
Volume 17 Number 2 (2025) 

July-December 2025 

Page: 1379-1390 

E-ISSN: 2656-9779 

P-ISSN: 1907-6355 

DOI: 10.37680/qalamuna.v17i2.8113 

 

 

 

 

© 2025 by the authors. This is an open access publication under the terms and conditions of the Creative 

Commons Attribution 4.0 International License (CC-BY-SA) license (https://creativecommons.org/licenses/by-

sa/4.0/). 

Published by Institut Agama Islam Sunan Giri (INSURI) Ponorogo; Indonesia 

Accredited Sinta 2 

Analysis of the Refractive Thinking of Students in Decision 

Making on Open Problems in Mathematics 

Ardiana 1 

1 Universitas Khairun, Indonesia; ardiana@unkhair.ac.id 
 

Abstract 

 

 

 

 

 This study aims to describe students’ decision-making processes in solving open 

mathematical problems based on refractive thinking. The research employed a 

qualitative approach with a descriptive design. The participants were 

undergraduate students of the Mathematics Education Study Program at the State 

University of Malang, selected purposively based on decision-making style, 

domicile, and understanding of the problem context. Research instruments 

included validated open-ended problem sets based on graph theory and semi-

structured interview guides. Data were collected through problem-solving tasks 

and in-depth interviews, and then analyzed using Miles and Huberman’s 

interactive model, which consists of data reduction, data display, and conclusion 

drawing. The findings reveal that students experienced five stages of reflective 

thinking—perplexity, investigation, construction, evaluation, and decision—

throughout the decision-making process. Students with a rational style 

demonstrated more systematic and consistent reasoning, while intuitive, 

dependent, and avoidant students tended to perform incomplete evaluations. 

These results highlight that refractive thinking plays a crucial role in forming 

logical and adaptive decisions. The study implies that open-ended, context-based 

mathematics learning can effectively enhance students’ higher-order thinking 

through reflective and evaluative reasoning. Future research should explore the 

development of instructional models and digital-based learning environments 

that systematically foster reflective thinking and decision-making skills across 

diverse cognitive styles and educational levels. 
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1. INTRODUCTION 

Mathematics is one of the disciplines that is studied from an early age because it plays an important 

role in daily life. In mathematics learning, students often encounter various types of problems that 

require high-level thinking skills (Fauzan et al., 2024; Suharna et al., 2020). Classify mathematical 

problems into two categories, namely closed types and open-ended types. Closed problems usually 

have a definite method of resolution as well as a single correct answer. In contrast, open problems are 

characterized by the absence of a definitive method of resolution, the possibility of multiple answers, 

and a variety of alternative strategies. Open-ended problems enable students to develop their creativity 
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and explore various mathematical approaches to problem-solving. Thus, open-ended problems offer 

students opportunities to make decisions based on logical considerations. Therefore, learning 

mathematics through open-ended problems is considered relevant to developing students' critical and 

reflective thinking skills. 

Open issues have several characteristics that distinguish them from closed issues. First, there is no 

one definitive solution method used to find a solution. Second, many possible answers can be 

considered correct based on logical arguments. Third, open problems can be accessed by students with 

diverse levels of abilities (accessible to mixed abilities). Fourth, open-ended problems provide students 

with the opportunity to make decisions and think mathematically naturally. Fifth, this issue encourages 

the development of reasoning and communication skills. Sixth, open problems provide space for 

creativity and imagination in facing real problems. Presmeg (2016) States that open-ended problems can 

help students relate mathematical concepts to everyday life situations. Thus, open problems serve as an 

important forum for training students in decision-making within a mathematical context. 

Decision-making is one of the important cognitive skills in open problem-solving. Syazwani & 

Voutama (2025) Explains that decision-making and problem-solving are two interconnected cognitive 

processes. Problem-solving is a general coping strategy used to overcome obstacles that arise in a 

situation. Meanwhile, decision-making is the process of selecting among various alternative solutions 

that result from problem-solving. This process requires students to identify information, select 

alternatives, and determine the most appropriate strategy (Dwi Prastika & Nugroho, 2025a). Defines 

decision-making as the process of choosing a single decision from several available alternatives to 

achieve a goal. Therefore, decision-making in the context of open issues demands the involvement of a 

high-level thought process. In such a situation, students' ability to think reflexively and critically 

becomes indispensable. 

Decision-making is essentially a rational, logical, and principle-based process. Decision-making is 

a complex process that involves a wide range of cognitive abilities (Johnson et al., 2021; Román-

González et al., 2017). The stages of decision-making have been extensively researched by experts using 

various frameworks. For example, the stages of decision-making include generating ideas, clarifying 

these ideas, and assessing their reasonableness (Weintrop et al., 2021). The stages begin with defining 

the problem, determining needs, setting goals, and evaluating alternatives (Ansari et al., 2020; Cansoy 

& Turkoglu, 2017), and emphasizing the importance of validating solutions to problem statements. 

Simatupang et al. (2022) outline five stages: problem identification, selection of key information, 

creation of alternative solutions, evaluation of alternatives, and selection of strategies. Thus, the 

decision-making process involves the interaction between critical, reflective, creative, and logical 

thinking skills. 

In the context of mathematics education, refractive thinking emerged as a combination of reflective 

and critical thinking. Refractive thinking occurs when a person faces complex problems and must go 

through the stages of perplexity, investigation, construct, evaluation, and conclusion (Boonjeam et al., 

2017; Dwyer et al., 2017; Widiya & Radia, 2023). The perplexity stage is characterized by initial confusion 

in understanding the problem. Investigation involves efforts to gather relevant information related to 

the given problem. Construct is the process of building possible strategies or solutions. Evaluation is 

conducted to select the most suitable alternative. The last stage, conclusion, results in a final decision as 

a form of problem-solving. Thus, refractive thinking plays an important role in decision-making for 

open problem-solving. 

The relationship between decision-making and reflective thinking is evident in open problem-

solving. When students encounter open-ended problems, they usually experience initial confusion or 

perplexity. The next step is an investigation to gather and understand the available information. From 

the results of this investigation, students can build (construct) various possible completion strategies. 

The alternatives are then evaluated to find the best solution that fits the purpose. In the end, students 
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make a decision (conclusion) from the chosen alternative. This refractive thought flow is a cyclic process 

that supports mathematical problem-solving solving (Khaesarani & Ananda, 2022; Rusdiana et al., 2023; 

Zayyadi et al., 2019). Therefore, in student decision-making, reflective thinking acts as a bridge between 

problem-solving and choosing solutions. 

Preliminary research conducted among students of Khairun University, Ternate, reveals that they 

employ various strategies in solving open-ended problems. Students experience confusion in the early 

stages, then write down the information obtained from the questions. After that, they built a settlement 

strategy in different ways. Interestingly, although their strategies varied, the final decision was the 

same: to arrange 70 flower pots in the cupboard by making five piles of 12 pots and one pile of 10 pots. 

This shows that they evaluate and draw conclusions about various possibilities. This process shows the 

involvement of refractive thinking in decision-making. Thus, students can find the optimal solution 

even though the strategies used are different. 

Research on decision-making in mathematical problem solving emphasizes the importance of high-

level thinking processes in determining strategies and solutions. Recent studies have shown that 

students' success in solving open-ended problems is influenced by their ability to identify relevant 

information, evaluate alternatives, and make logical decisions (Allsop, 2019; Atikah et al., 2025; Attallah 

et al., 2019). However, most students are still accustomed to closed problems that have only one correct 

answer, so their thinking flexibility skills are less developed (Christia et al., 2024). This condition 

necessitates more in-depth research into the cognitive processes underlying decision-making on open 

issues. 

Several studies (Simatupang et al., 2022; Widiya & Radia, 2023) have elaborated that the decision-

making process consists of the stages of problem identification, information search, preparation and 

evaluation of alternatives, and finally, the decision. This process requires a combination of reflection, 

critical evaluation, and creative thinking. In this context, refractive thinking emerges as an important 

concept that bridges reflective and critical thinking through the stages of perplexity, investigation, 

construct, evaluation, and decision (Dwyer et al., 2017; Widiya & Radia, 2023). However, empirical 

research that specifically links refractive thinking with students' decision-making styles in mathematics 

is still very limited. 

Most previous studies have examined reflective or critical thinking in isolation (Trimawati et al., 

2020; Rusdiana et al., 2023), have not highlighted how reflective thinking plays a role in the decision-

making process in various styles, such as rational, intuitive, dependent, avoidant, and spontaneous 

(Pratama et al., 2025). Therefore, this research situates itself at the intersection of open problem solving, 

refractive thinking, and decision-making theory. This study is expected to make a theoretical contribution 

to enriching high-level thinking models and provide practical implications for the development of 

mathematics learning strategies that train students' reflective and critical abilities. 

Based on the description above, it is clear that decision-making is an essential skill that warrants 

further study in the context of solving open problems in mathematics. Refractive thinking, as a 

combination of reflective and critical thinking, plays a major role in this process. Research has examined 

students' reflective thinking, but there has been no research that specifically examines the relationship 

with decision-making (Syamsudin, 2020). Therefore, this research is important to fill this gap. Based on 

this description, this study aims to analyze the form and stages of students' reflective thinking in the 

decision-making process when solving open mathematics problems. In particular, this research focuses 

on how each style of rational, intuitive, dependent, avoidant, and spontaneous decision-making is 

reflected in the stages of perplexity, investigation, construct, evaluation, and decision in the context of graph 

theory-based problems. 
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2. METHODS 

Types of Research 

This study employed a qualitative approach with a descriptive design. A qualitative descriptive 

design aims to understand and describe a phenomenon from participants’ perspectives, rather than 

measuring variables as in quantitative research. This approach is suitable for examining students’ 

experiences and thought processes in depth, particularly their reflective thinking during the decision-

making process in solving open mathematical problems. The study focuses on capturing the meaning, 

process, and variations in students’ reasoning patterns as they identify problems, construct strategies, 

and make final decisions.  

This study employed a qualitative approach with a descriptive design to explore students' 

reflective thinking in decision-making when solving open-ended mathematical problems. The formal 

object of the study is the decision-making process involving reflective thinking. In contrast, the material 

object is the thinking activity of undergraduate students in the Mathematics Education Study Program 

at the State University of Malang. Research subjects were selected using purposive sampling based on 

specific criteria, including decision-making style, domicile, and contextual understanding of graph 

theory problems. This design enables the researcher to describe the students’ cognitive processes 

systematically and in context. 

Data were collected through open-ended problem-solving tasks, semi-structured interviews, and 

field notes to obtain a comprehensive understanding of the students’ reflective thinking stages—

perplexity, investigation, construct, evaluation, and decision. The research instruments included validated 

open-ended problem sets and interview guides. Data were analyzed using the interactive model of 

Miles and Huberman, which involves data reduction, data display, and conclusion drawing. To ensure 

data validity, triangulation of sources and methods was applied. This methodological combination 

enables the study to capture the dynamics of students’ decision-making and the manifestation of 

refractive thinking in mathematical problem-solving. 

Data Analysis Techniques 

The data analysis in this study uses an interactive model which includes three stages, namely data 

reduction, data presentation, and conclusion/verification (Widiya & Radia, 2023; Siregar et al., 2020). 

First, data from student work, interviews, and field notes are transcribed and then reduced to select 

information relevant to the research focus. Second, data is presented in the form of tables, thought flow 

diagrams, and descriptive narratives to facilitate the identification of patterns and relationships between 

stages of decision-making. Third, the researcher concludes by interpreting the data in light of decision-

making theory and reflective thinking. 

To maintain the validity of the data, this study uses triangulation of sources and methods. 

Triangulation is a technique used to verify the validity of data by employing multiple sources, methods, 

and theories to assess the consistency of findings. In this case, data from test results, interviews, and 

field records are compared to ensure the validity of the findings. In addition, research is conducted over 

a long period of time (prolonged engagement) to increase credibility. With this step, the research results 

are expected to accurately describe the student's decision-making process, which involves reflective 

thinking in solving open-ended problems. 

 

3. FINDINGS AND DISCUSSIONS 

Findings 

The findings of this study reveal that students demonstrated various methods for identifying 

information when solving open-ended mathematical problems. Students from Khairun Ternate 
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University tended to write down detailed information before determining a strategy, showing a 

systematic approach to understanding the problem. In contrast, most students from the State University 

of Malang preferred rereading the problem without explicitly identifying information, indicating 

limited initial analysis. This difference shows variation in how students begin the stage of 

understanding open problems. 

At the investigation stage, Khairun Ternate University students explored several possible strategies 

to solve the problem, resulting in different methods but similar final answers. Meanwhile, students from 

the State University of Malang tended to use the same combination formula repeatedly, producing 

different results. This suggests that students who explored multiple alternatives achieved more 

consistent solutions, while those using a single strategy showed less flexibility. 

In the construct stage, Khairun Ternate University students developed their own creative 

strategies, such as visualizing pot arrangements or estimating quantities through patterns. On the other 

hand, students from the State University of Malang generally relied on symbolic calculations and 

standard formulas. This difference suggests that Khairun students were more diverse and exploratory 

in developing solutions, whereas Malang students tended to follow procedural approaches. 

At the evaluation stage, rational-style students showed more thoroughness by checking and 

comparing several alternatives before making a decision. In contrast, intuitive-style students tended to 

make decisions quickly after obtaining the first result without reevaluating their options. Dependent-

style students tended to follow examples or peer input, while avoidant students skipped checking their 

answers. These tendencies indicate that decision-making styles have a direct impact on how students 

evaluate solutions. In the decision stage, students from Khairun Ternate University, despite using 

different strategies, arrived at the same final decision, indicating internal consistency. Meanwhile, 

students from the State University of Malang, who used similar strategies, produced different answers. 

Rational-type students generally maintained consistent reasoning across stages, while intuitive and 

avoidant students produced more varied outcomes. 

Another finding shows that students who were familiar with the problem context, such as 

understanding the Malang City map, solved problems more efficiently and accurately. Conversely, 

students with limited contextual understanding took longer and often changed strategies. This indicates 

that contextual familiarity supports more effective decision-making. Overall, the data indicate that 

students’ decision-making in open problem-solving is influenced by the completeness of reflective 

thinking stages and by individual decision-making styles. Rational students tend to complete all stages 

systematically, while intuitive and dependent students are less structured. These findings demonstrate 

that refractive thinking manifests differently across decision-making styles and contributes to the 

diversity of student reasoning in solving open-ended mathematical problems. 

Discussion 

The findings of this study reveal that students' biased thinking in solving open mathematical 

problems follows the stages proposed by Dewey's reflective inquiry and Schön's concept of reflection-

in-action. The confusion experienced at the beginning of the assignment triggers students to investigate 

and construct alternative solutions, in line with Dewey's idea that confusion stimulates reflective 

reasoning (Rodgers, 2018). Rational-style students exhibit a more complete cycle—from investigation to 

evaluation and decision-making—that demonstrates internal coherence between reflection and action. 

Instead, intuitive and evasive students exhibit fragmented processes, making premature decisions 

without a thorough evaluation. Systematic reflection leads to higher-quality decisions (Özsoy-Güneş et 

al., 2015; Reinholz, 2016; Yildiz & Baltaci, 2016). Thus, this study confirms that refractive thinking serves 

as a bridge between reflective understanding and critical evaluation in decision-making. 

Compared to previous research on open problem-solving (Trimawati et al., 2020; Widiya & Radia, 

2023; Fauzan et al., 2024), these findings broaden the discussion by highlighting the interaction between 
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decision-making styles and biased thinking (Prastika & Nugroho, 2025). Previous research has mostly 

explored reflective or critical thinking separately, whereas this study integrates the two within a 

refractive framework. This suggests that rational-style students consistently apply evaluation and 

verification. In contrast, intuitive or dependent students exhibit a cycle of partial reflection, 

demonstrating cognitive diversity in their approach to open problems. These findings refine previous 

models by emphasizing that biased thinking does not occur uniformly but is mediated by personal 

decision-making tendencies and contextual familiarity. Therefore, this study enriches theoretical 

understanding by providing an empirical model of the stages of refractive thinking that are manifested 

in real problem-solving behavior. 

Theoretically, this research contributes to the development of decision-making theory in 

mathematics education by positioning biased thinking as an integrated cognitive process that combines 

reflection, analysis, and transformation (Benakli et al., 2017; Bulent et al., 2016; Imaniyati et al. 2024, 

2024). In practical terms, this study provides evidence that open-ended context-based math problems 

can foster students' reflective and evaluative habits, which are essential for higher-level thinking. These 

insights suggest that lecturers should design a learning environment that encourages students to 

continually question, evaluate, and revise their reasoning. For future research, the refractive thinking 

models presented here can serve as a framework for examining how decision-making develops across 

different cognitive styles, academic levels, or digital learning contexts (Bull et al., 2020; Nouri et al., 

2020). In this way, this research advances theory and practice by linking cognitive processes with 

effective pedagogical design in mathematics education. 

The findings of this study reveal that students’ reflective thinking in solving open mathematical 

problems follows the stages proposed by Dewey’s reflective inquiry and Schön’s concept of reflection-

in-action. The perplexity experienced at the beginning of the task triggered students to investigate and 

construct alternative solutions, aligning with Dewey’s idea that confusion stimulates reflective 

reasoning. Rational-style students demonstrated a more complete cycle—from investigation to 

evaluation and decision—showing internal coherence between reflection and action. In contrast, 

intuitive and avoidant students exhibited fragmented decision-making processes, making decisions 

prematurely without a thorough evaluation. This supports Dwyer et al. (2017), who stated that 

systematic reflection leads to higher decision quality. Thus, the study confirms that refractive thinking 

functions as a bridge between reflective understanding and critical evaluation in decision-making. 

Compared to previous studies on open-ended problem solving (Trimawati et al., 2020; Widiya & 

Radia, 2023; Fauzan et al., 2024), the present findings extend the discussion by highlighting the 

interaction between decision-making styles and refractive thinking. Prior research has mostly explored 

reflective or critical thinking separately, whereas this study integrates both within a refractive 

framework. It shows that rational-style students consistently apply evaluation and verification, while 

intuitive or dependent students exhibit partial cycles of reflection, indicating cognitive diversity in their 

approach to open problems. These findings refine earlier models by emphasizing that refractive 

thinking does not occur uniformly but is mediated by personal decision-making tendencies and 

contextual familiarity. Therefore, this study enriches theoretical understanding by providing an 

empirical model of refractive thinking stages manifested in real problem-solving behavior. 

The study's results show that students employ various methods to identify information on open 

problems, reflecting their respective decision-making styles. Students with a rational style are more 

systematic in writing information, while intuitive students tend to interpret problems directly. 

Understanding the problem is a crucial foundation for strategizing (Kholid et al., 2021). In this process, 

indicators of refractive thinking, such as perplexity and investigation, emerge. The initial confusion 

triggers students to investigate further information. Reflection often arises from the uncertainty 

experienced by a person (Istichomah, 2021). Therefore, the problem identification stage plays a crucial 

role in determining the quality of student decisions. These findings show that thinking styles affect the 

completeness of the early stages of reflective thinking. 
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The investigation process shows that students with rational and intuitive styles show different 

strategies in finding solutions. Rational students write down several alternatives, while intuitives are 

quicker to choose strategies, even though they are less in-depth. Decision-making styles affect the depth 

of information processing. At this stage, refractive thinking works by connecting reflection and criticism 

to generate alternative solutions. Divergent thinking so that individuals can develop many possible 

solutions. The results of the study support this theory, because flexible students are better able to 

explore strategies (Dumas, 2018). On the other hand, students who tend to be procedural experience 

limitations at the investigation stage. Thus, flexibility of thinking is an important key in decision-

making. 

The construct stage shows a variety of creativity in building solutions. Students of Khairun Ternate 

University develop different strategies, ranging from visualization to combination calculations. 

Meanwhile, students at the State University of Malang tend to use a standard formula with little 

variation. Learning that emphasizes procedures makes students less creative in dealing with open 

problems (Agbo et al., 2023). Solution construction involves interpretation and conjecture as part of 

refractive thinking. These findings suggest that the diversity of strategies is an important indicator of 

higher-level thinking skills. In other words, the ability to construct solutions shows differences in the 

quality of student decision-making. Therefore, the construct stage is a critical point in measuring 

reflective thinking. 

Solution evaluation is a stage that distinguishes students with high and low reflective thinking 

skills. Rational students conduct a thorough evaluation of all alternatives before reaching a final 

decision. Evaluation is at the core of critical thinking. Conversely, intuitive or dependent students tend 

to make decisions more quickly without thorough evaluation. This condition makes them susceptible 

to conceptual errors. Evaluation requires analysis, interpretation, and self-regulation skills (Stufflebeam 

& Zhang, 2017). The findings of this study indicate that evaluation is both a reflective and a critical stage 

in the reflective thinking process. Therefore, learning needs to emphasize the importance of evaluation 

before decision-making. That way, students can minimize bias in their strategy choices. 

Final decision-making shows different levels of consistency among students. Rational students 

tend to make the same decisions despite different strategies, while intuitive students produce different 

decisions with the same strategies. This supports the theory of decision-making styles, which 

categorizes styles into rational, intuitive, dependent, avoidant, and spontaneous. Decision consistency 

reflects mature reflective thinking skills. Refractive thinking produces transformative knowledge by 

considering multiple alternatives (Rusdin, 2023). The findings of this study demonstrate that refractive 

thinking is a key factor in making logical decisions. Thus, decision-making styles are closely related to 

the quality of students' final results. This condition shows a relationship between cognitive preferences 

and success in open problems. 

Students' habits in dealing with closed problems affect their ability to solve open problems. Some 

students only give one strategy and one answer, as well as solve routine problems. Open problems 

demand higher thinking flexibility than closed problems. A lack of exposure to open-ended problems 

makes it challenging for students to develop alternative solutions. The results of the study showed that 

UM students were more familiar with procedural patterns, while UMM students were more varied. The 

importance of experience in shaping thinking skills (Suharna et al., 2020). Therefore, learning 

mathematics should provide more exposure to open-ended problems. In this way, students' reflective 

thinking skills can be sharpened. 

The relationship between decision-making style and refractive thinking is clearly seen in this study. 

Students with a rational style are more likely to pass all stages of reflective thinking than those with 

other styles. In contrast, avoidant students often avoid in-depth processes and immediately give 

answers without clear reasoning. Decision-making styles represent an individual's cognitive 

preferences. These findings reinforce the theory by showing a stark difference in the quality of decision-
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making. Reflection-in-action helps individuals improve decisions on an ongoing basis (Reinholz, 2016). 

Thus, the rational style encourages reflection and evaluation better than other styles. This suggests that 

decision-making styles have implications for the depth and completeness of reflective thinking. 

The process of refractive thinking also helps students correct the mistakes they make with their 

strategies. Students who re-evaluate are quicker to find alternative solutions than those who do not. 

This is in accordance with the view that Reflection functions to correct errors in thinking (Lestari et al., 

2022). Reflection in actions helps direct strategy adjustments. In this study, rational and dependent 

students did more strategy revisions. Conversely, intuitive and avoidant students tend to stop at the 

first answer that comes to mind. These findings suggest that refractive thinking increases flexibility in 

decision-making. Therefore, continuous reflection needs to become a habit in mathematics learning. 

That way, students are more adaptive to mistakes. 

Contextual knowledge has been shown to influence the quality of student decision-making. 

Students who understand the map of Malang City can find solutions to the given graph problems faster. 

Social and contextual experiences play an important role in cognitive development. This is proven when 

students with better contextual knowledge can build efficient strategies. Conversely, students who are 

less familiar with the context take longer. This condition shows the importance of presenting open issues 

that are relevant to students' daily experiences. Meaningful learning occurs when material is connected 

to real-life experiences. Thus, the mastery of context supports the development of refractive thinking 

(Alvinaria et al., 2022). Therefore, contextual problems are worth approaching in mathematics learning. 

The findings of this study also support the view that Trimawati et al. (2020) Critical and reflective 

thinking are essential prerequisites for making informed, quality decisions. The evaluation and decision 

stage shows how students weigh reasons logically. Rational students conduct thorough analysis, while 

intuitive students rely more on intuition. This condition underscores the importance of integrating 

reflection and critical analysis in the reflective thinking process to foster transformative knowledge. 

Thus, refractive thinking is not just a reflection but also an evaluation that leads to informed decisions. 

This suggests that mathematics learning should train both reflective and critical thinking skills 

simultaneously. That way, the quality of student decision-making can be improved. 

When compared to previous research, the results of this study show a new contribution. Students 

think refractively in solving mathematical problems, but have not emphasized the decision-making 

aspect. This study fills this gap by emphasizing the involvement of refractive thinking in decision-

making. The results of this study illustrate the stages of perplexity, investigation, construction, 

evaluation, and decision in practical terms. This enriches the study of the relationship between refractive 

thinking and decision-making processes. Thus, this research expands our understanding of how 

students approach open-ended problems. These findings also make a practical contribution to learning 

strategies. Therefore, this research can be a reference for future studies. 

Overall, this discussion highlights that refractive thinking is a crucial foundation for students' 

decision-making on open mathematics problems. This process involves critical reflection and 

evaluation, leading to informed and logical decisions. Differences in decision-making styles have a 

significant effect on the completeness of the refractive thinking stages. Rational students are more 

consistent, while intuitive and avoidant students tend to be less systematic. These findings support 

Dewey, Schön, Scott & Bruce, as well as Pagano & Roselle's theories about the importance of reflection 

and evaluation. Thus, this study emphasizes the need for open-ended, problem-based learning to train 

students in reflective thinking. This also provides practical implications for mathematics lecturers in 

designing learning strategies. 

 

4. CONCLUSION 

This study concludes that student decision-making in solving open mathematical problems occurs 
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through the stages of refractive thinking, which include perplexity, investigation, construction, 

evaluation, and decision. Students with a rational decision-making style tend to be more systematic and 

consistent in their approach to all stages than those with other styles. On the other hand, students with 

intuitive, dependent, and avoidant styles tend to be less thorough in conducting investigations and 

evaluations. The study's findings show that students at Khairun Ternate University employ different 

strategies yet arrive at the same decisions. In contrast, students at the State University of Malang use 

similar strategies but reach different conclusions. This indicates that decision-making styles and 

learning experiences have a significant impact on the quality of students' reflective thinking. Contextual 

knowledge has also been proven to support the smooth process of reflective thinking in solving open 

problems. Thus, open-ended problem-based mathematics learning is essential for training students' 

reflective and critical thinking abilities. This research contributes theoretically to strengthening the 

study of the relationship between refractive thinking and decision-making, and practically serves as a 

reference for lecturers in designing mathematics learning strategies that emphasize higher-level 

thinking-based decision-making. 
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