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 Purpose The creative thinking process is one of the important 
components of creativity. The profile of the creative thinking process of 
prospective mathematics teachers based on the level of creativity is 
explained in this study. 

Methodology –The applied research method was qualitative with an 
exploratory approach. The research involved 35 prospective 

mathematics teachers in the Multivariable Calculus course. The data 
collection techniques were creative thinking tests and interviews. Data 
analysis uses data reduction techniques, presentation, and conclusion 
drawn. 

Findings –The stages of the creative thinking process include 
preparation, incubation, estimation, illumination, and verification 
stages. The study results show that the profile of the creative thinking 
process of students in the creative and creative category can find unique 

ideas, and their application is carried out in detail. Each stage of creative 
thinking is fulfilled clearly. Especially for the estimation stage, it is a new 
finding in the creative thinking process. The estimation stage makes a 
real contribution to the birth of creativity. The term to describe the 
estimation stage is "trial and error." 

Significance –The findings show that the estimation stage, or "trial and 
error," helps accelerate the acquisition of creative ideas. This stage is a 
strategic solution to increase creativity. However, using teaching 
materials or student worksheets must still be increased to implement the 
estimation stage in the problem-solving flow. 
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INTRODUCTION 

Creativity is one of the 21st-century skills that students must acquire (Ariyana et al., 2018; Gafour & 
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Gafour, 2020). Creativity is an individual ability to generate new theories or knowledge (Walia, 2019). 

Creativity is closely related to a new product but inseparable from a process (Al-Ababneh, 2020; Green et al., 

2024). In learning mathematics, creativity is important to solve problems (Supandi et al., 2021). Creativity is 

essential to problem-solving (Abdulla et al., 2020). Creative students can apply unusual solutions or 

algorithms to solve problems (Tan et al., 2019). One step in solving mathematical problems is a trial calculation 

or experiment, called trial error. The experimental stage helps students think creatively (Logman et al., 2015; 

Sitorus, 2016). 

Creativity comprises four parts: creative product, creative people, creative environment, and creative 

thinking process (MacKinnon, 2017; Wadaani, 2015). A creative environment is a social environment that 

supports productivity and creative thinking. Creative products are the obtained results from the creative 

process. The creative thinking process refers to finding new ideas (Lubart et al., 2015). Botella et al. (2016) 

group the creative thinking process into macro and micro creative thinking processes. At the macro level, the 

creative thinking process presents the stages of creativity. 

In contrast, the micro-level explains the underlying rules of a creative process, such as divergent and 

convergent thinking. Research on creative thinking processes is essential because the thinking process 

facilitates students to realize creative ideas (Daly et al., 2016). Students can learn some patterns for producing 

creative products. This process applies to all disciplines, including mathematical problem-solving. From the 

data on the research field, many students were unaware of creative thinking processes (Daly et al., 2016). This 

research provides a pedagogical approach to developing students' creative thinking processes, namely skill 

building, domain knowledge, significant projects, open-ended assignments, creation in novel contexts, 

building repertoire, student critiques, instructor feedback, cross-disciplinary interaction, practitioner models, 

theories of the creative process, self-reflection, risk and failure experiences, and perspective taking. 

The book "The Art of Thought" discusses four creative thinking processes: preparation, incubation, 

illumination, and verification. The preparation stage includes problem identification and information 

collection. (Van Hooijdonk et al. ,2020) explain the importance of finding facts and problems as the beginning 

of new ideas. The incubation stage means the student is temporarily free from the problem. However, the 

brain works to find inspiration—the illumination stage deals with insight, a process to gather all knowledge 

and create initial creative ideas. The illumination stage also connects the knowledge and the given problem. 

(Sitorus, 2016) explains that connecting concepts facilitates creative solutions. The verification stage refers to 

a stage of reexamining and refining creative ideas. 

Several factors that influence creativity include cognition (Kandler et al., 2016; Kozlowski et al., 2019), 

personality (Puryear et al., 2017), and the environment (Rubenstein et al., 2018). Cognitive aspects are related 

to thinking activity levels, such as remembering, reasoning, thinking critically, and thinking creatively. Silvia 

(2015) explains that intelligence links intelligence and creativity. Many researchers have promoted research 

on creativity levels. Nuha et al. (2018) grouped the level of creativity into five categories based on the creative 

thinking indicators. They were very creative (level 4), creative (level 3), reasonably creative (level 2), less 

creative (level 1), and not creative (level 0). Because students have different backgrounds and characteristics 

of abilities, students' creative thinking will also have different levels. The level of creativity describes how 

much cognitive level or thinking students have in producing creative ideas.   

The problem-solving process still experiences several obstacles, especially in the creative solution ideas 

used. For mathematical problems with a high level of difficulty or requiring high-level thinking skills, there 

must be simple stages that can come up with different ideas. This also applies to mathematics content learned 

in higher education. In answering problems, students still use monotonous solutions and do not want to try 

other, more systematic ideas. This condition requires different breakthroughs to help students find creative 

solutions. Scientific studies related to the stages of creative thinking are important to help students with 

difficulties finding creative ideas, especially for students with low and limited cognitive abilities. 

The observations during the learning process show that the creative thinking process of students in 

determining creative ideas is carried out through several stages, one of which is simple and fast calculation. 

Written tests conducted by several students show the same thing. Creative ideas that arise cannot be directly 

found; students first look at the problem in depth. Before the idea is found, a simple and quick counting 
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activity is carried out. The simple definition in question is the use of notation or symbols that do not follow 

the rules in mathematics. The formula used is also not well written. However, the results obtained are correct 

and appropriate to the problem and carried out quickly. This condition becomes unique if applied to other 

similar content in mathematics. This stage becomes more important if it can be applied to complex and 

contextual problems so that exploration of students' creative thinking stages is important to be carried out in 

the learning process. This stage will also have a positive impact on problem-solving using creative ideas. 

Students will learn the correct way to solve other math problems.   

This condition needs a comprehensive and scientific solution. For students to find creative ideas and 

apply them appropriately, they must have systematic and detailed stages of thinking at each step, especially 

for students with low cognitive abilities. One of them is the existence of the trial and error stage. This stage 

can be an essential part of the creative thinking process. Before finding an idea, a test is carried out to be more 

confident that the idea suits the problem (Logman et al., 2015). Trial and error is part of the preparation of 

ideas. In problem-solving, problem orientation and idea discovery are inseparable from simple and quick trial-

and-error activities (trial and error stage) (Cartwright, 2020; Ott et al., 2018). Thus, it is necessary to strengthen 

in-depth problem orientation activities and experiments to discover creative ideas and make it easier for 

students to solve mathematical problems.  

Research on the theory of creative thinking processes has been carried out before. Research by Sadler-

Smith (2015) modified the stages of the creative thinking process of the Wallas model. The research found 

different stages of creative thinking and their characteristics. The stages of the thinking process that are carried 

out to obtain creative ideas include preparation, incubation, intimation, illumination, and verification. The 

approach used in the study is between consciousness and unconscious. Sitorus (2016) researches the creative 

thinking process with a grounded theory approach in Realistic Mathematic Education (RME) learning, 

including orientation, preparation, incubation, illumination, and verification stages. However, this research is 

limited to contextual mathematical problems. Similarly, the research of Maharani et al. (2017) describes the 

process of creative thinking on contextual problems in geometric materials. Unlike the previous one, this 

research focuses on the stages of a more solutive creative thinking process with a grounded theory approach 

specifically for abstract problems. Sawyer (2021) researched the stages of the creative thinking process for 

problems related to art and design. 

The stages of the creative thinking process consist of iteration, ambiguity, exploration, emergence, failure 

and dead ends, deliberate, conscious reflection, and the importance of constraints. These eight stages refer to 

pedagogic activities and practical experiences in the classroom. Research Saeed and Ramdane (2022) apply the 

creative problem-solving (CPS) model to increase students' creativity in high school. It has been proven that 

significant improvements have been made to the CPS model. The CPS model also realizes academic 

achievement, conceptual ability, and higher-level thinking. In addition, research was conducted by Gunawan 

et al. (2023), which defined the activity of creative thinking in solving open-ended problems. The creative 

thinking process includes identification, exploration, construction, and evaluation. The term used in the 

context of the research is divergent thinking.  

The difference between the research conducted and the previous one lies in content, context, and 

competence. The content of this research is related to the stages of the thought process, which consists of 

preparation, incubation, estimation, illumination, and verification. The differentiating stage of creative 

thinking is the estimation stage. Students with limited cognition will have difficulty finding ideas, so there 

needs to be a stage to bridge the process of discovering different ideas. The context aspect applied is related 

to conceptual and complex materials in higher education, especially mathematics. The competency aspect 

involves a high level of cognitive thinking. Exploration and problem analysis activities are required before 

answering the problem. This research is important because it provides a solution that effectively finds creative 

ideas. The condition of students in the transition period from high school to college certainly requires a strong 

cognitive aspect. However, not all students have a good cognitive level. Before creativity appears, it is 

necessary to present problems with easy-to-understand and simple information, making it easier to find 

creative solutions (Cartwright, 2020; Rahayu et al., 2023).  
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The cognitive level of each student is different. Strong initial knowledge will affect a person's cognitive 

level, including finding creative ideas (Wijaya et al., 2023). If you have more knowledge and experience in 

solving problems, it will be easier to achieve creativity. Studying research results and theories about the 

creative process can help creativity. In this case, knowledge of the stages of obtaining creative ideas is essential. 

Therefore, the research question is, " How is the creative thinking process of prospective mathematics teachers 

in solving problems based on the level of creativity?". It is hoped that the results of this study will contribute 

findings that can be used for further research and help students find creative solutions. 

METHODOLOGY 

Research Design 

This study uses a qualitative approach with a descriptive-explorative design. The research explores 

conditions in depth using written and oral data about students' creative thinking processes. This study aims 

to describe the creative thinking process of prospective mathematics teachers based on their level of creativity. 

An exploratory approach can be used to learn in-depth and provide an understanding of the characteristics of 

each stage of creative thinking, especially when finding creative solutions. 

Participants and Data Collection 

The researchers gathered the data from Mathematics Education students who took the Multivariable 

Calculus course. In this research, the participants consisted of 35 people. Based on the test results, students are 

grouped based on their level of creativity, namely very creative, creative, enough creative, less creative, and 

not creative. Researchers took two subjects from the category of very creative and creative with a purposive 

sampling technique (Sukestiyarno, 2020). The selection of very creative subjects is based on the completeness 

of the achievement of all creative thinking indicators, starting from fluency, flexibility, originality, and 

elaboration. Both levels have different and unique answers and ways of completion. This condition will make 

it easier to investigate the creative thinking process systematically. According to the research of Nuha et al. 

(2018), each level of creativity has criteria based on indicators of creative thinking ability. Table 1 describes the 

characteristics of each level of creativity. The researcher labeled the subject to facilitate the data analysis stage. 

Table 1. Characteristics of Creativity Levels (N = 35) 

Level Characteristics 

Very Creative Write down several different and correct answers, use different ways of 

solving, and write down different or unique solutions. 

Creative Write down several different and unique answers, or several others, and 

use several different ways of solving. 

Enough Creative Using several different and unique ways of solving, producing unique 

answers, or using several different ways of solving. 

Less Creative Write down several different variations of the answer. 

Not Creative No answer. 

 

The researchers collected the data from creative thinking tests, interviews, classroom observation, and 

students’ written work. The researchers designed the questions based on the creative thinking indicators about 

the materials of limit and continuity. The questions consisted of one item. Table 2 describes the creative 

thinking test questions, answer rubrics, and criteria for originality and uniqueness. This explanation provides 

information on the criteria for a solution idea to be said to be creative/unique. Table 2 helps identify each 

student's answer for the categorization of creativity level. Identify the level of creativity using aspects of 

fluency, flexibility, originality, and elaboration. 
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Table 2. Creative Thinking Test Rubric 

Question Aspect Answers Criteria 

Given the function 𝑓: 𝐷 → 𝑅 and 𝐷 ⊆
𝑅2, with R is the set of all real 
numbers. The definition of a 
continuous function f is built from the 
limit definition of the function f. 

a. Given more than one different f 
function with a limit value at a 
point, but each f function is not 
continuous at that point?  

b. Give more than one way of solving 
to show that function f has a limit 
value (can take one of the functions 
created in (1) or create a new one, 
then prove it in detail)?  

 

 

 

 

 

 

Fluency 

 

 

 

 

Flexibility 

 

(1.a.) Students create two functions with a 
limit value that is not continuous. For 
example, a rational function is combined 
with a root function. Example: 

Function 1: 

𝑓(𝑥, 𝑦) =
𝑥2-𝑦2

x-y
 

The function f has a limit value of 0 for 
(𝑥, 𝑦) → (0,0) but is not continuous in (0,0) 
because the value of f (0,0) is undefined. 

Function 2: 

𝑓(x,y) =
𝑥𝑦

√x
 

The function f has a limit value of 0 for 
(𝑥, 𝑦) → (0,0) but is not continuous in (0,0) 
because the value of f (0.0) is not defined. 

(1.b.) Students use two different 
methods/algorithms to show the limit 
value, and the result is the correct value. For 
example, students use substitution and 
factoring. By creating a function  

𝑓(𝑥, 𝑦) =
𝑥2-𝑦2

x-y
. It will be shown that f has a 

limit value in (1,0). Example: 

Substitution Rules: 

𝑓(1,0) =
12-02

1-0
=

1

1
= 1 

Factoring Rules: 

lim
(𝑥,𝑦)→(1,0)

𝑥2-𝑦2

x-y
= lim

(𝑥,𝑦)→(1,0)

(x-y).(x+y)

x-y
= lim

(𝑥,𝑦)→(1,0)
(x+y) = 1 + 0

= 1 . 

Originality 
and unique 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Originality 
and unique 

 

 

 

 

 

The researchers also used expert judgment to validate the test items for the questions. An expert with an 

educational background in the field of creativity has received many research funds inside and outside 

Indonesia and has published research results on creativity internationally. After that, the researcher conducted 

a limited test. The instrument assessment process is carried out using a validation sheet and is carried out 

offline and online. After being evaluated by experts, the instrument developed to measure the creative 

thinking process is considered valid and reliable for research. Then, the researchers checked the learners' 

works and grouped them based on their creativity level. The researcher assessed students' work using a four-

scale rubric. Then, the researchers interviewed the three primary subjects. Information regarding the 

background of participants is shown in Table 3. 
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Table 3. Personal Information of Participants (N = 35) 

Criteria Number Percentage 
Gender 
Male 5 14 
Female 30 86 
Age 
< 18 years 5 14.3 
18-20 years 28 80 
>20 years 2 5.7 
Religion 
Islam 35 100 
Christian 0 0 
Buddhism 0 0 
Grade Point Average (GPA) 
Less 5 14.3 
Enough 5 14.3 
Good 12 34.3 
Very Good 13 37.1 
Middle school educational background 

State  28 80 
Private  7 20 

 

The profile of the research subjects is illustrated in detail in Table 3. The number of men is more than the 

number of women. There is still a spread between the number of men and women. The average age of the 

subjects was 18-20 years. This condition showed that the subjects were already in an adult state and were easy 

to communicate with and think at a higher level. Regarding grade point average (GPA), most subjects have a 

suitable category of cognitive ability, making it easier to explain the problem-solving process. The subject's 

educational background comes from a public school, which, of course, has adequate facilities and 

infrastructure. This can form a student mindset with a good learning environment. These conditions support 

exploring the analysis of students' creative thinking processes in solving mathematical problems. 

Analyzing of Data 

The researcher analyzed the data using a qualitative approach consisting of three stages: data reduction, 

data presentation, and drawing a conclusion. Data reduction includes summarizing the data obtained, 

selecting important data, and organizing the data. All students' creative thinking test answers are corrected 

and scored. Furthermore, students are grouped into creativity levels based on score assessment. The 

researcher reduced the data based on the research topic, namely the creative thinking process. The results of 

the written test and interviews from the selected subjects were then presented with data on the stages of 

creative thinking based on the level of creativity in the form of pictures, descriptions, and tables. Each figure 

and table is explained according to the research topic being discussed. After that, the researcher concluded 

from the data and explained the findings obtained from the students' answers and interviews. The research 

findings obtained are also associated with the results of relevant previous studies. The conclusion given is in 

accordance with the purpose of the research, namely the characteristic profile of students' creative thinking 

process based on the level of creativity in solving mathematical problems. The creative thinking process used 

in the research consists of preparation, incubation, estimation (trial and error), illumination, and verification. 

The indicators of each stage are presented in Table 4. 
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Table 4. Indicators of Creative Thinking Processes 

Stage Indicators 

Preparation 1. Write down known information 
2. Remembering previously acquired knowledge related to information and 

problems 
Incubation 1. Write down prior knowledge that has been previously acquired 

2. Finding mathematical concepts related to the information asked and known 
Estimation Perform mathematical calculations quickly and or by trial and error 
Illumination 1. Finding solution ideas 

2. Apply ideas to problems 
3. Write detailed answers 

Verification Recheck ideas 

FINDINGS 

The researchers designed the creative thinking test based on fluency, flexibility, originality, and 

elaboration. The fluency aspect shows the number of different and correct answers. Flexibility means the 

number of different and correct solutions/algorithms. Originality deals with generating unusual or unique 

ideas. The elaboration deals with students' ability to detail. Data analysis starts from the results of the student's 

creative thinking test. The answer sheet is used to classify students according to their level of creativity and 

find information about students' creative thinking processes in solving problems. The stages of each creative 

thinking process are obtained from the answer sheets and the results of student interviews. The researchers 

grouped the students based on the mathematical creative thinking skill test results in this research. The groups 

were creative, creative, enough creative, less creative, and not creative. Figure 1 shows the number of each 

level. 
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Figure 1. The Number of Students in Each Level of Creativity 

The researcher took one subject from the creative and creative categories to explain the creative thinking 

process. Table 5 describes the score of each subject's creative thinking ability indicator on each question. 
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Table 5. Creative Thinking Skill Test Scores 

No Subjects Indicators Score Levels 

Fluency Flexibility Originality Elaboration 

1 Student 1 (S 1) 4 4 4 4 95 Very Creative 

2 Student 2 (S 2) 4 4 4 3 80 Creative 

 

Table 5 shows the score of S1 answers. The answer had new and correct ways of solving problems based 

on originality. From the result, S1 was in the very creative category. S2 wrote a new solution without a 

complete process. Thus, the researcher categorizes S2 in the creative group—an explanation of the creative 

thinking process based on the results of the three test subjects and in-depth interviews. Table 6 describes 

information on the results of identifying creative thinking processes based on the level of creativity. 

 

Table 6. Results of Identification of Creative Thinking Processes 
 

According to Table 6, students in the creative and creative category meet all stages of creative thinking 

clearly and thoroughly. Starting from the preparation, incubation, estimation, illumination, and verification 

stages. In the estimation stage, both subjects could perform simple calculations clearly and quickly. This is 

done to ensure that the idea to be used is the main problem. The illumination stage shows that the solution 

idea applied is unique or different from the previous one. This proves that the idea of the solution is creative. 

 

Creative Thinking Process for Very Creative Students 

Based on the results of the work of S1 subjects, Table 7 explains the identification of the stages of the 

creative thinking process, starting from preparation, incubation, estimation, illumination, and verification. 

 

Table 7. S1 Work Result Analysis 

 

Stage Cognitive Activity Analysis 

Preparation Write down the 
Initial information 

1. Write down the definition of a real-value function 
2. Write the limit definition of the function f as the value L for 

every x close to c 
 

Incubation Write down relevant 
prior knowledge 

1. Considering the concept of factoring the limit of the function 
obtained earlier 

2. Write down the factoring form (𝑎2 − 𝑏2, (𝑥 − 𝑦) 
Estimation Perform simple and 

fast calculations 
1. Using the direct substitution method 
2. Using factoring methods 
3. The results of both methods obtained the same results 

Stage Levels 

Very Creative Creative 

Preparation Clear Clear 

Incubation Clear Clear 

Estimation Clear, quickly Clear, quickly 

Illumination Detailed, unique Detailed, unique 

Verification Clear Clear 
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Illumination Applying ideas to 
problems 

Fluency 

1. Creating a function I:  

2. 𝑓(𝑥, 𝑦) = {
𝑥2 − 𝑦2, (𝑥, 𝑦) ≠ (3,1)

0, (𝑥, 𝑦) = (3,1)
 

3. Creating a function II: 

𝑓(𝑥, 𝑦) = {
𝑥4𝑦 − 𝑥3 + 𝑦, (𝑥, 𝑦) ≠ (1,3)

0, (𝑥, 𝑦) = (1,3)
 

4. Each function has a limit value  

5. Function I and function II prove to be discontinuous 

6. Both functions have a limit value but are not continuous 

Flexibility 

1. Applying the substitution method  

2. Apply factoring methods 

3. With both methods, the results obtained are the same 

4. Function  

5. 𝑓(𝑥, 𝑦) = {
𝑥3−𝑥𝑦2

𝑥+𝑦
, (𝑥, 𝑦) ≠ (2,1)

0, (𝑥, 𝑦) = (2,1)
 

has the same limit value in (x,y) close to (2,1) is 2 

Verification Checking 1. Double-check the idea used 

2. Checking the entire process, starting from the symbols and 

steps 

 

Based on Table 7, S1 subjects carry out activities ranging from writing down known information and 

preliminary knowledge previously obtained and relevant to the problem, conducting calculation experiments, 

implementing solution ideas on problems, and rechecking the work results. These cognitive activities describe 

systematic and detailed stages. The solution method was obtained from cognitive activity at the estimation 

stage by using two different completion methods and creating different functions where each function has the 

same limit value but is not continuous. Both questions on the aspects of fluency and flexibility can be answered 

precisely and clearly. This condition is in line with what has been conveyed by the S1 subject in the following 

interview. 

First, I write down what information is known and pay attention to the problem. After remembering my previous 

experience, I calculate fast, ignore the writing of symbols, and am predictive. After that, I am sure I will write in 

detail and neatly. Next, I use the idea to solve the problem. In the fluency question section, I wrote two different 

functions of the same type, namely compound functions. This idea came about because I have seen teachers explain 

it in class, but I do not understand. I think that compound functions are a new idea, and I rarely use them. Then, in 

part of flexibility, I use two different methods of settlement: direct substitution and factoring. This idea was obtained 

from previous scribbles, and I used both methods while studying. Finally, I rechecked the completion steps, checked 

the writing of mathematical symbols, and corrected them. I usually use a few minutes to review the answers. 

(Interview S1, 28 October 2024). 

 

Creative Thinking Process for Creative Students 

The researchers also found that S2 did the same thing. Table 8 describes the cognitive activities and 

analysis of the creative thinking process of S2 subjects at the stages of preparation, incubation, estimation, 

illumination, and verification, respectively. 

Table 8. S2 Work Result Analysis 

Stage Cognitive Activity Analysis 

Preparation Write down the 
Initial information 

1. Write down the definition of a real-value function 
2. Explain the main problem 
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Incubation Write down relevant 

prior knowledge 
1. Write down a compound function 

𝑓(𝑥, 𝑦) = {
5𝑥 − 2𝑦 − 7, 𝑓𝑜𝑟 (𝑥, 𝑦) ≠ (1,2)

2, 𝑓𝑜𝑟 (𝑥, 𝑦) = (1,2)
 

2. Compound functions are composed of linear functions or one 
variable and constant functions 

Estimation Perform simple and 
fast calculations 

1. Write a compound function  

𝑓(𝑥, 𝑦) = {

2𝑥 + 𝑦

√2𝑥
, 𝑓𝑜𝑟 (𝑥, 𝑦) ≠ (0,2)

3, 𝑓𝑜𝑟 (𝑥, 𝑦) = (0,2)
 

2. Determining the limit value of the f function by the 
substitution method 

3. Proving the function f is not continuous 
Illumination Applying ideas to 

problems 
Fluency 

1. Creating a function I:  

2. 𝑓(𝑥, 𝑦) = {
5𝑥 − 2𝑦 − 7, 𝑓𝑜𝑟 (𝑥, 𝑦) ≠ (1,2)

2, 𝑓𝑜𝑟 (𝑥, 𝑦) = (1,2)
 

3. Creating a function II: 

𝑓(𝑥, 𝑦) = {

4𝑥 + 𝑦 − 3

√4𝑥 − √𝑦
, 𝑓𝑜𝑟 (𝑥, 𝑦) ≠ (1,9)

2, 𝑓𝑜𝑟 (𝑥, 𝑦) = (1,9)

 

4. With the substitution method, each function has a limit 

value  

5. Function I and function II prove to be discontinuous 

6. Both functions have a limit value but are not continuous 

Flexibility 

1. Applying the substitution method  

2. Apply factoring methods 

3. Applying the root form rationalization method 

4. With both methods, the results obtained are the same 

5. Function  

6. 𝑓(𝑥, 𝑦) = {

4𝑥+𝑦−3

√4𝑥−√𝑦
, 𝑓𝑜𝑟 (𝑥, 𝑦) ≠ (1,9)

2, 𝑓𝑜𝑟 (𝑥, 𝑦) = (1,9)
 

has the same limit value in (x,y) close to (1,9), which is -10 

Verification Checking 1. Checking the completion idea 

2. Double-check the results of the work 

 

The description of the creative thinking stages of S2 subjects is seen in Table 8. It is not much different from 

the creative thinking process carried out by S1 subjects. However, there are some differences made by S1. At 

the preparation stage, S1 subjects not only write down known information in the form of definitions of 

fundamental functions but are able to explain the information asked. This contrasts S2, which does not explain 

explicitly but defines function limits. In the incubation stage, S2 subjects try to recall their experience writing 

a compound function composed of linear and constant functions. When proving a discontinuous function 

with the substitution method, a quick calculation is done. This is relevant to the previous stage and what will 

be done. In the illumination section, in the fluency aspect, S2 writes two different functions and uses the 

method of rationalizing the denominator form in the flexibility section. Other functions that can be formed are 

a combination of rational, constant, and root functions. This indicates that the design of the selected function 

is different or creative. In the verification section, the same thing is also done by S1 subjects, namely checking 

the entire answer. This is in line with what was described by the S2 subject through an interview that explained 

the actual conditions for completing the math period. Here is the description of the interview. 

“First, I wrote down the initial information because it made it easier to do the questions. By writing down what I 
know, I can quickly answer questions. I use that information to come up with solutions. I immediately thought of 



460 | J u r n a l  E d u s c i e n c e  V o l . 1 2 , N o . 2 ( 2 0 2 5 )  

 

compound functions because, previously, I often encountered them in classroom learning; it was more accessible 
and suitable for limited/continuous material. I answered each of the fluency and flexibility questions carefully. At 
the same time, I looked at the graffiti that had been made earlier. After finishing all the questions, I double-checked 
my work. The final result, the mathematical symbols, and the number of questions answered. Once everything is 

done, I am sure the answer aligns with the main question” (Interview S2, 10 November 10 November, 2024). 

DISCUSSION 

The research results prove that students with a very creative and creative level show a thinking process 

in producing new ideas consisting of preparation, incubation, estimation, illumination, and verification stages. 

In the process of creativity, students in the category are creative, show each stage clearly and in detail, and 

find unique ideas. The preparation stage provides students with the first step in understanding the problem, 

writing down information, and relating previous knowledge to the main problem. At this stage, all research 

subjects understood the core of the problem and wrote the given information from the problem. Valentina et 

al. (2015) also found that subjects identified problems at the preparation stage by writing the given information 

to solve problems. The selected data can be processed into a basis for preparing the initial plan for completion. 

Obtaining information at the preparation stage helped find the correct solution (Purba et al., 2017). Level 

students are very creative and able to write down initial information and recall the knowledge that has been 

acquired. The incubation stage becomes very important because the inspiration process takes shape. The 

incubation stage positively contributes to developing creativity (Sriraman, 2017). The emerging ideas will be 

interconnected and arranged without any direct work on the problem. 

Every research subject had a different way of achieving inspiration. The order of the process was 

irregular. The subjects also searched for the connections among concepts to get the correct solution. In line 

with the research, Sitorus (2016) explained that students with a very creative level recall information obtained 

before and then correlate it with the main problem. Students also imagine the relationship that might be gained 

from the two so that it can help the initial idea emerge. After finding inspiration for ideas, the subjects initiated 

the process of estimation. Students performed simple calculations at this stage to interpret and ensure the 

ideas obtained were based on the problem. The term used in this stage is also called "trial and error". Students 

do quick calculations and test the accuracy of the ideas to be used. Not paying attention to whether the symbols 

or mathematical notations are correct. Students only focus on doing quick calculations to predict that the ideas 

they get are by the problem. These results support several findings about the existence of "trial and error" 

activities carried out by students to obtain ideas quickly (Logman et al., 2015; Sitorus et al., 2019). The students' 

results at the creative level show the stages of the creative thinking process correctly, clearly, and in detail, 

and the ideas are unique. The results of this study support several findings that the characteristics of the 

creative thinking process for students with a very creative and creative level are carried out with a structuring 

approach starting from preparation, incubation, estimation (trial and error), illumination, and verification 

(Zubaidah et al., 2017). 

These results also explain that the "trial and error" stage is the key to obtaining the initial idea. The 

calculation process is carried out quickly without paying attention to the correctness of using symbols or 

mathematical notations as a bridge for creative ideas. There needs to be experimentation, digging deeper into 

possible solutions, and testing conjectures before creative ideas are implemented (Logman et al., 2015). Thus, 

the estimation stage, or "trial and error," is the first step in obtaining creative ideas and findings that differ 

from previous creative thinking processes.  

In particular, the results of the study have an impact on early students who are entering the transition 

from high school to the university level. Entry-level students who have just entered college need help to create 

creative solution ideas. The limited ability of students and the lack of abstraction process make it difficult for 

students to understand mathematical concepts. The results of this study provide technical assistance regarding 

simple steps to obtain creative ideas, especially in solving mathematical problems. Through the stages of 

preparation, incubation, estimation, illumination, and verification, it is easy for students to obtain ideas 

quickly and precisely. The stages represent problems in the form of symbols, notations, or formulas in the 

process of developing strategies or solutions illustrated in the estimation stage in the creative thinking process. 
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Strengthening problem representation and constructing strategies is an essential part of problem-solving, 

which is also inseparable from the creative thinking process (Cartwright, 2020; Ott et al., 2018; Rahayu et al., 

2023). Students can systematically apply the stages of the creative thinking process to facilitate understanding 

concepts and creativity.  

Furthermore, this study also provides several implications in the context of innovation in mathematics 

education learning and teacher competency development. First, students can be given contextual problems 

with many answers or ways of solving them to develop creativity. The term used is open-ended issues. Math 

problems are not only limited to routine problems and low-level thinking but are already complex problems 

that require high-level thinking (HOTS). The problem-solving structure is adjusted to the preparation, 

incubation, estimation, illumination, and verification level. This can be an innovation made by teachers to 

improve creative thinking. Students can dig into information extensively and in-depth to find solutions for 

the main problem. Through open-ended and contextual problems, students can increase information and 

knowledge and develop their creative thinking (Gunawan et al., 2022). Second, in the context of improving 

competence, from the results of this research, teachers can be given additional training and assistance related 

to innovative learning strategies that can develop students' creative thinking skills. Teachers are given 

knowledge about mind mapping strategies to explore information as a supporting component of the 

preparation and incubation stages of the creative thinking process. Strong knowledge can help students find 

creative ideas that vary at the illumination stage. Positive teaching, teacher motivation support to students, 

and good innovative teaching strategies can support student creativity (Aziz et al., 2025; Blalock et al., 2024). 

Thus, providing contextual problems with an open-ended nature that is adjusted to structuring creative 

thinking stages is important to build students' creative thinking in solving mathematical problems. In 

addition, a focus on positive teaching implications and innovative learning strategies must be developed to 

increase creativity in the classroom. 

CONCLUSION 

The results and discussion provide the following conclusions. The five stages of the creative thinking 

process were preparation, incubation, estimation, illumination, and verification. Cognitive indicators at the 

preparatory stage were - writing the given information; at the incubation stage - writing the obtained previous 

knowledge and imagining the relationship between the problem and the information in the preparation stage; 

at the estimation stage - performing simple calculations to interpret and ensure the idea correctness; in the 

illumination stage - applying ideas to solve problems and writing detailed answer; and in the verification stage 

- reexamining ideas starting from writing mathematical symbols, solving algorithms, and the number of 

answered questions. This research's novelty is the estimation stage, or the "trial and error" stage. 

In addition, students with creative and creative categories of creativity levels have the same cognitive 

activity in several stages of the creative thinking process. The preparation and incubation stages can be 

informed regarding the initial knowledge and the content of the problem. The estimation or "trial and error" 

stage is carried out quickly, and several experiments are carried out until the initial idea appears. The 

illumination stage finds a unique idea and its application to the problem in good detail. In the verification 

stage, students are used to recheck the ideas used and the answers that have been written. The primary key 

lies in the estimation stage kn, which is known as "trial and error," so students can find creative ideas. The 

research also has implications for teacher learning innovations and competence in the classroom. Teachers can 

apply the theory of creative thinking and develop it in learning for increased creativity.  

An experimental method can be applied to improve this research. First, experimental research was carried 

out in the control class, and experiments were related to improving creative thinking skills. The solution is to 

design student worksheets and case studies for contextual and open-ended problems. It can also be done by 

modifying the student's workflow based on the stages of the creative thinking process. Second, identifying 

external factors can affect students' creativity, such as self-efficacy, learning style, or learning independence. 

This design reaffirms that creativity is not only influenced by cognition but can also be influenced by affective 

factors.  
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