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Abstract: Self-regulated learning is essential for students to be proactive in their learning, and creative thinking is crucial 

for overcoming challenges and generating innovative solutions. Project-Based Learning (PjBL) has been proposed as an 

effective method for teaching subjects such as renewable energy, allowing students to apply concepts in a real-world 

context. However, challenges persist in implementing PjBL, including student adaptation and lack of structured 

materials. This study aims to assess the impact of the PjBL model on students' self-regulated learning and creative 

thinking, identify factors that promote self-regulated learning, and understand barriers to developing creative thinking. 

Conducted at SMA Negeri 11 Sarolangun, this study involved two experimental classes and one control class. Using a 

mixed-method approach with a sequential explanatory design, this research employed a quasi-experimental method 

with a non-equivalent control group design. Data were collected using questionnaires, creative thinking tests, and 

interviews, and analyzed using parametric statistical tests and qualitative descriptive analysis. The results showed that 

PjBL had a significant positive impact on self-regulated learning and creative thinking, with a supportive learning 

environment being a key factor. The t-test results showed a significant effect on self-regulated learning (0.002) and 

creative thinking (0.04), both below the 0.05 threshold. Effect size analysis indicated a high impact on self-regulated 

learning and moderate impact on creative thinking variable. 
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Introduction 

In 2022, Indonesia changed its curriculum from the 2013 Curriculum to the Merdeka Curriculum. This 

curriculum is designed to be more flexible, focus on core material, and support the development of students' 

potential and abilities(Rahayu et al., 2022). The concept of Merdeka Belajar includes freedom of thought, 

innovation, self-regulated learning, creative thinking, and happiness (Suhartono, 2021). Self-regulated 

learning is one of the abilities that students need to participate in implementing the Merdeka Curriculum. 

Self-regulated learning is the quality and capability that students need to have in order to be able to 

proactively engage in the learning process, be encouraged to master various competencies, and manage 

knowledge with strong ownership (Aini & Taman, 2012; Romadona, 2019). The study conducted by Purwanto 

et al, (2019) emphasized the importance of teacher-designed learning to enhance students' self-regulated 

learning (SRL) capacity. They stated that the high number of students with low SRL capacity indicates a lack 

of contribution from teacher-organized learning activities in fostering students' SRL. 

In addition to self-regulated learning, another important skill is student creative thinking. Creative 

thinking is one of the soft skills that involves expertise in facing challenges and finding solutions, either in 

the form of actions, approaches, or innovative ideas that are completely new baru (Resti, 2015; Erin et al., 

2020). Independent and creative are two of the six skills outlined by the government in the Pancasila 

Education Profile (Kemendikbud, 2022).  

Curriculum improvement is related to the adjustment of the learning process in the classroom to the 

needs of students, which is characterised by planned educational interactions between teachers and 

students. This process involves systematic planning, implementation and assessment (Pane et al, 2017). 
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Effective learning requires careful design, including activities, media, and teaching materials. Varied and 

innovative learning models, such as Project Based Learning (PjBL), are highly recommended in the Merdeka 

Curriculum. PjBL allows students to collaborate to create relevant and significant outcomes, as well as 

address real problems in their daily lives, providing hands-on experience and going beyond mere knowledge 

(Lestari et al, 2023). 

Samudra et.al, (2014) analyzed the challenges students face in learning physics, including difficulties 

in understanding the subject due to the dense material, the need for memorization, and the mathematical 

analysis required. Difficulties in understanding physics were also identified as being caused by a lack of 

contextual learning, as well as issues related to students' talents, interests, and motivation in studying 

physics. This statement is supported by initial observations. Physics teachers at SMA N 11 Sarolangun 

reported that many students still struggle with physics learning. Physics is considered difficult because 

students are required to both discover concepts and solve mathematical problems simultaneously. As a 

result, teachers tend to guide students extensively, leading to a lack of self-regulated learning and creative 

thinking skills when solving problems. 

Based on initial observations made at SMA N 11 Sarolangun, it was detected that the low self-regulated 

learning and creative thinking of students in physics learning were caused by teachers who guided the 

learning process more because students complained about the difficulty of learning physics. This issue is not 

unique to SMA N 11 Sarolangun but reflects a broader trend in Indonesia. Research shows that self-regulated 

learning (SRL) and student creative thinking in Indonesia still face various challenges. Many students 

struggle to manage their learning activities, especially in online learning, due to low motivation and a lack of 

environmental support (Sari et al, 2021). This issue affects their academic achievement, as students with poor 

self-regulation tend to have difficulty understanding material deeply (Khoerunnisa et al., 2021). Therefore, it 

is crucial to enhance SRL so that students can become more independent learners and develop their 

creativity optimally. 

Physics learning materials are closely related to everyday life, especially energy problems that have 

an impact on the environment. The increasing use of fossil energy causes greenhouse gas emissions and 

climate change (Setyono et al, 2021). Therefore, the use of renewable energy is taught from an early age to 

instil environmental awareness. Project-based learning (PjBL) allows students to understand and apply 

renewable energy concepts through practical activities, such as solar panel, wind turbine, or bioenergy 

projects. This method helps students understand renewable energy technologies, work in teams, solve 

problems, and think creatively, while developing environmental awareness and understanding the 

importance of transitioning to more sustainable energy sources. 

This study aims to determine the effect of the PjBL model on self-regulated learning and creative 

thinking, determine the factors that encourage students’ self-regulated learning, and determine the 

obstacles experienced by students in developing creative thinking. 

 

Methods 

The research was conducted at SMA Negeri 11 Sarolangun involving two classes as experimental 

groups and one class as a control group. The selection of experimental and control classes was carried out 

using simple random sampling to ensure an unbiased distribution of participants. This method allows each 

class to have an equal chance of being assigned as an experimental or control group. This research uses a 

Mixed Method with a concurrent embedded design strategy. The research design is a Quasi-experimental 

design with a Nonequivalent Control Group Design type. The control variable of this research is the PjBL 

learning model, while self-regulated learning and creative thinking are the dependent variables. Data 

collection techniques used in this study include questionnaires to measure self-regulated learning, tests to 

assess creative thinking, and interviews. Data analysis included both quantitative and qualitative data 

analysis. Quantitative data analysis techniques use parametric statistical tests, specifically the t-test, as the 

data were found to be normally distributed and homogeneous. If the data had not met these assumptions, 

a non-parametric test would have been used instead. Qualitative data analysis was carried out through 
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descriptive analysis. The material presented in the learning process is Renewable Energy Material. Learning 

activities use LKPD as teaching materials that help students in the learning process. In the LKPD, there are 

steps of learning activities that students must follow, including problems that must be solved through 

projects. 

 

Results and Discussion  

This study explores the effect of Project-Based Learning (PjBL) model on student’s self-regulated 

learning and creative thinking in renewable energy material at SMA Negeri 11 Sarolangun. The focus of the 

research lies on evaluating the effectiveness of the PjBL model by comparing the experimental and control 

groups. Research activities were carried out in three meetings, each lasting 2 x 45 minutes, with the author 

as a teacher facilitating the learning process. Classes X.B and X.C acted as experimental groups, while X.A as 

the control group. This research uses a mixed method approach to analyse the factors that encourage the 

development of student’s self-regulated learning and the obstacles experienced in developing creative 

thinking. 

Before starting the research, validation of research instruments was carried out including teaching 

modules, student’s self-regulated learning questionnaires, creative thinking test questions, and PjBL LKPD. 

The validity of this instrument is important to ensure the validity of the measuring instruments used in the 

study. Furthermore, a pretest was conducted to measure students' initial abilities in both aspects under 

study, namely self-regulated learning and creative thinking. 

Normality and homogeneity tests were conducted on the initial data to ensure that the data were 

normally distributed and homogeneous. This is important to fulfil the basic assumptions in the statistical 

analysis that will be used. After ensuring the data met the requirements, the research was carried out for 

three meetings, with the experimental group using the PjBL model and the control group using conventional 

methods. 

In the experimental group, the PjBL model was applied by involving students in a poster-making 

project about the process of making briquettes, while the control group did not use the PjBL model. The 

learning process in the experimental group began with an explanation of the material and followed by 

project work integrated in the Learner Worksheet (LKPD).  This process aims to develop students' ability to 

think critically, creatively, and independently. 

Renewable energy is a crucial topic in science education due to its relevance to environmental issues 

and sustainability. Sources such as solar, wind, hydro, biomass, and geothermal energy not only provide 

alternatives to fossil fuels but also open opportunities for innovation in their management. In the context of 

learning, an approach that allows students to explore and understand renewable energy in depth is Project-

Based Learning (PjBL). Through PjBL, students not only gain theoretical knowledge about renewable energy 

but also engage in real-world projects that require them to think critically and creatively to solve real-life 

problems. 

The implementation of PjBL in renewable energy topics has a significant impact on self-regulated 

learning. In this model, students are given the autonomy to manage their own projects, from designing and 

gathering information to completing projects related to renewable energy. For instance, in a project 

involving the creation of a prototype solar power generator or biogas production from organic waste, 

students must strategize their learning, determine the necessary steps, and evaluate the outcomes. This 

process enhances students' ability to learn independently, as they become accustomed to actively seeking 

solutions without relying too much on the teacher. Research has shown that PjBL effectively enhances self-

regulated learning because students are more motivated to manage their time, plan their work, and develop 

their understanding through independent exploration (Mabruro, 2023). 

Furthermore, PjBL also has a strong influence on the development of creative thinking. In renewable 

energy projects, students are challenged to find innovative solutions for utilizing energy in more 

environmentally friendly ways. Such activities encourage them to think beyond conventional approaches, 

try different strategies, and test new ideas. A study by Kurniawan et al. (2024) found that students who 
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engaged in PjBL on renewable energy topics showed significant improvements in creative thinking because 

their projects were exploratory and required innovation (Dinantika et al, 2019). 

After the learning period was completed, a posttest was conducted to re-measure student’s self-

regulated learning and creative thinking. The results show that the application of the PjBL model has a 

significant impact on increasing student’s self-regulated learning and student creative thinking. This result is 

obtained from the t-test results through SPSS, if the Sig. value is smaller than 0.05 then H0 is rejected, 

meaning that PjBL has an effect on self-regulated learning and creative thinking. Table 1 shows the results of 

the t-test of student self-regulated learning and creative thinking data. 

Table 1. Results of The T-Test Of Student Self-regulated learning and Creative thinking Data. 

 Self-regulated learning Creative thinking 

Sig. 0,002 0,04 

Conclusion Influence Influence 

 

From Table 1, it is known that the Sig. value of self-regulated learning is 0.002 <0.05 and the Sig. value 

of creative thinking is 0.04 <0.05, so both are declared to have an influence. 

 Data from the self-regulated learning questionnaire showed an increase in motivation, responsibility, 

and ability to learn independently. The PjBL model proved to be effective in motivating students to learn 

independently, by building their own knowledge through making real products. This indicates that PjBL is 

effective in improving students' ability to organise and direct their own learning process (Priyambudi et al, 

2021). The increase in student’s self-regulated learning scores can be seen in Figure 1. 

In addition, the PjBL model also had a positive effect on students' creative thinking. A t-test of the 

creative thinking essay question results revealed that students who followed this model showed significant 

improvement in creative thinking skills. Projects that require problem solving and collaboration make an 

important contribution to the development of students' creative thinking (Rafik et al, 2022). In addition to 

the t-test results, the effect size calculation using Cohen’s d shows a value of 1,37 for self-regulated learning 

and 0.55 for creative thinking. According to Cohen’s (1988) interpretation, these values indicate that PjBL 

has a high on self-regulated learning and medium effect on creative thinking variables. This strengthens the 

evidence that PjBL has a fairly significant positive impact on students' self-regulated learning and creative 

thinking skills. 

 

 
Figure 1. Increase in Self-Regulated Learning Scores for Each Indicator in the Experimental Class 

 

This moderate effect size may be attributed to several factors. First, the intervention duration, which 

lasted only three sessions, may not have been sufficient for students to fully develop their self-regulated 

learning and creative thinking skills. A longer implementation period could potentially yield a greater effect. 

This aligns with research indicating that the application of Project-Based Learning (PjBL) over a longer period 

can significantly enhance students' self-regulated learning and creative thinking abilities (Susilowaty, 2020). 
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External factors such as classroom dynamics, variations in student engagement, and differences in teacher 

facilitation could have contributed to the observed effect size. Future research with a longer intervention 

period and additional support mechanisms may help enhance the impact of PjBL on student learning 

outcomes (Mabruro, 2023). 

Factors that encourage the development of students' self-regulated learning in PjBL include projects 

that are interesting and relevant to real life, the use of LKPD as a learning guide, good time management, 

and collaboration with classmates. Relevant projects make learning more meaningful for students, while 

LKPD helps students to learn in a structured manner. This is in line with the research of Sari et al. (2020) 

which states that PjBL-based LKPD helps facilitate the learning process by making learning more structured 

and increasing students' active participation. 

Collaboration with classmates has proven to be very beneficial in developing student’s self-regulated 

learning. Students support each other and exchange ideas, which helps them see the problem from different 

points of view. It also helps students develop communication and teamwork skills (Kokotsaki et al, 2016). 

This finding is supported by the research of Ellingsen et al (2021) who stated that group management and 

active self-management positively influence each other and improve the team's ability to innovate. Bell 

(2010) asserted that collaboration in PjBL helps students develop social skills and the ability to work together, 

while Kokotsaki et al (2016) highlighted the importance of interaction between students in enhancing 

learning and creative thinking in the context of PjBL. 

However, some barriers were also identified in the development of students' creative thinking. The 

main barriers included lack of confidence and challenges in group collaboration. Some students felt 

uncomfortable to speak freely. Students with low creative thinking often feel inferior and lack the courage 

to express ideas.  This is in line with Marasabessy (2019) findings that a lack of confidence can prevent 

individuals from exploring and developing creative ideas. Similarly, research by Nugraha et al (2023) 

highlights that self-confidence plays a crucial role in fostering creative flexibility, as students who struggle 

with confidence tend to limit their creative exploration. Additionally, Khotimah (2025) identified challenges 

in implementing Project-Based Learning (PjBL), such as time constraints, limited resources, and a lack of 

teacher training, all of which can impact group collaboration and hinder students’ creative development. 

Therefore, teacher and peer support are essential in overcoming these obstacles, allowing students to 

maximize their creative potential. 

Support from teachers and classmates proved important in overcoming barriers to creative thinking. 

A learning environment that supports experimentation and new ideas, as well as active support from the 

group, helps students overcome challenges and maximise their creative potential. Effective collaboration 

within the group allows students to better develop creative ideas. 

Overall, this research proves the effectiveness of the PjBL learning model in improving student’s self-

regulated learning and creative thinking in learning IPAS (Physics). This is in line with previous research by 

Putra (2016), Kasiyanti et al (2022), Dinawati et al (2024), Fitri et al (2021), and  Rafik et al (2022) which also 

showed the positive effect of PjBL on students' self-regulated learning and creative thinking. 

 

Conclusion 

The study showed that the application of the Project-Based Learning (PjBL) model significantly 

increased students' self-regulated learning, with the t-test results showing a Sig. value of 0.002, which is 

smaller than 0.05, indicating a significant effect. In addition, the t-test on the creative thinking post-test 

question also shows a Sig. value of 0.04, which is also smaller than 0.05, indicating that PjBL has a positive 

effect on students' creative thinking. The effect size analysis revealed that the impact of PjBL on self-

regulated learning was high, while the effect on creative thinking was moderate. 

These findings have important implications for educational practice. Teachers can optimize the 

implementation of PjBL by creating a more structured yet flexible learning environment, encouraging 

collaboration, and integrating LKPD effectively as a learning resource. Additionally, fostering a classroom 

culture that builds students' confidence and providing continuous support from peers and teachers can help 
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overcome barriers in developing creative thinking. 

However, this study has limitations. The sample size was relatively small, which may affect the 

generalizability of the findings. Moreover, the measurement of creative thinking was based on post-test 

scores, which may not fully capture the complexity of students’ creative abilities. The limited time available 

for PjBL implementation also influenced the quality of learning, as students may have needed more time to 

explore concepts deeply and develop their projects more comprehensively. Future research could explore a 

larger sample, use more diverse assessment methods, and allocate a longer duration for PjBL to gain deeper 

insights into its long-term impact on student learning outcomes. 
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