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Abstract: 

This research explored the effectiveness of the Project-Based Learning (PjBL) instructional model in 

improving critical and creative thinking skills among students at SMAK 1 Bina Bakti Bandung, 

Indonesia. Employing a one-group pretest-posttest quasi-experimental design, the research examined 

how students’ critical and creative thinking skills developed after participating in a series of PjBL 

learning activities in polynomial topic. The findings revealed significant improvements in both critical 

and creative thinking skills. Critical thinking showed notably increases in all indicators (analysis, 

synthesis, problem solving, inference, evaluation) with the most substantial changes in synthesis and 

problem solving. Likewise, creative thinking also showed a remarkable improvement in all indicators 

(flexibility, originality, elaboration, reflection, and fluency) particularly in elaboration and fluency. The 

effect sizes of critical and creative thinking were measured at 0.804 and 0.949 respectively, indicating 

the strong impact of PjBL in improving both domains. While critical thinking exhibited comparatively 

elevated scores both prior to and following the intervention, the extent of enhancement was more 

pronounced in creative thinking. It was suggested by these results that while a relatively strong 

foundation in critical thinking had already been demonstrated by the students, their creative thinking 

skills were particularly effectively enhanced by the implementation of PjBL. 
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Introduction 

In response to the challenges of globalization and Industrial Revolution 4.0, 

education has a crucial role in preparing young generations to deal with rapidly 

evolving and diverse changes. The proficiency of 21st-century skills has become vital 

to help young people thrive in the complex and challenging modern world. These 

skills span a wide range of competencies necessary for achieving success in the context 

of globalization, with critical thinking and creative thinking being two of several 

fundamental aspects (Park et al., 2023; Ataizi & Donmez, 2014). 

Critical thinking involves how students recognize and develop reasoning, use 

evidence, construct arguments, reach conclusions, and apply information to solve 
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problems (Altun & Yildrim, 2023; Changwong et al., 2018). When students must 

evaluate decisions logically, critical thinking is needed (Mihail, 2022). At the same 

time, students also need creative thinking skills to generate and apply new ideas, find 

alternative explanations, and connect information to build theories or understand 

problems (Kurniawan & Setyaningtyas, 2025; Supriyadi et al., 2022). Creative thinking 

lets students see problems from multiple perspectives, which can help develop novel 

solutions. Critical and creative thinking skills require students to think broadly and 

deeply. They must use reasoning, logic, imagination, innovation, and knowledge 

during learning activities. 

Traditional educational systems often focus on direct instruction and 

memorization. These approaches are less effective in developing students' critical and 

creative thinking skills. The focus is on one-way transfer of information—teachers are 

the main source, while students remain passive (Martirosov et al., 2023). As a result, 

students memorize facts and concepts to improve test scores, instead of gaining a 

deeper understanding or building analytical and creative abilities. Strict instructional 

models can also limit exploration and innovation, hindering students' critical and 

creative thinking (Firdaus et al., 2015). The lack of connection between school subjects 

and real-life contexts can make learning seem less relevant. Students may then be 

motivated only by test scores, not by a desire to understand or apply knowledge in 

problem-solving (Mebert et al., 2020). 

To address inefficiencies in traditional education, innovation in learning is 

needed. This innovation should be responsive, student-centered, authentic, and 

collaborative. It should empower students to experiment, think critically and 

creatively, and find new solutions in their learning. Project-Based Learning (PBL) is 

promoted as an alternative model that gives students more room for exploration and 

innovation (Guo et al., 2020; Weng et al., 2022). PjBL lets students participate in projects 

linked to real-life situations, connecting lessons to broader contexts. This approach 

encourages critical and creative thinking for solving complex problems (Markula & 

Aksela, 2022; Chan, 2013). PjBL creates meaningful learning by engaging students as 

leaders in their process. Students analyze problems, evaluate alternatives, and develop 

solutions through hands-on projects (Tang et al., 2020; Alsmadi et al., 2024). 

Teamwork, responsibility, and improved communication are also developed as 

students work together. 

Recent studies highlight how PjBL can boost students' engagement, motivation, 

and higher-order thinking skills (HOTS) by using real-world problems and 

collaborative environments (Zhang & Ma, 2023; Ramdani et al., 2022). Kokotsaki, 

Menzies, and Wiggins (2016) found that PjBL motivates students to enhance their 

critical and creative thinking by promoting exploration, inquiry, and self-directed 

understanding. PjBL lets students make meaningful connections between theory and 

practice, leading to deeper learning. Condliffe et al. (2017) showed that PjBL is effective 

for developing critical thinking. It engages students in activities requiring analysis, 
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evaluation, and synthesis. These processes are essential for building critical thinking 

by questioning assumptions, evaluating evidence, and considering alternatives. PjBL 

also helps creative thinking, giving students space for brainstorming, problem-

solving, and conceptualization (Larson, 2011; Aisyah & Novita, 2025). Thomas (2000), 

Almulla (2020), and Li & Tu (2024) also found that PjBL fosters novel ideas and 

solutions, which are central to creative thinking.  

This research examined how the PjBL model develops students' critical and 

creative thinking skills. The chosen research topic was polynomials. This topic 

involves complex algebraic operations and is often used in practical applications like 

predicting trends, physics, or economics (Tableh, 2020). Students often find 

polynomials difficult (Movshovitz-Hadar & Shmukler, 1991). The topic is challenging 

for its abstract nature, complex operations, and the need to understand many concepts 

at the same time (Osei & Agyei, 2024). Manipulating algebraic expressions, identifying 

degrees and coefficients, and solving polynomial equations are common challenges 

(Brizuela & Strachota, 2024). If not addressed using effective strategies, these 

difficulties can affect students’ overall math performance. 

To understand polynomials, students must learn basic concepts, perform 

operations, master factoring, handle rational expressions, and use these skills to solve 

equations (Bhat & Singh, 2020; Ekamornaroon et al., 2024). Mastering polynomials 

means students need more than procedural fluency. They also need strong conceptual 

understanding and advanced thinking abilities (Pelayo et al., 2023; Manandhar et al., 

2022). This makes polynomials ideal for studying students’ critical and creative 

thinking. Students must analyze relationships, evaluate solutions, and build 

meaningful mathematical representations. As a result, there is a need for teaching 

approaches that actively involve students and promote higher-order thinking.  

In this context, Project-Based Learning (PjBL) is particularly relevant because it 

engages students with polynomial concepts through tasks that require exploration, 

decision-making, and solution design (Ayuningsih et al., 2022; Hamin et al., 2024). 

These activities encourage students to do more than just follow procedures by 

emphasizing authenticity and problem-solving. They also encourage students to 

explain their thought processes, consider different approaches to problem-solving, 

and generate new solutions when faced with complex and evolving situations, skills 

that are important for critical and creative thinking(Grant et al., 2016). By 

implementing the PjBL instructional model in polynomials learning, this research aims 

to: (1) evaluate students' critical and creative thinking skills before and after learning 

polynomials topics; (2) investigate the influence of PjBL on students' critical and 

creative thinking skills; and (3) analyze the role of PjBL in developing students' critical 

and creative thinking during polynomials instruction. 

Research Methods 

This research employed a quantitative approach using a quasi-experimental 

method with a pretest-posttest one-group design. The research was conducted at 
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SMAK 1 Bina Bakti Bandung during the 2024/2025 academic year. The selection of this 

school was based on three considerations: accessibility, administrative cooperation, 

and compatibility with the curriculum, especially since polynomial topics are 

embedded within the 11th-grade mathematics syllabus. The presence of only one 11th-

grade class further ensured that the data collection would be comprehensive from the 

entire population, without the need for sampling. 

The absence of a control group restricts the capacity to draw definitive 

conclusions about the impact of PjBL implementation, since other factors like 

maturation, prior knowledge, and external learning experiences may also influence 

the results. Repeated exposure to similar test instruments may introduce a testing 

effect, affecting students' performance in the posttest. The findings should be 

interpreted in a certain way, particularly regarding causality (Bierer et al., 2025; 

Knapp, 2016). 

In this research, non-test instruments in the form of questionnaires were used to 

collect data on students’ critical and creative thinking skills. Before implementation, 

researchers evaluated the instruments in terms of their validity and reliability. Content 

validity was established through expert judgment involving three validators using a 

four-point relevance scale to avoid a neutral midpoint (1 = not relevant, 2 = somewhat 

relevant, 3 = quite relevant, 4 = highly relevant). Content validity was assessed using 

both the Item-Level Content Validity Index (I-CVI) and the Scale-Level Content 

Validity Index (S-CVI), as is typically recommended in instrument development 

studies (Stefana et al., 2025). The results showed that both the critical and creative 

thinking questionnaires had good content validity, with I-CVI values ranging from 

0.667 to 1.000 and S-CVI/Ave values of 0.889 and 0.911, respectively. 

After the validation process, the questionnaires were given to the students as a 

pretest to evaluate their starting points in terms of critical and creative thinking skills. 

The reliability of the instruments was then examined using Cronbach's alpha (α) 

coefficient based on the responses given by the students to the pretest data, which were 

collected prior to the implementation of the intervention. The findings indicated that 

the critical thinking questionnaire attained a reliability coefficient of α = 0.842, 

signifying adequate internal consistency, while the creative thinking questionnaire 

yielded α = 0.718, denoting acceptable reliability. These findings show that both 

instruments meet the minimum reliability standards required for this study. 

After students completed the pretest, they participated in a series of mathematics 

learning sessions on polynomial topics delivered using the project-based learning 

(PjBL) instructional model. The classroom mathematics teacher conducted these 

sessions and facilitated student engagement through the structured stages of the PjBL 

model. At the end of the learning phase, the same questionnaires were given to the 

students as a posttest to see if they had improved their critical and creative thinking 

skills. Table 1 outlines the specific indicators and stages of the PjBL instructional model 

implemented in this study. 



 

 

Does Project-Based Learning Equally Foster Critical and Creative Thinking?  

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

90 

Table 1. PjBL Instructional Model Used In This Research 

Indicators Teacher Activities Student Activities 

Pose Question Guides students formulate questions 

that involve polynomial concepts. 

Identifies questions and problems 

related to polynomial concepts. 

Project Planning Helps students design projects, assign 

tasks, and guide project activities. 

Designs the project, sets goals, and 

distributes tasks within the group. 

Research and 

Explore 

Provides resources, facilitates 

discussions, and gives feedback. 

Gains information and conducts 

research for the project. 

Develop Product Assists in the development of the final 

product. 

Develops the final product according 

to the project plan. 

Present and 

Reflect 

Organizes presentations sessions and 

leads reflection discussion. 

Presents project findings and reflects 

on the learning experience. 

 

Although critical and creative thinking are typically evaluated through 

performance-based tasks, this study used self-report questionnaires to evaluate 

students' internal cognitive processes, including reasoning patterns, idea generation, 

and reflective thinking. These processes may not be fully observable through 

performance alone. Self-report instruments are commonly used to evaluate higher-

order thinking skills, especially in educational settings that focus on student 

engagement in the learning process (Jebb et al., 2021). Additionally, using structured 

questionnaires ensures consistent measurement across participants and over time in a 

pretest–posttest design. Consequently, the utilization of Likert-scale questionnaires 

was considered suitable for examining alterations in students' critical and creative 

thinking in the scenario of PjBL implementation. Nevertheless, it is recognized that 

self-report instruments might not completely mirror students' real achievements, 

which could lead to potential bias (Fuller et al., 2018). Consideration of this limitation 

is essential during the interpretation of the study's findings. 

The critical and creative thinking questionnaires were administered using 

Google Forms. This allowed for efficient data collection and accessibility for students. 

Each questionnaire consisted of both positively and negatively worded statements, 

and the responses were rated on a Likert scale (Jebb et al., 2021). This format allowed 

for a more nuanced assessment of the perceptions and attitudes of the students. The 

items in each of the questionnaires were organized according to five key indicators 

that were used to capture the different dimensions of critical and creative thinking. 

These indicators are described in detail in Tables 2 and 3. 

 

Table 2. Indicators of Critical Thinking Skills 

Indicators Description 

Analysis Deconstruct information into key components to understand the structure and 

relationships between elements. 

Synthesis Integrate disparate ideas or information into a new, coherent, and innovative 

understanding. 
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Indicators Description 

Problem-

solving 

Identify core issues, evaluate solutions, and apply effective strategies to resolve 

issues while considering the outcomes. 

Inference Drawing reasonable conclusions based on evidence and patterns. 

Evaluation Assessing the validity, relevance, and strength of arguments or solutions based on 

specific criteria. 

 

Table 3. Indicators of Creative Thinking Skills 

Indicators Description 

Flexibility Adapt thinking approaches and explore multiple perspectives to arrive at diverse 

solutions to a problem. 

Originality Produce unique, novel, and unconventional ideas that differ from traditional 

approaches. 

Elaboration Expand, specify, and enrich ideas to provide greater depth, structure, and 

applicability. 

Reflection Review one's work or ideas to identify strengths, weaknesses, and opportunities 

for improvement. 

Fluency Generate multiple ideas or solutions in an efficient manner in a limited amount of 

time. 

Both descriptive and inferential statistical approaches were used to analyze the 

pre- and post-intervention questionnaire data. Descriptive statistics were used to 

summarize the central tendency and dispersion of the students' scores on the critical 

thinking and creative thinking questions. For the inferential statistics, preliminary tests 

were first carried out to make sure that the data met the necessary assumptions for 

further analysis. The Shapiro-Wilk test was used for the assessment of normality of the 

data distribution at a 5% significance level (α = 0.05). In addition, the Levene test was 

used to assess the homogeneity of variances between the two sets of scores. This test 

was also performed at α = 0.05. If both conditions—normality and homogeneity—were 

met, the data were analyzed using the parametric paired sample t-test. This test 

compares the means of two related groups. If one or both assumptions were violated, 

the non-parametric Wilcoxon Signed Rank Test was used instead, as it does not 

assume a normal distribution and is suitable for ordinal or non-normally distributed 

interval data. 

If hypothesis testing revealed a statistically significant difference between initial 

and final questionnaire scores, subsequent analysis determined the effect size of the 

PjBL model on students' critical and creative thinking skills. The effect size was 

calculated using Cohen's d for paired samples. Cohen's d is the mean difference 

between the pretest and posttest scores divided by the standard deviation of these 

differences (Lakens, 2013). This approach provides a standardized measure of the 

magnitude of change resulting from the intervention. Interpretation of Cohen's d 

followed the generally accepted thresholds proposed by Cohen (Lakens, 2013), where 

d ≈ = 0.2 indicates a small/low effect, d ≈ = 0.5 indicates a moderate effect, and d ≈ = 0.8 

indicates a large/high effect. To ensure clarity and consistency in reporting, all 

numerical results from this analysis were rounded to three decimal places. 
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Results and Discussions 

Critical Thinking Skills 

Based on the initial and final critical thinking questionnaires, this research 

provides data as shown in Figure 1. 

 

 
Figure 1. Students’ Critical Thinking Skills Questionnaire Data. 

 

The normality test of the initial and final critical thinking skills questionnaires 

gave sig(2-tailed) values of 0.198 and 0.213, respectively, both of which were greater 

than 0.05. This result indicated that both data were distributed normally. The 

homogeneity test also produced a sig(2-tailed) value of approximately 0.426, which 

was greater than 0.05, showing that both data sets had homogeneous variances. 

Following this result, for hypothesis analysis, the paired sample t-test obtained a sig(2-

tailed) value of approximately 0.027, which is below the 0.05 threshold. This result 

rejected H0, which confirmed that there was a significant improvement in students' 

critical thinking skills after the polynomial learning in the PjBL intervention. The effect 

size was calculated to be approximately 0.804, indicating a high effect size and 

confirming the effectiveness of the PjBL model in improving critical thinking skills. 

Figure 2 describes further analysis of all indicators of critical thinking skills 

(analysis, synthesis, problem-solving, inference, and evaluation). It shows that there 

were improvements from the initial questionnaire to the final questionnaire based on 

the average score in each indicator, providing a more detailed comparison between 

students' baseline skills and their progress after implementing the PjBL model.  
 

 
Figure 2. Average Score of Students’ Critical Thinking Skills for Each Indicator 
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Significant trends in student development following the implementation of the 

PjBL model are evident when comparing students' initial and final questionnaire of 

critical thinking skills. Of the five indicators, the most notable increase was in the 

synthesis indicator, rising from 3,73 to 3,99. This substantial increase suggests that 

students became more adept at integrating diverse ideas and information into a new, 

coherent understanding. Generating solutions by combining different elements 

proved to be particularly effective in fostering synthesis (Yusuf et al., 2024). As a 

higher-order cognitive skill, synthesis benefited greatly from the hands-on, real-world 

problem contexts provided by the PjBL activities, which helped students make 

connections between their prior knowledge and new information (Wang, 2022; 

Boonsathirakul & Kerdsomboon, 2023). 

Similarly, the problem-solving indicator showed an improvement, increasing 

from 3,84 to 4, indicating a significant development in students' ability to identify and 

apply effective solutions to polynomial-related problems. The hands-on, project-based 

nature of PjBL allowed students to actively engage in the solution of complex 

problems, improving their ability to solve problems (Karan & Brown, 2022; Almulla, 

2020). This improvement is a reflection of how the PjBL model provided students with 

opportunities to apply their learning to real-world scenarios, making mathematical 

concepts more relevant and relatable (Rehman et al., 2024; Stoica, 2015). This active 

involvement is likely to have enabled the students to build more effective strategies 

and become more confident in their ability to handle mathematical challenges. 

In addition, there was an improvement in the inference indicator, albeit a smaller 

one, from 3,8 to 3,88, which reflects the growing ability of students to draw logical 

conclusions based on evidence and their analysis of it. This skill is particularly 

important in complex subjects such as mathematics, where sound reasoning allows 

students to construct valid arguments and apply mathematical principles effectively 

(Sachdeva & Eggen, 2021). Inference is closely related to higher-order thinking skills 

(Darwis et al., 2024), and its improvement during the PjBL intervention suggests that 

students became more adept at making evidence-based decisions. This is a skill that 

can have broader implications beyond the classroom, such as in scientific research or 

professional problem solving (Kispal, 2008). 

The evaluation indicator showed more modest gains. While students improved 

in their ability to evaluate the validity and relevance of solutions, progress in this area 

was slower than in other areas. This suggests that students may still be facing 

challenges when it comes to critically evaluating the strengths and weaknesses of 

different arguments or solutions, a skill that is crucial for higher-order thinking 

(Nanda et al., 2023). Several factors, including the complexity of the evaluation 

process, which involves not only understanding the problem at hand but also 

questioning underlying assumptions and considering alternative solutions, may 

account for this slower development in evaluation (Vincent-Lancrin, 2023). 
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Of all the indicators, the analysis indicator showed the smallest increase. This 

minimal improvement, however, should be interpreted in a nuanced way. First, the 

already high baseline score suggests that students were relatively proficient in their 

analytical thinking prior to the intervention. Their ability to deconstruct complex 

information and recognize relationships between elements may have been well 

developed. This may have left less room for dramatic growth. On the other hand, in 

spite of this apparent mastery, the limited progress may also reflect the underlying 

challenges of applying the skills of analysis in more complex or unfamiliar contexts. 

In mathematics, deep analysis requires sustained attention to detail, the ability to 

recognize patterns, and familiarity with a variety of strategies for solving problems 

(Mukuka et al., 2023). Without frequent practice and focused instruction, students may 

struggle to maintain or deepen these skills, especially as tasks become more 

cognitively demanding. Since analysis is fundamental to the development of other 

critical thinking skills-such as synthesis, problem solving, and evaluation-its refining 

is essential (Koskinen & Pitkäniemi, 2022). 

The observed improvements in all of the critical thinking indicators provide 

compelling evidence of the effectiveness of the PjBL model in improving the higher-

order cognitive skills of students in mathematics. While some measures, such as 

synthesis and problem solving, showed more significant growth because they are 

more closely aligned with the collaborative and inquiry nature of PjBL, others, such as 

analysis, inference, and evaluation, reflect the need for more targeted scaffolding and 

continued practice. These results highlight the importance of designing learning 

experiences that challenge students not only to find answers, but also to justify, think 

about, and improve their thinking process. Therefore, incorporating PjBL into the 

mathematics classroom can be seen as a powerful strategy for developing students' 

critical thinking in a comprehensive and sustainable way. 

 

Creative Thinking Skills 

Figure 3 presents the data from the initial and final creative thinking 

questionnaires. 

 

 
Figure 3. Students’ Creative Thinking Skills Questionnaire Data. 

 

The test of normality for the initial and final creative thinking skills 

questionnaires yielded sig(2-tailed) values of 0.976 and 0.973, respectively. The data 

was considered to follow a normal distribution as both values exceeded the 0.05 

threshold. In addition, the homogeneity test yielded a sig(2-tailed) value of 

approximately 0.857. This further confirmed that the data sets had homogeneous 
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variances. These statistical requirements justified the use of a paired sample t-test for 

the evaluation of the effect of the intervention. 

The results of the paired-sample t-test revealed a sig(2-tailed) value of 

approximately 0.000, which was significantly below the 0.05 level. Therefore, the null 

hypothesis (H₀) was rejected, indicating that there was a statistically significant 

improvement in students’ creative thinking skills after the implementation of the PjBL 

model during the polynomial learning. The calculated effect size was approximately 

0.949, which falls into the high effect category. This indicates that the PjBL model had 

a significant impact on improving students' creative thinking skills. 

Figure 4 provides a comparative overview of students’ performance on five 

indicators using data from the initial and final creative thinking skills questionnaires 

(flexibility, originality, elaboration, reflection, and fluency). The average scores for 

students' creative thinking skills showed a measurable improvement in all of the 

indicators after the implementation of the PjBL model during the polynomial learning. 

This growth suggests that the model was effective in fostering different aspects of 

creative thinking and in helping students not only to understand the mathematical 

content, but also to engage with it in more original and flexible ways. 

 

 

Figure 4. Average Score of Students’ Creative Thinking Skills for Each Indicator 

 

The flexibility indicator had the smallest increase among the five indicators. 

Although this improvement is modest, it suggests that students have begun to develop 

the ability to look at problems from a variety of perspectives and to consider 

alternative solutions. In mathematics, fostering flexibility means encouraging students 

to move away from routine methods of problem solving, especially in polynomial 

topics that often involve procedural manipulation (Isyrofinnisak et al., 2020; Star & 

Rittle-Johnson, 2008). Through PjBL, students were presented with open-ended 

challenges and collaborative explorations that gradually encouraged them to 

experiment with different pathways and connect mathematics to real-world problems 

(Ciffarelli & Cai, 2005). This cognitive shift may take some time to occur, but the 
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upward trend is promising in terms of developing students' adaptability and 

willingness to try out unconventional strategies. 

The originality indicator also showed an improvement. This improvement, 

although still moderate, indicates that students are gaining confidence in generating 

novel and unique ideas. In the context of polynomial learning, originality can occur 

when students come up with creative representations of functions, when they invent 

real-world applications, or when they visualize mathematical relationships in 

unexpected ways (Baez et al., 2024). The PjBL model allowed students to personalize 

their work and contribute ideas that differed from those of their peers, moving away 

from the traditional "one right answer" approach that is common in mathematics 

classrooms (Pan & Allison, 2010). These findings suggest that originality can be 

fostered when students are provided with meaningful autonomy and diverse 

opportunities to generate ideas.  

There was also a significant improvement in the elaboration indicator, rising 

from 3.21 to 3.51. Elaboration reflects the ability of students to expand on initial ideas, 

to add relevant details, and to structure their thoughts in a coherent manner (Vincent-

Lancrin et al., 2019). This indicator is often correlated with the depth of understanding 

and the ability to communicate ideas effectively (Miller et al., 2018), which is a key skill 

in the solution of complex polynomial problems. During classroom observations, 

students began to organize their work in a more systematic way, detailing their steps 

and reasoning processes, and constructing thorough explanations of the results of their 

projects. This growth seems to be largely due to the fact that students were asked to 

document, present, or refine their solutions (Nold, 2017). 

An increase was also observed in the reflection indicator, which improved from 

3.21 to 3.53. This significant increase suggests that students have become better able to 

critically assess their own ideas, judge the effectiveness of their approaches, and 

identify areas for improvement. Reflection is a higher-order cognitive process that 

helps students to internalize what they have learned and to refine their strategies for 

moving forward in the future (Chang, 2019). Students were encouraged to revisit their 

thinking and align their outcomes with project goals in PjBL environments, where 

revision and feedback are integral to the learning cycle (Sukackė et al., 2022). As a 

result, students demonstrated a more mature awareness of how their ideas developed 

over time and how these ideas related to more general mathematical or real-world 

contexts (Hussein & Csikos, 2023). 

Lastly, fluency scores increased from 3.65 to 3.83. Fluency is often the foundation 

upon which originality and elaboration are built, as it reflects the ability to generate a 

large number of ideas quickly (Handayani et al., 2021; Suherman & Vidákovich, 2022; 

Setianingrum et al., 2025). This increase shows that students were able to generate 

more ideas and solutions in response to project prompts. This may be because the PjBL 

model reduced the fear of failure and encouraged brainstorming without immediate 

judgment (Mantra et al., 2023). By providing multiple opportunities for idea 
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generation and peer interaction, the collaborative and iterative nature of the project 

work likely contributed. 

The value of PjBL as an instructional model that supports multiple cognitive 

processes is reinforced by the observed improvements in all creative thinking 

indicators. These findings align with previous research emphasizing the importance 

of instructional strategies that promote flexibility, originality, elaboration, reflection, 

and fluency in developing students' ability to think creatively and critically (Biazus & 

Mahtari, 2022). PjBL offers a robust pathway for fostering creativity in mathematics 

education by integrating real-world problems, collaboration, and iterative thinking 

into the learning process. 

To further improve students' creative thinking, especially in terms of flexibility 

and originality, teachers can include more open-ended and exploratory activities in 

the PjBL framework. Teachers can promote students' flexibility in thinking by 

designing activities that encourage multiple solution strategies and representations. 

For instance, students can solve a polynomial problem using different methods, 

construct polynomial functions based on conditions, or analyze incorrect solutions to 

identify alternative approaches. Students can model the motion of a thrown object 

using a polynomial function, analyze area optimization problems, or construct 

polynomial models based on real-world data such as sales trends. These open-ended 

tasks allow multiple valid approaches and solutions, thereby encouraging different 

strategies and representations that encourage students to develop flexibility in 

thought. Additionally, students can be stimulated to think in original ways when they 

are given tasks that require them to construct their own polynomial models based on 

real-world contexts. These tasks give them the freedom to generate unique ideas and 

approaches. Teachers may also give projects that include designing problems, 

changing existing models, or making different solutions. This helps students think in 

new ways and have new ideas for solving problems. Additionally, providing 

opportunities for students to present and justify different solutions can reinforce these 

aspects of creative thinking. 

 

Critical versus Creative Thinking Skills 

A comparative analysis of students’ critical and creative thinking skills 

throughout the implementation of the PjBL model revealed pronounced differences in 

the baseline levels and growth trajectories of these two cognitive domains. Specifically, 

students’ critical thinking scores were higher at the beginning, while creative thinking 

showed greater improvement over time. These findings clarify that, although Project-

Based Learning supports both skills, the gains differ in magnitude, providing a 

nuanced understanding of its impact on critical versus creative thinking.  

Across the five indicators for each skill set, students consistently showed stronger 

performance and more significant improvement in the critical thinking domain than 

in the creative thinking domain. The critical thinking indicators (analysis, synthesis, 
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problem solving, inference, and evaluation) not only showed moderate growth but 

also highlighted students' ability to evaluate, organize, and validate information 

through logical reasoning and evidence-based judgment. These skills are very much 

in line with traditional academic expectations, in which structured problem solving 

and reasoning are emphasized as core competencies (Thornhill-Miller et al., 2023).  

In contrast, creative thinking remained comparatively lower in both initial scores 

and subsequent growth, as measured by indicators such as flexibility, originality, 

elaboration, reflection, and fluency. The difference points to the more complex, 

nonlinear nature of creativity that requires more than the application of learned 

processes (Sawyer, 2021). Students are challenged to think outside the box and to 

develop more than one way to approach a problem. Creativity also encompasses 

higher levels of both ambiguity and uncertainty, as well as the courage to take 

cognitive risks, all of which may not be adequately fostered in traditional classroom 

settings (Vincent-Lancrin et al., 2019; Thornhill-Miller et al., 2023; Wechsler et al., 

2025).  

Creative thinking is inherently more difficult to teach, model, and assess because 

it often involves divergent, non-standardized outcomes (Dechaume et al., 2024). 

Activities that foster creative thinking require a learning environment that embraces 

ambiguity and prioritizes process over product, such as open-ended design projects, 

improvisational writing, conceptual brainstorming, or interdisciplinary synthesis (Xu 

et al., 2024). Such work takes longer, demands iterative feedback, and requires a 

pedagogical culture that values creativity equally with accuracy. Unfortunately, these 

conditions are not necessarily present in traditional classrooms, where time pressures, 

curriculum rigidity, and performance demands may limit opportunities for creative 

inquiry(Beghetto & Kaufman, 2014; Ji-Hoon et al., 2021). 

In addition, creative thinking tends to develop in a contextual, cultural, and 

emotionally secure environment (Hennessey, 2015). Students need an environment 

that is conducive to autonomy, curiosity, and experimentation, elements that are 

essential for creativity to flourish. Students may become risk-averse and reluctant to 

share unconventional ideas in classrooms where failure is punished, or originality is 

not celebrated (Treffinger, 2009). Research has shown that an environment that is 

characterized by psychological safety, teacher encouragement, and student-centered 

learning is more conducive to the development of creative thinking (Qian et al., 2019; 

Childs et al., 2022). In this regard, more intentional scaffolding may be needed to truly 

unlock students' creative potential, even though PjBL provides a more conducive 

context than traditional instruction by emphasizing real-world relevance, 

collaboration, and exploration (Hafeez, 2021). 

Teachers play a critical role in this process. Students' attitudes and skills related 

to creative thinking are shaped by their ability to design tasks that challenge students 

intellectually while leaving room for creativity, their willingness to accept student-

generated ideas, and their ability to provide formative feedback (Tiong & Bakar, 2022) . 
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Teachers signal to students that creativity is not only acceptable but valued when they 

model creative problem solving, ask open-ended questions, and validate diverse 

approaches. In contrast, they may inadvertently stifle creative tendencies by 

encouraging conformity and rote responses when instruction is overly rigid or 

outcome-oriented(Jia et al., 2019). 

A likely explanation for this discrepancy between students’ critical and creative 

thinking skills is the historical and systematic preference in education for critical over 

creative thinking (Hennessey, 2015; Beghetto & Kaufman, 2014). Standard curriculum 

and assessment practices have long privileged analytical skills because they can be 

measured and predicted (Bouckaert & Vincent-Lancrin, 2023; Robinson, 2012). For 

example, tasks like identifying logical fallacies, evaluating reasoning, word problem-

solving, and conducting scientific analysis tend to have clear criteria for success and 

are easier to evaluate objectively (Berkle et al., 2023). Such tasks are prevalent in 

textbooks, exams, and classrooms, making critical thinking more accessible and 

routinely practiced by students(Davies, 2013). The need for a more balanced approach 

to curriculum and pedagogy is underscored by the observed gap between critical and 

creative thinking. While critical thinking provides tools for analysis and evaluation, 

creative thinking enables students to generate possibilities and envision alternatives 

(Vincent-Lancrin et al., 2019; Brodin, 2016). Both are essential in the context of learning 

in the 21st century, where complex global challenges call not only for sound judgment, 

but also for inventive thinking. Integrating instructional strategies that develop both 

cognitive domains in tandem will become increasingly important as education evolves 

toward more holistic and student-centered models, including approaches such as PjBL 

(Kulkarni & Ramdasi, 2022). Bridging the gap and cultivating learners who are both 

critically astute and creatively agile can be achieved by encouraging students to look 

at problems from multiple perspectives, iterate their ideas, and collaborate in diverse 

teams. 

 

Conclusions and Suggestions 

The research results indicate that the Project-Based Learning (PBL) instructional 

model significantly improved students' critical and creative thinking skills in a 

polynomial topic at SMAK 1 Bina Bakti Bandung. The PjBL model, which consists of 

stages such as posing questions, planning projects, conducting research, developing 

products, and presenting findings, was found to be effective in developing students’ 

critical and creative thinking skills. However, the results suggest that PjBL does not 

equally foster these two domains when addressing the main research question. While 

both critical and creative thinking skills improved substantially, creative thinking 

improved more, as reflected by the higher effect size. 

Despite the improvement in both skills through PjBL instruction, there was a 

noticeable difference when comparing critical and creative thinking skills, as critical 

thinking scores were generally higher at baseline. This discrepancy can be attributed 
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to the students' initial performance levels. Prior to the intervention, critical thinking 

scores were relatively high, indicating that students already possessed a certain level 

of analytical ability. In contrast, creative thinking scores increased substantially, 

suggesting that PjBL is particularly effective in fostering creativity through open-

ended and exploratory tasks. 

Based on these findings, it is recommended that teachers integrate project-based 

learning (PBL) into their classroom instruction, particularly for projects that encourage 

creative thinking. Teachers should generally focus on creating authentic, real-world 

problems that spark curiosity and encourage exploration. This approach increases 

student engagement and learning outcomes. Research initiatives in the future might 

include using the PjBL model in different math classes and subjects to show how well 

it works and adapt it to different learning environments. Additionally, these initiatives 

may involve designing new scenarios to enhance students' creative thinking skills. 

 

Acknowledgements 

The author expresses gratitude to LPPM (Lembaga Penelitian dan Pengabdian kepada 

Masyarakat) UNPAR (Universitas Katolik Parahyangan) for providing research 

funding. Furthermore, the authors confirm that there are no conflicts of interest related 

to the publication of this research article. The authors are committed to maintaining 

the integrity and transparency of both the research process and its findings. 

 

References 

Aisyah, S., & Novita, D. (2025). Teachers’ Perception of the Implementation of Project-

Based Learning in Early Childhood Education in Indonesia. Cogent Education, 

12(1). https://doi.org/10.1080/2331186X.2025.2458663 

Almulla, M. A. (2020). The Effectiveness of the Project-Based Learning (PBL) Approach 

as A Way to Engage Students in Learning. SAGE Open, 10(3). 

https://doi.org/10.1177/2158244020938702 

Alsmadi, H., Kandasamy, G., Kafri, A. A., & Zahirah, K. F. (2024). Empowering 

Computing Students Through Multidisciplinary Project-Based Learning (PBL): 

Creating Meaningful Differences in the Real World. Social Sciences & Humanities 

Open, 10, 101180. https://doi.org/10.1016/j.ssaho.2024.101180 

Altun, E., & Yildrim, N. (2023). What Does Critical Thinking Mean? Examination of 

Pre-Service Teachers' Cognitive Structures and Definitions for Critical 

Thinking. Thinking Skills and Creativity, 49, 101367. 

https://doi.org/10.1016/j.tsc.2023.101367 



 

 

Arfin A., Wulanningtyas M.E., Louismono A. L., Stepanus O. 

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

101 

Ataizi, M., & Donmez, M. (2014). Book Rreview: 21st Century Skills - Learning for Life 

in Our Times. Contemporary Educational Technology, 5(3), 272-274. 

https://doi.org/10.30935/cedtech/6129 

Ayuningsih, F., Malikah, S., Nugroho, M. R., & Winarti, W. (2022). Pembelajaran 

Matematika Polinomial Berbasis STEAM PjBL Menumbuhkan Kreativitas 

Peserta Didik. Jurnal Basicedu, 6(5), 8175-8187. 

https://doi.org/10.31004/basicedu.v6i5.3660 

Baez, R., Sanchez, H., & Pllana, D. (2024). Creativity in High School Through Drawing 

with Polynomials. Advances in Social Sciences Research Journal, 11(1), 318-332. 

https://doi.org/10.14738/assrj.111.16349 

Beghetto, R. A., & Kaufman, J. C. (2014). Classroom Contexts for Creativity. High 

Ability Studies, 25, 53-69. https://doi.org/10.1080/13598139.2014.905247 

Berkle, Y., Schmitt, L., Tolzin, A., Janson, A., Wambsganss, T., Leimeister, J. M., & 

Leuchter, M. (2023). Measuring University Students’ Ability to Recognize 

Argument Structures and Fallacies. Frontiers in Psychology, 14. 

https://doi.org/10.3389/fpsyg.2023.1270931 

Bhat, B. A., & Singh, C. (2020). Exploring Conceptualisation of Polynomials. 

International Journal of Statistics and Applied Mathematics, 5(5), 108-110. 

Biazus, M. d., & Mahtari, S. (2022). The Impact of Project-Based Learning (PjBL) Model 

on Secondary Students’ Creative Thinking Skills. International Journal of Essential 

Competencies in Education, 1(1), 38-48. https://doi.org/10.36312/ijece.v1i1.752 

Bierer, S. B., Dallaghan, G. B., Borges, N. J., Brondfield, S., Fung, C. C., Huggett, K. N., 

. . . Colbert, C. Y. (2025, May 20). Moving Beyond Simplistic Research Design in 

Health Professions Education: What a One-Group Pretest-Posttest Design Will 

Not Prove. MedEdPORTAL, 21, 11527. https://doi.org/10.15766/mep_2374-

8265.11527 

Boonsathirakul, J., & Kerdsomboon, C. (2023). Synthesis of Critical Thinking Research 

of Basic Education Level Students Using Meta-Analysis in Thailand During 

2010 to 2021. Educational Research and Reviews, 18(1), 1-8. 

https://doi.org/10.5897/ERR2022.4287 

Bouckaert, M., & Vincent-Lancrin, S. (2023). The Assessment of Students' Creative and 

Critical Thinking Skills in Higher Education Across OECD Countries. OECD 

Publishing. https://doi.org/10.1787/35dbd439-en 

Brizuela, B. M., & Strachota, S. (2024). When Algebra Makes You Smile: Playful 

Engagement with Early Algebraic Practices. Learning and Instruction, 92, 101933. 

https://doi.org/10.1016/j.learninstruc.2024.101933 



 

 

Does Project-Based Learning Equally Foster Critical and Creative Thinking?  

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

102 

Brodin, E. M. (2016). Critical and Creative Thinking Nexus: Learning Experiences of 

Doctoral Students. Studies in Higher Education, 41(6), 971-989. 

https://doi.org/10.1080/03075079.2014.943656. 

Chan, Z. C. (2013). Exploring Creativity and Critical Thinking in Traditional and 

Innovative Problem-Based Learning Groups. Journal of Clinical Nursing, 22(15-

16), 2298-2307. https://doi.org/10.1111/jocn.12186 

Chang, B. (2019). Reflection in Learning. Online Learning Journal, 23(1). 

https://doi.org/10.24059/olj.v23i1.1447 

Changwong, K., Sukkamart, A., & Sisan, B. (2018). Critical Thinking Skill 

Development: Analysis of a New Learning Management Model for Thai High 

Schools. Journal of International Studies, 11(2), 37-48. 

https://doi.org/10.14254/2071-8330.2018/11-2/3 

Childs, P., Han, J., Chen, L., Jiang, P., Wang, P., Park, D., . . . Vilanova, I. (2022). The 

Creativity Diamond: A Framework to Aid Creativity. Journal of Intelligence, 

10(4), 73. https://doi.org/10.3390/jintelligence10040073 

Ciffarelli, V. V., & Cai, J. (2005). The Evolution of Mathematical Explorations in Open-

Ended Problem-Solving Situations. Journal of Mathematical Behavior, 24(3). 

https://doi.org/10.1016/j.jmathb.2005.09.007 

Condliffe, B. (2017). Project-Based Learning: A Literature Review. Washington, DC: 

MDRC. Retrieved from https://www.mdrc.org/sites/default/files/Project-

Based_Learning-LitRev_Final.pdf 

Darwis, R. H., Alimuddin, & Patimbangi, A. (2024). Higher Order Thinking and 

Critical Thinking Skills in Problem-Based Learning Environments: A 

Systematic Review. Journal of Learning and Development Studies, 4(2), 21-33. 

https://doi.org/10.32996/jlds.2024.2.2.3 

Davies, M. (2013). Critical Thinking and the Disciplines Reconsidered. Higher Education 

Research and Development, 32(4), 529-544. 

https://doi.org/10.1080/07294360.2012.697878 

Dechaume, M., Mercier, M., Feybesse, C., Lubart, T., Chouvelon, G., Kermarrec, S., & 

Tordjman, S. (2024). Is Intelligence Necessary and Sufficient for Creativity? An 

Analysis of Convergent and Divergent Thinking. Learning and Individual 

Differences, 116, 102575. https://doi.org/10.1016/j.lindif.2024.102575 

Ekamornaroon, T., Ngiamsunthorn, P. S., Phaksunchai, M., & Chonchaiya, R. (2024). 

Identifying Common Errors In Polynomials of Eight Grade Students. 

International Journal of Evaluation and Research in Education (IJERE), 13(1), 57-68. 

https://doi.org/10.11591/ijere.v13i1.25131 



 

 

Arfin A., Wulanningtyas M.E., Louismono A. L., Stepanus O. 

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

103 

Firdaus, F., Kailani, I., Bakar, N. B., & Bakry, B. (2015). Developing Critical Thinking 

Skills of Students in Mathematics Learning. Journal of Education and Learning 

(EduLearn), 9(3), 226-236. https://doi.org/10.11591/edulearn.v9i3.1830 

Fuller, K. A., Karunaratne, N. S., Naidu, S., Exintaris, B., Short, J. L., Wolcott, M. D., . . 

. White, P. J. (2018). Development of a Self-Report Instrument for Measuring In-

Class Student Engagement Reveals That Pretending to Engage Is a Significant 

Unrecognized Problem. PLoS One, 13(10), e0205828. 

https://doi.org/10.1371/journal.pone.0205828 

Grant, M. R., Crombie, W., Enderson, M., & Cobb, N. (2016). Polynomial Calculus: 

Rethinking The Role of Calculus in High Schools. International Journal of 

Mathematical Education in Science and Technology, 47(6), 823-836. 

https://doi.org/10.1080/0020739X.2015.1133851 

Guo, P., Saab, N., Post, L. S., & Admiraal, W. (2020). A Review of Project-Based 

Learning in Higher Education: Student Outcomes and Measures. International 

Journal of Educational Research, 102, 101586. 

https://doi.org/10.1016/j.ijer.2020.101586 

Hafeez, M. (2021). Project-Based Versus Traditional Lecture Teaching Instruction. 

Indonesian Journal of Social Research, 2(1), 10-20. 

https://doi.org/10.11594/ijssr.02.01.02 

Hamin, M. N., Syam, L. K., A., A., & M., M. (2024). The Learning Assistance for 

Students in Solving HOTS Type Questions on Polynomial Material. Khidmah: 

Jurnal Pengabdian Kepada Masyarakat, 4(2), 100-112. 

https://doi.org/10.24252/khidmah.v4i2.45598 

Handayani, S. A., Rahayu, Y. S., & Agustini, R. A. (2021). Students’ Creative Thinking 

Skills in Biology Learning: Fluency, Flexibility, Originality, and Elaboration. 

Journal of Physics: Conference Series, 1747(1), 012040. https://doi.org/10.1088/1742-

6596/1747/1/012040 

Hennessey, B. A. (2015). Creative Behavior, Motivation, Environment and Culture: The 

Building of a Systems Model. Journal of Creative Behavior, 49(3), 194-210. 

https://doi.org/10.1002/jocb.97 

Hussein, Y. F., & Csikos, C. (2023). The Effect of Teaching Conceptual Knowledge on 

Students’ Achievement, Anxiety, and Attitude Toward Mathematics. Eurasia 

Journal of Mathematics, Science and Technology Educationopen access, 19(2), em2226. 

https://doi.org/10.29333/ejmste/12938  

Isyrofinnisak, F., Kusmayadi, T. A., & Fitriana, L. (2020). Flexibility in Solving Open-

Ended Mathematics Problems Based on Students' Thinking Styles. Journal of 



 

 

Does Project-Based Learning Equally Foster Critical and Creative Thinking?  

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

104 

Physics: Conference Series, 16131(1), 012015. https://doi.org/10.1088/1742-

6596/1613/1/012015 

Jebb, A. T., Ng, V., & Tay, L. (2021). A Review of Key Likert Scale Development 

Advances: 1995–2019. Frontiers in Psychology, 12, 637547. 

https://doi.org/10.3389/fpsyg.2021.637547 

Jia, X., Li, W., & Cao, L. (2019). The Role of Metacognitive Components in Creative 

Thinking. Frontiers in Psychology, 10, 1-11. 

https://doi.org/10.3389/fpsyg.2019.02404 

Ji-Hoon, P., Nio, W., Cheng, L., & Allen, H. (2021). Fostering Creativity and Critical 

Thinking in College: A Cross-Cultural Investigation. Frontiers in Psychology, 12, 

1-12. https://doi.org/10.3389/fpsyg.2021.760351 

Karan, E. P., & Brown, L. (2022). Enhancing Students’ Problem-solving Skills through 

Project-based Learning. Journal of Problem Based Learning in Higher Educationopen 

access, 10(1). https://doi.org/10.54337/ojs.jpblhe.v10i1.6887 

Kispal, A. (2008). Effective Teaching of Inference Skills for Reading: Literature Review. 

National Foundation for Educational Research. Retrieved from 

https://files.eric.ed.gov/fulltext/ED501868.pdf 

Knapp, T. R. (2016). Why Is the One-Group Pretest-Posttest Design Still Used? Clinical 

Nursing Research, 25(5), 467-472. https://doi.org/10.1177/1054773816666280 

Kokotsaki, D., Menzies, V., & Wiggins, A. (2016). Project-Based Learning: A Review of 

the Literature. Improving Schools, 19(3), 267-277. 

https://doi.org/10.1177/1365480216659733 

Koskinen, R., & Pitkäniemi, H. (2022). Meaningful Learning in Mathematics: A 

Research Synthesis of Teaching Approaches. International Electronic Journal of 

Mathematics Education, 17(2), em0679. https://doi.org/10.29333/iejme/11715 

Kulkarni, P., & Ramdasi, D. (2022). Project-Based Learning Technique for Holistic 

Development of Students. Journal of Engineering Education Transformations, 36, 

56-62. https://doi.org/10.16920/jeet/2022/v36is1/22175 

Kurniawan, M., & Setyaningtyas, E. W. (2025). The Implementation of Critical and 

Creative Thinking in Research-Based Learning for Sustainable Language 

Education. Journal of Lifestyle & SDGs Review, 5(1), e02185. 

https://doi.org/10.47172/2965-730X.SDGsReview.v5.n01.pe02185 

Lakens, D. (2013). Calculating and Reporting Effect Sizes to Facilitate Cumulative 

Science: A Practical Primer for t-tests and ANOVAs. Frontiers in Psychology, 4, 

1-12. https://doi.org/10.3389/fpsyg.2013.00863 



 

 

Arfin A., Wulanningtyas M.E., Louismono A. L., Stepanus O. 

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

105 

Larson, L. (2011). 21st Century Skills: Preparing Students for Future. Kappa Delta Pi 

Record, 47(3), 121-123. https://doi.org/10.1080/00228958.2011.10516575 

Li, M. M., & Tu, C. C. (2024). Developing a Project-Based Learning Course Model 

Combined with the Think–Pair–Share Strategy to Enhance Creative Thinking 

Skills in Education Students. Education Sciences, 14(3), 233. 

https://doi.org/10.3390/educsci14030233 

Manandhar, N. K., Pant, B. P., & Dawadi, S. D. (2022). Conceptual and Procedural 

Knowledge of Students of Nepal in Algebra: A Mixed Method Study . 

Contemporary Mathematics and Science Education , 3(1), ep22005. 

https://doi.org/10.30935/conmaths/11723 

Mantra, I. B., Handayani, N. D., Pramawati, A. A., & Widiastuti, I. A. (2023). 

Brainstorming Combined With Project-Based Learning as an Effective Learning 

Strategy in Writing Classrooms. Journal of Language Teaching and Research, 14(6), 

1272-1278. https://doi.org/10.17507/jltr.1406.17 

Markula, A., & Aksela, M. (2022). The Key Characteristics of Project-Based Learning: 

How Teachers Implement Projects in K-12 Science Education. Disciplinary and 

Interdisciplinary Science Education Research, 4(2), 1-17. 

https://doi.org/10.1186/s43031-021-00042-x 

Martirosov, A. L., Alex, J., Doane, A., Patel, R., Aprilliano, B., & Kale-Pradhan, P. 

(2023). Podcasts and Videos and Slides…Oh My!: Traditional vs. Nontraditional 

Teaching Methods in Remote Settings. Currents in Pharmacy Teaching and 

Learning, 15(6), 587-592. https://doi.org/10.1016/j.cptl.2023.06.007 

Mebert, L., Barnes, R., Dalley, J., Gawarecki, L., Ghazi-Nezami, F., Shafer, G., . . . 

Yezbick, E. (2020). Fostering Student Engagement Through a Real-World, 

Collaborative Project Across Disciplines and Institutions. Higher Education 

Pedagogies, 5(1), 30-51. https://doi.org/10.1080/23752696.2020.1750306 

Mihail, R. (2022). The Relevance of Critical Thinking from the Perspective of 

Professional Training. Postmodern Openings, 13(2), 499-513. 

https://doi.org/10.18662/po/13.2/468 

Miller, Z., Freimund, W. A., & Powell, R. (2018). Measuring Elaboration and 

Evaluating Its Influence on Behavioral Intentions. Journal of Interpretation 

Research, 23(1), 27-44. https://doi.org/10.1177/109258721802300103 

Movshovitz-Hadar, N., & Shmukler, A. (1991). A Qualitative Study of Polynomials in 

High Schools. International Journal of Mathematical Education in Science and 

Technology, 22(4), 523-543. https://doi.org/10.1080/0020739910220404 



 

 

Does Project-Based Learning Equally Foster Critical and Creative Thinking?  

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

106 

Mukuka, A., Balimuttajjo, S., & Mutarutinya, V. (2023). Teacher Efforts Towards the 

Development of Students’ Mathematical Reasoning Skills. Heliyon, 9(4), e14789. 

https://doi.org/10.1016/j.heliyon.2023.e14789 

Nanda, A. D., Hasan, R., Sukri, A., Lukitasari, M., & Rivera, A. T. (2023). Reinforcement 

Analyze and Evaluate of Higher-Order Thinking Skills Using Problem-Based 

Learning in Ecosystem Material. Jurnal Pendidikan Biologi Indonesia, 9(3), 492-

499. https://doi.org/10.22219/jpbi.v9i3.28604 

Nold, H. (2017). Using Critical Thinking Teaching Methods to Increase Student 

Success: An Action Research Project. International Journal of Teaching and 

Learning in Higher Education, 29(1), 17-32. 

Osei, W., & Agyei, D. D. (2024). Analyses of Algebra Knowledge and Difficulties 

Among Ghanaian Junior High School Learners: Insights from Standard-Based 

Mathematics Curriculum Implementation. Social Sciences and Humanities 

Openopen access, 10, 101019. https://doi.org/10.1016/j.ssaho.2024.101019 

Pan, W., & Allison, J. (2010). Exploring Project Based and Problem Based Learning in 

Environmental Building Education by Integrating Critical Thinking. 

International Journal of Engineering Education, 26(3), 547-553. 

Park, J. H., Li, Y., & Niu, W. (2023). Revisiting Creativity and Critical Thinking 

Through Content Analysis. Journal of Creativity, 33(2). 

https://doi.org/10.1016/j.yjoc.2023.100056 

Pelayo, E. O., Lomibao, L. S., & Tan, R. G. (2023). Conceptual Understanding vs. 

Procedural Fluency: A Literature Review on the Mathematics Teachers 

Emphasis in Teaching of Rational Algebraic Expressions. Journal of Innovations 

in Teaching and Learning, 3(1), 54-59. https://doi.org/10.12691/jitl-3-1-10 

Qian, M., Plucker, J. A., & Yang, X. (2019). Is Creativity Domain Specific or Domain 

General? Evidence from Multilevel Explanatory Item Response Theory Models. 

Thinking Skills and Creativity, 33. https://doi.org/10.1016/j.tsc.2019.100571 

Ramdani, D., Susilo, H., Suhadi, S., & Sueb, S. (2022). The Effectiveness of 

Collaborative Learning on Critical Thinking, Creative Thinking, and 

Metacognitive Skill Ability: Meta-Analysis on Biological Learning. European 

Journal of Educational Research, 11(3), 160701628. https://doi.org/10.12973/eu-

jer.11.3.1607 

Rehman, N., Huang, X., Mahmood, A., AlGerafi, M. A., & Javed, S. (2024). Project-

Based Learning as a Catalyst for 21st-Century Skills and Student Engagement 

in the Math Classroom. Heliyon, 10(23), e39988. 

https://doi.org/10.1016/j.heliyon.2024.e39988 



 

 

Arfin A., Wulanningtyas M.E., Louismono A. L., Stepanus O. 

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

107 

Robinson, K. (2012). Out of Our Minds: Learning to Be Creative. Capstone Publishing. 

Sachdeva, S., & Eggen, P.-O. (2021). Learners’ Critical Thinking About Learning 

Mathematics. International Electronic Journal of Mathematics Education, 16(3), 

em0644. https://doi.org/10.29333/iejme/11003 

Sawyer, R. K. (2021). The Iterative and Improvisational Nature of the Creative Process. 

Journal of Creativity, 31, 100002. https://doi.org/10.1016/j.yjoc.2021.100002 

Setianingrum, E., Kintoko, & Siswanto, D. H. (2025). The Influence of Learning 

Independence and Intelligence Quotient on Students' Mathematical Creative 

Thinking Skills. Riemann: Research of Mathematics and Mathematics Education, 

7(3), 252-261. https://doi.org/10.38114/reimann.v6i3.43 

Star, J. R., & Rittle-Johnson, B. (2008). Flexibility in Problem Solving: The Sase of 

Equation Solving. Learning and Instruction, 18(6), 565-579. 

https://doi.org/10.1016/j.learninstruc.2007.09.018 

Stefana, A., Damiani, S., Granziol, U., Provenzani, U., Solmi, M., Youngstrom, E. A., & 

Fusar-Poli, P. (2025). Psychological, Psychiatric, and Behavioral Sciences 

Measurement Scales: Best Practice Guidelines for Their Development and 

Validation. Frontiers in Psychology, 15, 1494261. 

https://doi.org/10.3389/fpsyg.2024.1494261 

Stoica, A. (2015). Using Math Projects in Teaching and Learning. Procedia - Social and 

Behavioral Sciences, 180, 702-708. https://doi.org/10.1016/j.sbspro.2015.02.181 

Suherman, S., & Vidákovich, T. (2022). Assessment of Mathematical Creative 

Thinking: A Systematic Review. Thinking Skills and Creativity, 44, 101019. 

https://doi.org/10.1016/j.tsc.2022.101019 

Sukackė, V., Guerra, A. O., Ellinger, D., Carlos, V., Petronienė, S., Gaižiūnienė, L., . . . 

Brose, A. (2022). Towards Active Evidence-Based Learning in Engineering 

Education: A Systematic Literature Review of PBL, PjBL, and CBL. 

Sustainability, 14(21), 13955. https://doi.org/10.3390/su142113955 

Supriyadi, Tias, I. W., Izzatika, A., & Perdana, R. (2022). The Empowerment of Critical 

and Creative Thinking (CCT) Skills through Inquiry Social Complexity (ISC)-

based Student Worksheets. WSEAS Transactions on Environment and 

Development, 18, 865-872. https://doi.org/10.37394/232015.2022.18.81 

Tableh, A. A. (2020). A Teaching Model of Polynomial Functions Learning Outcomes 

according to the System Approach for High School Students. International 

Journal of Learning, Teaching and Educational Research, 19(3), 229-254. 

https://doi.org/10.26803/ijlter.19.3.13 



 

 

Does Project-Based Learning Equally Foster Critical and Creative Thinking?  

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

108 

Tang, T., Vezzani, V., & Eriksson, V. (2020). Developing Critical Thinking, Collective 

Creativity Skills, and Problem Solving through Playful Design Jams. Thinking 

Skills and Creativity, 37, 100696. https://doi.org/10.1016/j.tsc.2020.100696 

Thomas, J. W. (2000). A Review of Research on Project-Based Learning. California: The 

Autodesk Foundation. Retrieved from 

http://www.bobpearlman.org/BestPractices/PBL_Research.pdf 

Thornhill-Miller, B., Camarda, A., Mercier, M., Burkhardt, J.-M., Morisseau, T., 

Bourgeois-Bougrine, S., . . . Lubart, T. (2023). Creativity, Critical Thinking, 

Communication, and Collaboration: Assessment, Certification, and Promotion 

of 21st Century Skills for the Future of Work and Education. Journal of 

Intelligence, 11(54), 1-32. https://doi.org/10.3390/jintelligence11030054 

Tiong, G. H., & Bakar, A. Y. (2022). The Engagement of Critical and Creative Thinking 

Activities in the Teaching and Learning Process. ASEAN Journal of Educational 

Research and Technology, 1(2), 139-146. Retrieved from 

https://ejournal.bumipublikasinusantara.id/index.php/ajert/article/view/106 

Treffinger, D. J. (2009). Myth 5: Creativity Is Too Difficult to Measure. Gifted Child 

Quarterly, 53(4), 245-247. https://doi.org/10.1177/0016986209346829 

Vincent-Lancrin, S. (2023). Fostering and Assessing Students' Critical Thinking: From 

Theory to Teaching Practice. European Journal of Education, 58(3), 354-368. 

https://doi.org/10.1111/ejed.12569 

Vincent-Lancrin, S., González-Sancho, C., Bouckaert, M., Luca, F. d., Fernández-

Barrerra, M., Jacotin, G., . . . Vidal, Q. (2019, October 24). Fostering Students' 

Creativity and Critical Thinking: What it Means in School. Educational Research 

and Innovation. Paris: OECD Publishing. https://doi.org/10.1787/62212c37-en 

Wang, Y. (2022). Critical Thinking Development Through Project-Based Learning. 

Journal of Language Teaching and Research, 13(5), 1007-1013. 

https://doi.org/10.17507/jltr.1305.13 

Wechsler, S. M., Saiz, C., Rivas, S. F., Vendramini, C. M., Almeida, L. S., Mundim, M. 

C., & Franco, A. (2025). Creative and Critical Thinking: Independent or 

Overlapping Components? Thinking Skills and Creativity, 23(1), 101086. 

https://doi.org/10.1016/j.ijme.2024.101086 

Weng, X., Chiu, T. K., & Tsang, C. C. (2022). Promoting Student Creativity and 

Entrepreneurship Through Real-World Problem-Based Maker Education. 

Thinking Skills and Creativity, 45, 101046. 

https://doi.org/10.1016/j.tsc.2022.101046 



 

 

Arfin A., Wulanningtyas M.E., Louismono A. L., Stepanus O. 

 

Riemann: Research of Mathematics and Mathematics Education, April 2026, Vol. 8, No. 1 

109 

Xu, S., Reiss, M. J., & Lodge, W. (2024). Comprehensive Scientific Creativity 

Assessment (C-SCA): A New Approach for Measuring Scientific Creativity in 

Secondary School Students. International Journal of Science and Mathematics 

Education, 23(2), 293-319. https://doi.org/10.1007/s10763-024-10469-z 

Yusuf, A., Bello, S., Pervin, N., & Tukur, A. K. (2024). Implementing a Proposed 

Framework for Enhancing Critical Thinking Skills in Synthesizing AI-

Generated Texts. Thinking Skills and Creativity, 53, 101619. 

https://doi.org/10.1016/j.tsc.2024.101619 

Zhang, L., & Ma, Y. (2023). A Study of the Impact of Project-Based Learning on Student 

Learning Effects; A Meta-Analysis Study. Frontiers in Psychology. 

https://doi.org/10.3389/fpsyg.2023.1202728 

 


	References

