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Abstract  

Science education in the twenty-first century requires instructional approaches that encourage active 

participation, critical thinking, and meaningful learning experiences. One approach that supports 

these objectives is Project-Based Learning (PjBL), which positions students as active participants in 

solving real-world problems through collaborative projects. This study aims to analyze students’ 

learning experiences during the implementation of Project-Based Learning in science subjects. The 

research employed a qualitative descriptive design to explore students’ engagement, collaboration, 

autonomy, and challenges encountered during project activities. Data were collected through 

classroom observations, semi-structured interviews, and documentation of students’ project work. 

The data were analyzed using thematic analysis to identify patterns related to students’ learning 

experiences in the PjBL environment. The findings indicate that Project-Based Learning enhances 

students’ engagement and participation in science learning. Students become more active in 

discussions, collaborative problem-solving, and experimentation, which contributes to deeper 

conceptual understanding and improved scientific literacy. In addition, PjBL encourages learning 

autonomy and the development of twenty-first century skills such as critical thinking, teamwork, and 

creativity. However, some challenges were identified, particularly related to time management and 

coordination within project groups. Overall, the study concludes that Project-Based Learning 

provides meaningful and interactive learning experiences that support both cognitive and affective 

development in science education. 
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1. INTRODUCTION  

Science education in the twenty-first century increasingly emphasizes the importance 

of learning approaches that place students at the center of the learning process. The rapid 

development of science and technology requires students not only to master conceptual 

knowledge but also to develop critical thinking, creativity, and problem-solving skills that 

enable them to apply scientific knowledge in real-world contexts. However, classroom 

practices in many educational settings still rely heavily on teacher-centered instruction, 

where teachers dominate the learning process through lectures and direct explanations. 

While this approach can be effective for transmitting factual knowledge, it often limits 

opportunities for students to actively engage in inquiry, experimentation, and collaborative 

learning experiences that are essential for meaningful science learning (Mutanga, 2024). 

The dominance of teacher-centered approaches in science education has been widely 

criticized because it does not adequately support the development of higher-order thinking 

skills. In many classrooms, students tend to become passive recipients of information rather 

than active constructors of knowledge. As a result, learning activities often emphasize 

memorization of scientific facts instead of exploration and application of scientific concepts. 

Such instructional practices reduce students’ opportunities to develop analytical reasoning 

and creativity, which are crucial competencies in contemporary science education. 

Consequently, educational researchers and practitioners have increasingly called for the 

adoption of student-centered learning approaches that encourage active participation and 

deeper engagement with scientific content (Bhardwaj et al., 2025). 

Student-centered learning (SCL) has emerged as an important paradigm in modern 

education because it emphasizes students’ autonomy, active involvement, and responsibility 

in constructing knowledge. In this approach, the role of the teacher shifts from being the 

primary source of knowledge to a facilitator who guides students in exploring ideas, solving 

problems, and reflecting on their learning experiences. Contemporary reviews of science 

education research indicate that student-centered strategies significantly enhance student 

engagement, promote self-regulated learning, and strengthen teacher–student relationships. 

These elements contribute to a more meaningful and interactive learning environment that 

supports both cognitive and affective development among students (Santos, 2025). 

Despite its theoretical advantages, the implementation of student-centered learning 

in science classrooms remains challenging. Many teachers encounter difficulties in 

designing instructional activities that effectively facilitate active learning while still meeting 

curriculum requirements. Limited resources, insufficient professional development 

opportunities, and the lack of authentic assessment practices often hinder the successful 

implementation of student-centered approaches. As a result, although educational policies 

increasingly advocate student-centered pedagogy, actual classroom practices frequently 

continue to reflect traditional instructional models. These challenges highlight the need for 

innovative instructional strategies that can operationalize the principles of student-centered 

learning in practical classroom contexts (Santos, 2025). 

One instructional approach that has gained significant attention in science education 

is Project-Based Learning (PjBL). PjBL is a student-centered pedagogical model that 
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organizes learning activities around complex projects that require students to investigate 

real-world problems and develop meaningful solutions. Through collaborative inquiry, 

experimentation, and reflection, students actively construct knowledge while applying 

scientific concepts to authentic contexts. This learning model encourages students to take 

responsibility for their own learning processes and to develop skills such as collaboration, 

communication, and problem solving that are essential for scientific inquiry (Mutanga, 

2024). 

The effectiveness of Project-Based Learning in improving students’ conceptual 

understanding and learning engagement has been widely documented in recent studies. 

Research shows that students who participate in PjBL activities tend to demonstrate stronger 

conceptual comprehension and greater ability to apply scientific theories to practical 

situations. Moreover, PjBL encourages collaborative learning environments where students 

learn from each other through discussion and shared problem solving. These learning 

experiences not only strengthen academic achievement but also foster independence and 

responsibility in learning (Beltrán et al., 2025). 

In addition to improving conceptual learning outcomes, PjBL has been shown to 

support the development of essential competencies associated with twenty-first century 

education. The collaborative nature of project-based activities allows students to develop 

teamwork and communication skills, while the problem-solving processes embedded in 

project work stimulate critical thinking and analytical reasoning. Students are also 

encouraged to explore creative solutions to complex problems, which enhances their 

innovative capacity and intellectual curiosity. Consequently, PjBL has become an 

increasingly popular instructional approach in science and STEM education contexts 

(Rehman et al., 2024). 

Recent research also highlights the potential of integrating PjBL with innovative 

pedagogical frameworks such as design thinking and digital learning environments. In 

STEM and artificial intelligence education, the combination of design thinking and project-

based learning has been shown to stimulate students’ imagination, curiosity, and motivation. 

Such integrative approaches encourage students to view scientific learning as a creative and 

exploratory process rather than merely an accumulation of theoretical knowledge. These 

findings indicate that PjBL not only enhances cognitive learning outcomes but also fosters 

positive emotional and motivational experiences among students (Jiang & Pang, 2023). 

Although the effectiveness of Project-Based Learning has been widely 

acknowledged, most previous studies primarily focus on measurable academic outcomes 

such as test scores, conceptual understanding, and skill development. While these indicators 

are important, they do not fully capture the complexity of students’ learning experiences 

during project-based activities. Learning experiences encompass various dimensions, 

including emotional engagement, collaboration dynamics, challenges encountered during 

project work, and the development of students’ sense of agency in learning. Understanding 

these experiential aspects is essential for evaluating the true impact of PjBL in science 

education (Mutanga, 2024). 

Several recent reviews of student-centered learning research emphasize that the 

subjective experiences of students remain underexplored in educational studies. Much of the 
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existing literature examines the effectiveness of instructional models in terms of 

achievement outcomes, instructional design, or teacher perspectives. However, fewer studies 

investigate how students themselves perceive and experience the learning process within 

student-centered pedagogical environments. As a result, there is still limited empirical 

evidence regarding how student-centered learning strategies influence students’ emotional 

engagement, motivation, and sense of autonomy in learning (Santos, 2025). 

The lack of focus on students’ lived learning experiences is particularly evident in 

research on Project-Based Learning in STEM education. While many studies highlight the 

benefits of PjBL in promoting collaboration and problem solving, only a small number of 

studies explore how students navigate the challenges of self-directed learning, project 

selection, and collaborative decision making. These aspects are crucial because students’ 

experiences in managing projects and interacting with peers significantly shape their 

learning outcomes and personal development (Tang et al., 2024). 

Furthermore, recent studies emphasize that the quality of students’ learning 

experiences is closely related to their motivation, satisfaction, and long-term academic 

success. Positive learning experiences contribute to stronger engagement and deeper 

understanding, whereas negative experiences may lead to frustration and reduced 

motivation. Therefore, exploring students’ perceptions and experiences during learning 

activities is essential for designing instructional approaches that support both academic 

achievement and student well-being (Closs et al., 2021). 

Research on student experience also suggests that learning should be understood as 

a holistic process involving cognitive, emotional, social, and environmental dimensions. 

Students’ interactions with peers, teachers, learning resources, and classroom environments 

all influence how they interpret and respond to learning activities. Consequently, examining 

students’ learning experiences provides valuable insights into the effectiveness of 

instructional strategies beyond traditional performance indicators (Napitupulu, 2025). 

In the context of science education, investigating students’ experiences in Project-

Based Learning is particularly important because science learning often involves complex 

problem solving and collaborative inquiry. Students must not only understand theoretical 

concepts but also apply them in practical contexts, negotiate ideas with peers, and overcome 

challenges encountered during project work. These processes create rich learning 

experiences that shape students’ attitudes toward science and influence their long-term 

engagement with scientific learning (Amimaruddin & RuditaIdris, 2021). 

Despite the growing body of literature on student-centered learning and project-

based instruction, there remains a significant research gap concerning how students 

experience these learning approaches in real classroom settings. Many existing studies 

emphasize the effectiveness of instructional models without examining the subjective and 

contextual dimensions of learning experiences. This gap indicates the need for research that 

explores students’ perspectives, emotions, and interactions during project-based learning 

activities in science education (Subiyantoro, 2024). 

Addressing this gap is important not only for theoretical development but also for 

improving instructional practice. By understanding students’ experiences during PjBL 

implementation, educators can identify the factors that facilitate or hinder effective learning 
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processes. Such insights can inform the design of learning environments that better support 

student engagement, collaboration, and independent inquiry. Consequently, investigating 

students’ learning experiences provides a more comprehensive understanding of how 

student-centered learning models operate in practice (Tang et al., 2024). 

Based on the research gap identified above, this study offers a novel contribution by 

focusing on students’ learning experiences in Project-Based Learning within science 

education. Unlike many previous studies that primarily evaluate academic outcomes, this 

research explores how students perceive, engage with, and navigate the learning process 

during project-based activities. By emphasizing experiential dimensions of learning, the 

study aims to provide deeper insights into the pedagogical dynamics of PjBL and its 

influence on students’ cognitive and emotional engagement. 

Therefore, the main objective of this study is to analyze students’ learning 

experiences during the implementation of Project-Based Learning in science subjects. 

Through this investigation, the study seeks to contribute to the growing body of research on 

student-centered pedagogy by highlighting how project-based learning shapes students’ 

engagement, collaboration, and understanding of scientific concepts. The findings are 

expected to provide valuable implications for improving instructional practices and 

supporting more meaningful science learning in contemporary educational contexts. 

 

2. METHOD  

This study employed a qualitative descriptive research design to explore students’ 

learning experiences during the implementation of Project-Based Learning (PjBL) in science 

education. The qualitative approach was chosen because the primary objective of the study 

was to understand students’ perceptions, engagement, and challenges during the learning 

process rather than to measure learning outcomes quantitatively. The research was 

conducted in a science classroom where Project-Based Learning was implemented as the 

primary instructional strategy. The participants consisted of students who were actively 

involved in project-based activities during the science learning process. Participants were 

selected using purposive sampling to ensure that the students included in the study had direct 

experience with the PjBL approach. Data collection was carried out through several 

techniques, including classroom observations, semi-structured interviews, and 

documentation analysis. Classroom observations were conducted to examine students’ 

interactions, collaboration, and engagement during project activities. Semi-structured 

interviews were used to capture students’ perceptions, feelings, and reflections regarding 

their learning experiences in the PjBL environment. In addition, documentation such as 

students’ project reports, reflective journals, and learning artifacts were analyzed to provide 

additional contextual information about the learning process. 

The data analysis in this study followed a qualitative thematic analysis procedure to 

identify patterns and meanings within the collected data. First, all observation notes, 

interview transcripts, and documents were organized and transcribed systematically. Second, 

the data were coded to identify key themes related to students’ learning experiences, such as 

engagement, collaboration, problem-solving processes, challenges encountered, and 
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perceived learning benefits. Third, the coded data were categorized into broader thematic 

patterns that reflected students’ cognitive, emotional, and social experiences during Project-

Based Learning. To ensure the credibility and validity of the findings, data triangulation was 

applied by comparing information obtained from observations, interviews, and 

documentation. The interpretation process emphasized identifying meaningful relationships 

between students’ experiences and the characteristics of the PjBL learning environment. 

Through this analytical procedure, the study aimed to provide a comprehensive 

understanding of how Project-Based Learning shapes students’ learning experiences in 

science education. 
 

 

Figure 1. Journal of Learning Spectrum 

 

3. RESULTS AND DISCUSSION  

3.1. Results  

To understand students’ learning experiences during the implementation of Project-

Based Learning (PjBL) in science classes, the data obtained from classroom observations, 

interviews, and document analysis were organized into several thematic categories. The 

analysis focused on key dimensions of students’ learning experiences, including 

engagement, collaboration, problem-solving skills, learning autonomy, and perceived 

challenges during project activities. These themes represent the most frequently identified 

patterns from the collected qualitative data. The summary of the findings is presented in 

Table 1. 

 

 

 

 

 

Table 1. Students’ Learning Experiences in Project-Based Learning in Science Classes 
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Learning 

Experience 

Dimension 

Indicators Observed Students’ Responses Learning 

Implications 

Student 

Engagement 

Active participation 

in project activities, 

discussion, and 

experimentation 

Students showed high 

enthusiasm and were 

more involved in 

learning tasks 

compared to 

traditional lessons 

Increased motivation 

and active 

participation in 

science learning 

Collaboration Group discussion, 

shared decision-

making, and peer 

support during 

projects 

Students frequently 

exchanged ideas and 

worked 

collaboratively to 

complete tasks 

Improved teamwork 

and communication 

skills 

Problem-

Solving Skills 

Identifying problems, 

designing solutions, 

and testing project 

outcomes 

Students 

demonstrated the 

ability to analyze 

problems and explore 

creative solutions 

Development of 

critical thinking and 

analytical abilities 

Learning 

Autonomy 

Self-directed learning, 

planning project 

steps, and managing 

time 

Students showed 

greater responsibility 

for their learning 

process 

Increased 

independence and 

self-regulated 

learning 

Learning 

Challenges 

Difficulties in 

managing tasks, time 

constraints, and 

uneven participation 

Some students 

initially struggled 

with project planning 

and coordination 

Need for teacher 

guidance and 

structured project 

management 

 

The results presented in Table 1 indicate that the implementation of Project-Based 

Learning significantly enriched students’ learning experiences in science education. 

Students demonstrated higher levels of engagement and participation compared to traditional 

instructional approaches, suggesting that project-based activities can create a more 

interactive and motivating learning environment. The collaborative nature of PjBL also 

allowed students to exchange ideas, negotiate solutions, and support one another during the 

learning process, which contributed to the development of teamwork and communication 

skills. Furthermore, students showed improvements in problem-solving abilities as they were 

required to identify scientific problems and design solutions through project activities. 

Another important finding was the growth of learning autonomy, as students became more 

responsible for planning and managing their own learning tasks. However, the results also 

revealed several challenges, particularly related to time management and coordination within 

groups. These findings suggest that while Project-Based Learning can enhance students’ 

learning experiences and promote active learning in science education, effective teacher 

facilitation and clear project structure remain essential to support successful implementation. 

3.2. Discussion  
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The purpose of this study was to analyze students’ learning experiences during the 

implementation of Project-Based Learning (PjBL) in science education. The findings 

presented in Table 1 indicate that students’ learning experiences in PjBL were characterized 

by increased engagement, collaborative learning, the development of problem-solving 

abilities, greater learning autonomy, and several challenges related to project management. 

These results suggest that PjBL creates a learning environment where students are not only 

recipients of knowledge but also active participants in constructing scientific understanding. 

This transformation of the learning process reflects the fundamental principle of student-

centered learning, which positions students as the main actors in the learning process while 

teachers function as facilitators guiding inquiry and exploration. In science education, such 

active participation is particularly important because scientific understanding is often 

developed through experimentation, observation, and collaborative problem solving rather 

than passive memorization of facts (Al-Qoyyim & Kurniawan, 2025). 

One of the most prominent findings of this study is the increased level of student 

engagement during project-based science activities. Observational and interview data 

revealed that students demonstrated higher enthusiasm and participation when they were 

involved in authentic projects related to real-life scientific phenomena. Students reported 

that learning science through projects felt more interesting and less monotonous compared 

to traditional lecture-based instruction. These findings support previous research indicating 

that PjBL can transform science learning into an engaging and meaningful experience 

because students are encouraged to explore real problems and apply scientific concepts in 

practical contexts. When students perceive learning activities as relevant to their daily lives, 

they tend to become more motivated and actively involved in the learning process (Saputra 

et al., 2025). 

The increased engagement observed in this study is also closely related to the 

contextual nature of project-based learning activities. In the PjBL approach, students often 

work on projects that require them to investigate real-world phenomena, such as 

environmental issues, biological processes, or physical experiments. These authentic 

learning contexts enable students to connect abstract scientific concepts with practical 

applications, which helps them develop deeper conceptual understanding. Previous studies 

have shown that contextual learning experiences in PjBL can significantly improve students’ 

interest in science and make complex topics such as ecosystems or metamorphosis easier to 

understand. As a result, science learning becomes more meaningful because students can 

directly observe how scientific principles operate in real situations (Santhika & Rohmani, 

2025). 

Another important dimension of students’ learning experiences identified in this 

study is collaborative learning. The results show that students frequently engaged in group 

discussions, shared ideas, and cooperatively solved problems during project activities. 

Collaboration allowed students to exchange different perspectives, negotiate solutions, and 

collectively construct knowledge. Such collaborative interactions are essential in science 

education because scientific inquiry often involves teamwork and the integration of diverse 

ideas. Previous research indicates that PjBL creates collaborative learning environments 

where students learn from each other while developing communication and teamwork skills. 
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These social interactions not only improve academic understanding but also strengthen 

interpersonal competencies that are essential for twenty-first century learning (Yuniati & 

Purwandari, 2025). 

The collaborative dimension of PjBL also contributes to the development of students’ 

sense of responsibility and shared ownership of learning tasks. During project activities, 

students were required to distribute responsibilities among group members, coordinate their 

work, and present their findings collectively. This process encouraged students to take 

accountability for their contributions while also supporting their peers in achieving common 

goals. Such experiences help students develop important social skills such as negotiation, 

leadership, and conflict resolution. These findings are consistent with previous studies 

showing that PjBL not only improves cognitive outcomes but also promotes social learning 

and collaborative competence among students (Nurhidayah et al., 2021). 

The development of problem-solving skills was another significant aspect of 

students’ learning experiences identified in this study. Students reported that working on 

projects required them to identify problems, design experimental procedures, collect data, 

and evaluate possible solutions. These processes stimulated critical thinking and analytical 

reasoning, which are essential components of scientific literacy. In contrast to traditional 

instruction where students often follow predetermined procedures, PjBL allows students to 

explore multiple pathways toward solving scientific problems. This open-ended learning 

structure encourages students to experiment, reflect, and refine their understanding through 

iterative inquiry processes (Chistyakov et al., 2023). 

The findings also indicate that project-based learning can foster students’ sense of 

agency and empowerment in the learning process. When students are given the opportunity 

to design and manage their own projects, they develop a stronger sense of ownership over 

their learning activities. This sense of agency can enhance motivation and confidence 

because students feel capable of addressing complex problems and producing meaningful 

outcomes. Several studies have demonstrated that project-based inquiry approaches can 

strengthen students’ sense of empowerment and encourage them to view themselves as 

capable problem solvers who can contribute to addressing real-world challenges (Krupa et 

al., 2025). 

In addition to enhancing engagement and problem-solving abilities, the 

implementation of PjBL in this study also promoted students’ learning autonomy. Students 

were responsible for planning project steps, gathering information from various sources, 

conducting experiments, and presenting their findings. Such responsibilities require students 

to regulate their learning processes independently, which supports the development of self-

directed learning skills. These findings align with previous research showing that PjBL 

encourages students to become more independent learners who actively manage their 

learning strategies and monitor their progress throughout the learning process (Al-Qoyyim 

& Kurniawan, 2025). 

Learning autonomy developed through project-based activities is closely linked to 

the concept of self-regulated learning. When students engage in project planning, 

information searching, experimentation, and reflection, they practice regulating their 

cognitive and behavioral processes. This ability to self-regulate learning is particularly 
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important in science education, where students must often interpret complex information and 

evaluate experimental results. Studies have shown that students who participate in PjBL 

environments tend to develop stronger self-regulated learning skills because they are 

continuously involved in planning, monitoring, and evaluating their learning activities 

(Chistyakov et al., 2023). 

Despite the positive learning experiences identified in this study, several challenges 

were also observed during the implementation of PjBL. Some students reported difficulties 

related to time management, project planning, and coordination within their groups. These 

challenges are not unexpected because project-based learning requires students to manage 

multiple tasks simultaneously while collaborating with peers. For students who are 

accustomed to teacher-directed instruction, adapting to a more autonomous learning 

environment can initially be challenging. Such difficulties highlight the importance of 

providing adequate scaffolding and guidance during the early stages of PjBL implementation 

(Dhitareka et al., 2025). 

Previous studies also indicate that the effectiveness of PjBL in enhancing motivation 

and engagement is influenced by several contextual factors, including the duration of project 

activities, teacher facilitation skills, and students’ prior learning experiences. In some cases, 

short project durations or poorly structured activities may limit the potential benefits of 

PjBL, leading to mixed results in terms of student motivation. Therefore, the success of PjBL 

depends not only on the instructional model itself but also on the quality of its 

implementation in the classroom (Spires et al., 2022). 

Another important finding of this study relates to the impact of students’ learning 

experiences on science literacy and conceptual understanding. When students actively 

participate in project-based activities, they are more likely to develop deeper understanding 

of scientific concepts because they apply theoretical knowledge in practical situations. The 

process of designing experiments, collecting data, and interpreting results helps students 

build connections between abstract scientific principles and real-world phenomena. This 

experiential learning process plays a crucial role in developing scientific literacy, which 

involves the ability to apply scientific knowledge in solving everyday problems (Ambarwati 

et al., 2025). 

Furthermore, the collaborative and inquiry-based nature of PjBL contributes to the 

development of twenty-first century skills such as critical thinking, creativity, problem 

solving, and teamwork. These competencies are increasingly recognized as essential 

outcomes of modern education because they prepare students to address complex challenges 

in rapidly changing societies. Research in STEM education consistently shows that project-

based and inquiry-based learning environments provide effective opportunities for students 

to develop these competencies while simultaneously strengthening their conceptual 

understanding of scientific content (Wu et al., 2021). 

In the context of elementary science education, PjBL has also been shown to improve 

students’ learning outcomes and classroom participation. Students tend to become more 

active in asking questions, conducting experiments, and presenting their ideas when they are 

involved in project-based activities. These active learning experiences help create a dynamic 

classroom atmosphere where students feel comfortable expressing their ideas and exploring 
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scientific concepts collaboratively. Consequently, PjBL can transform the science classroom 

into a more interactive and meaningful learning environment (Aprida & Mayarni, 2023). 

The findings of this study also highlight the importance of examining students’ 

learning experiences in order to fully understand the effectiveness of PjBL. Many previous 

studies on project-based learning primarily focus on academic achievement indicators such 

as test scores or conceptual understanding. While these indicators are valuable, they do not 

capture the subjective experiences that shape how students perceive and respond to learning 

activities. Investigating students’ experiences provides deeper insights into the emotional, 

social, and cognitive dimensions of learning that influence educational outcomes (Wu et al., 

2021). 

By focusing on students’ lived learning experiences, this study addresses an 

important gap in existing research on project-based science education. Understanding how 

students experience each stage of the project process from planning and experimentation to 

presentation can help educators design more effective learning environments. Such insights 

are particularly valuable for identifying factors that enhance or hinder students’ engagement, 

motivation, and sense of agency during project-based activities (Krupa et al., 2025). 

Overall, the findings of this study demonstrate that Project-Based Learning can 

create rich and meaningful learning experiences for students in science education. Through 

active engagement, collaboration, problem solving, and self-directed learning, students 

develop both conceptual understanding and essential competencies for modern education. 

However, successful implementation requires careful planning, teacher guidance, and 

supportive classroom environments that help students navigate the challenges of project-

based learning. Therefore, understanding students’ learning experiences provides valuable 

insights for improving the design and implementation of PjBL in science classrooms. 

4. CONCLUSION  

This study aimed to analyze students’ learning experiences during the 

implementation of Project-Based Learning (PjBL) in science education. The findings 

indicate that PjBL creates meaningful and active learning experiences characterized by 

increased student engagement, collaborative interaction, the development of problem-

solving abilities, and greater learning autonomy. Through project activities, students were 

able to connect scientific concepts with real-life contexts, participate actively in discussions 

and experimentation, and develop a sense of responsibility for their learning processes. 

These experiences also contributed to the development of important competencies such as 

critical thinking, teamwork, and scientific inquiry skills. Although several challenges were 

identified, particularly related to time management and group coordination, the overall 

findings demonstrate that Project-Based Learning provides a learning environment that 

supports deeper conceptual understanding and positive learning experiences in science 

education. Therefore, examining students’ learning experiences offers valuable insights into 

how PjBL can enhance both cognitive and affective aspects of science learning. 
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