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Abstract: Students’ ability to engage in reversible thinking can enhance their problem- solving 

skills. Reversible thinking allows students to consider various perspectives, explore different 

options, and determine the best solution. Therefore, this study aims to describe students’ abilities 

to solve reversible thinking problems in the context of quadrilaterals, specifically rectangles. This 

research uses a qualitative method. The participants in this study were three junior high school 

students from Jambi, Indonesia, who demonstrated sufficient mathematical abilities. This study 

found that students could solve forward-thinking problems effectively but faced challenges with 

reversible thinking problems. This difficulty stems from students’ lack of familiarity with 

problems that require reversible thinking and their struggles with modeling mathematical 

scenarios from word problems. The study emphasizes the need to introduce more non-routine 

problems and exercises that encourage the exploration of various problem-solving approaches so 

that students can develop more flexible thinking skills.         
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▪ INTRODUCTION 

Mathematics is a subject taught at every level of education, from elementary school 

to university. Learning mathematics involves understanding basic concepts and honing 

the ability to formulate and solve complex problems (Amir, 2015). Therefore, 

mathematical skills are essential for students (Rejeki & Rahmasari, 2022). One of these 

skills is problem-solving. Problem-solving is a process in which a person uses all their 

knowledge, skills, and understanding to find solutions to given problems (Annizar et al., 

2020; Widodo et al., 2021). 

The ability to solve problems is a crucial skill that students must master in learning, 

as it plays a vital role in developing the thinking abilities and skills needed to handle 

problems in a structured, comprehensive, and logical manner. This process involves 

students applying mathematical concepts they have learned to various situations to find 

solutions to difficulties that cannot be solved directly. Problem-solving involves cognitive 

processes and requires deep, creative, and solution-oriented thinking to overcome various 

challenges (Arjudin et al., 2024; Palupi & Andrijati, 2024). 

Reversible thinking skills can support problem-solving skills that require students 

to generate solutions or strategies. This ability is one of the mathematical competencies 

students need to improve their problem-solving skills (Prabawanto, 2023; Simon et al., 

2016). Through reversible thinking, an individual can view something from one 

perspective and its opposite. Students with this competence can solve complex problems 

and maximize their problem-solving abilities (Maf’ulah et al., 2019; Maf’ulah & D 

Juniati, 2019). Especially in the context of problems involving multiplicative 

relationships that can be reversed. These problems require problem solvers to reverse 

their multiplicative thinking to find a solution. For example, in solving problems 

involving linear equations of the form 𝑎𝑥 = 𝑏, problem solvers must be able to reverse 

the multiplication operation to find the value of 𝑥 (Hackenberg, 2005). Thus, reversible 
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thinking refers to the ability to perform mathematical operations and then reverse them to 

verify the result (Hackenberg, 2005; Klimov & Shamir, 2003; Norton, 2016). 

Reversible thinking involves opposite activities to achieve the desired result. 

Inlehder & Piaget (2002) stated that a reversible process means a process that can return 

to the initial state with opposite steps—a method in which one starts from the desired goal 

state and works backward toward the initial state. In other words, reversible thinking is a 

cognitive activity in finding solutions when the final result is known and one is asked to 

find the initial condition (Maf’ulah & Juniati, 2019; Olive & Steffe, 2001). Therefore, to 

develop students’ reversible thinking, teachers must provide extensive practice with 

various problems involving inverse operations (Kang, Mee-Kwang & Lee, 1999). 

Generally, students solve problems that require forward-thinking, where the initial 

state is known, and the goal state is asked for (Prabawanto, 2023), meaning students find 

the final outcome given the initial state. In contrast, reversible thinking means students 

find solutions by producing the inverse of the operation. In this case, it means solving 

problems where the goal state is given, and the initial state needs to be determined 

(Maf’Ulah et al., 2019; Pebrianti et al., 2023). A summary can be found in Table 1 below. 

 

Table 1. Types of problems given to students 
Problem Type Forward Thinking Reversible Thinking 

Description Problems where the initial state is 

known and the goal state is sought 

Problems where the goal state is 

known and the initial state is 

sought 

 

Previous research has analyzed reversible thinking abilities in the context of 

functions, conducted by (Maf’ulah & Juniati, 2020) and (Ikram et al., 2020), as well as 

research on reversible thinking in fractions, conducted by (Dougherty et al., 2015) and 

(Prabawanto, 2023). However, there is still limited research analyzing reversible thinking 

abilities in geometry. Therefore, the researcher studied rectangles, a part of geometry. A 

rectangle is a parallelogram with right angles, and a square is a rectangle with all sides of 

equal length (Billstein et al., 1993). Based on the above explanation, this study aims to 

describe students’ abilities in solving reversible thinking problems related to 

quadrilaterals, specifically rectangles. 

 

▪ METHOD 

Research Design and Procedures 

This research employed a qualitative method with a case study design to explore 
students' difficulties in reversible thinking to solve quadrilateral problems. The steps 
undertaken in this research follow the qualitative research guidelines (Creswell, 2014), 
which are: (1) Identification of the research problem; (2) Selection of research design; (3) 
Data collection; (4) Data analysis; (5) Data validation; (6) Data interpretation and 
reporting. 

The study began with identifying the research problem and selecting the research 
design, where the researcher aimed to describe students’ abilities in solving reversible 
thinking problems in quadrilateral topics and determined that a qualitative study was the 
appropriate design. Next, the researcher prepared research instruments, including tests 
and interview guidelines, and collected data using these instruments. The researcher 
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systematically analyzed the data based on students’ test results and interviews. Data 
validation was conducted using multiple research instruments, including tests and 
interviews, to ensure credible results. Finally, the researcher interpreted the meaning of 
the test and interview data and reported the findings by providing a detailed description 
of the research problem. 

 
Participants 

Data were collected from an excellently accredited junior high school in Jambi 
Province, Indonesia. The researcher used purposive sampling techniques to select three 
seventh-grade students with good academic averages who had studied quadrilateral 
topics. Then, the researcher interviewed these three students to confirm their test answers. 

 
Instruments 

The instruments used for data collection were tests, interview guidelines, and 
documentation in the form of photos and audio recordings. The test instrument consisted 
of four questions to identify students’ reversible thinking in solving quadrilateral 
problems. The test included two questions requiring forward thinking and two questions 
requiring reversible thinking. The instruments were validated by involving lecturers from 
the Mathematics Education program to assess the suitability of the instruments developed 
by the researcher. The specific test questions given to the students are shown in Table 2. 

 
Table 2. Student test instrument 

Indikator 

Soal 
Deskripsi 

Nomor 

Soal 
Soal 

Forward 

Thinking 

Problems where the 

initial state is known 

and the goal state is 

sought 

1 dan 3 

Mr. Adi owns a rectangular piece of land. 

The length of the land is 10 meters and the 

width is 7 meters. What is the area of 

 Mr. Adi's land?  

 

A chessboard is a square with each side 

measuring 25 cm. Determine the area of the 

chessboard. 

Reversible 

Thinking 

Problems where 

the goal state is 

known and the 

initial state is 

sought 

2 dan 4 

The perimeter of a rectangular table is 44 cm. 

If its width is 3/8 times its length, 

 what is the area of the table?  

 Determine the perimeter of a square card 

with an area of 64 cm? 

 
Data Analysis 

The research data, including test results and interview recordings, were collected 
and analyzed. The validity of the data was tested using triangulation techniques, which 
included comparing the test results with the interview findings to ensure consistency and 
validity of the information. Data analysis in this study followed the model proposed by 
Miles and Huberman, consisting of three main stages: (1) Data reduction: At this stage, 
data analysis began by filtering and refining relevant information from the test and 
interview results obtained from the field. Data on students’ reversible thinking and 
forward-thinking abilities in solving quadrilateral problems were systematically classified 
and organized. (2) Data presentation: The reduced data were then presented in a more 
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structured format to facilitate the drawing of conclusions. In this study, the data were 
classified and described based on indicators of students’ reversible thinking and forward-
thinking abilities in solving quadrilateral problems. The data presentation was done using 
tables and descriptive narratives showcasing the findings from the students’ thought 
processes. (3) Concluding: The final stage involved concluding the analyzed data. 
Conclusions were drawn based on the analysis of students’ reversible thinking and 
forward-thinking abilities in solving quadrilateral problems, expressed in the form of 
descriptions of the student's thinking processes 
 

▪ RESULT AND DISSCUSSION 

The thinking process observed in this study focuses on students’ reversible thinking 

ability in solving quadrilateral problems, specifically rectangles. A reversible thinking 

test was administered to three students selected through purposive sampling. The 

researcher chose students with fairly good mathematical abilities. Each student worked 

on four questions, consisting of both reversible thinking and forward-thinking problems 

for comparison, followed by an interview regarding their answers. Below are the students’ 

responses to each type of problem. 

 

Table 3. Student test results data 

Indicator Question Number 
Student Answered 

Correctly 

Student Answered 

Wrong 

Forward Thinking 1 3 0 

3 3 0 

Reversible 

Thinking 
2 0 3 

4 1 2 

 

The students’ test results indicated that they encountered difficulties in solving 

problems that assessed reversible thinking abilities, where all students provided incorrect 

answers to question number 2, and only one student answered correctly for question 

number 4. Conversely, all students successfully answered the forward-thinking questions 

correctly. These results demonstrate a significant gap between students’ reversible 

thinking and forward-thinking abilities, particularly in the context of solving 

mathematical problems involving quadrilateral concepts. These findings align with 

previous research showing that reversible thinking requires a higher cognitive level than 

forward-thinking (Inlehder & Piaget, 2002). 

 

Forward Thinking Problem-Solving by Students 

In questions 1 and 3, students were asked to solve forward-thinking problems, 

which means the initial state was known, and the goal state was asked. The students’ 

answers to these questions are shown in Figure 1 and Figure 2. 

In question 1, students were asked to find the area of a rectangular plot of land given 

its length and width. The students easily applied the formula for the area of a rectangle, 

which is 𝐴𝑟𝑒𝑎 = 𝑙𝑒𝑛𝑔𝑡ℎ × 𝑤𝑖𝑑𝑡ℎ. The students’ answers are shown in Figure 1. 
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Figure 1. Students' answers to question number 1 

 

Figure 2. Student answers to question number 3 

 

In question 3, students were asked to find the area of a square chessboard given the 

side length. The students easily applied the formula for the area of a square, which is 

𝐴𝑟𝑒𝑎 = 𝑠𝑖𝑑𝑒 × 𝑠𝑖𝑑𝑒. The students’ answers are shown in Figure 2. 

All students answered the forward-thinking questions correctly. The forward aspect 

is the directing aspect, which involves the mental process from the initial condition to 

reaching the goal destination (Maf’ulah & Juniati, 2020). Ramful (2015) stated that 

working forward starts from the given initial situation (initial state) to the desired final 

goal (goal state). In this thinking process, students are asked to follow problem-solving 

steps linearly, from understanding the problem and applying relevant concepts to finding 

the final solution. This approach tends to be more intuitive and easier for students to 

understand, as it follows a clear and structured logical flow (Jonassen, 2000). Generally, 
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mathematical problems are often presented as a forward-thinking process. Students who 

successfully solve comparison problems using forward thinking may not necessarily be 

successful when the thinking process is reversed (Pebrianti & Suhendra, 2023). 

This proves that problems that provide the initial state at the beginning are more 

commonly used in class and easier for students to solve. This statement is supported by 

the interview results with Student A as follows: 

 

Interviewer : How did you answer question number 1? 

Student A : From the question, it's known that the shape is a rectangle, and the 

length is already known to be 10 m, and the width is 7 m. So, I used the 

formula for the area of a rectangle and multiplied them to get the result. 

Interviewer : Was this question easy for you, and why? 

Student A : Yes, easy. I think it's because the teacher often gives questions like these, so 

it's easy for me to solve. 

The response from student A above represents the statements of the other two 

students who gave similar answers. In classroom practice, teachers often select math 

problems that emphasize forward thinking. This is because such an approach is easier to 

manage in a classroom setting and aligns with students’ habitual reliance on structured 

problem-solving methods (Hiebert et al., 2012). This can limit the development of 

students’ critical and creative thinking skills, especially when they are faced with 

problems that require non-linear thinking (Resnick, 1987) or problems that require a more 

complex approach, such as reversible thinking. 

 

Reversible Thinking Problem-Solving by Students 

Questions 2 and 4 asked students to solve reversible thinking problems. This means 

the goal state was known, and the initial state was asked. All students answered question 

number 2 incorrectly, and only one student answered question number 4 correctly. This 

is because the students were asked to find the initial state with the goal state provided. 

The provision of the goal state at the beginning made it difficult for students to determine 

the initial state and solve the given problem. Students tended to be confused and did not 

understand what steps to take to solve the problem. This difficulty arises because 

reversible thinking is more challenging, requiring the ability to view problems from 

multiple perspectives (Flanders, 2014). Below is a discussion related to the students' 

responses to the reversible thinking problems. 

 
 

  
(a)  (b) 
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(c) 

Figure 3. Student’s answer for question number 2 

 

Based on Figure 3, the students’ responses to question number 2, which required 

reversible thinking ability, are shown. In question 2, students were asked to find the area 

of a rectangular table, but the length and width were not provided, and only the perimeter 

was given. Therefore, students were required to determine the length and width before 

finding the area of the table. 

From the students’ answers in Figures 3(a) and 3(b), it is clear that students had 

difficulty creating a mathematical model, as evidenced by their use of the same sentences 

as in the problem statement in the given section they wrote. This led to mistakes when 

using the rectangle’s perimeter formula with the known information. The students’ failure 

to create a mathematical model made it difficult for them to apply the formula and obtain 

the correct solution (Melani et al., 2023). This difficulty indicates that students struggled 

with word problem types. From the answer in Figure 3(c), it is evident that the student 

was able to create a mathematical model but was unable to perform the operations 

correctly. Below is an interview with Student B, who struggled with the reversible 

thinking problem. 

 

Interviewer : How did you answer question number 2? 

Student B : I did not answer it well. Based on the question, it is known that the perimeter 

of the rectangle is given, and it is also known that the width is 3  of the 

length. However, the length value is not provided. So, I was confused about 

finding the length and width values. 

Interviewer : Was this question difficult? Has the teacher ever given you a question like 

this? 

Student B : Yes, difficult. I don't think the teacher has ever given a question like this. 

According to the interview, student B found it difficult and could not engage in 

reversible thinking. Thus, the student perceived problems that provided the goal state at 

the beginning as challenging. The student acknowledged that such problems are rarely 

given in classroom instruction. Students tend to be more accustomed to routine and linear 

problems, where they can follow the teacher’s established steps. This makes them less 

trained in flexible and critical thinking when faced with reversible problems that require 

backward thinking and the integration of various mathematical concepts (Sweller, 1988). 

In Figure 4, students were asked to find the perimeter of a square card, where the 

side length was unknown, but the area was provided. Therefore, students had to determine 

the side length first to find the perimeter using the given information. However, two 

students could not answer the problem correctly. Figure 4(a) shows that the student used 

the known area information to find the perimeter. This indicates the student’s difficulty 

in creating a mathematical model from the word problem, resulting in obstacles in solving  
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(a)   (b) 

 

 
(c) 

Figure 4. Student’s answer for question number 4 

 

the problem. The challenges students face in solving word problems are not new. 

Students’ difficulties can occur due to several factors. Factors influencing students’ 

difficulties in solving mathematical word problems include difficulty understanding and 

translating the problem, understanding the concept, skill difficulties, and problem-solving 

difficulties (Emanuel et al., 2021; Utari et al., 2019). Therefore, students’ ability to solve 

word problems needs attention. 

Based on Figure 4(b), the student correctly identified the first step: finding the side 

length and then calculating the perimeter. However, the student encountered difficulties 

in finding the side length. To find the side length, the student divided the given area value 

by two. This approach was incorrect; the student should have used the square root 

operation on the area value to obtain the side length. The formula for the area of a square 

is 𝐴𝑟𝑒𝑎 = 𝑙2, so to find the side length, the formula 𝑙 = √𝐴 should be used, where 𝐴 is the 

area of the square, and 𝑙 is the side length. 

In Figure 4(c), the student’s correct answer for question 4 demonstrates the ability 

to solve the reversible thinking problem. This student could successfully reverse the 

problem-solving process, showing a strong understanding of the involved concepts and 

the ability to view the problem from different perspectives (Flanders, 2014). This success 

highlights the importance of providing students with opportunities to practice with 

problems that challenge them to think non-linearly and flexibly (Resnick, 1987). 

From the above discussion, it is evident that most students struggled with solving 

problems requiring reversible thinking. Analyzing the students’ answers to these 

reversible thinking questions reveals that only one student could correctly solve one of 

the two reversible thinking problems. It can be concluded that students have not yet 

effectively developed their reversible thinking abilities. This is in contrast to the forward-

thinking problems that students can easily solve. This is because students have a limited 

context when solving different types of problems (Suryadi, 2019). Students are limited in 

solving these problems because they are rarely exposed to such problems during 

classroom instruction. This statement is supported by the interview results with Student 

Babove, as well as an interview with Student C as follows: 
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Interviewer  : How did you answer question number 4? 

Student C  : I was a bit confused. From the question, the area is known, so I thought 

that the side length could be obtained from the area value, so I divided the 

area value by two. I forgot that it shouldn't be divided by two, but the area 

should be square-rooted. So, I didn't answer the question correctly. 

Interviewer  : Was this question difficult? Has the teacher ever given you a question like 

this? 

Student C  : Quite difficult. I think it’s been given, but very rarely. 

According to the interview, the student mentioned that problems requiring 

reversible thinking are difficult and rarely given by teachers in class. In classroom 

instruction, the practice problems teachers provide for quadrilateral topics are typically 

routine types that require students to find the area and perimeter of the shape. However, 

quadrilateral topics can serve as an option for enhancing students’ problem-solving skills 

through reversible thinking problems. This way, students can better understand the 

concepts of quadrilaterals rather than just memorizing the steps to solve them. 

Teachers need to provide non-routine problems, such as those involving reversible 

thinking, to enhance students’ problem-solving skills and challenge them to think 

critically and creatively and apply mathematical concepts. Teachers’ infrequent use of 

non-routine problems can hinder students’ problem-solving abilities (Waty, 2017). 

Without regular exposure to such problems, students tend to rely on memorization and 

routine procedures, limiting their capacity to tackle more difficult and unexpected 

challenges. Therefore, teachers must introduce and integrate non-routine problems 

involving reversible thinking into classroom instruction. This will help students develop 

more profound thinking skills and better prepare them to face various more complex 

mathematical problems (Kilpatrick, 2010). 

 

▪ CONCLUSION 

Based on the analysis in this study, it can be concluded that students demonstrate 

difficulties in reversible thinking when solving quadrilateral problems, particularly 

rectangles, due to a lack of familiarity and challenges in modeling the mathematical 

concepts presented in the word problems. Although students could solve forward- 

thinking problems effectively, they encountered significant challenges in reversible 

thinking problems. This indicates that students’ understanding of the fundamental 

mathematical concepts involved is not strong enough to be applied in situations requiring 

non-linear thinking. Therefore, more targeted instructional strategies are needed to 

enhance students’ reversible thinking abilities, including introducing more non-routine 

problems and exercises that encourage the exploration of various problem-solving 

approaches. This will enable students to develop more flexible thinking skills and better 

prepare them to face various more complex mathematical challenges.    
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