
Journal of Mathematics Education p-ISSN 2089-6867 

Volume 11, No. 2, September 2022 e–ISSN 2460-9285 
 

  https://doi.org/10.22460/infinity.v11i2.p255-272  

  

255 

Infinity 
CHARACTERISTICS OF STUDENTS' MATHEMATICAL 

PROBLEM SOLVING ABILITIES IN OPEN-ENDED-BASED 

VIRTUAL REALITY GAME LEARNING 
 

Surya Amami Pramuditya*, Muchamad Subali Noto, Fuji Azzumar 
Universitas Swadaya Gunung Jati, Indonesia 

 

 

Article Info  ABSTRACT 

Article history: 

Received Jan 17, 2022 

Revised Sep 6, 2022 

Accepted Sep 20, 2022 

 

 This research is motivated by the problem-solving ability of students is still 

low, and the teaching materials used cannot be studied independently. The 

purpose of this study was to determine students' profiles about students' 

problem-solving abilities seen from indicators of choosing and implementing 

the problem-solving strategies to solve mathematical and outside mathematics 

using open-ended-based virtual reality games. A virtual reality game through 

open-ended-based learning media is made with the concept of moving the 

situation of learning mathematics in the real world into a virtual world 

displayed through a computer. This research used a qualitative method with a 

case study design. The research instrument used is a question of mathematical 

problem-solving ability through open-ended-based and interview transcripts. 

The research subjects were six eighth grade Junior High School students 

consisting of two students with high knowledge, two with moderate 

knowledge, and two with common knowledge. The result showed that students 

have different mathematical problem-solving abilities from each indicator, 

namely 1) identifying the adequacy of data for problem-solving, 2) making 

mathematical models from everyday situations or problems, 3) selecting and 

implementing strategies to solve math and math problems outside of using 

virtual reality games through open-ended based. 
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1. INTRODUCTION 

Based on the national education curriculum in Indonesia, the learning process is 

required not only to be oriented to the ability of understanding and knowledge but also the 

ability of students to think at a high level (High Order Thinking). According to Brookhart 

(2010), high-level thinking is a combination of several abilities such as combining concepts 

into new concepts, creative, critical, systematic thinking, which caused someone can solve 

problems in all aspects. According to Abdullah et al. (2015), high level capabilities can be 
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developed, one of them with problem-solving strategies. Therefore, in the learning process, 

it must be created by looking at indicators that are suitable for mastering high-level abilities. 

If an evaluation or problem given only memorizing the formula or only applies the formula 

to the question, then the students will not have good problem-solving abilities. 

Problem-solving according to Muir et al. (2008), was one of the goals that must be 

achieved in mathematics. According to Branca (1980), problem-solving was a process that 

prioritizes strategic steps taken to solve problems and finally find answers to those problems. 

Therefore, the problem-solving ability must be possessed by students to train solving 

problems inside and outside mathematics (Harisman et al., 2017). In solving the problems, 

students need to know the procedure or stages that are used to find out the right solution. 

Balta and Asikainen (2019) said that what students must have in the process of problem-

solving is to use their qualitative understanding to get a quantitative solution. Thus, the 

ability of problem-solving can be interpreted as the students’ ability to solve a given problem 

through steps and the right strategy to get a solution to a given problem.  

Mathematics problem-solving was very important to be owned by students in 

mathematics learning. According to Pehkonen (1997), the ability to solve mathematical 

problems can develop the cognitive ability and a part of the mathematical application 

process. Valdez and Bungihan (2019) revealed that problem-solving ability is not only useful 

for mathematics but also other science lessons even very important for daily life. However, 

the students’ mathematical problem-solving ability in Indonesia is still low, especially in the 

step of choosing and using strategies that were appropriate with the given problem. Based 

on the experience of researcher teaching in the PPL (Teaching Practice Program), many 

students did the task as in the example given only. Many students were still confused about 

the steps of completing it and did not know the strategies they have to use to answer the 

problem of the task. This was because students have not been trained since elementary and 

middle school to solve the problem of the task. Students prefer to answer questions using 

practical formulas, thus they do not need to think hardly to answer them.  

The students from elementary until high school have low problem-solving abilities 

and there were also difficulties for teachers in teaching them. One of the materials that was 

considered difficult by students was the cube (solid figure), because it took the imagination 

of the space and parts of the building. The hardest part in this cube material was that it has 

not mastered optimally in terms of the nature of solid figure and plane figure, looking for 

area and volume, and solving routine problems in solid figure (Pertiwi et al., 2021; Wahyuni 

et al., 2020). Thus, it impacted to students’ difficulty in solving the solid figure material’s 

problem. Based on the interview results, the teaching materials used were still in the form of 

modul. The modul used cannot be studied independently by students, because they were not 

accompanied by illustrations supported and did not stimulate students to think openly or 

open mind. 

Nowadays, there are many approaches that can improve problem-solving ability. One 

of them was an open-ended approach. The open-ended approach allowed students to choose 

to improve problem-solving abilities appropriate with the level of ability and interest of their 

students (Hwang et al., 2014; Kosyvas, 2016; Mann, 2006). The open-ended approach made 

students think openly, but in the right path of solving problems because students are given 

open questions. According to Hino (2007) learning mathematics by giving open questions 

was a good approach in improving problem-solving ability. 

The open-ended approach was an approach that emphasizes students to think openly 

about a problem of the task. The open-ended approach can develop students' thinking about 

a problem, because the given problem was open. Setiawan and Harta (2014) stated the open-

ended approach was a learning approach that gave students the opportunity to solve problems 

in a variety of ways and more than one correct answer then discussed to compare work 



 Volume 11, No 2, September 2022, pp. 255-272 

 

 

257 Infinity 

results. According to Pehkonen (1997) the open-ended approach was a method of using 

open-ended questions in the classroom to generate discussion activities. To support learning 

that used the open-ended approach in today's technology was very important. 

Information and communication technology has increasingly developed. The 

benefits of Smartphone have been felt by all members of society including teachers and 

students. Based on interview with teachers at Majalengka Junior High School, 70% of 

teachers have a Smartphone device and all students in one class have a Smartphone. 

However, the use of Smartphone was only limited for gaming and chatting. Game that many 

manufactured in the market was the kind of game that was only for entertainment purposes, 

such as adventure, strategy of war, violence, and others. Through technology will be very 

useful when combined between students’ skill and students’ cognitive ability. This was in 

line with the statement of Suwanroj et al. (2019) that students' digital competence will 

emerge when their cognitive ability and skill are combined with technology. 

To solve the problems above and take advantage of technological improvement, 

researcher will create learning media in the form of real-world simulation games on space 

building material. According to Pramuditya et al. (2017) the game was an entertainment 

media that used by someone to eliminate physical happiness and spend free time. In addition, 

based on previous research conducted by Pramuditya, Noto and Purwono (2018), learning 

media in the form of RPG (Role Playing Game) educational games for mathematics lessons 

have been made valid and practical. However, it is limited only to the materials giving and 

simple evaluation tools not to be made based on real-world situations that allow users to 

think open-ended with the material and questions given. Hence, the learning media in the 

form of educational games can be used to overcome the difficulties and boredom of students 

in mathematics and can be used in classroom learning.  

Educational game that is designed was a game in the form of virtual reality (VR). 

Sahulata et al. (2016) stated that VR generally presents a visual experience that can be felt 

directly by its users displayed through a computer or through a media viewer such as Google 

cardboard glasses. VR can be made to make the users felt the learning situation in the game 

directly, thus it made the students gain experience and new knowledge that useful for 

improving their mathematical problem-solving abilities. 

This study was conducted to answer the research questions; (1) How are the 

characteristics of the high ability students in problem-solving ability using virtual reality 

game through open-ended based? (2) How are the characteristics of the moderate ability 

students in problem-solving ability using virtual reality game through open-ended based?, 

(3) How are the characteristics of the low ability students in problem-solving ability using 

virtual reality game through open-ended based? 
 

 

2. METHOD 

The research method used is qualitative research, in which the researcher acts as the 

main instrument in this research and the data collected is not in the form of numbers but the 

results of interviews towards the research subjects continuously. Qualitative research is done 

to examine the problems faced deeply by the research subjects, therefore, it can explore the 

selection and the implementation of problem-solvingstrategies used. As Creswell (2014) 

stated that qualitative research is interpretive research, it means that researchers are involved 

in ongoing and continuously experience with the participants. 

The research design used was a case study of 3 students at Majalengka Junior High 

School. The case that is examined in this research is the ability of students to solve 

mathematical problems that is seen from the selection and implementation of problem-

solving strategies used with the help of educational games. Algozzine and Hancock (2017) 
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argued that case study research is a research in exploring a system that is bound or cases that 

occur within a certain time from deep and reliable data sources.  

The example of an open-ended question for the problem-solvingability used (see 

Table 1). 

Table 1. An example of an open-ended problem-solving question 

Open-ended problem-solving 

question 

Questions display in the game 

There are 3 known objects, namely: 

- block bricks where height = 2 

cm width = 4 cm, and length = 7 

cm, 

- Rubik, a cube in which the 

ribcage is 2 cm long 

- Acrylic with prism shaped. 

Then Mr. Roni scaled the objects 

above, the following results of the 

scales are: 

 

Scales A has perfect balance 

because the left side has 1 block-

shaped object and the right side has 

two prism-shaped objects and one 

cube-shaped object. 

 

Scales B also has perfect balance 

because the left side has 1 prism 

shaped object and the right side has 

3 cube shaped objects. 

 

Scales C on the left has 2 block-

shaped objects and 1 cube-shaped 

object. 

 

 Therefore, in order to make scale C 

balanced, which objects that might 

be arranged on the right side? 

Mr. Roni has 3 types of items like in the game, 

 

 

 
  

then Mr. Roni scaled it. 

 

 

 
 

To make scale C becomes balanced, 

 
 

 

The total number of students who were the subjects of the study were 6 students of 

Majalengka Junior High School. The selection of these 6 students is based on the teacher's 

consideration by observing the students’ basic mathematics ability. The selected students 

consisted of 2 students with high basic mathematical ability, 2 students with moderate basic 

mathematical ability, and 2 students with low basic mathematical ability. The initials of the 

research subjects can be seen in the following Table 2. 
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3. RESULT AND DISCUSSION 

3.1. Result 

Table 2 presents one of the answers of high ability students on the indicator 

identifying the data adequacy for problem-solving using virtual reality games with open-

ended based. 

Table 2. Analysis of students’ high ability answers to indicator 1 

Students’ answers Analysis of answers 
 

 

 

 

Students can identify the data that is known 

in the question completely: students write 

the volume of box 1 and volume of box 2 

correctly. Students also write down the data 

that is known from the exact size of the 

aquarium such aquarium height = height of 

box 1 even though the size of the aquarium 

is no specified directly in the form of 

numbers. Students also know what 

problems are asked in question number 1. 

Although what is asked is not directly 

written, but it can be seen from the final 

answers of students who show how much 

to take water using the box provided that is 

2 times using box 1. While for aspects of 

data sufficiency, students understand that 

to get the final results, it is required 

aquarium height and length data. students 

search for insufficient data first, that is 

aquarium height = box height 1 = 4 cm and 

aquarium length = 8 cm 

 

 

This research is motivated by the importance of mathematical problem-solving 

ability in mathematics learning, but the students' problem-solving ability is still low and the 

teaching materials used cannot be studied independently. The purpose of this study was to 

determine students’ profiles about students' problem-solving abilities seen from indicators 

of choosing and implementing problem-solving strategies to solve mathematical problems 

and/or outside mathematics using virtual reality games through open-ended based. Virtual 

reality game through open-ended based is a learning media that is made with the concept of 

moving the situation of learning mathematics in the real world into a virtual world that is 

displayed through a computer. 

This research used qualitative method with case study design. The research 

instrument used is question of mathematical problem-solving ability through open-ended 

based and interview transcripts. The research subjects were 6 eighth grade Junior High 

School students consisting of 2 high ability students, 2 moderate ability students, and 2 low 

ability students. Data analysis in this research was carried out with the data reduction stage, 

the data presentation stage, and the conclusion drawing stage. The result showed that the 

indicators of identifying the data adequacy for problem-solving, the high ability and the 
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moderate ability students were able to solve the mathematical problem well, but the low 

ability students are not able to solve mathematical problem well.  

Moreover, based on the results of interviews, it is obtained that students can mention 

all the known data correctly including the height of the aquarium. To understand the 

problem, students understand what is asked about the question even though it is not written 

on the answer sheet but students can answer according to what was asked on the question 2 

times using box 1. It can be seen from the following interview script: 
 

Researcher : Please state what is known in the question?               

Researcher : What is the answer?               

Student : Use box 1 twice, but don't know whether it’s right or wrong.             

Students : volume of box 1 is 64 cm3, volume of box 2 is 8 cm3, aquarium height is the 

same as box 1 height, aquarium width is 4cm, and aquarium length is twice 

its height.     

 

In addition, students also know that the data in question number 1 is not sufficiently 

visible when students say they must look for the height and length of the aquarium. One of 

the moderate ability students’ answers on indicator identifying the data adequacy for 

problem-solving using virtual reality game through open-ended based (see Table 3). 

Table 3. Analysis of students' moderate ability answer on indicator 1 

Students’ answers Analysis of answers 
 

 

 
 

 

Students can identify the data that is known in 

the question but there is one point missed. 

Students write volume in box 1 and volume in 

box 2 correctly. Students also write the data 

that is known from the size of the aquarium 

that is the length and width of the aquarium but 

do not write the height of the aquarium = 

height of box 1. Students also know what the 

problem is asked in question number 1. Even 

though what is asked is not directly written, but 

it can be seen from the students’ final answer 

which show how much to take water using the 

box provided that is 2 times using box 1. While 

for the aspect of data sufficiency, students 

understand that to get the final result, it needs 

aquarium height data. When the student look 

for aquarium volumes, student seems to find 

the height of the aquarium first, that is the 

height of the aquarium = height of box 1 = 4 

cm 
 

 

Moreover, based on the results of interviews, students can mention all the known 

data correctly including the height of the aquarium. To understand the problem, students 

understand what is asked about the question even though it is not written on the answer sheet 

but students can answer according to what was asked. When they are asked what is the 

answers to question number 1, students answer with box 1, 2 times. Seen from the following 

interview script: 
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Researcher : Please mention what is known on the question?               

Student : volume of box 1 is 64 cm3, the volume of box 2 is 8 cm3, the width of the 

aquarium is 4 cm, and the length of the aquarium is 2 times higher. 

Researcher : what is the answer?  

Student : Use box 1 twice  

 

In addition, students also know that the data in question number 1 has not been seen 

enough when students say it is not enough, because they have to find the height of the 

aquarium first. One of the low ability students' answers on indicators identifying the data 

adequacy for problem-solving using virtual reality games with through open-ended based 

(see Table 4). 

Table 4. Analysis of low ability students’ answers to indicator 1 

Students’ answers Analysis of answers 
 

 

 
 

 

 

Students can identify the data that is known in 

the question but there is one point missed. 

Students write volume in box 1 and volume in 

box 2 correctly. Students also write down the 

data that is known from the size of the 

aquarium that is the length and width of the 

aquarium but students do not write the height 

of the aquarium = height of box 1. Students do 

not know what the problem asked in question 

number 1, it is seen that it is not written what 

is known and from the final answer also shows 

the aquarium volume is inaccurate, the 

aquarium volume = 2t2 x 4 cm3. While for the 

aspect of data sufficiency, students do not 

understand that to get the final result, aquarium 

height data is needed. When Students look for 

aquarium volume, students do not write height 

data and do not look for aquarium height. 
 

 

Moreover, based on the results of interviews, it is obtained that students cannot 

mention the data that is known correctly. Students did not mention the known data regarding 

aquarium height. Students also do not know the data known about the height of the aquarium 

seen from the students’ conversation stated that it is difficult to find height value. For the 

data adequacy in the questions, students knew that the data is not enough but the reason is 

because they can't find the volume of the aquarium. In addition, students cannot solve the 

problems correctly until they finish. When they are asked what the answers is to question 

number 1, students feel stuck when looked for the aquarium volume. Therefore students 

know the data that is asked, but do not know the data adequacy requirements and cannot 

mention the data that is known completely and correctly. One of students’ answers with high 

ability on indicators creating mathematical models of a situation or daily problem and 

solving them using virtual reality game with through open-ended based (see Table 5). 
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Table 5. Analysis of high ability student answers to indicator 2 

Students’ answers Analysis of answers 
 

 

 
 

 

Students write the mathematical model of the 

question’s problem correctly, that is 
𝑉.𝐶𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 

𝑉.𝑅𝑢𝑏𝑖𝑘
, Therefore, students get the 

maximum score of Rubik in 1 cardboard box 

correctly which is 25 Rubik. Another 

mathematical model written correctly by 

students is to fill in how many Rubik in the 

box and the remaining Rubik should be added 

to the cardboard. In addition, students are 

able to complete the mathematical model they 

have made until writing the final answer 

correctly. 
 

 

Furthermore, based on the results of the interview it was found that students 

understood the problem from this question. Students mention the mathematical model of the 

question correctly that is the volume of cardboard divided by the volume of Rubik = 

maximum Rubik in 1 cardboard (
𝑉.𝐶𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 

𝑉.𝑅𝑢𝑏𝑖𝑘
= 𝑚𝑎𝑘𝑠. 𝑟𝑢𝑏𝑖𝑘). Hence, students get the 

maximum score of Rubik in 1 cardboard box correctly which is 25 Rubik. In addition, 

students are able to complete the mathematical models that they have made, it can be seen 

from students' conversations that they can solve until they get the final results. 

Table 6 shows one of students' moderate ability answers on indicators creating 

mathematical models of a situation or daily problem and solving them using virtual reality 

games through open-ended based. 

Table 6. Analysis of moderate ability students’ answers to indicator 2 

Students’ answers Analysis of answers 
 

 

 

Students write the mathematical model of the 

question’s problem correctly, that is 
𝑉.𝐶𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 

𝑉.𝑅𝑢𝑏𝑖𝑘
, Therefore, students get the 

maximum score of Rubik in 1 cardboard box 

correctly which is 25 Rubik. Another 

mathematical model written correctly by 

students is to fill in how many Rubik in the box 

and the remaining Rubik should be added to 
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Students’ answers Analysis of answers 

 
 

 

the cardboard. In addition, students are able to 

complete the mathematical model they have 

made until writing the final answer correctly. 
 

 

Based on the results of the interview, it was found that students understood the 

problem from this question. Students mention the mathematical model of the question’s 

problem correctly, that is the volume of cardboard divided by the volume of Rubik = 

maximum Rubik in 1 cardboard (
𝑉.𝐶𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 

𝑉.𝑅𝑢𝑏𝑖𝑘
= 𝑚𝑎𝑘𝑠. 𝑟𝑢𝑏𝑖𝑘). Hence, students get a 

maximum score of Rubik in 1 cardboard correctly which is 25 Rubik. In addition, students 

are able to complete the mathematical model that they have made, it can be seen from the 

students' conversation that they can solve until they get the final result. One of the low ability 

students' answers on indicators to make mathematical models of a situation or daily problems 

and solving them using virtual reality games through open-ended based (see Table 7). 

Table 7. Analysis of low ability students’ answers to indicator 2 

Students’ answers Analysis of answers 
 

 

 

 
 

 

Students write a mathematical model of the 

question’s problem but it is not quite right. 

Students write mathematical models to find 

the remaining Rubik in 3 boxes. Although in 

the final answer the students write down the 

lack of Rubik in each cardboard but the 

maximum Rubik and the number of Rubik 

that must be entered into each cardboard are 

not written down. 
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Meanwhile, the results of interviews obtained that students understand the problem 

from this question. Students mention the mathematical model of the question’s problem 

correctly, that is the volume of cardboard divided by the volume of Rubik = maximum Rubik 

in 1 cardboard (
𝑉.𝐶𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 

𝑉.𝑅𝑢𝑏𝑖𝑘
= 𝑚𝑎𝑘𝑠. 𝑟𝑢𝑏𝑖𝑘). Therefore, students get a maximum score of 

Rubik in 1 cardboard correctly which is 25 Rubik. In addition, students are able to complete 

the mathematical model that they have made, it can be seen from the students' conversation 

that they can solve until they get the final result. One of the answers of high ability students 

on indicators of choosing and implementing strategies to solve mathematical problems and 

or outside mathematics using virtual reality games through open-ended based (see Table 8). 

Table 8. Analysis of high ability student answers to indicator 3 

Students’ answers Analysis of answers 
 

 

 

 
 

 

Student answered the questions by 

collecting data on scales A and scales 

B, therefore to obtain the prism volume 

that is value Prism Volume = 24 cm3. 

Then students use the volume of prism 

to obtain objects that must be in the 

scale C. Thus the student has chosen 

the right way or strategy to answer the 

problem in the question that is the 

strategy of organizing data. In the final 

answer to the question’s problem, 

students write the correct answer that is 

on the right side of the C scale, 15 

cubes are needed hence the scales are 

balanced. Therefore, students are able 

to solve the problem using the strategy. 

 

Besides, based on the results of interviews, students answer the questions by 

collecting data on scales A and scales B to obtain the prism volume value that is Prism 

Volume = 24 cm3. Therefore, the strategy used by students is to process or organize data 

from existing data. In the conversation, it appears that students collect the known data from 

scales A and B afterwards, looking for prism volumes based on these data. Then we get the 

objects needed, so, the scale C is balanced. Thus, students have chosen the right way or 

strategy to answer the problem in the question. In the final answer to the question’s problem, 

students said the correct answer is that on the right side of the scale C, 15 Rubik are needed 

hence the scale is balanced. 
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Table 9 shows one of the answers of moderate ability students on indicators of 

choosing and implementing strategies to solve mathematical problems and or outside 

mathematics using virtual reality games through open-ended based. 

Table 9. Analysis of students' answers to the ability being on indicator 3 

Students’ answers Analysis of answers 
 

 

 
 

 

Students answer the questions by looking for 

patterns from scale A and scale B thus they 

get the right pattern. Then students substitute 

the patterns of the scales A and B, namely 1 

beam = 2 prisms + 1 cube and 1 prism = 3 

cubes into the C scale. Hence using the 

pattern, the student writes the final answer 

correctly that is to the right of the C scale we 

need 15 objects cube shaped thus the scales 

are balanced. 

 

Meanwhile, based on the results of interviews obtained that students answer the 

questions by collecting data on scales A and scales B thus obtain the items needed on the 

scale C to be balanced. Therefore the strategy used by students is to look for patterns from 

known data. In the conversation it appears that students look for patterns from the scales A 

and B. After knowing the pattern enters into the scales C. Then objects obtained for the 

scales C. Thus, the student has chosen the right way or strategy to answer the problem in the 

question. In the final answer to the question problem, students said the correct answer is that 

on the right side of the scale C, 15 cubes are needed thus the balance is balanced. Therefore, 

students are able to solve question’s problem using these strategies. One of the answers of 

students with low ability on indicators to choose and implement strategies to solve 

mathematical problems and or outside mathematics using virtual reality games through 

open-ended based (see Table 10). 

Table 10. Analysis of low ability student answers to indicator 3 

Students’ answers Analysis of answers 
 

 

 

Students answer the questions by 

looking for patterns from scale A and 

scale B thus they get the right pattern. 

Then students substitute the pattern of 

the scale A, namely 1 beam = 2 prisms 

+ 1 cube into the scale C. Hence, using 

the pattern, students write the final 

answer correctly, that is to the right of 
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Students’ answers Analysis of answers 

 
 

the scale C, it takes 15 cube-shaped 

objects thus the scales are balanced. 

 

Moreover, based on the results of the interview it was found that students answered 

the questions by looking for a balanced pattern of scales A and B thus obtain the items 

needed on the C balance to be balanced. Thus the strategy used by students was to find 

patterns from known data. In conversation shows that, the students look for patterns of scales 

A and B. After knowing the pattern, then obtained any object for scales C. Thus students 

have chosen the right way or strategy to answer the problem in the question. In the final 

answer to the question problem, students said the correct answer that is to the right of the 

scale C requires 4 prisms and 3 cubes thus the scales are balanced. Therefore students are 

able to solve problem problems using these strategies. 

 

3.2. Discussion 

Students have good or not good mathematical problem-solvingabilities, there are 

indicators or aspects to assess them. There are many kinds of indicators for assessing 

students' mathematical problem-solving abilities. The questions made by researchers, 

namely: 1) identifying the adequacy of data for problem-solving, 2) making mathematical 

models of daily situations or problems and how to solving them, 3) choosing and 

implementing strategies to solve mathematical problems and/or outside mathematics using 

virtual reality games through open-ended based (Widodo et al., 2021). Based on data taken 

from the results of students' answers and interviews, it can be seen the differences in the 

characteristics of students in solving problem question using virtual reality games through 

open-ended based. 

 

3.2.1. Characteristics of students' low problem-solving abilities using virtual reality 

games through open-ended based 

When students are given a problem-solving question that is presented in virtual 

reality games through open-ended-based, students are only able to know the data adequacy 

requirements and the data being asked. But students were not able to mention data that is 

known to be complete and correct. Therefore, the two low-ability students have not been 

able to identify the adequacy of the data for problem-solving in the game. 

The problem-solving was a difficult process for students, one of which is at the 

problem understanding step and planning a problem. But when problems that contain 

indicators make a mathematical model of a situation or daily problem and solve it, students 

are able to make a mathematical model of a situation or daily problem and solve it. It can be 

seen that all students can write mathematical models of problem questions in the game 

correctly. This is because students are helped by illustrating problems in the game, thus it is 
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easier to make mathematical forms of the problem (Harisman et al., 2021; Hutajulu et al., 

2022; Kariadinata, 2021). This is in line with Pramuditya, Noto and Syaefullah (2018)  that 

the mathematics RPG educational game is interesting, fun, and educated, because of 

illustrations. Students can also solve problem questions using models or plans that they have 

previously made. This is in line with Prihandika and Saputro (2021) states that students are 

able to draw up a completion plan or make a mathematical model and implements a 

completion plan. While the questions that contain indicators choose and implement 

strategies to solve mathematical problems and/or outside mathematics that all students 

studied are able to choose and implement strategies to solve mathematical problems and/or 

outside mathematics from the questions in the game. It can be seen that all students use a 

way of solving it by choosing the right problem-solving strategy. All students also get the 

correct final answer by using a solution to the strategy they have made before. This is in line 

with Karlimah et al. (2021) which stated that in making a settlement plan in this case 

choosing and implementing a problem-solving strategy, look for the relationship between 

the information provided and the unknown exactly hence it is possible to obtain unknown 

results. 

 

3.2.2. Characteristics of students' moderate problem-solving abilities using virtual 

reality games through open-ended based 

Based on the data taken from the results of students' answers and interviews, it can 

be seen that moderate-able students are able to identify the adequacy of the data for problem-

solving in the game. It can be seen that students can understand the problem in the game 

well. This is because students feel the illustrations in the game help in remembering what is 

known, therefore they can understand the problem question. Based on research by Akbar et 

al. (2018) which stated that students more often finish directly and feel no need to write it 

down, because they feel they are wasting time. But in this study, students write the data that 

is known and the steps to solve them, which are not written only the data that is asked. 

Students are also able to know the adequacy of the data as a condition for answering 

questions. 

It can be seen that students can write mathematical models of problem questions that 

exist in the game correctly. This is because students are helped by illustrating problems in 

the game, hence it is easier to make mathematical forms of the problem. This is in line with 

Pramuditya, Noto and Syaefullah (2018) that the mathematics RPG educational game is 

interesting, fun, and educational because of illustrated illustrations. Students can also solve 

problem problems using models or plans that they have previously made. This is in line with 

research Prihandika and Saputro (2021) states that students are able to draw up a completion 

plan or make a mathematical model and implements a completion plan. That all students 

studied are able to choose and implement strategies to solve mathematical problems and / or 

outside mathematics from the problems in the game. It can be seen that all students use a 

way of solving it by choosing the right problem-solving strategy. All students also get the 

correct final answer by using a solution to the strategy they have made before. This is in line 

with Karlimah et al. (2021) which stated that in making a settlement plan in this case 

choosing and implementing a problem-solving strategy, look for the relationship between 

the information provided and the unknown exactly hence it is possible to obtain unknown 

results. 
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3.2.3. Characteristics of students' high problem-solving abilities using virtual reality 

games through open-ended based 

Based on data taken from the results of students' answers and interviews, it can be 

seen that high-ability students have been able to identify the adequacy of data for problem-

solving in the game. It can be proven that students can understand the problem in the game 

as well. This is because students feel the illustrations in the game help in remembering what 

is known. Therefore they can understand the problem question. Based on research by Akbar 

et al. (2018) which stated that students more often finish directly and feel no need to write it 

down because they feel they are wasting time. However, in this study, students write the data 

that is known and the steps to solve them, which are not written only the data that is asked. 

Students are also able to know the adequacy of the data as a condition for answering 

questions. 

It can be seen that students can write mathematical models of question’s problems 

that exist in the game correctly. This is because students are helped by illustrating problems 

in the game so that it is easier to make mathematical forms of the problem. This is in line 

with Pramuditya, Noto and Syaefullah (2018) that the mathematics RPG educational game 

is interesting, fun, and educational because of illustrated illustrations. Students can also solve 

problem problems using models or plans that they have previously made. This is in line with 

research Prihandika and Saputro (2021) states that students can draw up a complete plan or 

make a mathematical model and implements a completion plan. That all students studied can 

choose and implement strategies to solve mathematical problems and/or outside 

mathematics from the problems in the game. It can be seen that all students use a way of 

solving it by choosing the right problem-solving strategy. All students also get the correct 

final answer by using a solution to the strategy they have made before. This is in line with 

Karlimah et al. (2021) which stated that in making a settlement plan in this case choosing 

and implementing a problem-solving strategy, look for the relationship between the 

information provided and the unknown exactly hence it is possible to obtain unknown 

results. 

Muir and Beswick (2005) stated that the process of thinking in combining some 

knowledge in problem-solving is an important factor in whether students can solve a 

problem. Every student who has different abilities have different problem-solving thinking 

processes. According to Muir et al. (2008) that someone’s ability to understand a 

mathematical problem structure is an important element in problem-solving. 

The following findings are presented about the characteristics of students ranging 

from low, moderate, and high abilities found during this study (see Table 11). 

Table 11. Characteristic of students' problem-solving abilities 

No Low ability 

students 

Moderate ability 

students 

High ability students 

1 Guessing when 

choosing answers 

in the game. 

Answering questions 

with a strategy that 

students can then choose 

the correct answer  

Choose the answer then adjust 

the solution strategy according 

to the answer choice 

2 Students are only 

able to choose one 

problem-solving 

strategy 

Students are only able to 

choose one problem-

solving strategy 

Students can choose more than 

one problem-solving strategy in 

the game 
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No Low ability 

students 

Moderate ability 

students 

High ability students 

3 Students are only 

able to work on 

problems with one 

completion strategy 

Students are only able to 

work on problems with 

one completion strategy 

Students can answer questions in 

a variety of ways 

4 Some steps are not 

yet right in the 

problem-solving 

process 

Students can answer 

correctly at each stage of 

completion 

Students can answer correctly at 

each stage of completion 

5 Students are not 

able to interpret 

known data from 

game illustrations 

Students can interpret 

known data from game 

illustrations 

able to interpret known data 

from game illustrations 

 

4. CONCLUSION  

Based on the analysis and discussion of the Mathematical problem-solving of 6 

students of Majalengka Junior High School can be concluded that students have 

mathematical problem-solving abilities different from each indicator. For indicators 

identifying the adequacy of data for problem-solving, high-ability students and moderate-

ability students can solve mathematical problem-solving well. Students with low ability have 

not been able to solve mathematical problem-solving well. The indicators make a 

mathematical model of a situation or daily problem and solve it that students with high, 

moderate, and low abilities are able to solve mathematical problems well. While there are 

indicators for choosing and implementing strategies to solve mathematical problems and/or 

outside mathematics for in-game problems, those students with high, moderate, and low 

abilities can solve mathematical problem-solving well. 
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