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ABSTRACT 

 
This study aims to describe students’ creative thinking abilities in solving open-ended problems in 

geometry transformation material. The problem used in this study was designed as a multiple solution 

task (MST) because it provides students with opportunities to generate more than one strategy or 

solution. This study employed a descriptive qualitative approach involving 27 students of Class XII-

B at a Catholic senior high school in Surabaya. Data were collected through a written test and 

interviews and were then analyzed based on the indicators of fluency, flexibility, and novelty. The 

findings show that students were classified into three creativity groups. S1 represented the high-

creativity group and demonstrated novelty through a non-routine strategy and by rechecking the 

solution. S2 represented the moderate-creativity group and demonstrated fluency and flexibility by 

producing more than one form of solution and using several methods, although the variation 

remained limited. S3 represented the low-creativity group and did not yet demonstrate fluency or 

flexibility because the student used only one method and produced a single answer. These findings 

indicate that open-ended problems in the form of MST can reveal differences in students’ creative 

thinking abilities in geometry transformation material. 

Keywords: creative thinking; open-ended; transformation geometry 

 

INTRODUCTION 

Mathematical creative thinking is an important ability that needs to be developed in 

senior high school mathematics learning (Kadir et al., 2022; Setiana et al., 2021). 

Mathematics learning is not only intended to help students master concepts but also to 

engage them in an active and meaningful learning process (Vale & Barbosa, 2023). In 

addition, mathematics learning aims to enable students to understand and solve problems 

effectively (Ariawan et al., 2024; Cuong et al., 2025). 

Creative thinking in mathematics is closely related to problem solving (Leikin & 

Elgrably, 2022; Subanji et al., 2023; Yayuk et al., 2020). This relationship is also supported 

by Septian et al (2019), who found that learning through Creative Problem Solving could 

improve students’ mathematical creative thinking ability because students were encouraged 

to engage actively in solving mathematical problems. Problem solving provides students 

with opportunities to understand a situation, select appropriate strategies, construct solution 

steps, and evaluate the results of their wor (Lu & Kaiser, 2022; Säfström et al., 2024). Jäder 

et al. (2025) explained that the problem-solving process does not only focus on the final 

answer but also on how students gradually construct their understanding. These findings 

indicate that students’ creative thinking can be identified through the strategies, 
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representations, and solution processes that emerge during mathematical problem solving. 

(Leikin & Pitta-Pantazi, 2013; Sipahi & Bahar, 2025). 

One area of mathematics that supports the development of creativity is geometry 

(Apriliani & Lisnawati, 2025; de Vink et al., 2023). Geometry is part of the space and shape 

domain, which is related to forms, positions, and relationships among objects in space 

(NCTM, 2000; OECD, 2022). Geometry encourages students to think abstractly and 

understand objects spatially (Musa et al., 2025; Serin, 2018). Rahmadani & Rahmadani  

(2025) also showed that students may experience conceptual, procedural, and technical 

difficulties when solving geometry word problems, indicating that geometry requires strong 

conceptual understanding and systematic solution processes. The visual and spatial 

characteristics of geometry allow students to explore various strategies through 

representation and visualization (Žakelj & Klančar, 2022). Therefore, geometry is a relevant 

context for examining students’ creative thinking abilities. 

Geometry includes various topics that provide opportunities for students to develop 

diverse ways of thinking in solving problems (Schoevers et al., 2022). One topic in geometry 

that requires students to compare an original object and its image is geometric transformation 

(Götz & Gasteiger, 2022). Geometric transformation refers to the mapping of a point or 

object to its image on the same plane (Musser et al., 2008). This topic includes translation, 

reflection, rotation, and dilation (Dahal et al., 2022). Turgut (2022) stated that this material 

provides opportunities for students to use various strategies to solve problems, thereby 

potentially revealing their creative thinking abilities. 

Creative thinking abilities in mathematics can be understood from several 

perspectives. Silver (1997) explained that creative thinking in mathematical problem solving 

includes three main indicators: fluency, flexibility, and novelty. Fluency refers to students’ 

abilities to generate several relevant ideas or answers; flexibility is reflected in the use of 

more than one method to solve a problem; and novelty is indicated by the emergence of 

unique solutions that differ from commonly used approaches (Lu et al., 2025; Silver, 1997). 

In line with this view, Subanji et al. (2021) stated that students’ mathematical creativity 

develops through three levels: imitation, modification, and construction. Imitation refers to 

students’ abilities to reproduce existing solution procedures, modification refers to students’ 

abilities to adapt or adjust strategies to make them more effective, and construction refers to 

students’ abilities to develop new strategies that are appropriate to the demands of the 

problem. This study uses Silver’s (1997) indicators because fluency, flexibility, and novelty 

are better suited for analyzing variations in students’ answers, strategies, and the originality 

of solutions to open-ended problems. These indicators and levels tend to emerge when 

students are faced with open tasks that allow exploration of various possible answers or 

strategies (Levenson & Dasuqi, 2025; Markovitz et al., 2025). 

In mathematics learning, these characteristics can be found in open-ended problems 

that do not limit students to a single method or a single answer (Subanji et al., 2023; 

Suherman & Vidákovich, 2022). One form of open-ended problem is a multiple solution 

task (MST), which allows students to generate more than one solution and more than one 

problem-solving strategy (Sipahi & Bahar, 2025). Prambudi et al. (2025) also showed that 

open-ended mathematical problem solving can reveal students’ creative models through the 
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emergence of imitation, modification, and creation in their solution processes. MST 

problems provide opportunities for students to demonstrate fluency, flexibility, and novelty 

more optimally (Ardiansyah & Asikin, 2020; Matić & Sliško, 2022). In the topic of 

geometric transformations, the use of MST problems can help identify how students develop 

various strategies and solutions when solving problems (Pradiarti et al., 2024). 

Several previous studies have examined mathematical creative thinking through 

problem solving, geometry learning, and open-ended tasks. However, studies that 

specifically investigate students’ creative thinking when solving open-ended problems in 

geometric transformation material are still limited. Geometric transformations have visual, 

spatial, and strategic characteristics that enable students to develop a range of strategies and 

solutions. This condition underscores the need for a more in-depth study of students’ creative 

thinking abilities in geometric transformation material. Therefore, this study focuses on 

students’ creative thinking abilities in solving open-ended problems in geometric 

transformation materials. 

RESEARCH METHODS  

This study employed a descriptive qualitative approach to describe students’ creative 

thinking abilities in solving open-ended problems in geometric transformation material. The 

participants of this study were 27 students of Class XII-B at a Catholic senior high school in 

Surabaya. Data was collected through a written test and interviews. The test instrument 

consisted of one multiple solution task (MST) problem that allowed students to generate 

more than one solution. The problem is presented in Figure 1 and was validated by a 

mathematics lecturer to ensure alignment with the study’s objectives. 

Students’ creative thinking abilities were analyzed based on three indicators, namely 

fluency, flexibility, and novelty, as presented in Table 1. The students’ written work was 

classified according to Siswono’s (2008) levels of creative thinking abilities, ranging from 

Level 0 to Level 4, as shown in Table 2. This classification was then modified into three 

groups, namely high, moderate, and low, as presented in Table 3. This modification was 

conducted to obtain subjects who represented variations in students’ creative thinking 

abilities while still adhering to the theoretical basis for the creative thinking abilities levels 

proposed by Siswono (2008). The subjects were selected through purposive sampling based 

on characteristics relevant to the study’s objectives (Creswell, 2009). Based on this 

classification, one student was selected from each group, namely the high, moderate, and 

low groups, by considering the completeness of the answers and the representation of 

creative thinking indicators. 

 

Figure 1. Geometric Transformation Problem  

After the research subjects were determined, the researcher conducted guided 

interviews that allowed the subjects to explain their thinking processes in depth. The data, 

which consisted of written test results, interview results, and documentation, were analyzed 



 

 

 

PRISMA                                                               337                       Vol. 15, No. 1, June 2026 

Stefani Putri Andrianti, Subanji, Desi Rahmadani 

using the Miles and Huberman (1994) model, which includes data reduction, data display, 

and conclusion drawing. The trustworthiness of the data was maintained through 

methodological triangulation, comparing written test results, interview results, and 

documentation. 

Table 1. Indicators of Creative Thinking Abilities 

Indicator Description Analysis Criteria 

Fluency 

 

The abilities to generate 

several ideas or solutions in 

solving a problem 
 

Students are able to generate at least two 

correct solutions to the given problem. Each 

solution shows complete and logical solution 

steps. 

Flexibility 
The abilities to use different 

strategies or approaches 

Students use at least two different solution 

strategies, such as a coordinate approach, 

direct transformation, or other geometric 

representations. 

Novelty The abilities to generate a unique 

or uncommon solution 
 

Students produce a solution method that differs 

from the most commonly used strategies 

among other students or use a representation 

that is not directly visible in the problem. 

Source: Adapted from (Levav-Waynberg & Leikin, 2012; Silver, 1997) 

Table 2. Creativity Levels and Their Characteristics 

Level Characteristics 

Level 4 (Very Creative) 
Students are able to demonstrate fluency, flexibility, and novelty, 

or novelty and flexibility, in solving or posing problems. 

Level 3 (Creative) 
Students are able to demonstrate fluency and novelty, or fluency 

and flexibility, in solving or posing problems. 

Level 2 (Fairly Creative) 
Students are able to demonstrate novelty or flexibility in solving 

or posing problems. 

Level 1 (Less Creative) 
Students are able to demonstrate fluency in solving or posing 

problems. 

Level 0 (Not Creative) 
Students are not able to demonstrate any of the three indicators 

of creative thinking. 

Source: Siswono (2008) 

Table 3. Classification of Students’ Creative Thinking Abilities 

Group 
Creative Thinking 

Abilities Level 
Description 

High Level 4 
Students demonstrate creative thinking indicators 

optimally. 

Moderate Level 2 and Level 3 Students demonstrate most of the creative 

thinking indicators. 
 

Low Level 0 and Level 1 

Students demonstrate only a few indicators or do 

not yet demonstrate the indicators of creative 

thinking. 

Source: Modified from Siswono (2008) 

RESULTS AND DISCUSSION 

Based on the analysis of students’ written work on the given open-ended problem, 

students’ mathematical creativity levels were classified into three groups, as presented in 

Table 4. The distribution indicates that most students were in the moderate creativity group, 
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while only a small number of students reached the high creativity level. The high group 

consisted of 3 students who reached Level 4. The moderate group consisted of 16 students 

who were classified at Levels 2 and 3. Meanwhile, the low group consisted of 8 students 

who were classified at Levels 0 and 1. This distribution became the basis for selecting the 

research subjects for further analysis. From each group, one student was selected to represent 

the corresponding creativity level. Therefore, the selected research subjects were S1 (high 

group), S2 (moderate group), and S3 (low group). 

Table 4. Distribution of Creativity Levels among Students of Class XII-B 

Group 
Creative Thinking Abilities 

Level 
Number of Students 

High Level 4 3 

Moderate Level 2 and 3 16 

Low Level 0 and 1 8 

Source: Adapted from Siswono (2008) 

The research findings are further presented through an in-depth analysis of the three 

selected subjects. The analysis focuses on the achievement of mathematical creativity 

indicators proposed by Silver (1997): fluency, flexibility, and novelty. Data from students’ 

written work and interviews were used to trace each subject’s solution strategies, thinking 

processes, and forms of creativity that emerged during problem solving. This analysis was 

intended to describe how each subject demonstrated different characteristics of creative 

thinking based on the strategies used in solving the geometric transformation problem. 

Therefore, the comparison among S1, S2, and S3 provides a clearer understanding of the 

differences in students’ mathematical creativity levels. 

High Group 

                             

  In this study, novelty appeared when students were able to use an uncommon method 

that remained mathematically correct. Based on the analysis, S1 demonstrated novelty in 

solving the geometric transformation problem. This can be seen in section S11No, where S1 

Figure 2. S1’s Dilation Solution 

S11No 
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used a dilation approach with a general center at a point (𝑎, 𝑏) and independently determined 

the scale factor 𝑘. This strategy shows that S1 did not directly use a particular center of 

dilation but first constructed the relationship between the original point and its image to 

obtain the value of 𝑘. The use of a general center (𝑎, 𝑏) also indicates that S1 was able to 

develop a more open solution idea because the center of dilation was not determined at the 

beginning but was found through the mathematical relationship constructed during the 

solution process, as shown in Figure 2. This indicates that S1 was not merely applying a 

memorized formula but was able to build a mathematical relationship based on the structure 

of the problem. In addition, S1’s strategy shows an abilities to move beyond routine 

procedures commonly used in solving transformation problems. Therefore, the use of a 

general dilation center became important evidence that S1’s solution contained a novelty 

aspect. The novelty in S1’s answer was also supported by the following interview excerpt.  

 

 

 The excerpt shows that S1 not only generated a strategy that differed from common 

procedures but also checked the consistency of the strategy used. The selection 𝑏 = 1 

became S1’s way of transforming an initially general model into a more specific one, so that 

the correctness of the relationship between the center of dilation and the scale factor could 

be rechecked. Thus, the novelty shown by S1 appeared in the ability to construct a non-

routine strategy, use a general center of dilation, independently determine the scale factor, 

and verify the solution through the substitution of a particular value. This finding aligns with 

studies indicating that novelty in mathematical creative thinking appears when students can 

produce non-routine strategies, construct relationships among concepts, and check the 

solutions obtained (Nuryah et al., 2025; Schoevers et al., 2022). 

Moderate Group 

 

 

 

 

 

 

 

Figure 3. S2’s Translation Solution               Figure 4. S2’s Reflection Solution 

 
 

 

 

 

Figure 5. S2’s Rotation Solution                            Figure 6. S2’s Dilation Solution 

W: “What makes you sure that the strategy is correct?” 

S1: ”Because when i tried using 𝑏 = 1, The result became clear. I obtained the 

center (0,1) and also the value of  𝑘.”      
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Flexibity 

S2’s flexibility was clearly shown through the ability to use and shift among various 

approaches to solve geometric transformation problems. In the translation section, evidence 

of S2’s flexibility is shown in Figure 3, particularly in the regions marked S21Fi and S22Fi. 

In this part, S2 used translation as the first strategy by combining a geometric approach via 

the intercept form with an algebraic approach via substitution into the general form of 

translation. This shift from a visual form to a symbolic form indicates that S2 was able to 

view the problem through different representations. This ability is an important characteristic 

of flexibility because students are not limited to a single solution method, but are able to 

adjust their strategies according to the needs of the problem (Leikin & Pitta-Pantazi, 2013).  

Furthermore, in the reflection section, evidence of S2’s flexibility can be seen in 

Figure 4, particularly in the sections marked S23Fi and S24Fi. In this part, S2 used two 

approaches: the midpoint approach and the line-gradient approach. These two approaches 

show that S2 was able to connect the concepts of geometric transformation and linear 

equations. In the rotation part, the evidence of S2’s flexibility can be seen in Figure 5, 

particularly in the part marked S25Fi. In this part, S2 applied a coordinate transformation 

centered at and connected it with the equation of a line. This strategy indicates that S2 was 

able to generalize the concept of transformation and integrate it with algebra. This ability 

reflects cognitive flexibility because the student could connect several different concepts in 

a single solution process (Schoevers et al., 2022).  

In the dilation part, the evidence of S2’s flexibility can be seen in Figure 6, 

particularly in the parts marked S26Fi and S27Fi. In this part, S2 used two approaches, 

namely dilation centered at (0,0). These results show that S2 demonstrated flexibility 

because the student was able to use and shift among different approaches in solving 

geometric transformation problems. S2 did not use only one method but applied translation, 

reflection, rotation, and dilation with different approaches according to the form of the 

problem. Therefore, S2 can be considered to have fulfilled the flexibility indicator because 

the student was able to select relevant strategies, change solution methods, and adjust 

approaches based on the structure of the problem. This finding is in line with studies stating 

that flexibility in mathematical thinking appears through the use of various strategies that 

are adjusted to the characteristics and structure of the problem (Nuryah et al., 2025; Wang 

& Star, 2023). This explanation is supported by the following interview excerpt.  

 

 

 

Fluency 

 S2’s fluency was shown through the ability to generate more than one correct idea or 

form of solution in solving the problem. In the translation part, the evidence of S2’s fluency 

can be seen in Figure 3, particularly in the parts marked S21Flu and S22Flu. In this part, S2 

used translation as the first method and was able to find more than one pair of values (h, k) 

that satisfied the given condition. This shows that S2 did not stop at one possible answer but 

was able to produce several results that were still relevant to the problem. These abilities 

W: “Why did you use different methods here, such as reflection, rotation, or 

dilation?” 

S2: “Because I understood that the shape changed, so from that I chose the 

appropriate method to obtain its image.” 
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indicate fluency in generating mathematical ideas because S2 could construct more than one 

correct answer within one type of transformation. Furthermore, in the reflection part, the 

evidence of S2’s fluency can be seen in Figure 4, particularly in the part marked S23Flu. In 

this part, S2 was able to rewrite the result of the reflection into an equivalent equation. In the 

rotation part, the evidence of S2’s fluency can be seen in Figure 5, particularly in the part 

marked S24Flu. In this part, S2 constructed several forms of equations step by step until 

obtaining the final result. In the dilation part, the evidence of S2’s fluency can be seen in 

Figure 6, particularly in the part marked S25Flu. In this part, S2 generated several forms of 

equations from the approach used. This sequence of solutions shows that S2’s fluency was 

not only reflected in the number of final answers but also in the ability to produce several 

correct forms of solution during the problem-solving process. 

 Based on this explanation, S2 can be considered to have fulfilled the fluency 

indicator because the student was able to generate more than one correct answer or form of 

solution. However, S2’s fluency was still categorized as moderate because the number of 

ideas produced was not extensive, and the variation was not highly diverse. S2 was indeed 

able to produce several forms of solution, but most of them were still developments of similar 

methods rather than meaningfully different solutions. This finding is in line with recent 

studies stating that fluency in mathematical creative thinking appears when students are able 

to generate several correct ideas or answers, whereas stronger fluency is indicated by a larger 

number of correct, diverse solutions that do not merely repeat the same form of solution 

(Pradiarti et al., 2024; Purwati et al., 2025). 

 

Low Group 

 

 
              Figure 7. S3’s Translation Solution 

S3’s creative thinking abilities had not yet shown the achievement of the flexibility 

and fluency indicators. The evidence of S3’s solution process can be seen in Figure 7. In the 

figure, S3 used only one simple approach, namely by taking one point on each line and then 

comparing the change in the coordinate values to determine the type of transformation that 

occurred. S3 determined the point (0,8) on the initial line and the point (0,−4) on the 

resulting line, and then concluded that a translation of 𝑇( 0
−12

) had occured. 



 

 

 

PRISMA                                                               342                       Vol. 15, No. 1, June 2026 

Stefani Putri Andrianti, Subanji, Desi Rahmadani 

This process shows that S3 followed only one procedure without attempting other 

possible methods to solve the same problem, such as reflection, rotation, or dilation. 

Therefore, S3 had not yet demonstrated the flexibility indicator because the student was 

unable to use or shift to other strategies to solve the problem. In addition, S3 also did not 

demonstrate the fluency indicator because the student produced only one answer without 

exploring other possible correct solutions. 

This condition indicates that S3’s creative thinking abilities were still at a low level 

because the student had not been able to demonstrate more than one creativity indicator 

simultaneously. This finding is in line with recent studies stating that students with low 

creativity levels tend to use only one solution method and are not able to generate various 

answers or different strategies (Ardiansyah et al., 2025; Purwati & Alberida, 2022). This 

finding is supported by the following brief excerpt from an interview. 

 

 

 

 

The interview excerpt shows that S3 chose translation because the student only 

observed the direct change in the position of the line, not because the student considered 

several possible transformations. S3’s response also indicates that the student had not yet 

been able to generate alternative strategies. This strengthens the result of the written work, 

which shows that S3 had not fulfilled the fluency and flexibility indicators. This condition 

is in line with Putra et al. (2024), who showed that students at low creativity levels had not 

fully achieved the fluency and flexibility indicators. This finding is also supported by 

Abdussakir et al. (2024), who stated that mathematical creative thinking abilities can be 

viewed from the achievement of fluency, flexibility, and novelty indicators. Therefore, low 

creativity is reflected when students are not yet able to generate many ideas and are not yet 

able to use various strategies. 

Based on the overall findings, each group showed different characteristic of 

mathematical creativity. S1, who represented the high group, demonstrated novelty through 

a non-routine strategy and by rechecking the solution. This finding is in line with Schoevers 

et al. (2022), who stated that mathematical creativity emerges when students are able to 

construct meaningful ideas and do not merely follow routine procedures. S2, who 

represented the moderate group, demonstrated flexibility and fluency through the use of 

several methods and more than one form of solution. Wang and Star (2023) explained that 

flexibility appears when students are able to select and use different strategies according to 

the problems they face. S3, who represented the low group, used only one method and 

produced one answer, so the students had not yet fulfilled the fluency and flexibility 

indicators. Leikin and Pitta-Pantazi (2013) emphasized that differences in mathematical 

creativity abilities can be seen from the number of ideas, the diversity of strategies, and the 

novelty of the solutions produced. 

 

W : “Why did you choose the translation method??” 

S3 : “Because I saw that the line only moved downward.” 

W : “Is there another method or transformation?” 

S3 : “I think there is, Miss, but I only remember the translation method.” 
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CONCLUSION 

This study shows that students’ creative thinking abilities in solving open-ended 

problems in geometric transformation material varied across creativity groups. Students in 

the high-creativity group demonstrated novelty through the use of non-routine strategies, 

while students in the moderate-creativity group demonstrated flexibility and fluency through 

several solution methods. Students in the low-creativity group used only one solution 

method, indicating that the fluency and flexibility indicators had not yet been achieved. 

These findings confirm that creativity is not only reflected in the final answer but also in the 

process of exploring ideas and solution strategies. 

Overall, open-ended problems in the form of Multiple Solution Tasks (MST) can be 

used to reveal various aspects of students’ mathematical creativity, particularly in geometric 

transformation material. These tasks provide students with opportunities to develop various 

solutions and select strategies based on their understanding. The findings offer insights for 

teachers to develop more flexible and innovative mathematics learning that is not limited to 

a single solution procedure. 

However, this study was limited to one class and focused only on geometric 

transformation material. Future research may involve more participants from various 

creativity levels and expand the scope of mathematical material to obtain more 

comprehensive findings. In addition, further studies may also explore external factors, such 

as learning methods and classroom environments, that may influence students’ creativity in 

solving mathematical problems. 
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