparisons of 

worth correctly. This problem is at level C6 because it 

measures the ability to be creative. One of the students' 

answers to this problem can be seen in Figure 14. 

 

Figure 14. Student answers to problem 6 on prototype 2 

The results of student work show that the student has 

been right in calculating the time it takes for Siti and the 

lava flow to get to a safe point, but the student has not 

been able to compare the time of the two and make 

conclusions from their results. Based on the results of 

interviews, this is because students feel that this problem 

does not make sense because the time difference between 

Siti and the lava flow at the safe point is very small, so if 

it is adjusted in reality, Siti will definitely not survive. 

This condition is the reason for the revision of problem 

6, which is to increase the time difference between Siti 

and the lava flow to make it more logical and acceptable. 

3.2.3 Problem with the context of natural 

disasters 

Problem 8 with the context of natural disasters relates 

to the material for presenting data. This problem was 

developed to meet the learning objectives, namely that 

students can interpret the data presented in the form of a 

pie chart correctly. This problem is at level C4 because it 

measures the ability to analyse. One of the students' 

answers to this problem can be seen in Figure 15. 
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Figure 15. Student answers to problem 8 on prototype 2 

Figure 15 shows that the student has completed the 

problem with the right steps, but the student is wrong in 

making conclusions. The answer obtained by the student 

is wrong because the student does not include the number 

of flood events in the calculation. Based on the results of 

the interviews, students claimed to have understood the 

meaning of the problems so that problem 8 was not 

revised. 

3.2.4 Problem with tsunami context 

Problem 9 with the context of the tsunami relates to 

the material of flat shapes. This problem was developed 

to meet the learning objectives, namely that students can 

solve contextual problems related to the area of 

rectangles and triangles correctly. This problem is at level 

C6 because it measures the ability to be creative. One of 

the students' answers to this problem can be seen in 

Figure 16. 

 
Figure 16. Student answers to problem 9 on prototype 2 

The result of student work shows that the student is 

correct in calculating the area of land to be planted with 

mangroves, but the student has not been able to predict 

the number of mangrove trunks that can be planted. 

Based on the results of the interviews, students claimed 

to have understood the meaning of the problems, so that 

problem 9 was not revised. 

3.2.5 Problem with landslide context 

Problem 10 with the context of landslides is related to 

the number pattern material. This problem was developed 

to meet the learning objectives, namely, students can 

solve contextual problems related to number patterns 

correctly. This problem is at level C4 because it measures 

the ability to analyze. One of the students' answers to this 

problem can be seen in Figure 17. 

 

Figure 17. Student answers to problem 10 on prototype 

2 

Figure 17 shows that the student is correct in 

estimating the number of levels that can be made if the 

terrace height becomes 241 m, but the student does not 

use the concept of number patterns in answering. 

According to students, problems can be easily solved by 

division operations because each level has the same 

height. Because the problems were not optimal in 

achieving the learning objectives, a revision was made to 

problem 10. The revision was to replace the initial tribal 

values that were not the same as different values so that 

solving the problem required students to use arithmetic 

number patterns. 

3.2.6 Problem with flood context 

Problem 13 with flood context relates to the material 

of a two-variable linear equation system. This problem 

was developed to meet the learning objectives, namely, 

students can solve contextual problems of a two-variable 

linear equation system with the correct elimination 

method. This problem is at level C4 because it measures 

the ability to analyse. One of the students' answers to this 

problem can be seen in Figure 18. 
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Figure 18. Student answers to problem 13 on prototype 

2 

The results of student work show that the student has 

been able to model the given problem but have not been 

able to solve the system of linear equations of the two 

variables. Based on the results of the interviews, students 

already understood the meaning of the problems, but 

students had difficulties with the material. Because there 

was no ambiguity in the problem, problem 13 was not 

revised. 

This study was conducted to test the readability of 

HOT problems in a disaster context through the stages of 

one-to-one and small groups. The designed problems 

underwent various revisions considering the comments 

and students' answers to the problems. In the one-to-one 

stage, there were 11 of the 16 problems that were revised, 

while at the small group stage, there were two of the 16 

problems that were revised. The revisions made were 

changing words or terms that were more communicative, 

changing the information on problems that made more 

sense, and adjusting the demands of the problems to the 

learning objectives. 

Substitution of words or terms that are difficult to 

understand by junior high school students need to be 

revised, such as the word 'consistent' in problem 13, 

'assumption', and 'linear' in problem 6. The term 

'consistent' has not been used in the editorial problems in 

the junior high school textbook; the word 'assumption' 

has been used in textbooks for class VII, VIII, and IX, but 

students do not know its meaning, while the meaning of 

the term 'linear' is not explained [17]. In line with that, 

previous researchers also revised some terms or 

sentences that were difficult for students to understand 

[18]. The information provided on the problems must be 

closely related to students' daily lives [19] so that 

mathematics can be well received by students. Based on 

this fact, it is hoped that the teacher will get used to 

clarifying new terms that appear on the problems so that 

the vocabulary of the students also increases. 

Giving problems in the form of real problems is 

needed so that students can be able to transform these 

problems in the context of mathematics [20]. The disaster 

context that is integrated into the HOT math problems has 

a good impact on students. Students get useful new 

information and can broaden their horizons, such as the 

history of disasters in Indonesia, types of disasters, 

disaster mitigation efforts, locations of disasters, etc. 

Students also gain a lot of new vocabulary from reading 

problems that they did not know before, such as peat soil, 

mangrove plants, terraces, reservoirs, etc. 

Most students feel that the problems they get are quite 

difficult and have never been encountered before, but 

students feel challenged to solve these problems. 

Students are interested in solving problems that they 

think are important in everyday life. Seen from the two 

stages of research, students gave a positive response to 

the problems provided. Students feel happy if they can 

solve the problem because they think the given problem 

is important in everyday life. This is in line with the 

results of research by [21], students who work on math 

problems like PISA in the context of Islamic values get 

new insights and knowledge that motivate them to do 

good. 

HOT math problems in disaster contexts are 

important to be developed. HOT math problems in 

disaster contexts require thinking skills in finding 

solutions to disaster problems [22]. That way, students' 

understanding of disasters can increase and disaster 

mitigation knowledge will be embedded in students [23]. 

In addition, students are happier in learning because they 

can solve problems that are closer to the world of students 

[24]. 

This research is a follow-up study from the 

development stages [16] namely one to one and small 

group. This research is limited in terms of assessing the 

readability of the problems. The next researcher is 

expected to be able to continue the development stage, 

namely the field test and test the validity of the problems 

empirically. 

4. CONCLUSION 

This study resulted in 16 HOT math problems in 

disaster context for junior high school students who had 

been tested for readability through one-to-one and small 

group stages. Based on these two stages, 11 problems 

were revised at the one-to-one stage and two problems 

were revised at the small group stage. Revisions were 

made in the form of changing terms that are easier for 

students to understand, adjusting the information on the 

problems so that they can be well received by students, 

and adjusting the demands of the problems to the learning 

objectives. 
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