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MATHEMATICAL CREATIVE THINKING SKILL: 
USING APOS THEORY TO IDENTIFY STUDENT 
ERRORS IN SOLVING CONTEXTUAL PROBLEMS  

 

ABSTRACT  
Someone with strong creative thinking skills will be able to solve problems effectively, particularly 

contextual problems in mathematics. Students rarely have creative thinking skills in the classroom. This occurs 
because of student errors. The goal of this study is to identify student errors in completing contextual problem-
solving on integer operations. This is a qualitative study using an exploratory descriptive technique. The 
participants in this study were sixth-grade elementary school students. The research subjects were chosen on 
the teacher's recommendation, specifically students with good communication abilities, so that data on student 
errors in handling contextual problems on creative thinking skills can be easily examined and found. Tests and 
interviews were used as research instruments in this study. This study's methodologies included tests, 
interviews, and triangulation. The findings revealed that students lacked innovative thinking abilities and are 
unable to solve the problem appropriately, they failed to meet the four markers of creative thinking skill. 
According to the Action-Process-Object-Schema (APOS) theory, students' errors in solving contextual 
mathematical problems consist of four components: (1) interpretive errors, (2) concept understanding errors, 
(3) procedure errors, and (4) computing/technical errors. The findings of this study should be useful in 
constructing integer learning activities so that students do not make mistakes when tackling contextual 
problem-solving challenges on creative thinking skills. As a result, further study is needed to construct a 
mathematical learning model capable of improving mathematical creative thinking skills. 

Keywords: Contextual problems, Creative thinking skills, Error Identification 

  

1. INTRODUCTION 
Creative thinking is essential in the twenty-first century, particularly in the field of education (Cooper, 

2021; Konrad et al., 2021; Rahayuningsih et al., 2021). As one of the objectives of mathematics education, 

creative thinking in mathematics can assist students in understanding what is going on in their surroundings 

(Puspitasari et al., 2019; Yayuk et al., 2020). Furthermore, creative thinking plays a role in achieving meaningful 

learning (Ammaralikit & Chattiwat, 2020; Junaedi et al., 2021). As a result, teachers must foster creative 

thinking in classroom learning activities. Thinking creatively in mathematics is a key component for students 

in dealing with mathematical difficulties, as it allows students to consider new facts and ideas while solving 

mathematical problems (Ndiung et al., 2021; Puspitasari et al., 2019). The ability to think creatively in 

mathematics can also be described as a cognitive function that refers to the ability to develop mathematical 

ideas and concepts (Nwoke, 2021; Yayuk et al., 2020). Furthermore, the capacity to think creatively in 

mathematics is one of the features of higher-order thinking to generate new ideas from difficult problems (Ali 

et al., 2021; Junaedi et al., 2021). As a result, children must be able to think creatively in mathematics. 

Many experts have presented indicators of creative thinking skills. A person with strong creative 

thinking abilities must meet four criteria: fluency, flexibility, originality, and elaboration(Jumadi et al., 2020; 

Rahayuningsih et al., 2021). Fluency is an ability to develop many types of ideas to solve difficulties. Flexibility 

refers to capacity to provide multiple solutions to a situation. Originality is capacity to articulate original 

thoughts that have not previously been considered. Elaboration refers to ability to develop ideas or thoughts 

and explain problems in detail. Therefore, fluency, Flexibility, Originality, and Elaboration are the indications 

of creative thinking capacity in this study, according to this explanation. 

Solving mathematical problems, particularly contextual ones, is essential for students to develop 

creative thinking skills (Bintoro et al., 2021; Cho & Kim, 2020; Peltier & Peltier, 2020). This is because 

contextual problem-solving in mathematics can provide students with various ideas based on real-life 

experiences (Hawa et al., 2019; Nugroho et al., 2020). In addition, students will be able to solve contextual 



mathematical problems by correctly applying mathematical procedures or processes (Fonteles Furtado et al., 

2019; Hunukumbure et al., 2021). On the other hand, students continue to make errors when dealing with 

contextual challenges related to creative thinking questions(Haghverdi & Wiest, 2016; Soneira, 2022). As a 

result, teachers must investigate student errors to incorporate classroom learning strategies properly. 

Errors are a significant component of the conceptual knowledge and necessary in mathematics 

teaching (Barkai, 2021; Hu et al., 2022; Jones et al., 2020). As a result, teachers must be able to identify student 

errors through effective error analysis (Faizah et al., 2022; Peltier & Peltier, 2020). Therefore, students are 

encouraged to accomplish the activities assigned by the teacher (Kenney et al., 2020; Santia et al., 2019). 

Students commonly make interpretive errors, conceptual errors, procedural errors, and computational errors 

(calculations)(Haghverdi & Wiest, 2016; Kenney et al., 2020; Khalid & Embong, 2019; Peltier & Peltier, 2020). 

For example, when students turn variables into numbers, they make interpretation errors when translating or 

concluding a problem statement(Kshetree et al., 2021). This is usually tied to the number object (40). The 

conceptual error indicates a student's failure to comprehend a concept in the problem at hand and a failure to 

assess the link in a situation(Ammaralikit & Chattiwat, 2020; Köğce, 2022). Procedural errors occur when 

students fail to modify an algorithm despite understanding the studied principles (Ammaralikit & Chattiwat, 

2020; Lien et al., 2021). Finally, computational error is connected to calculation errors made by students (Al-

Jarf, 2022; Emara et al., 2021). These errors were caused by a variety of factors, including students' low 

disposition toward mathematics, a poor teaching framework, a poor teacher's ability to teach, students' 

perception of complex mathematics material, students' limited understanding of mathematics, and a lack of 

understanding in Students' higher order thinking capacity(Kshetree et al., 2021; Prayitno et al., 2022). As a 

result, assessing students' mental processes when solving mathematical assignments is vital. 

The Action-Process-Object-Schema (APOS) hypothesis can be used to investigate students' mental 

processes when answering contextual challenges on creative thinking questions. The APOS theory is divided 

into four stages: action, process, object, and schema (Arnawa et al., 2021). In APOS theory, the action is carried 

out by an individual employing mathematical concepts in conjunction with an exact algorithm and directed by 

external stimuli during the action phase (Arnawa et al., 2021; Bintoro et al., 2021; Moon, 2019). APOS theory's 

process phase includes repetitive action and reflection to shift from relying on external signals to relying on 

internal cues (Arnawa et al., 2021; Boz-Yaman & Yiğit Koyunkaya, 2019; Tatira, 2021). The object phase of 

APOS theory focuses on recognizing that specific processes and transformations of action are regarded as a 

single thing to define shifts explicitly (Van Melle & Ferreira, 2022). Finally, the schema phase is a collection of 

predetermined ideas about actions, processes, objects, and schemas that are combined to build a mathematical 

structure for solving mathematical problems (Arnawa et al., 2021; Moru, 2020). APOS theory investigates what 

occurs in a person's mind when learning a mathematical concept and the successes and failures encountered 

when doing mathematical activities. 

There have been numerous studies done on error analysis. Research (Didiş Kabar & Erbaş, 2021) 

shows that students make mistakes in the four presented model problems. According to Polya, research from 

(Sukoriyanto et al., 2016) reveals that students continue to make errors when tackling permutation and 

combination problems. According to (Sari et al., 2018), the most common inaccuracy in representational 

abilities is problem-solving employing arithmetic symbols. According to research from (Khalid & Embong, 

2019), errors that arise when completing common problems using integer operations are misconceptions. 

According to research from (Ozrecberoglu et al., 2022), student accomplishment in answering non-routine 

math tasks is low since errors occur frequently. Finally, according to the findings of (Jones et al., 2020), students 

had difficulties solving problems involving fractions. 

According to the previous research findings, academics have yet to examine the types of errors caused 
by students when answering contextual problems on mathematical creative thinking problems utilizing APOS 
theory. This encouraged the researchers to conduct a study in this area to uncover and identify errors made by 
elementary school students when solving contextual problems that required creative thinking skills using APOS 
theory. By using APOS theory, this study seeks to identify students' errors in solving contextual difficulties on 
creative thinking topics. The researchers chose the APOS theory because it may describe students' mental 



actions in constructing mathematical concepts. Furthermore, this initial identification is critical for shaping 
students' creative thinking skills so that relevant learning models based on study findings may be constructed. 

2. METHODS 

2.1 Research Design 
The exploratory descriptive approach is used in this study's qualitative investigation. When students 

complete a written test on contextual mathematical problems, this approach aims to collect verbal data from 
their answers. In this study, open-ended questions were used in interviews. This is done to confirm the research 
subjects' responses. The issues addressed in this study include students' failures in answering contextual 
mathematical problems on creative thinking skills using the APOS theory (Action-Process-Object-Schema). 

2. 2 Research Subject 
The participants in this study were all sixth-grade students from one of Cirebon Regency's state 

elementary schools. Because not all students were chosen as participants, the research subjects were chosen 
using a purposive sample technique. Fifty students have studied integer material. In the allotted time, students 
must solve four contextual mathematical problems that can test their creative thinking skills. Based on creative 
thinking indications, all response papers were collected and examined. Students who performed exceptionally 
well were not chosen as subjects. On the other hand, students who answered the sheet with errors in solving 
contextual problems, including numerical material, were considered research subjects. The research subjects 
were chosen on the teacher's recommendation, specifically students with good communication abilities, so that 
data on student errors in handling contextual problems on creative thinking skills can be easily examined and 
found. Two students were chosen for interviews based on the teacher's recommendation. 

2.3. Research Instrument 
Tests and interviews were used as research instruments in this study. The main objective of the test is 

to identify numerous faults made by students. The test consisted of four contextual problems based on markers 

of students' creative thinking ability. The contextual problem indicators are based on four characteristics of 

creative thinking abilities (Kshetree et al., 2021): fluency, flexibility, originality, and elaboration. The interview 

was conducted to gather more information from the student's written response sheets. The interview format 

was unstructured, so the researcher did not plan the questions to ask the study subject. Instead, students were 

expected to provide the reasoning for their responses throughout this interview. The interview questions were 

based on the answer sheets of the students that were interviewed. Finally, the researcher confirmed the test 

answers acquired from the interviewed students. 

2.4. Data Analysis 
Initially, 40 students were asked to take a test consisting of four essay-style questions about contextual 
difficulties related to mathematics creative thinking skills. The students have 40 minutes to finish the test and 
submit an answer sheet. The researchers then select the students' answers based on the assumption of errors 
committed by the students. The researchers then collaborated with the class teacher to pick two students for 
interviews. After selecting research subjects, interviews were conducted to corroborate further responses from 
the students' written responses. Interviews lasted 45 to 60 minutes, and all of them were recorded. APOS 
theory was used to conduct interviews for this study to learn more about the errors’ students made when 
tackling challenges involving mathematical creativity in context. The researchers then independently assessed 
the outcomes of the student interviews. The next step was data triangulation, which was accomplished by 
comparing the results of the written test of contextual problems on the capacity to think creatively in 
mathematical problems with the results of interviews conducted between researchers and students. The 
researchers then drew findings based on the triangulation results. 

3. RESULTS AND DISCUSSION 
According to the Fluency indicator, Figure 1 shows the findings from the contextual problem-solving 

test of students' critical thinking skills. Figure 1(a) depicts students' responses in Indonesian, and Figure 1(b) 

depicts students' responses in English. The test results demonstrated that students could not meet the Fluency 

indicator when answering contextual mathematical problems since they could not provide various solutions. 

This occurred because students did not comprehend how to solve problems, causing them to make mistakes. 

It was most likely due to students' inability to comprehend the questions raised in these tasks. As a result, 



interviews must be conducted to determine students' errors in solving contextual problems related to 

questions on the Fluency indicator utilizing APOS theory. 

 

 

 

(a)  (b) 
Figure 1 Students’s answer on the Fluency indicator (a) Indonesian and (b) English 

 

The results of the interviews revealed that students made an interpretation error. It was shown that 

students did not write down what they know and what was requested in the response. Furthermore, students 

drew incorrect route drawings based on the problems in the questions. Students could convert daily language 

into mathematical language, but they did not understand the meaning of the questions. 

Figure 2 shows the results of the contextual problem-solving test of students' creative thinking skills, 

measured by the Flexibility indicator. Figure 2(a) depicts students' responses in Indonesian, while Figure 2(b) 

depicts students' responses in English. The test findings demonstrate that students did not meet the Flexibility 

indicator for solving contextual mathematical problems since they were unable to propose various solutions 

or approaches to the topic at hand. Furthermore, they cannot present more than one approach or procedure 

for working on questions. That was most likely due to students' inability to understand the questions raised in 

answering these issues, causing them to make mistakes. As a result, interviews must be conducted to identify 

student errors in solving contextual problems using APOS theory. 

 

Rule 1 
True = 4x30=120-15 =105  
Wrong : 5 x 2 = 10 
 
Not Answer = 5 x 1 = 5 

(a) (b) 
Figure 2 Students’ answer on the Flexibility indicators (a) Indonesian and (b) English 

 

The interviews revealed that students made an interpretation error. It was shown that students 

did not write down what they knew and what was requested in the response. They could convert daily language 

into mathematical language, but they did not understand the significance of the questions. Students 

made mistakes on the concept too. It was proved by the student applying the operating formula on integers. 

Furthermore, students make incorrect choices for the numbers that are operated in the problem. Students also 

made procedural errors because they could not fully explain the answers, and computational errors as well. All 

of the errors were proven by the answers of the problem. 

Figure 3 illustrates the outcomes of the contextual problem-solving test of students' creative thinking 

skills, as measured by the Originality indicator. Figure 3(a) depicts students' responses in Indonesian, whereas 

Figure 3(b) depicts students' responses in English. The test findings demonstrate that students were unable to 

meet the Originality indicator when solving contextual mathematical problems because they were unable to 

convey fresh concepts that had not previously been considered. This was due to students' incapacity to propose 

original ideas and their inability to understand the questions in answering these problems. Using APOS theory, 

A B C Home 
8 km 2 km 5 km 

2 hours 

rest  

1 hours 

rest 

Students do not be able to perform the 

procedure to solve the problem  

Students do not be able to create a model for solvin the 

problem  



interviews were conducted to identify student errors in solving contextual problems related to questions on 

the Originality indicator. 

 

Danang = 75 : 1/3  
 
 Food left  = 75 – 25  
     = 50 : 2 
     = 25 
 
Startfruits given to Gito and Irma are 25.  
 

(a) (b) 
Figure 3 Students answers on the originality indicator (a) Indonesian and (b) English 

 

The results of the interviews revealed that students erred in their understanding. They did not write 

down what they knew and did not write down what was requested in the response. Students could convert 

daily language into mathematical language, but they did not understand the meaning of the questions. Students 

misunderstood the concept as well. It is proven that students were incorrect in using formulas for fractional 

operations and integer arithmetic operations. Furthermore, students made incorrect choices for the numbers 

that were operated in the problem. Students also made procedural errors because they could not fully explain 

the answers they obtained and made computational errors. Finally, it has been proven that students 

were incorrect in their final answers. 

Figure 4 shows the results of the contextual problem-solving exam of students' creative thinking skills, 

as measured by the Elaboration indicator. Figure 4(a) depicts students' responses in Indonesian, whereas 

Figure 4(b) depicts students' responses in English. The exam results demonstrated that students could not 

meet the Elaboration indicator while answering contextual mathematical problems because they could not 

develop thoughts or ideas and explain the problems that had been solved in detail. This occurred due to 

students' failure to describe their answers in detail, causing them to make mistakes. As a result, interviews 

must be conducted utilizing APOS theory to identify student faults in solving contextual problems related to 

questions on the Elaboration indicator. 

 

Answer: 100 x ½  
 
= 50 
 
 
Then, books received by Elsa, Fira, and Lea 
approximately 50 books for all of them.  

(a) (b) 
Figure 4 Students answers on Elaboration indicator (a) Indonesian and (b) English 

 

The interviews revealed that students made a mistake in their understanding. It was shown that 
students did not write down what they knew and did not write down what was requested in the response. 
Students could convert daily language into mathematical language, but they did not understand the significance 
of the questions. Students made mistakes on the concept too. It was proved by the student applying the 
operating formula on integers. Furthermore, students make incorrect choices for the numbers that are 
operated in the problem. Students also made procedural errors because they could not fully explain the 
answers they obtained, and they made computational errors as well. 

Students with low mathematical creative thinking abilities were chosen as research subjects. This is 

because the students could not answer the four questions presented in contextual situations using the four 

indications of creative thinking abilities. Students' inability to attain indications of creative thinking skills in 

contextual mathematical problems was driven by a lack of familiarity with these types of questions (Ilhan & 

Students do not be able to describe the 

answer in details  

Students do not be able to understand the 

question properly 



Akin, 2022; Kolar & Hodnik, 2021). In addition, students were only accustomed to challenges that did not 

necessitate using creative thinking skills. As a result, students must get acquainted with contextual difficulties 

that necessitate applying creative thinking skills (Rafiee & Abbasian-Naghneh, 2020; Yustina et al., 2022). 

To handle contextual difficulties, students' creative thinking skills must be developed. One approach is 

to employ a learning model that requires students to participate in their learning in class. Material delivery 

must also focus on results, and problems must provide students with challenges relating to contextual problem. 

This is consistent with the research(Balakrishnan, 2022), which suggests that one strategy to promote creative 

thinking skills in elementary school students is to use teaching strategies that require students to be active in 

classroom learning and acquaint them with addressing complex challenges connected to learning. 

Furthermore, teachers must provide immediate supportive feedback to students that allows students to 

actively find their answers so that students do not struggle to solve contextual problems(Kim et al., 2022). 

In sixth-grade elementary school, two students with low creative thinking skill make mistakes when 

answering contextual mathematical problems. Students' common errors in solving contextual problems 

requiring creative thinking abilities can be divided into four categories: interpretation errors, conceptual 

errors, procedural errors, and computational/technical errors. Students' interpretation errors occur when they 

fail to understand the topic or problem in the given context. They are unable to grasp the significance of the 

questions posed to them. Based on the four questions given, students could not put down what was known and 

what was asked in the question, causing students to misinterpret the meaning. Furthermore, in question one, 

the student incorrectly described the sketch of the route image based on the difficulty of the problem. Students 

created a route using only straight lines, although the question stated that the path should return to the starting 

position because Budi returns to the origin. Students were also incorrect in their findings in response to the 

inquiry. Students made errors in responding correctly to the presented contextual difficulties based on the four 

questions. Students also did not fully comprehend the questions presented. This was due to students' inability 

to define or comprehend sketch drawings in a specific topic (Özdemir & Dede, 2022). 

Students committed conceptual errors, such as incorrectly applying the formula for arithmetic 

operations with mixed integers. In question number two, students did arithmetic operations on integers 

without considering which rule was stronger between addition, subtraction, multiplication, and division 

operations causing them to perform incorrectly. Students also misunderstood the division process of numbers 

in question number two. In response to question number two, the students answered 75 ÷
1

3
. P In this question, 

the students crossed out the numbers 75 and 3. It was shown that the students had a wrong idea of division 

and multiplication operations. The correct notion was 75 ÷
1

3
= 75 × 3. Additionally, students choose the 

incorrect number to operate on in the problem. This was because students did not comprehend what was being 

requested in the problem, causing numbers that did not need to be operated to become operational (Joung & 

Kim, 2022).  

Based on the four questions, students experienced errors in choosing the numbers to operate in the 

questions. This is due to students’ failure to read the questions carefully, resulting in students 

misunderstanding what the questions signify. This demonstrates that students' knowledge of mathematical 

concepts remains low. This is reinforced by (Karakuş et al., 2022), which indicates that their conceptual 

comprehension is poor when students answer specific mathematical problems. As a result, students make 

conceptual errors. The finding is supported by study (Tooher & Johnson, 2020), which found that students 

struggle to grasp particular mathematical topics if they do not understand the ideas relevant to the studied 

issues. Students will make mistakes when answering problems, particularly contextual ones. Conceptual errors 

can also develop as a result of prior knowledge. This is consistent with the findings of a study (Jarrah et al., 

2022), which found that students' conceptual errors are also caused by prior mathematical learning. For 

example, students are unable to comprehend integer concepts since merely memorize integer formulas 

without applying the concept and how to apply them. As a result, students struggle to gain a correct and 

comprehensive comprehension of a concept (Barbieri & Booth, 2020). 

Students made procedural errors, including failing to explain the steps on the answer sheet adequately. 

Students only mentioned the outcome in question number one. Students were unable to explain the methods 

taken to acquire the answer from number one. Then, on problems 2 and 3, students could explain the phases 

of the response, but only partially because the final answers were incorrect. The students could not clarify their 



answers to question four because they misinterpreted the significance of the questions. Furthermore, students 

were incorrect in concluding the results of the given problem. This was demonstrated by question five, in which 

students assumed that the books delivered to Elsa, Fira, and Ina were the same as 50 books. The problem fails 

to indicate that Elsa, Fira, and Ina's book distribution was the same amount. As a result, students did not 

understand the significance of the problem, and their conclusions were incorrect. Students were also incorrect 

in executing integer operations when solving problems, even though they had reached the proper conclusions. 

Therefore, students need to apply all the principles required to answer the problem to avoid making errors in 

determining the outcome (Hu et al., 2022). Students must be able to present valid mathematical reasons, draw 

conclusions, and develop generalizations in order to solve a specific mathematical problem(Köğce, 2022). 

Students' technical or computational errors happened during the calculation procedure. For example, 

it could be discovered in the procedure of multiplying integers in problem number two. The student carries out 

the operation 6 × (−1) = −5. The conclusions of these calculations were incorrect; hence students' final 

answers to the problems were incorrect. This was consistent with the study's findings(Khalid & Embong, 

2019), which found that most students had broad misconceptions regarding integer operations, such as the 

multiplication of positive and negative integers. Errors in dividing integers by fractions occured because 

students were less attentive while performing operations. As a result, a technical error happened. For example, 

in question three, students completed the operation 75 ÷
1

3
= 25. The outcomes of these calculations were 

inaccurate, causing students to conclude the final answer to the presented questions incorrectly. According to 

the study, the most common mistakes students make in the operation of dividing integers are those who are 

negligent in using the methods of the problems supplied (Üzel, 2018). As a result, students must have strong 

fundamental mathematical problem-solving abilities to solve contextual mathematical problems (Sternberg et 

al., 2021). This is essential to ensure that students' mistakes do not reoccur. 

According to the findings, sixth-grade students were still in the action stage of the APOS theory. This 

occurs because students lack an APOS conceptual structure, causing them to make errors when faced with 

contextual mathematical problems. For example, students have trouble implementing integer operations due 

to a lack of conceptual structure connected to the process, object, and schema stages(Kshetree et al., 2021). 

This demonstrates that students cannot manage the application of theorems and formulas required for specific 

mathematical problems. Based on the APOS theory analysis findings, students have difficulties understanding 

the idea of operations on numbers. This is because when the students were at the previous level, they could 

not understand the notion of operations on integers, causing them to make errors in solving the problems 

presented. Students only memorize formulas, so they struggle when they learn about the idea of operations on 

integers. In addition, students lack experience understanding integer operations, do not fully understand the 

concept of integer operations, and have minimal prior knowledge of integer operations at the previous level. 

As a result, teachers must have an effective strategy to identify student errors. One technique for reducing 

student errors in handling contextual problems is to hold open discussions focusing on efforts to overcome 

student errors during the learning process (Ilhan & Akin, 2022). 

Assessing and analyzing students' errors in completing contextual problems on creative thinking skills 

is considered an essential tool for learning(Rahayuningsih et al., 2021). Furthermore, it is indicated that to 

overcome cognitive obstacles in solving difficulties presented in learning mathematics, and students must have 

a positive mindset and optimal thinking activities that activate prior knowledge and experience in solving 

specific problems. Since students in different courses differ in their capacities for creative thought, the 

understanding of particular students should be considered while designing a teacher's thinking activity(Jumadi 

et al., 2020). 

These findings suggest that teachers should appropriately prepare students on the classroom's 
procedural and conceptual parts of mathematics. Both features are critical in comprehending mathematical 
material (Barbieri & Booth, 2020). Identifying students' errors in addressing contextual mathematical problem 
and the skill to think creatively on integer operations has helped teachers recognize students' shortcomings. 
This will assist the teacher in preparing classroom activities and addressing errors that occur. Students' errors 
are caused by a lack of creative thinking skills when tackling contextual mathematical problems. According to 
(Tooher & Johnson, 2020), a student with low notions in creative thinking skills will make mistakes in solving 
the problem. Therefore, students' skill to think creatively must be developed so that similar errors will not 
occur again. After improving their creative thinking skills, students will develop their own formulas or 



principles for solving mathematical problems. According to the research, strengthening mathematical creative 
thinking skills would allow students to pay attention to all components required to assist in solving 
mathematical problems, allowing them to find formulas or rules on their own (Foster, 2021). 

4. CONCLUSSION 
Based on the research results and discussion, it concludes that the students chosen for the study had low 

creative thinking skills in solving contextual problem-solving difficulties in mathematics. This is due to students' 

inability to meet the four creative thinking markers of Fluency, Flexibility, Originality, and Elaboration. This 

incapacity was caused by errors made by students when tackling contextual problem-solving difficulties using creative 

thinking skills. According to the APOS theory, student errors include (1) Misinterpretation errors: incorrectly 

converting the questions into mathematical language/symbols and misinterpreting the given questions; (2) Conceptual 

errors: students misused formulas while counting fractions and integers. Furthermore, students made wrong choices 

for the numbers that were operated in the problem; (3) Procedural error: the student improperly concluded the 

question. This was because students failed to pay attention to what was asked in the question and were incorrect in 

carrying out the processes to solve the problem because students were unable to explain the solutions received. (4) 

Technical/computing errors: students made errors in computations involving integer operations, and students' final 

answers to the questions they worked on were incorrect. 

Future study should lead to the development of new learning models capable of improving 
mathematical creative thinking skills. This is significant because research shows that kids with strong creative 
thinking skills adapt fast to new issues. On the other hand, students who lack creative thinking skills will have 
difficulty solving an issue. Future research should investigate how students think while tackling contextual 
problems in mathematics. Identifying students' cognitive processes will help them better grasp because they 
take a particular approach to problem-solving. When teachers understand their students' thought processes, 
they can identify students' challenges quickly when solving mathematical problems. As a result, the teacher can 
modify the learning paradigm for the next meeting. 
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MATHEMATICAL CREATIVE THINKING SKILL: 1 

USING APOS THEORY TO IDENTIFY STUDENT 2 

ERRORS IN SOLVING CONTEXTUAL PROBLEMS  3 

 4 

ABSTRACT  5 
Individuals with strong creative thinking abilities are particularly adept at effectively addressing mathematical 6 
contextual problems. However, it is common for students to need more creative thinking skills within the 7 
classroom setting, often due to various errors made by students themselves. This study aims to identify 8 
students’ specific errors when attempting to solve contextual problems related to integer operations. Utilizing 9 
a qualitative approach, this research employs an exploratory, descriptive technique and focuses on sixth-grade 10 
elementary school students. Participants were selected based on the teacher’s recommendations, specifically 11 
targeting students with strong communications skills to comprehensively examine their errors in dealing with 12 
contextual problems and their creative thinking skills. The research utilized tests and interviews as 13 
instruments for data collection, incorporating methodologies such as testing, interviewing, and triangulation. 14 
The results indicate a significant deficiency in students’ innovative thinking skills, rendering them unable to 15 
solve problems effectively, which leads to an inability to meet the four criteria of creative thinking. Based on 16 
the Action-Process-Objects-Scheme (APOS) theory, the identified errors in students’ approaches to contextual 17 
mathematical problems can be categorize into four types: (1) interpretive errors, (2) errors in conceptual 18 
understanding, (3) procedural errors, and (4) computational or technical errors. The insight gained from this 19 
study can inform the design of integer learning activities, helping minimize contextual problem-solving 20 
mistakes that require creative thinking skills. Consequently, further research is essential to develop a 21 
mathematical learning model that can enhance students’ mathematical creative thinking abilities.  22 
 23 
Keywords: Contextual problems, Creative thinking skills, Error Identification 24 

  25 

1. INTRODUCTION 26 
Creative thinking is essential in the twenty-first century, particularly in the field of education (Cooper, 27 

2021; Konrad et al., 2021; Rahayuningsih et al., 2021). As one of the objectives of mathematics education, 28 

creative thinking in mathematics can assist students in understanding what is going on in their surroundings 29 

(Puspitasari et al., 2019; Yayuk et al., 2020). Furthermore, creative thinking plays a role in achieving meaningful 30 

learning (Ammaralikit & Chattiwat, 2020; Junaedi et al., 2021). As a result, teachers must foster creative 31 

thinking in classroom learning activities. Thinking creatively in mathematics is a key component for students 32 

in dealing with mathematical difficulties, as it allows students to consider new facts and ideas while solving 33 

mathematical problems (Ndiung et al., 2021; Puspitasari et al., 2019). The ability to think creatively in 34 

mathematics can also be described as a cognitive function that refers to the ability to develop mathematical 35 

ideas and concepts (Nwoke, 2021; Yayuk et al., 2020). Furthermore, the capacity to think creatively in 36 

mathematics is one of the features of higher-order thinking to generate new ideas from difficult problems (Ali 37 

et al., 2021; Junaedi et al., 2021). As a result, children must be able to think creatively in mathematics. 38 

Many experts have presented indicators of creative thinking skills. A person with strong creative 39 

thinking abilities must meet four criteria: fluency, flexibility, originality, and elaboration(Jumadi et al., 2020; 40 

Rahayuningsih et al., 2021). Fluency is an ability to develop many types of ideas to solve difficulties. Flexibility 41 

refers to capacity to provide multiple solutions to a situation. Originality is capacity to articulate original 42 

thoughts that have not previously been considered. Elaboration refers to ability to develop ideas or thoughts 43 

and explain problems in detail. Therefore, fluency, Flexibility, Originality, and Elaboration are the indications 44 

of creative thinking capacity in this study, according to this explanation. 45 

Solving mathematical problems, particularly contextual ones, is essential for students to develop 46 

creative thinking skills (Bintoro et al., 2021; Cho & Kim, 2020; Peltier & Peltier, 2020). This is because 47 

contextual problem-solving in mathematics can provide students with various ideas based on real-life 48 



2 
 

experiences (Hawa et al., 2019; Nugroho et al., 2020). In addition, students will be able to solve contextual 49 

mathematical problems by correctly applying mathematical procedures or processes (Fonteles Furtado et al., 50 

2019; Hunukumbure et al., 2021). On the other hand, students continue to make errors when dealing with 51 

contextual challenges related to creative thinking questions(Haghverdi & Wiest, 2016; Soneira, 2022). As a 52 

result, teachers must investigate student errors to incorporate classroom learning strategies properly. 53 

Errors are a significant component of the conceptual knowledge and necessary in mathematics 54 

teaching (Barkai, 2021; Hu et al., 2022; Jones et al., 2020). As a result, teachers must be able to identify student 55 

errors through effective error analysis (Faizah et al., 2022; Peltier & Peltier, 2020). Therefore, students are 56 

encouraged to accomplish the activities assigned by the teacher (Kenney et al., 2020; Santia et al., 2019). 57 

Students commonly make interpretive errors, conceptual errors, procedural errors, and computational errors 58 

(calculations)(Haghverdi & Wiest, 2016; Kenney et al., 2020; Khalid & Embong, 2019; Peltier & Peltier, 2020). 59 

For example, when students turn variables into numbers, they make interpretation errors when translating or 60 

concluding a problem statement(Kshetree et al., 2021). This is usually tied to the number object (40). The 61 

conceptual error indicates a student's failure to comprehend a concept in the problem at hand and a failure to 62 

assess the link in a situation(Ammaralikit & Chattiwat, 2020; Köğce, 2022). Procedural errors occur when 63 

students fail to modify an algorithm despite understanding the studied principles (Ammaralikit & Chattiwat, 64 

2020; Lien et al., 2021). Finally, computational error is connected to calculation errors made by students (Al-65 

Jarf, 2022; Emara et al., 2021). These errors were caused by a variety of factors, including students' low 66 

disposition toward mathematics, a poor teaching framework, a poor teacher's ability to teach, students' 67 

perception of complex mathematics material, students' limited understanding of mathematics, and a lack of 68 

understanding in Students' higher order thinking capacity(Kshetree et al., 2021; Prayitno et al., 2022). As a 69 

result, assessing students' mental processes when solving mathematical assignments is vital. 70 

The Action-Process-Object-Schema (APOS) hypothesis can be used to investigate students' mental 71 

processes when answering contextual challenges on creative thinking questions. The APOS theory is divided 72 

into four stages: action, process, object, and schema (Arnawa et al., 2021). In APOS theory, the action is carried 73 

out by an individual employing mathematical concepts in conjunction with an exact algorithm and directed by 74 

external stimuli during the action phase (Arnawa et al., 2021; Bintoro et al., 2021; Moon, 2019). APOS theory's 75 

process phase includes repetitive action and reflection to shift from relying on external signals to relying on 76 

internal cues (Arnawa et al., 2021; Boz-Yaman & Yiğit Koyunkaya, 2019; Tatira, 2021). The object phase of 77 

APOS theory focuses on recognizing that specific processes and transformations of action are regarded as a 78 

single thing to define shifts explicitly (Van Melle & Ferreira, 2022). Finally, the schema phase is a collection of 79 

predetermined ideas about actions, processes, objects, and schemas that are combined to build a mathematical 80 

structure for solving mathematical problems (Arnawa et al., 2021; Moru, 2020). APOS theory investigates what 81 

occurs in a person's mind when learning a mathematical concept and the successes and failures encountered 82 

when doing mathematical activities. 83 

APOS theory provides a structured cognitive development pathway that supports mathematics 84 

creative thinking skills. For creative thinking to be effective, students often need to develop high-level schemas 85 

(the final APOS stage). Incomplete progression through the APOS stages can limit creative thinking to less 86 

flexible or shallow approaches, potentially leading to errors. Mathematics creative thinking skills can lead to 87 

errors when students generate novel solutions without a complete conceptual understanding. Creative ideas 88 

in mathematics need to be based on well-formed schemas; otherwise, students may design flawed approaches 89 

due to over-reliance on intuition or incomplete processing. Errors often highlight gaps in APOS development, 90 

especially when students fail to transition smoothly between stages (e.g., from process to object). This 91 

framework can explain why some errors occur even in students who are adept at generating creative solutions 92 

but lack schema understanding. 93 

There have been numerous studies done on error analysis. Research (Didiş Kabar & Erbaş, 2021) 94 

shows that students make mistakes in the four presented model problems. According to Polya, research from 95 

(Sukoriyanto et al., 2016) reveals that students continue to make errors when tackling permutation and 96 

combination problems. According to (Sari et al., 2018), the most common inaccuracy in representational 97 
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abilities is problem-solving employing arithmetic symbols. According to research from (Khalid & Embong, 98 

2019), errors that arise when completing common problems using integer operations are misconceptions. 99 

According to research from (Ozrecberoglu et al., 2022), student accomplishment in answering non-routine 100 

math tasks is low since errors occur frequently. Finally, according to the findings of (Jones et al., 2020), students 101 

had difficulties solving problems involving fractions. 102 

According to the previous research findings, academics have yet to examine the types of errors caused 103 
by students when answering contextual problems on mathematical creative thinking problems utilizing APOS 104 
theory. This encouraged the researchers to conduct a study in this area to uncover and identify errors made by 105 
elementary school students when solving contextual problems that required creative thinking skills using APOS 106 
theory. By using APOS theory, this study seeks to identify students' errors in solving contextual difficulties on 107 
creative thinking topics. The researchers chose the APOS theory because it may describe students' mental 108 
actions in constructing mathematical concepts. Furthermore, this initial identification is critical for shaping 109 
students' creative thinking skills so that relevant learning models based on study findings may be constructed. 110 

2. METHODS 111 

2.1 Research Design 112 
The exploratory descriptive approach is used in this study's qualitative investigation. When students 113 

complete a written test on contextual mathematical problems, this approach aims to collect verbal data from 114 
their answers. In this study, open-ended questions were used in interviews. This is done to confirm the research 115 
subjects' responses. The issues addressed in this study include students' failures in answering contextual 116 
mathematical problems on creative thinking skills using the APOS theory (Action-Process-Object-Schema). 117 

2. 2 Research Subject 118 
The participants in this study were all sixth-grade students from one of Cirebon Regency's state 119 

elementary schools. Because not all students were chosen as participants, the research subjects were chosen 120 
using a purposive sample technique. Fifty students have studied integer material. In the allotted time, students 121 
must solve four contextual mathematical problems that can test their creative thinking skills. Based on creative 122 
thinking indications, all response papers were collected and examined. Students who performed exceptionally 123 
well were not chosen as subjects. On the other hand, students who answered the sheet with errors in solving 124 
contextual problems, including numerical material, were considered research subjects. The research subjects 125 
were chosen on the teacher's recommendation, specifically students with good communication abilities, so that 126 
data on student errors in handling contextual problems on creative thinking skills can be easily examined and 127 
found. Two students were chosen for interviews based on the teacher's recommendation. 128 

2.3. Research Instrument 129 
The test and interviews used as research instruments have been construct-validated by two 130 

mathematics education experts. The primary purpose of these tests is to identify various errors made by 131 

students. The test comprises four contextual questions, specifically designed based on indicators of students’ 132 

creative thinking abilities. These indicators are based on the four characteristics of creative thinking according 133 

to (Kshetree et al., 2021): fluency, flexibility, originality, and elaboration. Interviews are conducted to gather 134 

additional information from students’ written response sheets. These interviews are unstructured, meaning 135 

that the researcher does not prepare specific questions in advance for the research subjects. Instead, students 136 

are expected to explain their responses during the interview. Interview questions are based on students’ 137 

answers on the test sheets. Finally, the researchers confirms that test answers with the interviewed students.  138 

2.4. Data Collection 139 
Data were collected from 40 students who completed a test consisting of four essay-style questions 140 

addressing contextual challenges related to mathematical creative thinking skills. Each student was given 40 141 
minutes to finish the test and submit their answer sheet. The researchers reviewed the responses, focusing on 142 
identifying common errors made by students. The researchers then collaborated with the class teacher to pick 143 
six students with strong communication skills for interviews. After selecting research subjects, interviews were 144 
conducted to corroborate further responses from the students' written responses. Interviews lasted 45 to 60 145 
minutes, and all of them were recorded. APOS theory was used to conduct interviews for this study to learn 146 
more about the errors’ students made when tackling challenges involving mathematical creativity in context. 147 
The researchers then independently assessed the outcomes of the student interviews.  After selecting the 148 
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research subjects, the researchers conducted interviews to further explore and clarify the students’ written 149 
responses. Each interview, lasting between 45 and 60 minutes, was fully recorded. Using APOS theory as a 150 
framework, the interviews aimed to gain deeper insights into the specific errors students made when 151 
approaching contextual challenges in mathematical creativity. The researchers then independently reviewed 152 
and analysed the interview results. The next involved data triangulation, achieved by comparing the results of 153 
the written test on contextual mathematical problems related to creative thinking skills with the interview 154 
insights gathered from researchers and students. Based on these triangulated results, the researchers derived 155 
their final findings.  156 

 157 
 158 

2.5 Data Analysis 159 
Data analysis began with validated transcripts of interviews, student work results, and field notes 160 

using triangulation to ensure accuracy. We used an open, inductive thematic approach for coding, mapping 161 
transcripts into categories based on the APOS framework. Initial codes were arranged alongside the text to 162 
facilitate analysis and were continuously refined to represent participants’ voices accurately . Qualitative data 163 
coding requires diverse strategies depending on the intended analysis. After reviewing the research questions, 164 
further analytical coding was conducted, addressing the research questions through APOS framework themes 165 
in a comparative and contracting manner to obtain multi-perspective analytical dimensions. We carefully 166 
reviewed the coded transcripts to ensure that statements and quotes were accurately representative within 167 
the analysis. All the final coding decisions were guided by the research questions and my understanding of data 168 
at hand.  169 

3. RESULTS AND DISCUSSION 170 
According to the Fluency indicator, Figure 1 shows the findings from the contextual problem-solving 171 

test of students' critical thinking skills. Figure 1(a) depicts students' responses in Indonesian, and Figure 1(b) 172 

depicts students' responses in English. The test results demonstrated that students could not meet the Fluency 173 

indicator when answering contextual mathematical problems since they could not provide various solutions. 174 

This occurred because students did not comprehend how to solve problems, causing them to make mistakes. 175 

It was most likely due to students' inability to comprehend the questions raised in these tasks. As a result, 176 

interviews must be conducted to determine students' errors in solving contextual problems related to 177 

questions on the Fluency indicator utilizing APOS theory. 178 

 179 

 

 

(a)  (b) 
Figure 1 Students’s answer on the Fluency indicator (a) Indonesian and (b) English 

 180 

The results of the interviews revealed that students made an interpretation error. It was shown that 181 

students did not write down what they know and what was requested in the response. Furthermore, students 182 

drew incorrect route drawings based on the problems in the questions. Students could convert daily language 183 

into mathematical language, but they did not understand the meaning of the questions. 184 

Figure 2 shows the results of the contextual problem-solving test of students' creative thinking skills, 185 

measured by the Flexibility indicator. Figure 2(a) depicts students' responses in Indonesian, while Figure 2(b) 186 

depicts students' responses in English. The test findings demonstrate that students did not meet the Flexibility 187 

indicator for solving contextual mathematical problems since they were unable to propose various solutions 188 

or approaches to the topic at hand. Furthermore, they cannot present more than one approach or procedure 189 

for working on questions. That was most likely due to students' inability to understand the questions raised in 190 

answering these issues, causing them to make mistakes. As a result, interviews must be conducted to identify 191 

student errors in solving contextual problems using APOS theory. 192 

A B C Home 
8 km 2 km 5 km 

2 hours 

rest  

1 hours 

rest 
Students do not be able to create a model for solvin the 

problem  
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Rule 1 
True = 4x30=120-15 =105  
Wrong : 5 x 2 = 10 
 
Not Answer = 5 x 1 = 5 

(a) (b) 
Figure 2 Students’ answer on the Flexibility indicators (a) Indonesian and (b) English 

 193 

The interviews revealed that students made an interpretation error. It was shown that students 194 

did not write down what they knew and what was requested in the response. They could convert daily language 195 

into mathematical language, but they did not understand the significance of the questions. Students 196 

made mistakes on the concept too. It was proved by the student applying the operating formula on integers. 197 

Furthermore, students make incorrect choices for the numbers that are operated in the problem. Students also 198 

made procedural errors because they could not fully explain the answers, and computational errors as well. All 199 

of the errors were proven by the answers of the problem. 200 

Figure 3 illustrates the outcomes of the contextual problem-solving test of students' creative thinking 201 

skills, as measured by the Originality indicator. Figure 3(a) depicts students' responses in Indonesian, whereas 202 

Figure 3(b) depicts students' responses in English. The test findings demonstrate that students were unable to 203 

meet the Originality indicator when solving contextual mathematical problems because they were unable to 204 

convey fresh concepts that had not previously been considered. This was due to students' incapacity to propose 205 

original ideas and their inability to understand the questions in answering these problems. Using APOS theory, 206 

interviews were conducted to identify student errors in solving contextual problems related to questions on 207 

the Originality indicator. 208 

 

Danang = 75 : 1/3  
 
 Food left  = 75 – 25  
     = 50 : 2 
     = 25 
 
Startfruits given to Gito and Irma are 25.  
 

(a) (b) 
Figure 3 Students answers on the originality indicator (a) Indonesian and (b) English 

 209 

The results of the interviews revealed that students erred in their understanding. They did not write 210 

down what they knew and did not write down what was requested in the response. Students could convert 211 

daily language into mathematical language, but they did not understand the meaning of the questions. Students 212 

misunderstood the concept as well. It is proven that students were incorrect in using formulas for fractional 213 

operations and integer arithmetic operations. Furthermore, students made incorrect choices for the numbers 214 

that were operated in the problem. Students also made procedural errors because they could not fully explain 215 

the answers they obtained and made computational errors. Finally, it has been proven that students 216 

were incorrect in their final answers. 217 

Figure 4 shows the results of the contextual problem-solving exam of students' creative thinking skills, 218 

as measured by the Elaboration indicator. Figure 4(a) depicts students' responses in Indonesian, whereas 219 

Figure 4(b) depicts students' responses in English. The exam results demonstrated that students could not 220 

Students do not be able to understand the 

question properly 

Students do not be able to perform the 

procedure to solve the problem  
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meet the Elaboration indicator while answering contextual mathematical problems because they could not 221 

develop thoughts or ideas and explain the problems that had been solved in detail. This occurred due to 222 

students' failure to describe their answers in detail, causing them to make mistakes. As a result, interviews 223 

must be conducted utilizing APOS theory to identify student faults in solving contextual problems related to 224 

questions on the Elaboration indicator. 225 

 

Answer: 100 x ½  
 
= 50 
 
 
Then, books received by Elsa, Fira, and Lea 
approximately 50 books for all of them.  

(a) (b) 
Figure 4 Students answers on Elaboration indicator (a) Indonesian and (b) English 

 226 

The interviews revealed that students made a mistake in their understanding. It was shown that 227 
students did not write down what they knew and did not write down what was requested in the response. 228 
Students could convert daily language into mathematical language, but they did not understand the significance 229 
of the questions. Students made mistakes on the concept too. It was proved by the student applying the 230 
operating formula on integers. Furthermore, students make incorrect choices for the numbers that are 231 
operated in the problem. Students also made procedural errors because they could not fully explain the 232 
answers they obtained, and they made computational errors as well. 233 

Students with low mathematical creative thinking abilities were chosen as research subjects. This is 234 

because the students could not answer the four questions presented in contextual situations using the four 235 

indications of creative thinking abilities. Students' inability to attain indications of creative thinking skills in 236 

contextual mathematical problems was driven by a lack of familiarity with these types of questions (Ilhan & 237 

Akin, 2022; Kolar & Hodnik, 2021). In addition, students were only accustomed to challenges that did not 238 

necessitate using creative thinking skills. As a result, students must get acquainted with contextual difficulties 239 

that necessitate applying creative thinking skills (Rafiee & Abbasian-Naghneh, 2020; Yustina et al., 2022). 240 

To handle contextual difficulties, students' creative thinking skills must be developed. One approach is 241 

to employ a learning model that requires students to participate in their learning in class. Material delivery 242 

must also focus on results, and problems must provide students with challenges relating to contextual problem. 243 

This is consistent with the research(Balakrishnan, 2022), which suggests that one strategy to promote creative 244 

thinking skills in elementary school students is to use teaching strategies that require students to be active in 245 

classroom learning and acquaint them with addressing complex challenges connected to learning. 246 

Furthermore, teachers must provide immediate supportive feedback to students that allows students to 247 

actively find their answers so that students do not struggle to solve contextual problems(Kim et al., 2022). 248 

In sixth-grade elementary school, two students with low creative thinking skill make mistakes when 249 

answering contextual mathematical problems. Students' common errors in solving contextual problems 250 

requiring creative thinking abilities can be divided into four categories: interpretation errors, conceptual 251 

errors, procedural errors, and computational/technical errors. Students' interpretation errors occur when they 252 

fail to understand the topic or problem in the given context. They are unable to grasp the significance of the 253 

questions posed to them. Based on the four questions given, students could not put down what was known and 254 

what was asked in the question, causing students to misinterpret the meaning. Furthermore, in question one, 255 

the student incorrectly described the sketch of the route image based on the difficulty of the problem. Students 256 

created a route using only straight lines, although the question stated that the path should return to the starting 257 

position because Budi returns to the origin. Students were also incorrect in their findings in response to the 258 

inquiry. Students made errors in responding correctly to the presented contextual difficulties based on the four 259 

questions. Students also did not fully comprehend the questions presented. This was due to students' inability 260 

to define or comprehend sketch drawings in a specific topic (Özdemir & Dede, 2022). 261 

Students do not be able to describe the 

answer in details  
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Students committed conceptual errors, such as incorrectly applying the formula for arithmetic 262 

operations with mixed integers. In question number two, students did arithmetic operations on integers 263 

without considering which rule was stronger between addition, subtraction, multiplication, and division 264 

operations causing them to perform incorrectly. Students also misunderstood the division process of numbers 265 

in question number two. In response to question number two, the students answered 75 ÷
1

3
. P In this question, 266 

the students crossed out the numbers 75 and 3. It was shown that the students had a wrong idea of division 267 

and multiplication operations. The correct notion was 75 ÷
1

3
= 75 × 3. Additionally, students choose the 268 

incorrect number to operate on in the problem. This was because students did not comprehend what was being 269 

requested in the problem, causing numbers that did not need to be operated to become operational (Joung & 270 

Kim, 2022).  271 

Based on the four questions, students experienced errors in choosing the numbers to operate in the 272 

questions. This is due to students’ failure to read the questions carefully, resulting in students 273 

misunderstanding what the questions signify. This demonstrates that students' knowledge of mathematical 274 

concepts remains low. This is reinforced by (Karakuş et al., 2022), which indicates that their conceptual 275 

comprehension is poor when students answer specific mathematical problems. As a result, students make 276 

conceptual errors. The finding is supported by study (Tooher & Johnson, 2020), which found that students 277 

struggle to grasp particular mathematical topics if they do not understand the ideas relevant to the studied 278 

issues. Students will make mistakes when answering problems, particularly contextual ones. Conceptual errors 279 

can also develop as a result of prior knowledge. This is consistent with the findings of a study (Jarrah et al., 280 

2022), which found that students' conceptual errors are also caused by prior mathematical learning. For 281 

example, students are unable to comprehend integer concepts since merely memorize integer formulas 282 

without applying the concept and how to apply them. As a result, students struggle to gain a correct and 283 

comprehensive comprehension of a concept (Barbieri & Booth, 2020). 284 

Students made procedural errors, including failing to explain the steps on the answer sheet adequately. 285 

Students only mentioned the outcome in question number one. Students were unable to explain the methods 286 

taken to acquire the answer from number one. Then, on problems 2 and 3, students could explain the phases 287 

of the response, but only partially because the final answers were incorrect. The students could not clarify their 288 

answers to question four because they misinterpreted the significance of the questions. Furthermore, students 289 

were incorrect in concluding the results of the given problem. This was demonstrated by question five, in which 290 

students assumed that the books delivered to Elsa, Fira, and Ina were the same as 50 books. The problem fails 291 

to indicate that Elsa, Fira, and Ina's book distribution was the same amount. As a result, students did not 292 

understand the significance of the problem, and their conclusions were incorrect. Students were also incorrect 293 

in executing integer operations when solving problems, even though they had reached the proper conclusions. 294 

Therefore, students need to apply all the principles required to answer the problem to avoid making errors in 295 

determining the outcome (Hu et al., 2022). Students must be able to present valid mathematical reasons, draw 296 

conclusions, and develop generalizations in order to solve a specific mathematical problem(Köğce, 2022). 297 

Students' technical or computational errors happened during the calculation procedure. For example, 298 

it could be discovered in the procedure of multiplying integers in problem number two. The student carries out 299 

the operation 6 × (−1) = −5. The conclusions of these calculations were incorrect; hence students' final 300 

answers to the problems were incorrect. This was consistent with the study's findings(Khalid & Embong, 301 

2019), which found that most students had broad misconceptions regarding integer operations, such as the 302 

multiplication of positive and negative integers. Errors in dividing integers by fractions occured because 303 

students were less attentive while performing operations. As a result, a technical error happened. For example, 304 

in question three, students completed the operation 75 ÷
1

3
= 25. The outcomes of these calculations were 305 

inaccurate, causing students to conclude the final answer to the presented questions incorrectly. According to 306 

the study, the most common mistakes students make in the operation of dividing integers are those who are 307 

negligent in using the methods of the problems supplied (Üzel, 2018). As a result, students must have strong 308 

fundamental mathematical problem-solving abilities to solve contextual mathematical problems (Sternberg et 309 

al., 2021). This is essential to ensure that students' mistakes do not reoccur. 310 

According to the findings, sixth-grade students were still in the action stage of the APOS theory. This 311 

occurs because students lack an APOS conceptual structure, causing them to make errors when faced with 312 
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contextual mathematical problems. For example, students have trouble implementing integer operations due 313 

to a lack of conceptual structure connected to the process, object, and schema stages(Kshetree et al., 2021). 314 

This demonstrates that students cannot manage the application of theorems and formulas required for specific 315 

mathematical problems. Based on the APOS theory analysis findings, students have difficulties understanding 316 

the idea of operations on numbers. This is because when the students were at the previous level, they could 317 

not understand the notion of operations on integers, causing them to make errors in solving the problems 318 

presented. Students only memorize formulas, so they struggle when they learn about the idea of operations on 319 

integers. In addition, students lack experience understanding integer operations, do not fully understand the 320 

concept of integer operations, and have minimal prior knowledge of integer operations at the previous level. 321 

As a result, teachers must have an effective strategy to identify student errors. One technique for reducing 322 

student errors in handling contextual problems is to hold open discussions focusing on efforts to overcome 323 

student errors during the learning process (Ilhan & Akin, 2022). 324 

Assessing and analyzing students' errors in completing contextual problems on creative thinking skills 325 

is considered an essential tool for learning(Rahayuningsih et al., 2021). Furthermore, it is indicated that to 326 

overcome cognitive obstacles in solving difficulties presented in learning mathematics, and students must have 327 

a positive mindset and optimal thinking activities that activate prior knowledge and experience in solving 328 

specific problems. Since students in different courses differ in their capacities for creative thought, the 329 

understanding of particular students should be considered while designing a teacher's thinking activity(Jumadi 330 

et al., 2020). 331 

These findings suggest that teachers should appropriately prepare students on the classroom's 332 
procedural and conceptual parts of mathematics. Both features are critical in comprehending mathematical 333 
material (Barbieri & Booth, 2020). Identifying students' errors in addressing contextual mathematical problem 334 
and the skill to think creatively on integer operations has helped teachers recognize students' shortcomings. 335 
This will assist the teacher in preparing classroom activities and addressing errors that occur. Students' errors 336 
are caused by a lack of creative thinking skills when tackling contextual mathematical problems. According to 337 
(Tooher & Johnson, 2020), a student with low notions in creative thinking skills will make mistakes in solving 338 
the problem. Therefore, students' skill to think creatively must be developed so that similar errors will not 339 
occur again. After improving their creative thinking skills, students will develop their own formulas or 340 
principles for solving mathematical problems. According to the research, strengthening mathematical creative 341 
thinking skills would allow students to pay attention to all components required to assist in solving 342 
mathematical problems, allowing them to find formulas or rules on their own (Foster, 2021). 343 

4. CONCLUSSION 344 
Based on the research results and discussion, it concludes that the students selected for the study did not meet 345 

the four creative thinking markers of fluency, flexibility, originality, and elaboration. This incapacity was caused by 346 
errors made by students when tackling contextual problem-solving difficulties using creative thinking skills. 347 

According to the APOS theory, student errors include (1) Misinterpretation errors: incorrectly converting the questions 348 
into mathematical language/symbols and misinterpreting the given questions; (2) Conceptual errors: students misused 349 

formulas while counting fractions and integers. Furthermore, students made wrong choices for the numbers that 350 
were operated in the problem; (3) Procedural error: the student improperly concluded the question. This was because 351 
students failed to pay attention to what was asked in the question and were incorrect in carrying out the processes to 352 

solve the problem because students were unable to explain the solutions received. (4) Technical/computing errors: 353 
students made errors in computations involving integer operations, and students' final answers to the questions they 354 

worked on were incorrect. 355 

Future study should lead to the development of new learning models capable of improving 356 

mathematical creative thinking skills. This is significant because research shows that kids with strong creative 357 

thinking skills adapt fast to new issues. On the other hand, students who lack creative thinking skills will have 358 

difficulty solving an issue. Future research should investigate how students think while tackling contextual 359 

problems in mathematics. Identifying students' cognitive processes will help them better grasp because they 360 

take a particular approach to problem-solving. When teachers understand their students' thought processes, 361 

they can identify students' challenges quickly when solving mathematical problems. As a result, the teacher can 362 

modify the learning paradigm for the next meeting. 363 
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MATHEMATICAL CREATIVE THINKING SKILLSKILLS: USING APOS THEORY TO IDENTIFY 1 
STUDENT ERRORS IN SOLVING CONTEXTUAL PROBLEMS  2 

 3 

ABSTRACT  4 
Individuals with strong creative thinking abilities are particularly adept at effectively addressing mathematical 5 
contextual problems. However, it is common for students tooften need more vital creative thinking skills 6 
withinin the classroom setting, often , frequently due to various errors made by studentsthey make themselves. 7 
This study aims to identify students’ specific errors when attempting to solvesolving contextual problems 8 
related to integer operations. UtilizingThis research adopts a qualitative approach, this research employsusing 9 
an exploratory, and descriptive technique and focuses, focusing on sixth-grade elementary school students. 10 
Participants were selected based on the teacher’s recommendations, specifically targeting students with strong 11 
communicationscommunication skills to comprehensively examine their errors in dealing with contextual 12 
problems and their creative thinking skills. The research utilized tests and interviews as instruments for data 13 
collection, incorporating methodologies such as testing, interviewing, and triangulation. The results indicate a 14 
significant deficiency in students’ innovative thinking skills, rendering them unable to solve problems 15 
effectively, which leads to an inability to meet the four criteria of creative thinking. Based on the Action-16 
Process-Objects-Scheme (APOS) theory, the identified errors in students’ approaches to contextual 17 
mathematical problems can be categorizecategorized into four types: (1) interpretive errors, (2) errors in 18 
conceptual understanding, (3) procedural errors, and (4) computational or technical errors. The insight gained 19 
from this study can inform the design of integer learning activities, helping minimize contextual problem-20 
solving mistakes that require creative thinking skills. Consequently, further research is essential to develop a 21 
mathematical learning model that can enhance students’ mathematical creative thinking abilities.  22 
 23 
Keywords: Contextual problems, Creative thinking skills, Error Identification 24 

  25 

1. INTRODUCTION 26 
Creative thinking is essential in the twenty-first century, particularly in the field of education (Cooper, 27 

2021; Konrad et al., 2021; Rahayuningsih et al., 2021). As one of the objectives of mathematics education, 28 

creative thinking in mathematics can assist students in understanding what is going on in their surroundings 29 

(Puspitasari et al., 2019; Yayuk et al., 2020). Furthermore, creative thinking plays a role in achieving meaningful 30 

learning (Ammaralikit & Chattiwat, 2020; Junaedi et al., 2021). As a result, teachers must foster creative 31 

thinking in classroom learning activities. Thinking creatively in mathematics is a key component for students 32 

in dealing with mathematical difficulties, as it allows students to consider new facts and ideas while solving 33 

mathematical problems (Ndiung et al., 2021; Puspitasari et al., 2019). The ability to think creatively in 34 

mathematics can also be described as a cognitive function that refers to the ability to develop mathematical 35 

ideas and concepts (Nwoke, 2021; Yayuk et al., 2020). Furthermore, the capacity to think creatively in 36 

mathematics is one of the features of higher-order thinking to generate new ideas from difficult problems (Ali 37 

et al., 2021; Junaedi et al., 2021). As a result, children must be able to think creatively in mathematics. 38 

Many experts have presented indicators of creative thinking skills. A person with strong creative 39 

thinking abilities must meet four criteria: fluency, flexibility, originality, and elaboration(Jumadi et al., 2020; 40 

Rahayuningsih et al., 2021). Fluency is an ability to develop many types of ideas to solve difficulties. Flexibility 41 

refers to capacity to provide multiple solutions to a situation. Originality is capacity to articulate original 42 

thoughts that have not previously been considered. Elaboration refers to ability to develop ideas or thoughts 43 

and explain problems in detail. Therefore, fluency, Flexibility, Originality, and Elaboration are the indications 44 

of creative thinking capacity in this study, according to this explanation. 45 

Solving mathematical problems, particularly contextual ones, is essential for students to develop 46 

creative thinking skills (Bintoro et al., 2021; Cho & Kim, 2020; Peltier & Peltier, 2020). This is because 47 

contextual problem-solving in mathematics can provide students with various ideas based on real-life 48 

experiences (Hawa et al., 2019; Nugroho et al., 2020). In addition, students will be able to solve contextual 49 

mathematical problems by correctly applying mathematical procedures or processes (Fonteles Furtado et al., 50 
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2019; Hunukumbure et al., 2021). On the other hand, students continue to make errors when dealing with 51 

contextual challenges related to creative thinking questions(Haghverdi & Wiest, 2016; Soneira, 2022). As a 52 

result, teachers must investigate student errors to incorporate classroom learning strategies properly. 53 

Errors are a significant component of the conceptual knowledge and necessary in mathematics 54 

teaching (Barkai, 2021; Hu et al., 2022; Jones et al., 2020). As a result, teachers must be able to identify student 55 

errors through effective error analysis (Faizah et al., 2022; Peltier & Peltier, 2020). Therefore, students are 56 

encouraged to accomplish the activities assigned by the teacher (Kenney et al., 2020; Santia et al., 2019). 57 

Students commonly make interpretive errors, conceptual errors, procedural errors, and computational errors 58 

(calculations)(Haghverdi & Wiest, 2016; Kenney et al., 2020; Khalid & Embong, 2019; Peltier & Peltier, 2020). 59 

For example, when students turn variables into numbers, they make interpretation errors when translating or 60 

concluding a problem statement(Kshetree et al., 2021). This is usually tied to the number object (40). The 61 

conceptual error indicates a student's failure to comprehend a concept in the problem at hand and a failure to 62 

assess the link in a situation(Ammaralikit & Chattiwat, 2020; Köğce, 2022). Procedural errors occur when 63 

students fail to modify an algorithm despite understanding the studied principles (Ammaralikit & Chattiwat, 64 

2020; Lien et al., 2021). Finally, computational error is connected to calculation errors made by students (Al-65 

Jarf, 2022; Emara et al., 2021). These errors were caused by a variety of factors, including students' low 66 

disposition toward mathematics, a poor teaching framework, a poor teacher's ability to teach, students' 67 

perception of complex mathematics material, students' limited understanding of mathematics, and a lack of 68 

understanding in Students' higher order thinking capacity(Kshetree et al., 2021; Prayitno et al., 2022). As a 69 

result, assessing students' mental processes when solving mathematical assignments is vital. 70 

The Action-Process-Object-Schema (APOS) hypothesis can be used to investigate students' mental 71 

processes when answering contextual challenges on creative thinking questions. The APOS theory is divided 72 

into four stages: action, process, object, and schema (Arnawa et al., 2021). In APOS theory, the action is carried 73 

out by an individual employing mathematical concepts in conjunction with an exact algorithm and directed by 74 

external stimuli during the action phase (Arnawa et al., 2021; Bintoro et al., 2021; Moon, 2019). APOS theory's 75 

process phase includes repetitive action and reflection to shift from relying on external signals to relying on 76 

internal cues (Arnawa et al., 2021; Boz-Yaman & Yiğit Koyunkaya, 2019; Tatira, 2021). The object phase of 77 

APOS theory focuses on recognizing that specific processes and transformations of action are regarded as a 78 

single thing to define shifts explicitly (Van Melle & Ferreira, 2022). Finally, the schema phase is a collection of 79 

predetermined ideas about actions, processes, objects, and schemas that are combined to build a mathematical 80 

structure for solving mathematical problems (Arnawa et al., 2021; Moru, 2020). APOS theory investigates what 81 

occurs in a person's mind when learning a mathematical concept and the successes and failures encountered 82 

when doing mathematical activities. 83 

Creative thinking is essential in the twenty-first century, particularly in the field of education (Cooper, 84 

2021; Konrad et al., 2021; Rahayuningsih et al., 2021). As one of the objectives of mathematics education, 85 

creative thinking in mathematics can assist students in understanding their surroundings (Puspitasari et al., 86 

2019; Yayuk et al., 2020). Furthermore, creative thinking plays a role in achieving meaningful learning 87 

(Ammaralikit & Chattiwat, 2020; Junaedi et al., 2021). As a result, teachers must foster creative thinking in 88 

classroom learning activities. Thinking creatively in mathematics is a key component for students in addressing 89 

mathematical difficulties, as it allows them to consider new facts and ideas while solving mathematical 90 

problems (Ndiung et al., 2021; Puspitasari et al., 2019). The ability to think creatively in mathematics can also 91 

be described as a cognitive function that refers to the capacity to develop mathematical ideas and concepts 92 

(Nwoke, 2021; Yayuk et al., 2020). Furthermore, the ability to think creatively in mathematics is one of the 93 

features of higher-order thinking, allowing students to generate new ideas from difficult problems (Ali et al., 94 

2021; Junaedi et al., 2021). As a result, students must be able to think creatively in mathematics. 95 

Many experts have presented indicators of creative thinking skills. A person with strong creative 96 

thinking abilities must meet four criteria: fluency, flexibility, originality, and elaboration (Jumadi et al., 2020; 97 

Rahayuningsih et al., 2021). Fluency is the ability to generate many types of ideas to solve problems. Flexibility 98 

refers to the capacity to provide multiple solutions to a situation. Originality is the ability to articulate original 99 
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thoughts that have not previously been considered. Elaboration refers to the ability to develop ideas or 100 

thoughts and explain problems in detail. Therefore, fluency, flexibility, originality, and elaboration are the 101 

indicators of creative thinking ability in this study, according to this explanation. 102 

Solving mathematical problems, particularly contextual ones, is essential for students to develop 103 

creative thinking skills (Bintoro et al., 2021; Cho & Kim, 2020; Peltier & Peltier, 2020). This is because 104 

contextual problem-solving in mathematics can provide students with various ideas based on real-life 105 

experiences (Hawa et al., 2019; Nugroho et al., 2020). In addition, students will be able to solve contextual 106 

mathematical problems by correctly applying mathematical procedures or processes (Fonteles Furtado et al., 107 

2019; Hunukumbure et al., 2021). On the other hand, students continue to make errors when dealing with 108 

contextual challenges related to creative thinking questions (Haghverdi & Wiest, 2016; Soneira, 2022). As a 109 

result, teachers must investigate student errors in order to incorporate appropriate classroom learning 110 

strategies. 111 

Errors are a significant component of conceptual knowledge and are necessary in mathematics 112 

teaching (Barkai, 2021; Hu et al., 2022; Jones et al., 2020). As a result, teachers must be able to identify student 113 

errors through effective error analysis (Faizah et al., 2022; Peltier & Peltier, 2020). Therefore, students are 114 

encouraged to complete the activities assigned by the teacher (Kenney et al., 2020; Santia et al., 2019). Students 115 

commonly make interpretive errors, conceptual errors, procedural errors, and computational errors 116 

(calculations) (Haghverdi & Wiest, 2016; Kenney et al., 2020; Khalid & Embong, 2019; Peltier & Peltier, 2020). 117 

For example, when students turn variables into numbers, they make interpretation errors when translating or 118 

concluding a problem statement (Kshetree et al., 2021). This is usually tied to the number object (40). The 119 

conceptual error indicates a student's failure to comprehend a concept in the problem at hand and a failure to 120 

assess the connection in a situation (Ammaralikit & Chattiwat, 2020; Köğce, 2022). Procedural errors occur 121 

when students fail to modify an algorithm despite understanding the studied principles (Ammaralikit & 122 

Chattiwat, 2020; Lien et al., 2021). Finally, computational errors are connected to calculation mistakes made 123 

by students (Al-Jarf, 2022; Emara et al., 2021). These errors were caused by a variety of factors, including 124 

students' low disposition toward mathematics, a poor teaching framework, insufficient teaching ability, 125 

students' perception of complex mathematics material, students' limited understanding of mathematics, and a 126 

lack of understanding in students' higher-order thinking capacity (Kshetree et al., 2021; Prayitno et al., 2022). 127 

As a result, assessing students' mental processes when solving mathematical assignments is vital. 128 

The Action-Process-Object-Schema (APOS) theory can be used to investigate students' mental 129 

processes when answering contextual challenges related to creative thinking questions. The APOS theory is 130 

divided into four stages: action, process, object, and schema (Arnawa et al., 2021). In APOS theory, the action 131 

phase is carried out by an individual employing mathematical concepts in conjunction with a specific algorithm, 132 

directed by external stimuli during the action phase (Arnawa et al., 2021; Bintoro et al., 2021; Moon, 2019). 133 

The process phase of APOS theory includes repetitive actions and reflection, which help shift from relying on 134 

external signals to relying on internal cues (Arnawa et al., 2021; Boz-Yaman & Yiğit Koyunkaya, 2019; Tatira, 135 

2021). The object phase of APOS theory focuses on recognizing that specific processes and transformations of 136 

action are regarded as a single entity, allowing for explicit shifts (Van Melle & Ferreira, 2022). Finally, the 137 

schema phase is a collection of predetermined ideas about actions, processes, objects, and schemas that are 138 

combined to build a mathematical structure for solving mathematical problems (Arnawa et al., 2021; Moru, 139 

2020). APOS theory investigates what occurs in a person's mind when learning a mathematical concept and the 140 

successes and failures encountered during mathematical activities. 141 

APOS theory provides a structured cognitive development pathway that supports mathematics 142 

creative thinking skills in mathematics. For creative thinking to be effective, students often need to develop 143 

high-level schemas (the final APOS stage). Incomplete progression through the APOS stages can limit creative 144 

thinking to less flexible or shallow approaches, potentially leading to errors. Mathematics creativeCreative 145 

thinking skillsin mathematics can lead to errors when students generate novel solutions without a complete 146 

conceptual understanding. Creative ideas in mathematics need to be based on well-formed schemas; otherwise, 147 

students may design flawed approaches due to over-reliance on intuition or incomplete processing. Errors 148 
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often highlight gaps in APOS development, especially when students fail to transition smoothly between stages 149 

(e.g., from process to object). This framework can explain why some errors occur even in students who are 150 

adept at generating creative solutions but lack schema understanding. 151 

There have been numerous studies done on error analysis. Research (Didiş Kabar & Erbaş, 2021) 152 

shows that students make mistakes in the four presented model problems. According to Polya, research from 153 

(Sukoriyanto et al., 2016) reveals that students continue to make errors when tackling permutation and 154 

combination problems. According to (Sari et al., 2018), the most common inaccuracy in representational 155 

abilities is problem-solving employing arithmetic symbols. According to research from (Khalid & Embong, 156 

2019), errors that arise when completing common problems using integer operations are misconceptions. 157 

According to research from (Ozrecberoglu et al., 2022), student accomplishment in answering non-routine 158 

math tasks is low since errors occur frequently. Finally, according to the findings of (Jones et al., 2020), students 159 

had difficulties solving problems involving fractions. 160 

According to the Numerous studies have been conducted on error analysis. Research by Didiş Kabar 161 
and Erbaş (2021) shows that students make mistakes in the four presented model problems. According to 162 
Polya, research by Sukoriyanto et al. (2016) reveals that students continue to make errors when tackling 163 
permutation and combination problems. Sari et al. (2018) state that the most common inaccuracy in 164 
representational abilities is problem-solving using arithmetic symbols. Research by Khalid and Embong (2019) 165 
indicates that errors arising when completing common problems involving integer operations are 166 
misconceptions. Ozrecberoglu et al. (2022) found that student performance in answering non-routine math 167 
tasks is low due to the frequent occurrence of errors. Finally, Jones et al. (2020) found that students had 168 
difficulties solving problems involving fractions. 169 

According to previous research findings, academics have yet to examine the types of errors caused by 170 
students make when answering contextual problems onrelated to mathematical creative thinking problems 171 
utilizingusing APOS theory. This gap in the literature encouraged the researchers to conduct a study in this area 172 
to uncover and identify errors made by elementary school students when solving contextual problems that 173 
requiredrequire creative thinking skills using, utilizing APOS theory. By usingapplying APOS theory, this study 174 
seeksaims to identify students' errors in solving contextual difficulties onproblems related to creative thinking 175 
topics. The researchers chose the APOS theory because it maycan describe students' mental actionsprocesses 176 
in constructing mathematical concepts. Furthermore, this initial identification is critical for shaping students' 177 
creative thinking skills so that, allowing for the development of relevant learning models based on studythe 178 
study's findings may be constructed. 179 

2. METHODS 180 

2.1 Research Design 181 
The exploratory descriptive approach is used in this study's qualitative investigation. When 182 

studentsThis approach aims to collect verbal data from students' responses when they complete a written test 183 
on contextual mathematical problems, this approach aims to collect verbal data from their answers.. In 184 
this studyaddition, open-ended questions were used in interviews. This is done to confirm the research 185 
subjects' responses. The issues addressed in this study include students' failuresdifficulties in answering 186 
contextual mathematical problems onrelated to creative thinking skills using the APOS theory (Action-Process-187 
Object-Schema). 188 

2. 2 Research Subject 189 
The participants in this study were all sixth-grade students from one of Cirebon Regency'sa state 190 

elementary schools. Becauseschool in Cirebon Regency. Since not all students were chosenselected as 191 
participants, the research subjects were chosen using a purposive samplesampling technique. was used to 192 
choose the research subjects. Fifty students havehad studied integer material. InWithin the allotted time, 193 
students mustwere required to solve four contextual mathematical problems that can testassessed their 194 
creative thinking skills. Based on the indicators of creative thinking indications, all response papers were 195 
collected and examinedanalyzed. Students who performed exceptionally well were not chosenselected as 196 
subjects. On the other hand, students who answered the sheet withmade errors inwhile solving contextual 197 
problems, including those involving numerical material, were considered research subjects. The research 198 
subjects were chosen based on the teacher's recommendation, specifically targeting students with good 199 
communication abilities, so that data on studentskills to facilitate the examination and identification of errors 200 
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in handling contextual problems onrelated to creative thinking skills can be easily examined and found.. Two 201 
students were chosenselected for interviews based on the teacher's recommendation. 202 

2.3. Research Instrument 203 
The test and interviews used as research instruments have been construct-validated by two 204 

mathematics education experts. The primary purpose of these tests is to identify various errors made by 205 

students. The test comprises four contextual questions, specifically designed based on indicators of students’ 206 

creative thinking abilities. These indicators are based on the four characteristics of creative thinking according 207 

to (Kshetree et al., 2021): fluency, flexibility, originality, and elaboration.students' creative thinking abilities. 208 

These indicators are based on the four characteristics of creative thinking according to Kshetree et al. (2021): 209 

fluency, flexibility, originality, and elaboration. Interviews are conducted to gather additional information from 210 

students’students' written response sheets. These interviews are unstructured, meaning that the researcher 211 

does not prepare specific questions in advance for the research subjects. Instead, students are expected to 212 

explain their responses during the interview. Interview questions are based on students’students' answers on 213 

the test sheets. Finally, the researchers confirms that confirm the test answers with the interviewed students.  214 

2.4. Data Collection 215 
Data were collected from 40 students who completed a test consisting of four essay-style questions 216 

addressing contextual challenges related to mathematical creative thinking skills. Each student was given 40 217 
minutes to finishcomplete the test and submit their answer sheet. The researchers reviewed the responses, 218 
focusing on identifying common errors made by students. The researchers then collaborated with the class 219 
teacher to pickselect six students with strong communication skills for interviews. After selecting the research 220 
subjects, interviews were conducted to further corroborate further responses from the students' written 221 
responses. Interviews lasted 45 to 60 minutes, and all of them were recorded. APOS theory was used to conduct 222 
interviews for this study to learn more aboutgain a deeper understanding of the errors’errors students made 223 
when tackling challenges involving mathematical creativity in context. The researchers then independently 224 
assessed the outcomes of the student interviews.  After selecting the research subjects, the researchers 225 
conducted interviews to further explore and clarify the students’students' written responses. Each interview, 226 
lasting between 45 and 60 minutes, was fully recorded. Using APOS theory as a framework, the interviews 227 
aimed to gain deeper insights into the specific errors students made when approaching contextual challenges 228 
in mathematical creativity. The researchers then independently reviewed and analysedanalyzed the interview 229 
results. The next step involved data triangulation, achieved by comparing the results of the written test on 230 
contextual mathematical problems related to creative thinking skills with the interview insights gathered from 231 
both the researchers and students. Based on these triangulated results, the researchers derived their final 232 
findings.  233 

 234 
 235 

2.5 Data Analysis 236 
Data analysis began with validated transcripts of interviews, student work results, and field notes, 237 

using triangulation to ensure accuracy. We used anAn open, inductive thematic approach was employed for 238 
coding, mapping transcripts into categories based on the APOS framework. Initial codes were arranged 239 
alongside the text to facilitate analysis and were continuously refined to accurately represent 240 
participants’participants' voices accurately. Qualitative data coding requires diverse strategies depending on 241 
the intended analysis. After reviewing the research questions, further analytical coding was conducted, 242 
addressing the research questions through APOS framework themes in a comparative and 243 
contractingcontrasting manner to obtain multi-perspective analytical dimensions. We carefully reviewed 244 
theThe coded transcripts were carefully reviewed to ensure that statements and quotes were accurately 245 
representative withinrepresented the analysis. All the final coding decisions were guided by the research 246 
questions and my understanding of the data at hand.  247 

3. RESULTS AND DISCUSSION 248 
According to the Fluency indicator, Figure 1 shows the findings from the contextual problem-solving 249 

test of students' critical thinking skills. Figure 1(a) depicts students' responses in Indonesian, and Figure 1(b) 250 

depicts students' responses in English. The test results demonstrated that students could not meet the Fluency 251 

indicator when answering contextual mathematical problems since, as they could not provide various 252 
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solutions. This occurred because students did not comprehend how to solve the problems, causing themleading 253 

to make mistakes. It was most likely due to students' inability to comprehendunderstand the questions 254 

raisedposed in these tasks. As a result, interviews must bewere conducted to determineidentify students' 255 

errors in solving contextual problems related to questions on the Fluency indicator utilizingusing APOS theory. 256 

 257 

 

 

 
 

(a)  

 
 

(b) 
 

Figure 1 Students’s answer: Students' answers on the Fluency indicator (a) Indonesian and (b) English. 

 258 

The results of the interviews revealed that students made an interpretationinterpretive error. It was 259 

shown that students did not write down what they know andknew or what was requested in the response. 260 

Furthermore, students drew incorrect route drawingsdiagrams based on the problems in the questions. 261 

StudentsAlthough students could convert daily language into mathematical language, but they did not 262 

understand the meaning of the questions. 263 

Figure 2 shows the results of the contextual problem-solving test of students' creative thinking skills, 264 

measured by the Flexibility indicator. Figure 2(a) depicts students' responses in Indonesian, while Figure 2(b) 265 

depicts students' responses in English. The test findings demonstrate that students did not meet the Flexibility 266 

indicator for solving contextual mathematical problems since, as they were unable to propose various solutions 267 

or approaches to the topic at hand. Furthermore, they cannotcould not present more than one approach or 268 

procedure for working on questions. ThatThis was most likely due to students' inability to understand the 269 

questions raised in answering these issues, causing them to make mistakes. As a result, interviews must bewere 270 

conducted to identify student errors in solving contextual problems using APOS theory. 271 

 272 

 

Rule 1 
True = 4x30=120-15 =105  
Wrong : 5 x 2 = 10 
 
Not Answer = 5 x 1 = 5 

(a) (b) 
Figure 2 Students’ answer: Students' answers on the Flexibility indicators (a) Indonesian and (b) English. 
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rest  

1 hours 

rest 

Students do not be able to perform the 

procedure to solve the problem  

Students do not be able to create a model for solving the 

problem. 

A B C Home 
8 km 2 km 5 km 

2 hours 

rest  

1 hours 

rest 

Students do not be able to create a model for solvin the 

problem  

Students do not be able to perform the 

procedure to solve the problem  
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The interviews revealed that students made an interpretationinterpretive error. It was shown 274 

that  students did  not write down what they knew andor what was  requested in the response. They 275 

could  convert daily language into mathematical language, but they did not  understand the significance of the 276 

questions. Students also made mistakes on the concept too. It was proved conceptual errors, as evidenced by 277 

thea student applying the incorrect operating formula onfor integers. Furthermore, students makemade 278 

incorrect choices for the numbers that areto be operated on in the problem. Students also made procedural 279 

errors because they could not fully explain thetheir answers, andas well as computational errors as well. All of 280 

thethese errors were proven by the answers ofdemonstrated in their responses to the problem. 281 

Figure 3 illustrates the outcomes of the contextual problem-solving test of students' creative thinking 282 

skills, as measured by the Originality indicator. Figure 3(a) depicts students' responses in Indonesian, whereas 283 

Figure 3(b) depicts students' responses in English. The test findings demonstrate that students were unable to 284 

meet the Originality indicator when solving contextual mathematical problems because they were unable to 285 

could not convey fresh concepts that had not been previously been considered. This was  due to students' 286 

incapacityinability to propose original ideas and their inabilityfailure to understand the questions in 287 

answeringwhen attempting to solve these problems. Using APOS theory, interviews were  conducted to identify 288 

student errors in solving contextual problems related to questions on the Originality indicator. 289 

 290 

 

Danang = 75 : 1/3  
 
 Food left  = 75 – 25  
     = 50 : 2 
     = 25 
 
Startfruits given to Gito and Irma are 25.  
 

(a) (b) 
Figure 3 Students: Students' answers on the originality indicator (a) Indonesian and (b) English. 

 291 

The results of the interviews revealed that students erredmade errors in their understanding. They 292 

did not write down what they knew and did not write down or what was  requested in the response. Students 293 

could convert daily language into mathematical language, but they did not  understand the meaning  of the 294 

questions. Students also misunderstood the concept as well. It is proven that students wereconcepts. This was 295 

demonstrated by their incorrect in usinguse of formulas for fractional operations and integer arithmetic 296 

operations. Furthermore, students made incorrect choices for the numbers that were to be operated on in the 297 

problem. StudentsThey also made procedural errors because, as they could not fully explain the answers they 298 

obtained, and made computational errors as well. Finally, it has been provenwas shown that students 299 

were provided incorrect in their final answers. 300 

Figure 4 shows the results of the contextual problem-solving exam ofon students' creative thinking 301 

skills, as measured by the Elaboration indicator. Figure 4(a) depictspresents students' responses in Indonesian, 302 

whereaswhile Figure 4(b) depicts students' shows their responses in English.  The exam results 303 

demonstratedindicated that students coulddid not meet the Elaboration indicator whilewhen answering 304 

contextual mathematical problems because they could not were unable to develop thoughts or ideas andor 305 

explain the problems thatthey had been solved in detail. This occurred was due to students' failure to describe 306 

their answers in detail, causing themwhich led to make mistakes. As a result, interviews must be conducted 307 

utilizingusing APOS theory to identify student faultserrors in solving contextual problems related to questions 308 

on the Elaboration indicator. 309 

 310 

Students do not be able to understand the 

question properly 
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Answer: 100 x ½  
 
= 50 
 
 
Then,The books received by Elsa, Fira, and Lea 
approximately 50 books for all of them.  

(a) (b) 
Figure 4 Students: Students' answers on the Elaboration indicator (a) Indonesian and (b) English. 

 311 

The interviews revealed that students made a mistakeerrors in their understanding. It was 312 

shownevident that students did not write down what they knew and did not write downor what was requested 313 

in the response. Students Although students could convert dailyeveryday language into mathematical language, 314 

but they did not understandfully grasp the significance of the questions. Students also made mistakes on the 315 

concept too. It was provedconceptual errors, as evidenced by the student applying their incorrect application 316 

of the operating formula onfor integers. Furthermore, students makemade incorrect choices for the numbers 317 

that areto be operated on in the problem. Students alsoAdditionally, students made procedural errors because 318 

they could not fully explain the answers they obtained, and they also made computational errors as well. 319 

Students with low mathematical creative thinking abilities were chosen as research subjects. This is 320 

because the students could not answer the four questions presented in contextual situations using the four 321 

indications of creative thinking abilities. Students' inability to attain indications of creative thinking skills in 322 

contextual mathematical problems was driven by a lack of familiarity with these types of questions (Ilhan & 323 

Akin, 2022; Kolar & Hodnik, 2021). In addition, students were only accustomed to challenges that did not 324 

necessitate using creative thinking skills. As a result, students must get acquainted with contextual difficulties 325 

that necessitate applying creative thinking skills (Rafiee & Abbasian-Naghneh, 2020; Yustina et al., 2022). 326 

To handle contextual difficulties, students' creative thinking skills must be developed. One approach is 327 

to employ a learning model that requires students to participate in their learning in class. Material delivery 328 

must also focus on results, and problems must provide students with challenges relating to contextual problem. 329 

This is consistent with the research(Balakrishnan, 2022), which suggests that one strategy to promote creative 330 

thinking skills in elementary school students is to use teaching strategies that require students to be active in 331 

classroom learning and acquaint them with addressing complex challenges connected to learning. 332 

Furthermore, teachers must provide immediate supportive feedback to students that allows students to 333 

actively find their answers so that students do not struggle to solve contextual problems(Kim et al., 2022). 334 

Students with low mathematical creative thinking abilities were chosen as research subjects. This is 335 

because the students could not answer the four questions presented in contextual situations using the four 336 

indicators of creative thinking abilities. Students' inability to attain indicators of creative thinking skills in 337 

contextual mathematical problems was driven by a lack of familiarity with these types of questions (İlhan & 338 

Akin, 2022; Kolar & Hodnik, 2021). In addition, students were only accustomed to challenges that did not 339 

necessitate the use of creative thinking skills. As a result, students must become acquainted with contextual 340 

difficulties that necessitate applying creative thinking skills (Rafiee & Abbasian-Naghneh, 2020; Yustina et al., 341 

2022). 342 

To handle contextual difficulties, students' creative thinking skills must be developed. One approach is 343 

to employ a learning model that requires students to actively participate in their learning in class. Material 344 

delivery must also focus on outcomes, and problems must provide students with challenges related to 345 

contextual problems. This is consistent with research by Balakrishnan (2022), which suggests that one strategy 346 

to promote creative thinking skills in elementary school students is to use teaching strategies that require 347 

students to be active in classroom learning and familiarize them with addressing complex challenges connected 348 

to learning. Furthermore, teachers must provide immediate supportive feedback to students, allowing them to 349 

actively find their answers so that students do not struggle to solve contextual problems (Kim et al., 2022). 350 

Students do not be able to describe the 

answer in details  
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In sixth-grade elementary school, two students with low creative thinking skill makeskills made 351 

mistakes when answering contextual mathematical problems. Students' common errors in solving contextual 352 

problems requiring creative thinking abilities can be divided into four categories: interpretation errors, 353 

conceptual errors, procedural errors, and computational/technical errors. Students' interpretation errors 354 

occur when they fail to understand the topic or problem in the given context. They are unable to grasp the 355 

significance of the questions posed to them. Based on the four questions givenprovided, students could not 356 

putwrite down what was  known and what was  asked in the question, causing studentsleading them to 357 

misinterpret the meaning.  358 

Furthermore, in question one, the student incorrectly described the sketch of the route image based 359 

on the difficulty of the problem. StudentsThe student created  a route using only straight lines, although the 360 

question stated that the path should return to the starting position because Budi returns to the origin. Students 361 

wereThe student was also incorrect in their findings in response to the inquiry. StudentsThey made errors in 362 

responding correctly to the presented contextual difficulties based on the four questions. Students 363 

alsoAdditionally, the students did  not fully comprehend the questions presented. This was  due to 364 

students'their inability to define or comprehend sketch drawings in a specific topic (Özdemir & Dede, 365 

2022).(Özdemir & Dede, 2022). 366 

Students committed conceptual errors, such as incorrectly applying the formula for arithmetic 367 

operations with mixed integers. In question number two, the students did performed arithmetic operations on 368 

integers without considering which rule was strongeroperation takes precedence between addition, 369 

subtraction, multiplication, and division operations causing them, which led to perform incorrectly. Students 370 

incorrect results. The students also misunderstood the division process of numbers in question number two. 371 

In response to question number two, the students answered 75 ÷
1

3
. P In this question, the students crossed out 372 

the numbers 75 and 3. It was shown, showing that the studentsthey had a wrong ideaunderstanding of division 373 

and multiplication operations. The correct notion wasconcept is 75 ÷
1

3
= 75 × 3. Additionally, students 374 

choosechose the incorrect number to operate on in the problem. This was  because studentsthey did  not fully 375 

comprehend what was  being requestedasked in the problem, causing numbers that did  not need to be 376 

operated on to become operational (Joung & Kim, 2022). (Joung & Kim, 2022). 377 

Based on the four questions, students experienced errors in choosing the numbers to operate in the 378 

questions. This is due to students’ failure to read the questions carefully, resulting in students 379 

misunderstanding what the questions signify. This demonstrates that students' knowledge of mathematical 380 

concepts remains low. This is reinforced by (Karakuş et al., 2022), which indicates that their conceptual 381 

comprehension is poor when students answer specific mathematical problems. As a result, students make 382 

conceptual errors. The finding is supported by study (Tooher & Johnson, 2020), which found that students 383 

struggle to grasp particular mathematical topics if they do not understand the ideas relevant to the studied 384 

issues. Students will make mistakes when answering problems, particularly contextual ones. Conceptual errors 385 

can also develop as a result of prior knowledge. This is consistent with the findings of a study (Jarrah et al., 386 

2022), which found that students' conceptual errors are also caused by prior mathematical learning. For 387 

example, students are unable to comprehend integer concepts since merely memorize integer formulas 388 

without applying the concept and how to apply them. As a result, students struggle to gain a correct and 389 

comprehensive comprehension of a concept (Barbieri & Booth, 2020). 390 

Based on the four questions, students experienced errors in choosing the numbers to operate on. This 391 

was due to their failure to read the questions carefully, which led to misunderstandings of what the questions 392 

actually signified. This demonstrates that students' understanding of mathematical concepts remains low. This 393 

is supported by Karakuş et al. (2022), who indicate that students' conceptual comprehension is poor when 394 

answering specific mathematical problems. As a result, students make conceptual errors. The finding is 395 

supported by a study by Tooher and Johnson (2020), which found that students struggle to grasp particular 396 

mathematical topics if they do not understand the concepts relevant to the studied issues. Students will make 397 

mistakes when answering problems, particularly contextual ones. Conceptual errors can also develop as a 398 

result of prior knowledge. This is consistent with the findings of a study by Jarrah et al. (2022), which found 399 

that students' conceptual errors are also caused by prior mathematical learning. For example, students are 400 

unable to comprehend integer concepts because they merely memorize integer formulas without 401 
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understanding the concept or how to apply them. As a result, students struggle to gain a correct and 402 

comprehensive understanding of the concept (Barbieri & Booth, 2020). 403 

Students made  procedural errors, including failing to explain the steps on the answer sheet 404 

adequately. Students In question one, students only mentioned  the outcome in question number one. 405 

Studentsand were unable to explain the methods takenused to acquireobtain the answer from number one. 406 

Then, on problems 2in questions two and 3three, students could explain the phases of the responsesteps 407 

involved, but only partially because the, as their final answers were  incorrect. The students could not clarify 408 

their answers to question four because they misinterpreted the significance of the questionsquestion. 409 

Furthermore, students were incorrect in concluding the results of the given problem. This was demonstrated 410 

byin question five, in whichwhere students assumed  that the books delivered to Elsa, Fira, and Ina were all the 411 

same as, totaling 50 books. The problem fails to indicate that Elsa, Fira, and Ina'sthe book distribution among 412 

Elsa, Fira, and Ina was  the same amount. As a result, students did  not understand the significance of the 413 

problem, and their conclusions were incorrect. Students were also incorrect in executing integer operations 414 

when solving problems, even though they had reached the propercorrect conclusions. Therefore, students need 415 

to apply all the principles required to answer the problem to avoid making errors in determining the outcome 416 

(Hu et al., 2022).(Hu et al., 2022). Students must be able to present valid mathematical reasonsreasoning, draw 417 

conclusions, and develop generalizations in order to solve a specific mathematical problem(Köğce, 418 

2022).specific mathematical problems (Köğce, 2022). 419 

Students' technical or computational errors happened during the calculation procedure. For example, 420 

it could be discovered in the procedure of multiplying integers in problem number two. The student carries out 421 

the operation 6 × (−1) = −5. The conclusions of these calculations were incorrect; hence students' final 422 

answers to the problems were incorrect. This was consistent with the study's findings(Khalid & Embong, 423 

2019), which found that most students had broad misconceptions regarding integer operations, such as the 424 

multiplication of positive and negative integers. Errors in dividing integers by fractions occured because 425 

students were less attentive while performing operations. As a result, a technical error happened. For example, 426 

in question three, students completed the operation 75 ÷
1

3
= 25. The outcomes of these calculations were 427 

inaccurate, causing students to conclude the final answer to the presented questions incorrectly. According to 428 

the study, the most common mistakes students make in the operation of dividing integers are those who are 429 

negligent in using the methods of the problems supplied (Üzel, 2018). As a result, students must have strong 430 

fundamental mathematical problem-solving abilities to solve contextual mathematical problems (Sternberg et 431 

al., 2021). This is essential to ensure that students' mistakes do not reoccur. 432 

According to the findings, sixth-grade students were still in the action stage of the APOS theory. This 433 

occurs because students Students' technical or computational errors occurred during the calculation 434 

procedure. For example, this can be observed in the process of multiplying integers in problem number two. 435 

The student carried out the operation 6 × (-1) = -5. The conclusions of these calculations were incorrect, 436 

resulting in incorrect final answers to the problems. This finding aligns with the study by Khalid and Embong 437 

(2019), which found that most students had broad misconceptions regarding integer operations, such as the 438 

multiplication of positive and negative integers. Errors in dividing integers by fractions occurred because 439 

students were less attentive while performing operations. As a result, a technical error occurred. For example, 440 

in question three, students completed the operation 75 ÷
1

3
= 25. The outcomes of these calculations were 441 

inaccurate, causing students to conclude the final answer to the presented questions incorrectly. According to 442 

the study, the most common mistakes students make in the operation of dividing integers are those who are 443 

negligent in using the methods provided in the problems (Üzel, 2018). As a result, students must have strong 444 

fundamental mathematical problem-solving abilities to solve contextual mathematical problems (Sternberg et 445 

al., 2021). This is essential to ensure that students' mistakes do not reoccur. 446 

According to the findings, sixth-grade students were still in the action stage of the APOS theory. This 447 

occurs because students lack an APOS conceptual structure, causingwhich causes them to make errors when 448 

faced with contextual mathematical problems. For example, students have trouble implementing integer 449 

operations due to a lack of conceptual structure connected to the process, object, and schema stages(Kshetree 450 

et al., 2021).related to the process, object, and schema stages (Kshetree et al., 2021). This demonstrates that 451 

students cannot manage the application of theorems and formulas required for specific mathematical 452 
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problems. Based on the APOS theory analysis findings, students have difficulties understanding the ideaconcept 453 

of operations on numbers. This is because when the students were, at the previous level, theystudents could 454 

not understand the notionconcept of operations on integers, causingwhich caused them to make errors in 455 

solving the problems presented. Students only memorize formulas, so they struggle when they learnlearning 456 

about the ideaconcept of operations on integers.  457 

In addition, students lack experience understanding integer operations, do not fully understand the 458 

concept of integer operations, and have minimal prior knowledge of integer operations atfrom the previous 459 

level. As a result, teachers must have an effective strategy to identify student errors. One technique for reducing 460 

student errors in handling contextual problems is to hold open discussions focusing on efforts to overcome 461 

student errors during the learning process (Ilhan & Akin, 2022).that focus on efforts to overcome student 462 

errors during the learning process (İlhan & Akin, 2022). 463 

Assessing and analyzing students' errors in completing contextual problems on creative thinking skills 464 

is considered an essential tool for learning(Rahayuningsih et al., 2021). Furthermore, it is indicated that to 465 

overcome cognitive obstacles in solving difficulties presented in learning mathematics, and students must have 466 

a positive mindset and optimal thinking activities that activate prior knowledge and experience in solving 467 

specific problems. Since students in different courses differ in their capacities for creative thought, the 468 

understanding of particular students should be considered while designing a teacher's thinking activity(Jumadi 469 

et al., 2020). 470 

These findings suggest that teachers should appropriately prepare students on the classroom's 471 
procedural and conceptual parts of mathematics. Both features are critical in comprehending mathematical 472 
material (Barbieri & Booth, 2020). Identifying students' errors in addressing contextual mathematical problem 473 
and the skill to think creatively on integer operations has helped teachers recognize students' shortcomings. 474 
This will assist the teacher in preparing classroom activities and addressing errors that occur. Students' errors 475 
are caused by a lack of creative thinking skills when tackling contextual mathematical problems. According to 476 
(Tooher & Johnson, 2020), a student with low notions in creative thinking skills will make mistakes in solving 477 
the problem. Therefore, students' skill to think creatively must be developed so that similar errors will not 478 
occur again. After improving their creative thinking skills, students will develop their own formulas or 479 
principles for solving mathematical problems. According to the research, strengthening mathematical creative 480 
thinking skills would allow students to pay attention to all components required to assist in solving 481 
mathematical problems, allowing them to find formulas or rules on their own (Foster, 2021). 482 

Assessing and analyzing students' errors in completing contextual problems on creative thinking skills 483 
is considered an essential tool for learning (Rahayuningsih et al., 2021). Furthermore, it is indicated that to 484 
overcome cognitive obstacles in solving difficulties presented in mathematics learning, students must have a 485 
positive mindset and engage in optimal thinking activities that activate prior knowledge and experience in 486 
solving specific problems. Since students in different courses differ in their capacities for creative thought, the 487 
understanding of individual students should be considered while designing a teacher's thinking activity 488 
(Jumadi et al., 2020). 489 

These findings suggest that teachers should appropriately prepare students on both the procedural 490 
and conceptual aspects of mathematics. Both features are critical in comprehending mathematical material 491 
(Barbieri & Booth, 2020). Identifying students' errors in addressing contextual mathematical problems and 492 
their ability to think creatively about integer operations has helped teachers recognize students' shortcomings. 493 
This will assist teachers in preparing classroom activities and addressing errors that occur. Students' errors 494 
are caused by a lack of creative thinking skills when tackling contextual mathematical problems. According to 495 
Tooher and Johnson (2020), a student with low skills in creative thinking will make mistakes in solving the 496 
problem. 497 

Therefore, students' ability to think creatively must be developed so that similar errors do not occur 498 
again. After improving their creative thinking skills, students will be able to develop their own formulas or 499 
principles for solving mathematical problems. According to the research, strengthening mathematical creative 500 
thinking skills would allow students to pay attention to all components required to solve mathematical 501 
problems, enabling them to discover formulas or rules on their own (Foster, 2021). 502 

4. CONCLUSSION 503 
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Based on the research results and discussion, it concludescan be concluded that the students selected 504 

for the study did not meet the four creative thinking markersindicators of fluency, flexibility, originality, and 505 

elaboration. This incapacity was  caused by errors made by students when tackling contextual problem-solving 506 

difficulties usingtasks that required creative thinking skills. According to the APOS theory, student errors 507 

include: (1)  Misinterpretation errors: incorrectly converting  the questions into mathematical 508 

language/symbols and misinterpreting the given questions; (2)  Conceptual errors: students misused formulas 509 

while countingwhen working with fractions and integers. Furthermore, students made wrongincorrect choices 510 

for the numbers that were  operated on in the problem; (3)  Procedural error: the student errors: students 511 

improperly concluded  the question. This was occurred because students failed to pay attention to what 512 

was  asked in the question and were  incorrect in carrying out the processes needed to solve the problem 513 

because students , as they were unable to explain the solutions they had received.; 514 

(4)  Technical/computingcomputational errors: students made errorsmistakes in computations involving 515 

integer operations, and students'their final answers to the questions they worked on were incorrect. 516 

Future studystudies should lead tofocus on the development of new learning models capable of 517 

improving mathematical creative thinking skills. This is significant because research shows that kidsstudents 518 

with strong creative thinking skills adapt fastquickly to new issuesproblems. On the other hand, students who 519 

lack creative thinking skills will have difficulty solving an issue.struggle to solve problems. Future research 520 

should investigateexplore how students think while tackling contextual problems in mathematics. Identifying 521 

students' cognitive processes will help them gain a better grasp becauseunderstanding, as they take a particular 522 

approach to problem-solving. in specific ways. When teachers understand their students' thought processes, 523 

they can quickly identify students' challenges quickly whenin solving mathematical problems. As a result, the 524 

teacher can modifyadjust the learning paradigmapproach for the next meetingfuture lessons. 525 
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ABSTRACT 
    

Individuals with strong creative thinking abilities are particularly adept at 
effectively addressing mathematical contextual problems. However, students often 
need more vital creative thinking skills in the classroom, frequently due to errors they 
make themselves. This study aims to identify students’ specific errors when solving 
contextual problems related to integer operations. This research adopts a qualitative 
approach, using an exploratory and descriptive technique, focusing on sixth-grade 
elementary school students. Participants were selected based on the teacher’s 
recommendations, specifically targeting students with strong communication skills to 
comprehensively examine their errors in dealing with contextual problems and their 
creative thinking skills. The research utilized tests and interviews as instruments for 
data collection, incorporating methodologies such as testing, interviewing, and 
triangulation. The results indicate a significant deficiency in students’ innovative 
thinking skills, rendering them unable to solve problems effectively, which leads to an 
inability to meet the four criteria of creative thinking. Based on the Action-Process-
Objects-Scheme (APOS) theory, the identified errors in students’ approaches to 
contextual mathematical problems can be categorized into four types: (1) interpretive 
errors, (2) errors in conceptual understanding, (3) procedural errors, and (4) 
computational or technical errors. The insight gained from this study can inform the 
design of integer learning activities, helping minimize contextual problem-solving 
mistakes that require creative thinking skills. Consequently, further research is 
essential to develop a mathematical learning model that can enhance students’ 
mathematical creative thinking abilities. 
    

Keywords:  Contextual problems; mathematical creative thinking skills; error 
identification 
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1. INTRODUCTION 
  

Creative thinking is essential in the twenty-first century, particularly in the field of education (Cooper, 
2021; Smith, 2022; Rahayuningsih et al., 2021). As one of the objectives of mathematics education, creative 
thinking can assist students in understanding their surroundings (Puspitasari et al., 2019; Yayuk et al., 2020). 
Furthermore, creative thinking plays a role in achieving meaningful learning (Ammaralikit & Chattiwat, 2020; 
Junaedi et al., 2021). As a result, teachers must foster creative thinking in classroom learning activities. 
Thinking creatively in mathematics is a key component for students in addressing mathematical difficulties, as 
it allows them to consider new facts and ideas while solving mathematical problems (Ndiung et al., 2021; 
Puspitasari et al., 2019). The ability to think creatively in mathematics can also be described as a cognitive 
function that refers to the capacity to develop mathematical ideas and concepts (Nwoke, 2021; Yayuk et al., 
2020). Furthermore, the ability to think creatively in mathematics is one of the features of higher-order 
thinking, allowing students to generate new ideas from difficult problems (Ali et al., 2021; Junaedi et al., 2021). 
As a result, students must be able to think creatively in mathematics. 

Many experts have presented indicators of creative thinking skills. A person with strong creative 
thinking abilities must meet four criteria: fluency, flexibility, originality, and elaboration (Jumadi et al., 2020; 
Rahayuningsih et al., 2021). Fluency is the ability to generate many types of ideas to solve problems. Flexibility 
refers to the capacity to provide multiple solutions to a situation. Originality is the ability to articulate original 
thoughts that have not previously been considered. Elaboration refers to the ability to develop ideas or 
thoughts and explain problems in detail. Therefore, these are the indicators of creative thinking ability in this 
study, according to this explanation. 

Contextual problem-solving in mathematics can provide students with various ideas based on real-life 
experiences (Hawa et al., 2019; Nugroho et al., 2020). In addition, students will be able to solve contextual 
mathematical problems by correctly applying mathematical procedures or processes (Fonteles Furtado et al., 
2019; Hunukumbure et al., 2021). On the other hand, students continue to make errors when dealing with 
contextual challenges related to creative thinking questions (Haghverdi & Wiest, 2016; Soneira, 2022). As a 
result, teachers should investigate student errors in order to incorporate appropriate classroom learning 
strategies. 

Errors are a significant component of conceptual knowledge and are necessary in mathematics 
teaching (Barkai, 2021; Hu et al., 2022; Jones et al., 2020). As a result, teachers need to be able to identify 
student errors through effective error analysis (Faizah et al., 2022; Peltier & Peltier, 2020). Therefore, students 
are encouraged to complete the activities assigned by the teacher (Kenney et al., 2020; Santia et al., 2019). 
Students commonly make interpretive errors, conceptual errors, procedural errors, and computational errors 
(calculations) (Haghverdi & Wiest, 2016; Kenney et al., 2020; Khalid & Embong, 2019; Peltier & Peltier, 2020). 
For example, when students turn variables into numbers, they make interpretation errors when translating or 
concluding a problem statement (Kshetree et al., 2021). This is usually tied to the number object (40). The 
conceptual error indicates a student's failure to comprehend a concept in the problem at hand and a failure to 
assess the connection in a situation (Ammaralikit & Chattiwat, 2020; Köğce, 2022). Procedural errors occur 
when students fail to modify an algorithm despite understanding the principles (Ammaralikit & Chattiwat, 
2020; Lien et al., 2021). Finally, computational errors are connected to calculation mistakes made by students 
(Al-Jarf, 2022; Emara et al., 2021). These errors were caused by a variety of factors, including students' low 
disposition toward mathematics, a poor teaching framework, insufficient teaching ability, students' perception 
of complex mathematics material, students' limited understanding of mathematics, and a lack of understanding 
in students' higher-order thinking capacity (Kshetree et al., 2021; Prayitno et al., 2022). As a result, assessing 
students' mental processes when solving mathematical assignments is vital. 

The Action-Process-Object-Schema (APOS) theory can be used to investigate students' mental 
processes when answering contextual challenges related to creative thinking questions. The APOS theory is 
divided into four stages: action, process, object, and schema (Arnawa et al., 2021). In APOS theory, the action 
phase is carried out by an individual employing mathematical concepts in conjunction with a specific algorithm, 
directed by external stimuli during the action phase (Arnawa et al., 2021; Bintoro et al., 2021; Moon, 2019). 
The process phase of APOS theory includes repetitive actions and reflection, which help shift from relying on 
external signals to relying on internal cues (Arnawa et al., 2021; Boz-Yaman & Yiğit Koyunkaya, 2019; Tatira, 
2021). The object phase of APOS theory focuses on recognizing that specific processes and transformations of 
action are regarded as a single entity, allowing for explicit shifts (Van Melle & Ferreira, 2022). Finally, the 
schema phase is a collection of predetermined ideas about actions, processes, objects, and schemas that are 
combined to build a mathematical structure for solving mathematical problems (Arnawa et al., 2021; Moru, 
2020). APOS theory investigates what occurs in a person's mind when learning a mathematical concept and 
the successes and failures encountered during mathematical activities. 
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APOS theory provides a structured cognitive development pathway that supports creative thinking 
skills in mathematics. For creative thinking to be effective, students often need to develop high-level schemas 
(the final APOS stage). Incomplete progression through the APOS stages can limit creative thinking to less 
flexible or shallow approaches, potentially leading to errors. Creative thinking in mathematics can lead to 
errors when students generate novel solutions without a complete conceptual understanding. Creative ideas 
in mathematics need to be based on well-formed schemas; otherwise, students may design flawed approaches 
due to over-reliance on intuition or incomplete processing. Errors often highlight gaps in APOS development, 
especially when students fail to transition smoothly between stages (e.g., from process to object). This 
framework can explain why some errors occur even in students who are adept at generating creative solutions 
but lack schema understanding. 

Numerous studies have been conducted on error analysis. Research by Didiş Kabar and Erbaş (2021) 
shows that students make mistakes in the four presented model problems. According to Polya, research by 
Sukoriyanto et al. (2016) reveals that students continue to make errors when tackling permutation and 
combination problems. Sari et al. (2018) state that the most common inaccuracy in representational abilities 
is problem-solving using arithmetic symbols. Research by Khalid and Embong (2019) indicates that errors 
arising when completing common problems involving integer operations are misconceptions. Ozrecberoglu et 
al. (2022) found that student performance in answering non-routine math tasks is low due to the frequent 
occurrence of errors. Finally, Jones et al. (2020) found that students had difficulties solving problems involving 
fractions. 

According to previous research findings, academics have yet to examine the types of errors students 
make when answering contextual problems related to mathematical creative thinking using APOS theory. This 
gap in the literature encouraged the researchers to conduct a study to uncover and identify errors made by 
elementary school students when solving contextual problems that require creative thinking skills, utilizing 
APOS theory. By applying APOS theory, this study aims to identify students' errors in solving contextual 
problems related to creative thinking topics. The researchers chose the APOS theory because it can describe 
students' mental processes in constructing mathematical concepts. Furthermore, this initial identification is 
critical for shaping students' creative thinking skills, allowing for the development of relevant learning models 
based on the study's findings. 
 
 

2. METHODS 
 

2.1 Research design 
The exploratory descriptive approach is used in this study's qualitative investigation. This approach 

aims to collect verbal data from students' responses when they complete a written test on contextual 
mathematical problems. In addition, open-ended questions were used in interviews to confirm the research 
subjects' responses. The issues addressed in this study include students' difficulties in answering contextual 
mathematical problems related to creative thinking skills using the APOS theory (Action-Process-Object-Schema). 

2.2 Research subject 
The participants in this study were all sixth-grade students from a state elementary school in Cirebon 

Regency. Since not all students were selected as participants, a purposive sampling technique was used to 
choose the research subjects. Fifty students had studied integer material. Within the allotted time, students 
were required to solve four contextual mathematical problems that assessed their creative thinking skills. 
Based on the indicators of creative thinking, all response papers were collected and analyzed. Students who 
performed exceptionally well were not selected as subjects. On the other hand, students who made errors while 
solving contextual problems, including those involving numerical material, were considered research subjects. 
The research subjects were chosen based on the teacher's recommendation, specifically targeting students 
with good communication skills to facilitate the examination and identification of errors in handling contextual 
problems related to creative thinking skills. Two students were selected for interviews based on the teacher's 
recommendation. 

2.3 Research instrument 
The test and interviews used as research instruments have been construct-validated by two 

mathematics education experts. The primary purpose of these tests is to identify various errors made by 
students. The test comprises four contextual questions, specifically designed based on indicators of students' 
creative thinking abilities. These indicators are based on the four characteristics of creative thinking according 
to Kshetree et al. (2021): fluency, flexibility, originality, and elaboration. Interviews are conducted to gather 
additional information from students' written response sheets. These interviews are unstructured, meaning 
that the researchers do not prepare specific questions in advance for the research subjects. Instead, students 
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are expected to explain their responses during the interview. Interview questions are based on students' 
answers on the test sheets. Finally, the researchers confirm the test answers with the interviewed students. 

2.4 Data collection 
Data were collected from 40 students who completed a test consisting of four essay-style questions 

addressing contextual challenges related to mathematical creative thinking skills. Each student was given 40 
minutes to complete the test and submit their answer sheet. The researchers reviewed the responses, focusing 
on identifying common errors made by students. The researchers then collaborated with the class teacher to 
select six students with strong communication skills for interviews. After selecting the research subjects, 
interviews were conducted to further corroborate the students' written responses. Interviews lasted 45 to 60 
minutes, and all of them were recorded. The APOS theory was used to conduct interviews for this study to gain 
a deeper understanding of the error students made when tackling challenges involving mathematical creativity 
in context. The researchers then independently assessed the outcomes of the student interviews. After 
selecting the research subjects, the researchers conducted interviews to further explore and clarify the 
students' written responses. Each interview, lasting between 45 and 60 minutes, was fully recorded. Using the 
APOS theory as a framework, the interviews aimed to gain deeper insights into the specific error students made 
when approaching contextual challenges in mathematical creativity. The researchers then independently 
reviewed and analyzed the interview results. The next step involved data triangulation, achieved by comparing 
the results of the written test on contextual mathematical problems related to creative thinking skills with the 
interview insights gathered from both the researchers and students. Based on these triangulated results, the 
researchers derived their final findings. 

2.5 Data analysis 
Data analysis began with validated transcripts of interviews, student work results, and field notes, 

using triangulation to ensure accuracy. An open, inductive thematic approach was employed for coding, 
mapping transcripts into categories based on the APOS framework. Initial codes were arranged alongside the 
text to facilitate analysis and were continuously refined to accurately represent participants' voices. Qualitative 
data coding requires diverse strategies depending on the intended analysis. After reviewing the research 
questions, further analytical coding was conducted, addressing the research questions through APOS 
framework themes in a comparative and contrasting manner to obtain multi-perspective analytical 
dimensions. The coded transcripts were carefully reviewed to ensure that statements and quotes accurately 
represented the analysis. All final coding decisions were guided by the research questions and the researchers’ 
understanding of the data at hand. 
 
 
3. RESULTS AND DISCUSSION 
 

According to the Fluency indicator, Figure 1 shows the findings from the contextual problem-solving 
test of students' critical thinking skills. Figure 1(a) depicts students' responses in Indonesian, and Figure 1(b) 
depicts students' responses in English. The test results demonstrated that students could not meet the Fluency 
indicator when answering contextual mathematical problems, as they could not provide various solutions. This 
occurred because students did not comprehend how to solve the problems, leading to mistakes. It was likely 
due to students' inability to understand the questions posed in these tasks. As a result, interviews were 
conducted to identify students' errors in solving contextual problems related to the Fluency indicator using the 
APOS theory. 

 

 
 
 

 

(a) (b) 
 

Figure 1: Students' answers on the Fluency indicator in Indonesian (a) and in English (b) 
 

A B C Home 
8 km 2 km 5 km 

2 hours 
  

1 hours 
 

Students do not be able to create a model for solving the 
problem. 
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The results of the interviews revealed that students made an interpretive error. It was shown that 
students did not write down what they knew or what was requested in the response. Furthermore, students 
drew incorrect route diagrams based on the problems in the questions. Although students could convert daily 
language into mathematical language, they did not understand the meaning of the questions. 

Figure 2 shows the results of the contextual problem-solving test of students' creative thinking skills, 
measured by the Flexibility indicator. Figure 2(a) depicts students' responses in Indonesian, while Figure 2(b) 
depicts students' responses in English. The test findings demonstrate that students did not meet the Flexibility 
indicator for solving contextual mathematical problems, as they were unable to propose various solutions or 
approaches to the topic at hand. Furthermore, they could not present more than one approach or procedure 
for working on questions. This was likely due to students' inability to understand the questions raised in 
answering these issues, causing them to make mistakes. As a result, interviews were conducted to identify 
student errors in solving contextual problems using the APOS theory. 

 

 

Rule 1 
True = 4 x 30 = 120-15 =105  
Wrong = 5 x 2 = 10 
 
Not Answer = 5 x 1 = 5 

(a) (b) 

 
Figure 2: Students' answers on the Flexibility indicators in Indonesian (a) and in English (b) 

 
The interviews revealed that students made an interpretive error. It was shown that students did not 

write down what they knew or what was requested in the response. They could convert daily language into 
mathematical language, but they did not understand the significance of the questions. Students also made 
conceptual errors, as evidenced by a student applying the incorrect operating formula for integers. 
Furthermore, students made incorrect choices for the numbers to be operated on in the problem. Students also 
made procedural errors because they could not fully explain their answers, as well as computational errors. All 
of these errors were demonstrated in their responses to the problem. 

Figure 3 illustrates the outcomes of the contextual problem-solving test of students' creative thinking 
skills, as measured by the Originality indicator. Figure 3(a) depicts students' responses in Indonesian, whereas 
Figure 3(b) depicts students' responses in English. The test findings demonstrate that students were unable to 
meet the Originality indicator when solving contextual mathematical problems because they could not convey 
fresh concepts that had not been previously considered. This was due to students' inability to propose original 
ideas and their failure to understand the questions when attempting to solve these problems. Using the APOS 
theory, interviews were conducted to identify student errors in solving contextual problems related to 
questions on the Originality indicator. 

 

 
 

Danang = 75 : 1/3  
 
 Food left = 75 – 25  
     = 50 : 2 
     = 25 
 
Startfruits given to Gito and Irma are 25.  

 

(a) (b) 
 

Figure 3: Students' answers on the Originality indicator in Indonesian (a) and in English (b) 

Students do not be able to understand the 
question properly 

Students do not be able to perform the 
procedure to solve the problem  
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The results of the interviews revealed that students made errors in their understanding. They did not 
write down what they knew or what was requested in the response. Students could convert language into 
mathematical language, but they did not understand the meaning of the questions. Students also 
misunderstood the concepts. This was demonstrated by their incorrect use of formulas for fractional and 
integer arithmetic operations. Furthermore, students made incorrect choices for the numbers to be operated 
on in the problem. They also made procedural errors, as they could not fully explain the answers they obtained, 
and computational errors as well. Finally, it was shown that students provided incorrect final answers. 

Figure 4 shows the results of the contextual problem-solving exam on students' creative thinking skills, 
as measured by the Elaboration indicator. Figure 4(a) presents students' responses in Indonesian, while Figure 
4(b) shows their responses in English. The exam results indicated that students did not meet the Elaboration 
indicator when answering contextual mathematical problems because they were unable to develop ideas or 
explain the problems they had solved in detail. This was due to students' failure to describe their answers in 
detail, which led to mistakes. As a result, interviews need to be conducted using the APOS theory to identify 
student errors in solving contextual problems related to the Elaboration indicator. 

 

 

Answer: 100 x 1/2  
 
= 50 
 
 
The books received by Elsa, Fira, and Lea 
approximately 50 books for all of them.  

(a) (b) 

 
Figure 4: Students' answers on the Elaboration indicator in Indonesian (a) and in English (b) 

 
The interviews revealed that students made errors in their understanding. It was evident that students 

did not write down what they knew or what was requested in the response. Although students could convert 
everyday language into mathematical language, they did not fully grasp the significance of the questions. 
Students also made conceptual errors, as evidenced by their incorrect application of the operating formula for 
integers. Furthermore, students made incorrect choices for the numbers to be operated on in the problem. 
Additionally, students made procedural errors because they could not fully explain the answers they obtained, 
and they also made computational errors. 

Students with low mathematical creative thinking abilities were chosen as research subjects. This is 
because the students could not answer the four questions presented in contextual situations using the four 
indicators of creative thinking abilities. Students' inability to attain indicators of creative thinking skills in 
contextual mathematical problems was driven by a lack of familiarity with these types of questions (Ilhan & 
Akin, 2022; Kolar & Hodnik, 2021). In addition, students were accustomed to challenges that did not necessitate 
the use of creative thinking skills. As a result, students must become acquainted with contextual difficulties 
that necessitate applying creative thinking skills (Rafiee & Abbasian-Naghneh, 2020; Yustina et al., 2022). 

To handle contextual difficulties, students' creative thinking skills need to be developed. One approach 
is to employ a learning model that requires students to actively participate in their learning in class. Material 
delivery must also focus on outcomes, and problems must provide students with challenges related to 
contextual problems. This is consistent with research by Balakrishnan (2022), which suggests that one strategy 
to promote creative thinking skills in elementary school students is to use teaching strategies that require 
students to be active in classroom learning and familiarize them with addressing complex challenges connected 
to learning. Furthermore, teachers must provide immediate supportive feedback to students, allowing them to 
actively find their answers so that students do not struggle to solve contextual problems (Kim et al., 2022). 

In sixth-grade elementary school, two students with low creative thinking skills made mistakes when 
answering contextual mathematical problems. Students' common errors in solving contextual problems 
requiring creative thinking abilities can be divided into four categories: interpretation errors, conceptual 
errors, procedural errors, and computational/technical errors. Students' interpretation errors occur when they 
fail to understand the topic or problem in the given context. They are unable to grasp the significance of the 
questions posed to them. Based on the four questions provided, students could not write down what was 
known and what was asked in the question, leading them to misinterpret the meaning. 

Students do not be able to describe the 
answer in details  
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In question one, the student incorrectly described the sketch of the route image based on the difficulty 
of the problem. The student created a route using only straight lines, although the question stated that the path 
should return to the starting position because Budi returns to the origin. The student was also incorrect in their 
findings in response to the inquiry. They made errors in responding correctly to the presented contextual 
difficulties based on the four questions. Additionally, the students did not fully comprehend the questions 
presented. This was due to their inability to define or comprehend sketch drawings in a specific topic (Özdemir 
& Dede, 2022). 

Students made conceptual errors, such as incorrectly applying the formula for arithmetic operations 
with mixed integers. In question two, the students performed arithmetic operations on integers without 
considering which operation takes precedence between addition, subtraction, multiplication, and division, 
which led to incorrect results. The students also misunderstood the division process of numbers in question 

two. In response to question two, the students answered 75 ÷ 1
3
. In this question, the students crossed out the 

numbers 75 and 3, showing that they had a wrong understanding of division and multiplication operations. 

The correct concept is 75 ÷ 1
3
= 75 × 3. Additionally, students chose the incorrect number to operate on in the 

problem. This was because they did not fully comprehend what was being asked in the problem, causing 
numbers that did not need to be operated on to become operational (Joung & Kim, 2022). 

Based on the four questions, students experienced errors in choosing the numbers to operate on. This 
was due to their failure to read the questions carefully, which led to misunderstandings of what the questions 
actually signified. Students' understanding of mathematical concepts remains low. The result is supported by 
Karakuş et al. (2022), who indicate that students' conceptual comprehension is poor when answering specific 
mathematical problems. As a result, students make conceptual errors. The finding is supported by a study by 
Tooher and Johnson (2020), which found that students struggle to grasp particular mathematical topics if they 
do not understand the concepts relevant to the studied issues. Students will make mistakes when answering 
problems, particularly contextual ones. Conceptual errors can also develop as a result of prior knowledge. This 
is consistent with the findings of a study by Jarrah et al. (2022), which found that students' conceptual errors 
are also caused by prior mathematical learning. For example, students are unable to comprehend integer 
concepts because they merely memorize integer formulas without understanding the concept or how to apply 
them. As a result, students struggle to gain a correct and comprehensive understanding of the concept (Barbieri 
& Booth, 2020). 

Students made procedural errors, including failing to explain the steps on the answer sheet 
adequately. In question one, students only mentioned the outcome and were unable to explain the methods 
used to obtain the answer. Then, in questions two and three, students could explain the steps involved, but only 
partially, as their final answers were incorrect. The students could not clarify their answers to question four 
because they misinterpreted the significance of the question. Furthermore, students were incorrect in 
concluding the results of the given problem. This was demonstrated in question five, where students assumed 
that the books delivered to Elsa, Fira, and Ina were all the same, totaling 50 books. The problem fails to indicate 
that the book distribution among Elsa, Fira, and Ina was the same. As a result, students did not understand the 
significance of the problem, and their conclusions were incorrect. Students were also incorrect in executing 
integer operations when solving problems, even though they had reached the correct conclusions. Therefore, 
students need to apply all the principles required to answer the problem to avoid errors in determining the 
outcome (Hu et al., 2022). Students must be able to present valid mathematical reasoning, draw conclusions, 
and develop generalizations in order to solve specific mathematical problems (Köğce, 2022). 

Students' technical or computational errors occurred during the calculation procedure. For example, 
this can be observed in the process of multiplying integers in problem number two. The student carried out the 
operation 6 × (-1) = -5. The conclusions of these calculations were incorrect, resulting in incorrect final answers 
to the problems. This finding aligns with the study by Khalid and Embong (2019), which found that most 
students had broad misconceptions regarding integer operations, such as the multiplication of positive and 
negative integers. Errors in dividing integers by fractions occurred because students were less attentive while 
performing operations. As a result, a technical error occurred. For example, in question three, students 

completed the operation 75 ÷ 1
3
= 25. The outcomes of these calculations were inaccurate, causing students to 

conclude the final answer to the presented questions incorrectly. According to the study, the most common 
mistakes students make in the operation of dividing integers are those who are negligent in using the methods 
provided in the problems (Üzel, 2018). As a result, students must have strong fundamental mathematical 
problem-solving abilities to solve contextual mathematical problems (Sternberg et al., 2021). This is essential 
to ensure that students' mistakes do not reoccur. 
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According to the findings, sixth-grade students were still in the action stage of the APOS theory. This 
occurs because students lack an APOS conceptual structure, which causes them to make errors when faced 
with contextual mathematical problems. For example, students have trouble implementing integer operations 
due to a lack of conceptual structure related to the process, object, and schema stages (Kshetree et al., 2021). 
This demonstrates that students cannot manage the application of theorems and formulas required for specific 
mathematical problems. Based on the APOS theory analysis, students have difficulties understanding the 
concept of operations on numbers. This is because, at the previous level, students could not understand the 
concept of operations on integers, which caused them to make errors in solving the problems presented. 
Students only memorize formulas, so they struggle when learning about the concept of operations on integers. 

In addition, students lack experience understanding integer operations, do not fully understand the 
concept of integer operations, and have minimal prior knowledge of integer operations from the previous level. 
As a result, teachers must have an effective strategy to identify student errors. One technique for reducing 
student errors in handling contextual problems is to hold open discussions that focus on efforts to overcome 
student errors during the learning process (Ilhan & Akin, 2022). 

Assessing and analyzing students' errors in completing contextual problems on creative thinking skills 
is considered an essential tool for learning (Rahayuningsih et al., 2021). Furthermore, it is indicated that to 
overcome cognitive obstacles in solving difficulties presented in mathematics learning, students must have a 
positive mindset and engage in optimal thinking activities that activate prior knowledge and experience in 
solving specific problems. Since students in different courses differ in their capacities for creative thought, the 
understanding of individual students should be considered while designing a teacher's thinking activity 
(Jumadi et al., 2020). 

These findings suggest that teachers should appropriately prepare students on both the procedural 
and conceptual aspects of mathematics. Both features are critical in comprehending mathematical material 
(Barbieri & Booth, 2020). Identifying students' errors in addressing contextual mathematical problems and 
their ability to think creatively about integer operations has helped teachers recognize students' shortcomings. 
This will assist teachers in preparing classroom activities and addressing errors that occur. Students' errors 
are caused by a lack of creative thinking skills when tackling contextual mathematical problems. According to 
Tooher and Johnson (2020), a student with low skills in creative thinking will make mistakes in solving the 
problem. 

Therefore, students' ability to think creatively needs to be developed so that similar errors do not 
occur again. After improving their creative thinking skills, students will be able to develop their own formulas 
or principles for solving mathematical problems. According to the research, strengthening mathematical 
creative thinking skills would allow students to pay attention to all components required to solve mathematical 
problems, enabling them to discover formulas or rules on their own (Foster, 2021). 
 
 
4. CONCLUSION 
 

It can be concluded that the students selected for the study did not meet the four creative thinking 
indicators of fluency, flexibility, originality, and elaboration. This incapacity was caused by errors made by 
students when tackling contextual problem-solving tasks that required creative thinking skills. According to 
the APOS theory, student errors include: (1) Misinterpretation errors: incorrectly converting the questions into 
mathematical language/symbols and misinterpreting the given questions; (2) Conceptual errors: students 
misused formulas when working with fractions and integers. Furthermore, students made incorrect choices 
for the numbers that were operated on in the problem; (3) Procedural errors: students improperly concluded 
the question. This occurred because students failed to pay attention to what was asked in the question and 
were incorrect in carrying out the processes needed to solve the problem, as they were unable to explain the 
solutions they had received; (4) Technical/computational errors: students made mistakes in computations 
involving integer operations, and their final answers to the questions they worked on were incorrect. 

Future studies should focus on the development of new learning models capable of improving 
mathematical creative thinking skills. This is significant because research shows that students with strong 
creative thinking skills adapt quickly to new problems. On the other hand, students who lack creative thinking 
skills will struggle to solve problems. Future research should explore how students think while tackling 
contextual problems in mathematics. Identifying students' cognitive processes will help them gain a better 
understanding, as they approach problem-solving in specific ways. When teachers understand their students' 
thought processes, they can quickly identify students' problems solving skills. As a result, the teacher can adjust 
the learning approach for future lessons. 
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ABSTRACT 
    

Individuals with strong creative thinking abilities are particularly adept at 
effectively addressing mathematical contextual problems. However, students often 
need more vital creative thinking skills in the classroom, frequently due to errors they 
make themselves. This study aims to identify students’ specific errors when solving 
contextual problems related to integer operations. This research adopts a qualitative 
approach, using an exploratory and descriptive technique, focusing on sixth-grade 
elementary school students. Participants were selected based on the teacher’s 
recommendations, specifically targeting students with strong communication skills to 
comprehensively examine their errors in dealing with contextual problems and their 
creative thinking skills. The research utilized tests and interviews as instruments for 
data collection, incorporating methodologies such as testing, interviewing, and 
triangulation. The results indicate a significant deficiency in students’ innovative 
thinking skills, rendering them unable to solve problems effectively, which leads to an 
inability to meet the four criteria of creative thinking. Based on the Action-Process-
Objects-Scheme (APOS) theory, the identified errors in students’ approaches to 
contextual mathematical problems can be categorized into four types: (1) interpretive 
errors, (2) errors in conceptual understanding, (3) procedural errors, and (4) 
computational or technical errors. The insight gained from this study can inform the 
design of integer learning activities, helping minimize contextual problem-solving 
mistakes that require creative thinking skills. Consequently, further research is 
essential to develop a mathematical learning model that can enhance students’ 
mathematical creative thinking abilities. 
    

Keywords:  Contextual problems; mathematical creative thinking skills; error 
identification 
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1. INTRODUCTION 
  

Creative thinking is essential in the twenty-first century, particularly in the field of education (Cooper, 
2021; Smith, 2022; Rahayuningsih et al., 2021). As one of the objectives of mathematics education, creative 
thinking can assist students in understanding their surroundings (Puspitasari et al., 2019; Yayuk et al., 2020). 
Furthermore, creative thinking plays a role in achieving meaningful learning (Ammaralikit & Chattiwat, 2020; 
Junaedi et al., 2021). As a result, teachers must foster creative thinking in classroom learning activities. 
Thinking creatively in mathematics is a key component for students in addressing mathematical difficulties, as 
it allows them to consider new facts and ideas while solving mathematical problems (Ndiung et al., 2021; 
Puspitasari et al., 2019). The ability to think creatively in mathematics can also be described as a cognitive 
function that refers to the capacity to develop mathematical ideas and concepts (Nwoke, 2021; Yayuk et al., 
2020). Furthermore, the ability to think creatively in mathematics is one of the features of higher-order 
thinking, allowing students to generate new ideas from difficult problems (Ali et al., 2021; Junaedi et al., 2021). 
As a result, students must be able to think creatively in mathematics. 

Many experts have presented indicators of creative thinking skills. A person with strong creative 
thinking abilities must meet four criteria: fluency, flexibility, originality, and elaboration (Jumadi et al., 2020; 
Rahayuningsih et al., 2021). Fluency is the ability to generate many types of ideas to solve problems. Flexibility 
refers to the capacity to provide multiple solutions to a situation. Originality is the ability to articulate original 
thoughts that have not previously been considered. Elaboration refers to the ability to develop ideas or 
thoughts and explain problems in detail. Therefore, these are the indicators of creative thinking ability in this 
study, according to this explanation. 

Contextual problem-solving in mathematics can provide students with various ideas based on real-life 
experiences (Hawa et al., 2019; Nugroho et al., 2020). In addition, students will be able to solve contextual 
mathematical problems by correctly applying mathematical procedures or processes (Fonteles Furtado et al., 
2019; Hunukumbure et al., 2021). On the other hand, students continue to make errors when dealing with 
contextual challenges related to creative thinking questions (Haghverdi & Wiest, 2016; Soneira, 2022). As a 
result, teachers should investigate student errors in order to incorporate appropriate classroom learning 
strategies. 

Errors are a significant component of conceptual knowledge and are necessary in mathematics 
teaching (Barkai, 2021; Hu et al., 2022; Jones et al., 2020). As a result, teachers need to be able to identify 
student errors through effective error analysis (Faizah et al., 2022; Peltier & Peltier, 2020). Therefore, students 
are encouraged to complete the activities assigned by the teacher (Kenney et al., 2020; Santia et al., 2019). 
Students commonly make interpretive errors, conceptual errors, procedural errors, and computational errors 
(calculations) (Haghverdi & Wiest, 2016; Kenney et al., 2020; Khalid & Embong, 2019; Peltier & Peltier, 2020). 
For example, when students turn variables into numbers, they make interpretation errors when translating or 
concluding a problem statement (Kshetree et al., 2021). This is usually tied to the number object (40). The 
conceptual error indicates a student's failure to comprehend a concept in the problem at hand and a failure to 
assess the connection in a situation (Ammaralikit & Chattiwat, 2020; Köğce, 2022). Procedural errors occur 
when students fail to modify an algorithm despite understanding the principles (Ammaralikit & Chattiwat, 
2020; Lien et al., 2021). Finally, computational errors are connected to calculation mistakes made by students 
(Al-Jarf, 2022; Emara et al., 2021). These errors were caused by a variety of factors, including students' low 
disposition toward mathematics, a poor teaching framework, insufficient teaching ability, students' perception 
of complex mathematics material, students' limited understanding of mathematics, and a lack of understanding 
in students' higher-order thinking capacity (Kshetree et al., 2021; Prayitno et al., 2022). As a result, assessing 
students' mental processes when solving mathematical assignments is vital. 

The Action-Process-Object-Schema (APOS) theory can be used to investigate students' mental 
processes when answering contextual challenges related to creative thinking questions. The APOS theory is 
divided into four stages: action, process, object, and schema (Arnawa et al., 2021). In APOS theory, the action 
phase is carried out by an individual employing mathematical concepts in conjunction with a specific algorithm, 
directed by external stimuli during the action phase (Arnawa et al., 2021; Bintoro et al., 2021; Moon, 2019). 
The process phase of APOS theory includes repetitive actions and reflection, which help shift from relying on 
external signals to relying on internal cues (Arnawa et al., 2021; Boz-Yaman & Yiğit Koyunkaya, 2019; Tatira, 
2021). The object phase of APOS theory focuses on recognizing that specific processes and transformations of 
action are regarded as a single entity, allowing for explicit shifts (Van Melle & Ferreira, 2022). Finally, the 
schema phase is a collection of predetermined ideas about actions, processes, objects, and schemas that are 
combined to build a mathematical structure for solving mathematical problems (Arnawa et al., 2021; Moru, 
2020). APOS theory investigates what occurs in a person's mind when learning a mathematical concept and 
the successes and failures encountered during mathematical activities. 
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APOS theory provides a structured cognitive development pathway that supports creative thinking 
skills in mathematics. For creative thinking to be effective, students often need to develop high-level schemas 
(the final APOS stage). Incomplete progression through the APOS stages can limit creative thinking to less 
flexible or shallow approaches, potentially leading to errors. Creative thinking in mathematics can lead to 
errors when students generate novel solutions without a complete conceptual understanding. Creative ideas 
in mathematics need to be based on well-formed schemas; otherwise, students may design flawed approaches 
due to over-reliance on intuition or incomplete processing. Errors often highlight gaps in APOS development, 
especially when students fail to transition smoothly between stages (e.g., from process to object). This 
framework can explain why some errors occur even in students who are adept at generating creative solutions 
but lack schema understanding. 

Numerous studies have been conducted on error analysis. Research by Didiş Kabar and Erbaş (2021) 
shows that students make mistakes in the four presented model problems. According to Polya, research by 
Sukoriyanto et al. (2016) reveals that students continue to make errors when tackling permutation and 
combination problems. Sari et al. (2018) state that the most common inaccuracy in representational abilities 
is problem-solving using arithmetic symbols. Research by Khalid and Embong (2019) indicates that errors 
arising when completing common problems involving integer operations are misconceptions. Ozrecberoglu et 
al. (2022) found that student performance in answering non-routine math tasks is low due to the frequent 
occurrence of errors. Finally, Jones et al. (2020) found that students had difficulties solving problems involving 
fractions. 

According to previous research findings, academics have yet to examine the types of errors students 
make when answering contextual problems related to mathematical creative thinking using APOS theory. This 
gap in the literature encouraged the researchers to conduct a study to uncover and identify errors made by 
elementary school students when solving contextual problems that require creative thinking skills, utilizing 
APOS theory. By applying APOS theory, this study aims to identify students' errors in solving contextual 
problems related to creative thinking topics. The researchers chose the APOS theory because it can describe 
students' mental processes in constructing mathematical concepts. Furthermore, this initial identification is 
critical for shaping students' creative thinking skills, allowing for the development of relevant learning models 
based on the study's findings. 
 
 

2. METHODS 
 

2.1 Research design 
The exploratory descriptive approach is used in this study's qualitative investigation. This approach 

aims to collect verbal data from students' responses when they complete a written test on contextual 
mathematical problems. In addition, open-ended questions were used in interviews to confirm the research 
subjects' responses. The issues addressed in this study include students' difficulties in answering contextual 
mathematical problems related to creative thinking skills using the APOS theory (Action-Process-Object-Schema). 

2.2 Research subject 
The participants in this study were all sixth-grade students from a state elementary school in Cirebon 

Regency. Since not all students were selected as participants, a purposive sampling technique was used to 
choose the research subjects. Fifty students had studied integer material. Within the allotted time, students 
were required to solve four contextual mathematical problems that assessed their creative thinking skills. 
Based on the indicators of creative thinking, all response papers were collected and analyzed. Students who 
performed exceptionally well were not selected as subjects. On the other hand, students who made errors while 
solving contextual problems, including those involving numerical material, were considered research subjects. 
The research subjects were chosen based on the teacher's recommendation, specifically targeting students 
with good communication skills to facilitate the examination and identification of errors in handling contextual 
problems related to creative thinking skills. Two students were selected for interviews based on the teacher's 
recommendation. 

2.3 Research instrument 
The test and interviews used as research instruments have been construct-validated by two 

mathematics education experts. The primary purpose of these tests is to identify various errors made by 
students. The test comprises four contextual questions, specifically designed based on indicators of students' 
creative thinking abilities. These indicators are based on the four characteristics of creative thinking according 
to Kshetree et al. (2021): fluency, flexibility, originality, and elaboration. Interviews are conducted to gather 
additional information from students' written response sheets. These interviews are unstructured, meaning 
that the researchers do not prepare specific questions in advance for the research subjects. Instead, students 
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are expected to explain their responses during the interview. Interview questions are based on students' 
answers on the test sheets. Finally, the researchers confirm the test answers with the interviewed students. 

2.4 Data collection 
Data were collected from 40 students who completed a test consisting of four essay-style questions 

addressing contextual challenges related to mathematical creative thinking skills. Each student was given 40 
minutes to complete the test and submit their answer sheet. The researchers reviewed the responses, focusing 
on identifying common errors made by students. The researchers then collaborated with the class teacher to 
select six students with strong communication skills for interviews. After selecting the research subjects, 
interviews were conducted to further corroborate the students' written responses. Interviews lasted 45 to 60 
minutes, and all of them were recorded. The APOS theory was used to conduct interviews for this study to gain 
a deeper understanding of the error students made when tackling challenges involving mathematical creativity 
in context. The researchers then independently assessed the outcomes of the student interviews. After 
selecting the research subjects, the researchers conducted interviews to further explore and clarify the 
students' written responses. Each interview, lasting between 45 and 60 minutes, was fully recorded. Using the 
APOS theory as a framework, the interviews aimed to gain deeper insights into the specific error students made 
when approaching contextual challenges in mathematical creativity. The researchers then independently 
reviewed and analyzed the interview results. The next step involved data triangulation, achieved by comparing 
the results of the written test on contextual mathematical problems related to creative thinking skills with the 
interview insights gathered from both the researchers and students. Based on these triangulated results, the 
researchers derived their final findings. 

2.5 Data analysis 
Data analysis began with validated transcripts of interviews, student work results, and field notes, 

using triangulation to ensure accuracy. An open, inductive thematic approach was employed for coding, 
mapping transcripts into categories based on the APOS framework. Initial codes were arranged alongside the 
text to facilitate analysis and were continuously refined to accurately represent participants' voices. Qualitative 
data coding requires diverse strategies depending on the intended analysis. After reviewing the research 
questions, further analytical coding was conducted, addressing the research questions through APOS 
framework themes in a comparative and contrasting manner to obtain multi-perspective analytical 
dimensions. The coded transcripts were carefully reviewed to ensure that statements and quotes accurately 
represented the analysis. All final coding decisions were guided by the research questions and the researchers’ 
understanding of the data at hand. 
 
 
3. RESULTS AND DISCUSSION 
 

According to the Fluency indicator, Figure 1 shows the findings from the contextual problem-solving 
test of students' critical thinking skills. Figure 1(a) depicts students' responses in Indonesian, and Figure 1(b) 
depicts students' responses in English. The test results demonstrated that students could not meet the Fluency 
indicator when answering contextual mathematical problems, as they could not provide various solutions. This 
occurred because students did not comprehend how to solve the problems, leading to mistakes. It was likely 
due to students' inability to understand the questions posed in these tasks. As a result, interviews were 
conducted to identify students' errors in solving contextual problems related to the Fluency indicator using the 
APOS theory. 

 

 
 
 

 

(a) (b) 
 

Figure 1: Students' answers on the Fluency indicator in Indonesian (a) and in English (b) 
 

A B C Home 
8 km 2 km 5 km 

2 hours 
  

1 hours 
 

Students do not be able to create a model for solving the 
problem. 
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The results of the interviews revealed that students made an interpretive error. It was shown that 
students did not write down what they knew or what was requested in the response. Furthermore, students 
drew incorrect route diagrams based on the problems in the questions. Although students could convert daily 
language into mathematical language, they did not understand the meaning of the questions. 

Figure 2 shows the results of the contextual problem-solving test of students' creative thinking skills, 
measured by the Flexibility indicator. Figure 2(a) depicts students' responses in Indonesian, while Figure 2(b) 
depicts students' responses in English. The test findings demonstrate that students did not meet the Flexibility 
indicator for solving contextual mathematical problems, as they were unable to propose various solutions or 
approaches to the topic at hand. Furthermore, they could not present more than one approach or procedure 
for working on questions. This was likely due to students' inability to understand the questions raised in 
answering these issues, causing them to make mistakes. As a result, interviews were conducted to identify 
student errors in solving contextual problems using the APOS theory. 

 

 

Rule 1 
True = 4 x 30 = 120-15 =105  
Wrong = 5 x 2 = 10 
 
Not Answer = 5 x 1 = 5 

(a) (b) 

 
Figure 2: Students' answers on the Flexibility indicators in Indonesian (a) and in English (b) 

 
The interviews revealed that students made an interpretive error. It was shown that students did not 

write down what they knew or what was requested in the response. They could convert daily language into 
mathematical language, but they did not understand the significance of the questions. Students also made 
conceptual errors, as evidenced by a student applying the incorrect operating formula for integers. 
Furthermore, students made incorrect choices for the numbers to be operated on in the problem. Students also 
made procedural errors because they could not fully explain their answers, as well as computational errors. All 
of these errors were demonstrated in their responses to the problem. 

Figure 3 illustrates the outcomes of the contextual problem-solving test of students' creative thinking 
skills, as measured by the Originality indicator. Figure 3(a) depicts students' responses in Indonesian, whereas 
Figure 3(b) depicts students' responses in English. The test findings demonstrate that students were unable to 
meet the Originality indicator when solving contextual mathematical problems because they could not convey 
fresh concepts that had not been previously considered. This was due to students' inability to propose original 
ideas and their failure to understand the questions when attempting to solve these problems. Using the APOS 
theory, interviews were conducted to identify student errors in solving contextual problems related to 
questions on the Originality indicator. 

 

 
 

Danang = 75 : 1/3  
 
 Food left = 75 – 25  
     = 50 : 2 
     = 25 
 
Startfruits given to Gito and Irma are 25.  

 

(a) (b) 
 

Figure 3: Students' answers on the Originality indicator in Indonesian (a) and in English (b) 

Students do not be able to understand the 
question properly 

Students do not be able to perform the 
procedure to solve the problem  
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The results of the interviews revealed that students made errors in their understanding. They did not 
write down what they knew or what was requested in the response. Students could convert language into 
mathematical language, but they did not understand the meaning of the questions. Students also 
misunderstood the concepts. This was demonstrated by their incorrect use of formulas for fractional and 
integer arithmetic operations. Furthermore, students made incorrect choices for the numbers to be operated 
on in the problem. They also made procedural errors, as they could not fully explain the answers they obtained, 
and computational errors as well. Finally, it was shown that students provided incorrect final answers. 

Figure 4 shows the results of the contextual problem-solving exam on students' creative thinking skills, 
as measured by the Elaboration indicator. Figure 4(a) presents students' responses in Indonesian, while Figure 
4(b) shows their responses in English. The exam results indicated that students did not meet the Elaboration 
indicator when answering contextual mathematical problems because they were unable to develop ideas or 
explain the problems they had solved in detail. This was due to students' failure to describe their answers in 
detail, which led to mistakes. As a result, interviews need to be conducted using the APOS theory to identify 
student errors in solving contextual problems related to the Elaboration indicator. 

 

 

Answer: 100 x 1/2  
 
= 50 
 
 
The books received by Elsa, Fira, and Lea 
approximately 50 books for all of them.  

(a) (b) 

 
Figure 4: Students' answers on the Elaboration indicator in Indonesian (a) and in English (b) 

 
The interviews revealed that students made errors in their understanding. It was evident that students 

did not write down what they knew or what was requested in the response. Although students could convert 
everyday language into mathematical language, they did not fully grasp the significance of the questions. 
Students also made conceptual errors, as evidenced by their incorrect application of the operating formula for 
integers. Furthermore, students made incorrect choices for the numbers to be operated on in the problem. 
Additionally, students made procedural errors because they could not fully explain the answers they obtained, 
and they also made computational errors. 

Students with low mathematical creative thinking abilities were chosen as research subjects. This is 
because the students could not answer the four questions presented in contextual situations using the four 
indicators of creative thinking abilities. Students' inability to attain indicators of creative thinking skills in 
contextual mathematical problems was driven by a lack of familiarity with these types of questions (Ilhan & 
Akin, 2022; Kolar & Hodnik, 2021). In addition, students were accustomed to challenges that did not necessitate 
the use of creative thinking skills. As a result, students must become acquainted with contextual difficulties 
that necessitate applying creative thinking skills (Rafiee & Abbasian-Naghneh, 2020; Yustina et al., 2022). 

To handle contextual difficulties, students' creative thinking skills need to be developed. One approach 
is to employ a learning model that requires students to actively participate in their learning in class. Material 
delivery must also focus on outcomes, and problems must provide students with challenges related to 
contextual problems. This is consistent with research by Balakrishnan (2022), which suggests that one strategy 
to promote creative thinking skills in elementary school students is to use teaching strategies that require 
students to be active in classroom learning and familiarize them with addressing complex challenges connected 
to learning. Furthermore, teachers must provide immediate supportive feedback to students, allowing them to 
actively find their answers so that students do not struggle to solve contextual problems (Kim et al., 2022). 

In sixth-grade elementary school, two students with low creative thinking skills made mistakes when 
answering contextual mathematical problems. Students' common errors in solving contextual problems 
requiring creative thinking abilities can be divided into four categories: interpretation errors, conceptual 
errors, procedural errors, and computational/technical errors. Students' interpretation errors occur when they 
fail to understand the topic or problem in the given context. They are unable to grasp the significance of the 
questions posed to them. Based on the four questions provided, students could not write down what was 
known and what was asked in the question, leading them to misinterpret the meaning. 

Students do not be able to describe the 
answer in details  
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In question one, the student incorrectly described the sketch of the route image based on the difficulty 
of the problem. The student created a route using only straight lines, although the question stated that the path 
should return to the starting position because Budi returns to the origin. The student was also incorrect in their 
findings in response to the inquiry. They made errors in responding correctly to the presented contextual 
difficulties based on the four questions. Additionally, the students did not fully comprehend the questions 
presented. This was due to their inability to define or comprehend sketch drawings in a specific topic (Özdemir 
& Dede, 2022). 

Students made conceptual errors, such as incorrectly applying the formula for arithmetic operations 
with mixed integers. In question two, the students performed arithmetic operations on integers without 
considering which operation takes precedence between addition, subtraction, multiplication, and division, 
which led to incorrect results. The students also misunderstood the division process of numbers in question 

two. In response to question two, the students answered 75 ÷ 1
3
. In this question, the students crossed out the 

numbers 75 and 3, showing that they had a wrong understanding of division and multiplication operations. 

The correct concept is 75 ÷ 1
3
= 75 × 3. Additionally, students chose the incorrect number to operate on in the 

problem. This was because they did not fully comprehend what was being asked in the problem, causing 
numbers that did not need to be operated on to become operational (Joung & Kim, 2022). 

Based on the four questions, students experienced errors in choosing the numbers to operate on. This 
was due to their failure to read the questions carefully, which led to misunderstandings of what the questions 
actually signified. Students' understanding of mathematical concepts remains low. The result is supported by 
Karakuş et al. (2022), who indicate that students' conceptual comprehension is poor when answering specific 
mathematical problems. As a result, students make conceptual errors. The finding is supported by a study by 
Tooher and Johnson (2020), which found that students struggle to grasp particular mathematical topics if they 
do not understand the concepts relevant to the studied issues. Students will make mistakes when answering 
problems, particularly contextual ones. Conceptual errors can also develop as a result of prior knowledge. This 
is consistent with the findings of a study by Jarrah et al. (2022), which found that students' conceptual errors 
are also caused by prior mathematical learning. For example, students are unable to comprehend integer 
concepts because they merely memorize integer formulas without understanding the concept or how to apply 
them. As a result, students struggle to gain a correct and comprehensive understanding of the concept (Barbieri 
& Booth, 2020). 

Students made procedural errors, including failing to explain the steps on the answer sheet 
adequately. In question one, students only mentioned the outcome and were unable to explain the methods 
used to obtain the answer. Then, in questions two and three, students could explain the steps involved, but only 
partially, as their final answers were incorrect. The students could not clarify their answers to question four 
because they misinterpreted the significance of the question. Furthermore, students were incorrect in 
concluding the results of the given problem. This was demonstrated in question five, where students assumed 
that the books delivered to Elsa, Fira, and Ina were all the same, totaling 50 books. The problem fails to indicate 
that the book distribution among Elsa, Fira, and Ina was the same. As a result, students did not understand the 
significance of the problem, and their conclusions were incorrect. Students were also incorrect in executing 
integer operations when solving problems, even though they had reached the correct conclusions. Therefore, 
students need to apply all the principles required to answer the problem to avoid errors in determining the 
outcome (Hu et al., 2022). Students must be able to present valid mathematical reasoning, draw conclusions, 
and develop generalizations in order to solve specific mathematical problems (Köğce, 2022). 

Students' technical or computational errors occurred during the calculation procedure. For example, 
this can be observed in the process of multiplying integers in problem number two. The student carried out the 
operation 6 × (-1) = -5. The conclusions of these calculations were incorrect, resulting in incorrect final answers 
to the problems. This finding aligns with the study by Khalid and Embong (2019), which found that most 
students had broad misconceptions regarding integer operations, such as the multiplication of positive and 
negative integers. Errors in dividing integers by fractions occurred because students were less attentive while 
performing operations. As a result, a technical error occurred. For example, in question three, students 

completed the operation 75 ÷ 1
3
= 25. The outcomes of these calculations were inaccurate, causing students to 

conclude the final answer to the presented questions incorrectly. According to the study, the most common 
mistakes students make in the operation of dividing integers are those who are negligent in using the methods 
provided in the problems (Üzel, 2018). As a result, students must have strong fundamental mathematical 
problem-solving abilities to solve contextual mathematical problems (Sternberg et al., 2021). This is essential 
to ensure that students' mistakes do not reoccur. 
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According to the findings, sixth-grade students were still in the action stage of the APOS theory. This 
occurs because students lack an APOS conceptual structure, which causes them to make errors when faced 
with contextual mathematical problems. For example, students have trouble implementing integer operations 
due to a lack of conceptual structure related to the process, object, and schema stages (Kshetree et al., 2021). 
This demonstrates that students cannot manage the application of theorems and formulas required for specific 
mathematical problems. Based on the APOS theory analysis, students have difficulties understanding the 
concept of operations on numbers. This is because, at the previous level, students could not understand the 
concept of operations on integers, which caused them to make errors in solving the problems presented. 
Students only memorize formulas, so they struggle when learning about the concept of operations on integers. 

In addition, students lack experience understanding integer operations, do not fully understand the 
concept of integer operations, and have minimal prior knowledge of integer operations from the previous level. 
As a result, teachers must have an effective strategy to identify student errors. One technique for reducing 
student errors in handling contextual problems is to hold open discussions that focus on efforts to overcome 
student errors during the learning process (Ilhan & Akin, 2022). 

Assessing and analyzing students' errors in completing contextual problems on creative thinking skills 
is considered an essential tool for learning (Rahayuningsih et al., 2021). Furthermore, it is indicated that to 
overcome cognitive obstacles in solving difficulties presented in mathematics learning, students must have a 
positive mindset and engage in optimal thinking activities that activate prior knowledge and experience in 
solving specific problems. Since students in different courses differ in their capacities for creative thought, the 
understanding of individual students should be considered while designing a teacher's thinking activity 
(Jumadi et al., 2020). 

These findings suggest that teachers should appropriately prepare students on both the procedural 
and conceptual aspects of mathematics. Both features are critical in comprehending mathematical material 
(Barbieri & Booth, 2020). Identifying students' errors in addressing contextual mathematical problems and 
their ability to think creatively about integer operations has helped teachers recognize students' shortcomings. 
This will assist teachers in preparing classroom activities and addressing errors that occur. Students' errors 
are caused by a lack of creative thinking skills when tackling contextual mathematical problems. According to 
Tooher and Johnson (2020), a student with low skills in creative thinking will make mistakes in solving the 
problem. 

Therefore, students' ability to think creatively needs to be developed so that similar errors do not 
occur again. After improving their creative thinking skills, students will be able to develop their own formulas 
or principles for solving mathematical problems. According to the research, strengthening mathematical 
creative thinking skills would allow students to pay attention to all components required to solve mathematical 
problems, enabling them to discover formulas or rules on their own (Foster, 2021). 
 
 
4. CONCLUSION 
 

It can be concluded that the students selected for the study did not meet the four creative thinking 
indicators of fluency, flexibility, originality, and elaboration. This incapacity was caused by errors made by 
students when tackling contextual problem-solving tasks that required creative thinking skills. According to 
the APOS theory, student errors include: (1) Misinterpretation errors: incorrectly converting the questions into 
mathematical language/symbols and misinterpreting the given questions; (2) Conceptual errors: students 
misused formulas when working with fractions and integers. Furthermore, students made incorrect choices 
for the numbers that were operated on in the problem; (3) Procedural errors: students improperly concluded 
the question. This occurred because students failed to pay attention to what was asked in the question and 
were incorrect in carrying out the processes needed to solve the problem, as they were unable to explain the 
solutions they had received; (4) Technical/computational errors: students made mistakes in computations 
involving integer operations, and their final answers to the questions they worked on were incorrect. 

Future studies should focus on the development of new learning models capable of improving 
mathematical creative thinking skills. This is significant because research shows that students with strong 
creative thinking skills adapt quickly to new problems. On the other hand, students who lack creative thinking 
skills will struggle to solve problems. Future research should explore how students think while tackling 
contextual problems in mathematics. Identifying students' cognitive processes will help them gain a better 
understanding, as they approach problem-solving in specific ways. When teachers understand their students' 
thought processes, they can quickly identify students' problems solving skills. As a result, the teacher can adjust 
the learning approach for future lessons. 
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