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Divergent thinking is important for fostering creativity. This study aims to analyze the process of divergent 

thinking in solving open-ended problems and its cognitive characteristics. The method applied is 

qualitative. Researchers obtained data with test and interview techniques. Data analysis consists of 

reduction, display, and conclusion. Based on the level of creativity, three students were taken as informants 

by purposive sampling. Researchers determine the divergent thinking process from identification, 

exploration, construction, and evaluation. Students in the very creative, creative, and quite creative 

categories can write down initial information and the core of the problem. The exploration phase provides 

information to obtain an initial solution. Students are quite creative not to write down relevant information 

due to a lack of initial knowledge. Students in the very creative and creative category can create different 

and new ideas at the construction stage. The main focus at the evaluation stage is examining the completion 

process and the relevance of the answers to the problem. 
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INTRODUCTION 

 

Creativity consists of four aspects: creative individuals, creative people, creative environment, and 

creative thinking (Batey, 2012; MacKinnon, 2017; Runco, 2004; Wadaani, 2015). The creative thinking 

process explains an individual’s cognitive process in finding new ideas. Wallas’ theory describes four 

creative thinking processes, including preparation, incubation, illumination, and verification (Maharani et 

al., 2017). Each process has specific characteristics. Creative thinking consists of a set of divergent thinking 

procedures (An et al., 2016; King, 1982). In this case, divergent thinking supports individuals’ creative 

thinking and creativity. 
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Divergent thinking refers to a cognitive process of finding new-different ideas to solve various 

problems with various solutions (Lewis & Lovatt, 2013; Colzato et al., 2013; Wang et al., 2017). Runco 

and Acar (2012) and Acar and Runco (2015) explain the measures used for divergent thinking, namely 

fluency, flexibility, and originality. Fluency refers to the capability to make various and correct answers. In 

this case, the key aspect is the answer. Flexibility also refers to the capability to formulate various solutions 

and algorithms correctly. The definition of originality is - the capability to create unique and uncommon 

ideas. In the creativity review, originality refers to the primary aspect of creativity (Acar et al., 2017). 

Originality refers to an individual capable of creating new, uncommon, and unique ideas. Originality does 

not refer to novel ideas but new ideas for the students (Briggs & Davis, 2008; Sitorus et al., 2019). In 

solving mathematics problems, originality includes uncommon answers and solutions. Uncommon answers 

must be different from other individuals’ answers but remain acceptable for the learning process. Cotter et 

al. (2020) and Silvia et al. (2013) analyzed the positive correlation between frequency and originality. The 

researchers provided two study cases of low and high fluency characteristics and originality. 

Although the indicators are similar to creativity, divergent thinking is not the same as creativity (Runco, 

2008). The divergent thinking skill test is highly likely to determine an individual’s creativity (Acar & 

Runco, 2015; Hu & Adey, 2002; Runco et al., 2016). Everyone has different divergent thinking skills due 

to the given time allotment to think. In this case, the time allotment goes linearly with divergent thinking. 

Longer provided time allotment led to better divergent thinking (Paek et al., 2021). 

Divergent thinking is important for creativity because divergent thinking potentially produces genuine 

ideas (Runco & Acar, 2012). In mathematics, divergent thinking becomes the potential measurement of 

creativity (Leikin, 2009; Mann, 2009; Plucker et al., 2011). King (1982) defines the creative thinking 

process as the cycles of divergent thinking, preparation, and incubation, and the concurrent thinking 

process, illumination, and verification. Divergent thinking is the initial entry in creating creative ideas. The 

process of collecting the data and information refers to a preparation stage. The incubation stage is a 

situation in which students encounter difficulties while trying to solve problems with the maximum 

capability of the brain (Sitorus & Masrayati, 2016). Huang et al. (2017) explain that divergent thinking skill 

influences scientific creativity domination. 

In the study of creativity, intelligence, and divergent thinking have an important role in creative 

thinking ((Lee & Therriault, 2013). The level of intelligence can provide data about a person’s creativity, 

including in the process of divergent thinking ((Beaty & Silvia, 2012; Gilhooly et al., 2007). The research 

by Nuha et al. (2018) and Siswono (2010) define five levels of creativity, namely very creative, creative, 

quite creative, less creative, and not creative. The characteristics of each level of creativity are identified 

based on indicators of fluency, flexibility, and originality (Silver, 1997). The third indicator is addressed in 

a problem called open-ended. One approach that can be used to develop divergent thinking is to be open. 

An open-ended problem is defined as a problem that has many different solutions (Becker & Shimada, 

1997; Kholil, 2020). There are three types of open-ended problems, namely 1) Problems that have more 

than one way of different answers. The term used is fluency, 2) Problems with many ways of solving or 

other algorithms. The term used is flexibility, 3) New problems are obtained from developing previous 

problems. In this study, the types of problems used are fluency and flexibility. A study by Fatah et al. (2016) 

explained that the open-ended problem approach could increase student creativity in solving problems. This 

is in line with the research of Kim et al. (2010), who argued that the open-ended approach could develop 

creative thinking, explore the knowledge acquired, and find relationships between mathematical concepts. 

In this article, the researchers found related literature on divergent thinking. Kwon et al. (2006) provide 

their findings that open problems have the potential to bring up a variety of relevant solutions and develop 

divergent thinking skills. This research describes students’ answers in solving open-ended questions with 

the fluency type but does not explain the stages of divergent thinking. Gilhooly et al. (2007) categorized 

the divergent thinking process into memory strategy, property, strategy utilization, and debunking. Each 

aspect has a specific definition related to the cognitive process of divergent thinking. Bai et al. (2021) 

explain the divergent thinking process requires two thinking processes: associative and executive thinking 

processes. The associative thinking process is the bottom-up subconscious thinking process spontaneously, 

accurately, and effortlessly (Sowden et al., 2015). On the other hand, the executive thinking process refers 
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to an up-to-bottom thinking process within the framework of the cognitive process, for example, 

encountering challenges, recalling the memory inside the brain, and applying some specific strategies 

(Beaty et al., 2014). Researchers use the term sensitivity as a link between recalling knowledge and 

spontaneous processes. Sun et al. (2019) explain that the divergent thinking process has some underlying 

cognitive process principles, such as association, decomposition, and combination. 

This study’s stages of the divergent thinking process consist of identification, exploration, construction, 

and evaluation. This stage is what distinguishes it from previous research. This research analyzes students’ 

divergent thinking processes in solving open-ended problems. Follow-up results of this study can be used 

to develop innovative learning plans based on the characteristics of students’ levels of creativity and 

improve students’ different thinking abilities in creative context spaces. 

 

RESEARCH METHOD 

 

Research Design 

This qualitative research explains in detail the analysis of the stages of students’ divergent thinking 

processes in solving open-ended problems. The characteristics of qualitative research involve in-depth 

analysis of textual data from interviews, tests, and observations (Smith & Smith, 2018). 

 

Participants and Data Collection 

The researchers took the data from sixth-semester mathematics students. The subjects were 35 

individuals aged between 18 and 20 years old. The researchers promoted the research during the complex 

function course with the given topic of limit function. The researchers took three informants with purposive 

sampling based on certain criteria (Sukestiyarno, 2020). Three informants were taken from the creative, 

creative, and quite creative categories. In addition, researchers chose informants with excellent 

communication to facilitate the process of finding the facts comprehensively and writing the answers 

carefully. The researchers labeled every informant for further data analysis and tabulation. The applied 

labels were S1, S2, and S3. The applied instruments were open-ended tests and interview guidelines. The 

researchers designed the test based on the indicators of flexibility and fluency, consisting of two question 

items. The researchers interviewed the informant to determine the divergent thinking process stage in 

solving open-ended problems. In the interview process, the researchers used a sound recorder. In this 

research, all instruments were validated by the experts. The experts screened the published articles in 

international journals, focused on creativity, and held various scientific seminars at the international level. 

The obtained results were the validated test and interview guidelines. The instruments were also reliable to 

use. Figure 1 below presents the open-ended questions used in this study. 

 

FIGURE 1 

OPEN-ENDED PROBLEM QUESTION ITEMS 

 

 
 

Analyzing of Data 

Researchers analyzed the data interactively, consisting of three stages: data reduction, data presentation, 

and conclusion (Glaser et al., 2010). Data reduction includes summarizing the data obtained, selecting the 

important data, and organizing data into sub-categories. The researchers reduced the data based on the 

research topic, the divergent thinking process. Then, the researchers presented the data about the divergent 

Define a function on set D that has real value. Pay attention to the following 

questions. Based on the function definition above, 

1. Make more than one different function so that each has a limit value. 

2. Use more than one different solution to prove that the limit value 

exists. Can use new functions or functions created in section (1). 

Write down your answer in detail. 
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thinking process with tables and figure. After that, the researcher connected the data and explained the 

findings obtained from students’ answers and interviews regarding divergent thinking processes. The 

divergent thinking process used in this study consists of identification, exploration, construction, and 

evaluation stages. Table 1 details the cognitive characteristics for each divergent thinking stage. 

 

TABLE 1 

THE CHARACTERISTICS OF THE DIVERGENT THINKING PROCESS 

 

Stage Characteristics 

Identification Writing information and the core of the problems  

Exploration 1. Being sensitive to obtaining the initial idea 

2. Exploring information and initial idea comprehensively 

Construction Creating solutions or designs conceptually 

Evaluation 1. Rechecking the process and the final results carefully 

2. Drawing conclusion 
 

RESULT 

 

The participants worked on the test for 60 minutes in an online manner. Table 2 shows every informant 

profile, starting from the academic and communication skills, and student work results in solving open-

ended problems. The three informants had average academic skills and excellent communication skills. The 

researchers took the informants based on the inclusion criteria of this research. Then, the researchers 

described the divergent thinking process of the students in solving open-ended problems. Here are the 

profiles of the informants. 

 

TABLE 2 

THE INFORMANT PROFILE’S 

 

The 

Informant 

Academic 

Performance 

Communication 

Skills 

Test Results Categories 

Fluency Flexibility Originality 

S1 Good Good √ √ √ Very 

Creative  

S2 Good Good - √ √ Creative 

S3 Good Good - √ - Quite 

Creative  
  

Very Creative Student Category 

Subjects could explain the given and the questioned items. The students could write the given 

information. Figure 2 shows the activity, writing the given information. 
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FIGURE 2 

IDENTIFICATION STAGE OF S1 

 

 
 

The interview also explained the main questions and other information about the problem. The 

following are the results of the interview. 

 

R: What is asked in the problem? 

S1: There are two things to ask. First, create multiple different functions so that the limit 

value exists. Second, look for more than one way of solving to show the value limit. 

R: What mathematical concepts are related to the main problem? 

S1: There are concepts of functions, limits, and algebraic operations. 

 

In the information exploration stage, the subject digs deeper into the information obtained in the 

previous stage. The subject successfully collected several mathematical concepts, including types of 

functions, limit existence theorems, and methods for solving limit functions. This information was obtained 

from the results of interviews with the subject. 

 

R: What is the main keyword for the problem above? 

S1: There are two main keywords, namely function, and limit. 

R: Next, what did you do? 

S1: I dug up other related information from the keyword. 

R: What did you get? 

S1: For the function concept, I found out about the function definition and its types. This 

corresponds to the main question. I found the theory of the existence of limit values 

and the solution method for the limit concept. 

 

In addition to the interview results above, the subject also described the information that could be used 

to solve the problem. Figure 3 shows the subject rewriting the definition of limit existence through the 

concept of left and right limits. 

 

FIGURE 3 

EXPLORATION STAGE OF S1 

 

 
 

Construction stage describes the process of thinking about other ideas in solving open-ended problems. 

S1 could produce other unusual ideas. 

 

 
Translation: 

lim
𝑥→4

𝑓(𝑥) exists if lim
𝑥→4−

𝑓(𝑥) = lim
𝑥→4+

𝑓(𝑥). 

 
 

Translation: 

Given the function 𝑓: 𝐷 ⊆ 𝑅 → 𝑅 and 𝑐 ∈ 𝐷. The real number L is the limit of the 

function f at point c denoted lim
𝑥→𝑐

𝑓ሺ𝑥ሻ = 𝐿, ∀𝑥 ∈ 𝐷. 
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FIGURE 4 

CONSTRUCTION STAGE OF S1 

 

 
 

Figure 4 explains the answers to subject 1. It is clear that the subject performs two different functions, 

namely 𝑓ሺ𝑥ሻ = 5𝑥 − 10 (linear) and 𝑓ሺ𝑥ሻ =
4𝑥2+2𝑥−12

𝑥+2
 (a combination of linear, quadratic, and rational 

functions). Sections (a) and (b) describe two different settlement methods for determining the limit value. 

Part (a) the informant applies the left and right limit method. This is in line with the information described 

in the previous stage. Part (b) shows the informant applying another unusual solution, namely the graphical 

method. This method is rarely used during classroom learning. Students do not usually do this thinking. 

The term that best describes this situation is originality thinking. The answers above clearly explain 

divergent thinking that is unusual or unique. Below are the results of interviews with S1 subjects exploring 

the construction stage of the completion idea. 

 

R: What ideas did you use to solve the problem? 

S1: Left and right limits and graphic method. 

R: Is this idea new to you? 

S1: Yes. The second solution idea uses the graphical method. This method is challenging 

because you have to draw the graph clearly and in detail. This idea arose based on 

experience when taking previous education. I am interested in developing and applying 

it in more complex functions 

 

The last applied stage was - concluding and checking the answers. The subject met the requirements 

based on the answer sheets and the interview results. Here is the evidence of S1 concluding two different 

problems. 
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FIGURE 5 

EVALUATION STAGE OF S1 

 

 
 

Figure 5 explains that S1 concludes the limit value. At the end of the answer, the subject confirmed that 

the responses obtained were by the questions. In addition, the subjects also checked the results of the work 

before it was collected. This information was also explored in the following interviews. 

 

R: Are you used to giving conclusions? 

S1: Yes, sir. This confirms that the answer has been completed and is sure it fits the 

question. 

R: What do you do next? 

S1: After working on the questions, I rechecked the answers. Here is the process of 

correcting the answers. For each test step, I checked the works before submitting the 

results. 

R: Are you used to it like that? 

S1: Yes, sir. Moreover, if there is still time, I will correct it. 

 

Based on the explanation of the stages of divergent thinking above, it can be concluded that the 

divergent thinking of S1 subjects in solving problems is shown in Figure 6 and Table 3 below. 

 

 

 

 
 

 

 

 

 

 

 

 



 Journal of Higher Education Theory and Practice Vol. 23(16) 2023 131 

FIGURE 6 

DIVERGENT THINKING PROCESS OF S1 

 

 
 

TABLE 3 

THE INFORMATIONS OF CODES 

 

Code Information 

D1 Function theory 

D2 Algebra properties 

D3 Limit function theory 

E1 Limit definition 

E2 Types of functions (linear and rational) 

E3 The limit existence theorem 

E4 Function limit-solving method 

F1 Linear function 

F2 Mixed functions (linear, quadratic, and rational) 

F3 Left limit and right limit theorem 

F4 Methods of substitution, factoring, graphs, left limit, and right 

limit 

G1 Give a conclusion 

G2 Re-check the results of the work 

Ext Extended 

 

Creative Student Category 

Subjects looked at the problems given and wrote down the initial information shown in Figure 7. 

 

Open-Ended Task 

Identification Step 

Construction Step 

Evaluation Step 

Exploration Step 

Main Problem 

D1 D2 D3 

E2 

F2 

E3 E4 

F1 F3 

G1 

G2 

F4 

Ext 
Ext 

Ext 

E1 

Ext 
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FIGURE 7 

IDENTIFICATION STAGE OF S2 

 

 
 

The subject writes the complete limit definition along with the notation. In addition, the subject can 

also explain other information related to the core problem. The following are the results of interviews that 

describe the data in question. 

 

R: Can you explain what is being asked? 

S2: There are two main questions. First, we are asked to create several different functions, 

each with a limit value. Second, prove the limit value using another method. 

R: Mention the mathematical concepts associated with the problem. 

S2: There are functions, limits, and algebraic properties. 

 

Based on the mathematical concepts obtained at the above stage, then dig in depth. The information 

exploration process was carried out through interviews with the following subjects. 

 

R: What did you get from the identification information above? 

S2: For the function concept, I obtained the function definition and types of functions. I got 

the limit existence theorem and several solutions I have used for the limit concept. 

R: Have you ever obtained this material before? 

S2: Yes, sir. However, the left and right limits are only sometimes used. 

 

S2 write down the definitions of the left and right limits as the initial answers to the problems. 

Informants dig up information that appears at the beginning to obtain a relationship between available data 

and the essence of the problem. Below is evidence of the activity, revealing information on the topic. Figure 

8 explains this. 

 

FIGURE 8 

EXPLORATION STAGE OF S2 

 

 
 

The next stage is to arrange the function and use the solution method to determine the limit value. In 

the S2 subject’s answer sheet, the functions created include linear functions and rational functions. This 

knowledge is obtained in the previous stage. Rational functions it is a combination of quadratic and linear 

functions. This explanation is evidenced by Figure 9 below. 

 
 

 

 

Translation: 

Given the function 𝑓: 𝐷 ⊆ 𝑅 → 𝑅 and 𝑐 ∈ 𝐷. The real number L is the limit of the 

function f at point c denoted lim
𝑥→𝑐

𝑓ሺ𝑥ሻ = 𝐿, ∀𝑥 ∈ 𝐷. 

 

 
 

 

 
Translation: 

If lim
𝑥→𝑐 −

𝑓(𝑥) = lim
𝑥→𝑐+

𝑓(𝑥) then lim
𝑥→𝑐

𝑓(𝑥) exists. 
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FIGURE 9 

CONSTRUCTION STAGE OF S2 

 

 
 

S2 answered the problem with two different solving algorithms, as shown in Figure 10. The solution in 

part (c) uses a mixed method: factoring and substitution. Part (d) proves other ideas used by informants, 

namely the concept of left and right limits. Students rarely think of this method because they must first 

understand the concept. Divergent thinking fulfills the aspect of originality. Interviews with S2 subjects 

corroborated this explanation. 

 

R: Describe the function you created to answer the first part of the problem. 

S2: I composed two functions: linear and rational functions. Inside the rational function, 

there are quadratic and linear functions. 

R: Explain the solution method used to answer the problem in part 2? 

S2: I use the left and right limit rules. In addition, I use factoring and substitution methods. 

R: Are there any new ideas for you? 

S2: Yes, sir. The left and right limit methods are new to me. I have received the material 

but need help understanding it. Because of this, I tried to re-implement the problem. 

 

After the subject solves the problem, the final step is to check the results of his work. The corrected 

part includes the final result according to the question or not and the steps for solving it. In this case, the 

subject does not write the conclusion like the S1 subject. In interviews with subject S2 explained that it 

does not always provide conclusions. Several times it needs to make conclusions. Here’s an excerpt from 

the interview. 

 

R: What did you do after you finished working on the questions? 

S2: I re-corrected the final result and the steps. 

R: Are you usually like that? 

S2: Yes, I always make corrections. 

R: Do you always give a conclusion to each answer? 

S2: Sometimes, I conclude with my language. 

 

 

 

Solution II 

Solution I 
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Based on the description of the subject’s S2 divergent thinking process, Figure 10 below shows a 

visualization of divergent thinking processes in solving open-ended problems. It is accompanied by an 

explanation of the code in Table 4. 

 

FIGURE 10 

DIVERGEN THINKING PROCESS OF S2 

 

 
 

TABLE 4 

THE INFORMATIONS OF CODES 

 

Code Information 

D1 Function theory 

D2 Algebra properties 

D3 Function limit theory 

E1 Limit definition 

E2 Types of functions (linear and quadratic) 

E3 The limit existence theorem 

E4 Function limit-solving method 

F1 Linear function 

F2 Mixed functions (linear, quadratic, and rational) 

F3 Left limit and right limit theorem 

F4 Substitution method, factoring, left limit, and right limit 

G1 Re-check the results of the work 

Ext Extended 

 

Quite Creative Student Category 

Subject S3 reads the problem carefully. This starts with identifying available information, looking for 

the main issue, and identifying other related information. The subject S3 needed to be corrected in writing 

Open-Ended Task 

Identification Step 

Construction Step 

Evaluation Step 

Exploration Step 

Main Problem 

D1 D2 D3 

E2 

F2 

E3 E4 

F1 F3 

G1 

F4 

Ext Ext 

Ext 

E1 

Ext 
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the limit function notation, as shown in the circle above. The correct spelling should be lim
𝑥→𝑐

𝑓ሺ𝑥ሻ = 𝐿. 

Figure 11 below proves the information identification stage carried out by the subject. 

 

FIGURE 11 

IDENTIFICATION STAGE OF S3 

 

 
 

The results of the following interviews with the subject can explain other related information and the 

main problem. 

 

R: What is the main problem? 

S3: There are two main questions, namely, creating different functions, each of which has 

a limit. Then prove it using other methods. 

R: What information is related to the main problem? 

S3: Functions, limits, and algebraic properties of both. 

 

Subjects dig up information based on keywords obtained before. Subjects explained the types of 

functions related to function material and methods of solving function limit values . Subject S3 could not 

explain the existence of limit values based on the concept of left and right limits; this was different from 

subjects S1 and S2. These results were obtained from interviews with S3 subjects at the exploration stage. 

 

R: What did you get from the main keywords obtained in the previous stage? 

S3: I got the types of functions because one of the questions related to the kinds of functions 

and methods for determining limit values. 

R: Have you thought about the left and right limits? 

S3: No, sir, I don’t understand either. 

 

In the problem-solving construction phase, subject S3 made only one function, namely the rational 

function with the denominator and quantifier of each quadratic function. In addition, the solution method 

is also divided by the variable with the highest rank and factoring. There is a part that is different from 

before. Namely, the point is not an actual number but an infinity (∞). More details will be shown in Figure 

12 below. 

 

 
 

 

 

Translation: 

Given the function 𝑓: 𝐷 ⊆ 𝑅 → 𝑅 and 𝑐 ∈ 𝐷. The real number L is the limit of the 

function f at point c denoted lim 𝑥 → 𝑐𝑓ሺ𝑥ሻ = 𝐿
𝑥→𝑐

, ∀𝑥 ∈ 𝐷. 
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FIGURE 12 

CONSTRUCTION STAGE OF S3 

 

 
 

The interview also explained the same thing as the results on the answer sheet for the S3 subject. 

 

R: Explain the ideas you used in answering the problem. 

S3: First, I create a rational function that consists of a quadratic function in each part of 

the quantifier and denominator. Second, I once used the division by the highest rank 

method and factoring. 

 

The last stage is evaluation. At this stage, the S3 subject does not provide conclusions on each answer. 

Not visible on the subject’s answer sheet. However, another cognitive activity carried out by the subject is 

to re-check the work results before submitting it. The corrected part consists of the final result and the 

completion steps. Based on the results of the interviews, the subject also explained that the answer was not 

always correct, meaning that if there were still time to do the work, it would be corrected again. The 

following is the conversation in the interview with subject S3. 

 

R: What did you do after you finished working on it? 

S3: I corrected the final results and the steps. 

R: Do you usually do it? 

S3: No, sir, if there is still time, then I will check again. 

 

The above descriptions provide an overview of the divergent thinking processes of students who are 

quite creative in solving open-ended problems. Figure 13 and Table 5 below represent the explanation 

above. 

 

 

 

Solution I Solution 

II 
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FIGURE 13 

DIVERGEN THINKING PROCESS OF S3 

 

 
 

TABLE 5 

THE INFORMATIONS OF CODES 

 

Code Information 

D1 Function theory 

D2 Algebra properties 

D3 Function limit theory 

E1 Function definition 

E2 Types of functions (linear) 

E3 Function limit solving method (Divide by the variable that 

has the highest rank) 

F1 Mixed functions (quadratic and rational) 

F2 The method of dividing the highest power and factoring 

G1 Re-check the results of the work 

Ext Extended 

 

DISCUSSION 

 

A study by Kwon et al. (2006) explained that the open-ended problem approach could be used to detect 

divergent thinking to foster creativity. This is because open-ended problems have questions that have many 

answers or solutions, so they are by the characteristics of divergent thinking. According to Silver (1997), 

about indicators of fluency and flexibility, open-ended problems provide opportunities for students to create 

and interpret different solutions based on their experience and knowledge. 

Students in the very creative category can write down the information they know, explain the main 

problems, and provide other conceptual knowledge related to the problem. This cognitive activity is referred 

to as the problem identification stage. The importance of the problem identification stage is described by 

Abdulla et al. (2020) that problem identification is an essential component in creative problem-solving. In 

Open-Ended Task 

Identification Step 

Construction Step 

Evaluation Step 

Exploration Step 

Main Problem 

D1 D2 D3 

E2 

F1 

E3 

G1 

F2 

Ext Ext 

E1 

Ext 
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line with the research of Nuha et al. (2018) that students who have excellent creative thinking skills can 

explain the primary information clearly and write down other information related to the main problem. In 

the exploration stage, the subject rewrote the data obtained in the previous stage in detail. The information 

written is by the main problem. Sitorus and Masrayati (2016) define the exploratory stage as the preparation 

stage for an initial process to generate new ideas, including identifying the obtained information and 

connecting the data to get a possible problem-solving strategy. Based on their knowledge, creative people 

find it easier to find new ideas than those who are not creative. In other words, students who have excellent 

creativity will be able to find solutions quickly. This statement intersects with the study of Runco et al. 

(2006) that prior knowledge that a person has played an essential role in divergent thinking. Subjects are 

very creative and capable of generating unusual thoughts in solving problems. This thinking is obtained 

from connecting concepts to find other unique concepts. This result is strengthened by research by Gunawan 

et al. (2022), who explained that in finding new ideas, very creative students could link information 

correctly and look for main keywords. This makes it easier for subjects to find unusual or unique ideas. In 

the final stage, students are creative in providing conclusions and re-examining. An individual with 

excellent divergent thinking skills could also evaluate his ideas (Grohman et al., 2006). 

Creative category, students start solving problems with identification. The identification stage is a 

process of writing the given information, the focused problem, and the core problem. As with the very 

creative student category, the creative group could also identify issues well. Identification is the first step 

in finding lots of ideas. Rubenstein et al. (2020) explain that problem identification is essential in realizing 

creative ideas. The strategy could support the divergent thinking generation. In the exploratory stage, 

students can re-explain information related to the main problem. In line with the research of Bridges and 

Schendan (2019) explain that someone who has high creativity can dig up detailed information and present 

other related information. The information obtained must be distinct from the experience they have. An et 

al. (2016) stated that the learning experience significantly affects a person’s creative and divergent thinking. 

Creative people must have a lot of learning experiences so that the information obtained is also more and 

more. In constructing the idea of completion, the subject creatively uses new or unique ideas. In line with 

Siswono’s research (2010), students with a creative level can find new or unusual ideas. The term used is 

originality. Students in the creative category also carry out cognitive activities, namely re-examining the 

completion steps and the final results. In line with Nuha et al. (2018), students in the creative category can 

reassess in detail, from each completion step to the final result. 

Different from the case with students who are quite creative in finding solutions with no new or unique 

ideas. This is because the knowledge possessed by students needs to be improved. Siswono’s research 

(2010) explained that students in the quite creative category could use several different solving methods 

but could not make varied answers. Mougenot et al. (2007) applied the term finding facts as the initial step 

of designing or preparing a creative strategy. The phase consisted of identifying and selecting the 

information obtained for further problem-based evaluation. It is also different from the very creative and 

creative category; in the exploration stage, the students in the quite creative category cannot write down 

various mathematical concepts related to the problem. Students’ lack of initial knowledge causes this, so 

only a little information can be extracted. This is in line with Wijaya et al. (2022), which confirms that prior 

knowledge strongly influences finding solutions. The higher one’s knowledge, the more choices of 

information that can be used in finding solutions. Less creative students need help constructing the whole 

idea at the construction stage well. This is caused by student knowledge that is not produced. Aminah et al. 

(2018) explain that the concept of a new solution results from the collaboration between previously owned 

knowledge. As with the other categories, students are creative enough to re-examine their solutions for the 

evaluation stage. Someone with creativity will re-examine the completion process, including in the quite 

creative category. Relevant to Baer (2013) provided information about evaluation and divergent thinking 

as the primary aspect of creativity. The evaluation activity refers to the students’ sharing the feedback of 

their generated ideas based on divergent thinking, such as drawing a brief conclusion. Many developed 

ideas without evaluation led to poor content and meaning. 
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CONCLUSION 

 

Potentially open issues lead to different thoughts. Divergent thinking processes in solving open-ended 

problems include identification, exploration, construction, and evaluation. Students are very creative, 

creative, and quite creative in writing information and the essence of the problem. Students in the three 

categories of creativity levels have different backgrounds for the emergence of initial ideas. Knowledge 

and experience are the main underlying factors. In the constructive stage, students are very creative and 

creative, able to create different and unusual ideas. The evaluation stage is carried out by carefully re-

examining the process and final results before concluding. This research contributed to developing 

divergent thinking skills as a potential aspect of realizing creativity. The results of divergent thinking apply 

to classroom learning to elicit students’ creativity. The limitation of this research dealt with divergent 

thinking skills as a creative thinking process. The formulated theory explains that creative thinking skill 

consists of divergent and convergent thinking, an inseparable order. Convergent thinking refers to the 

cognitive analysis of information and finding the best ideas based on the problems. Zhu et al. (2019) explain 

that convergent thinking is directly correlated with the fluency and flexibility aspects of creativity. Further 

research should describe the convergent thinking process comprehensively as an important cognition as 

part of creative ideas. 
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