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ABSTRACT 

	The Project-Based Learning (PjBL) approach in chemistry education can enhance students' conceptual understanding and learning outcomes between 2015 and 2025. This study aims to analyze the trends, effectiveness, and challenges of implementing PjBL in chemistry education. The method used is a Systematic Literature Review (SLR) following the PRISMA 2020 guidelines, through data search in the Scopus database using a single combined query. After screening based on inclusion criteria publication year, relevance to the field of chemistry, document type, and open access, 17 articles were obtained that met the analysis criteria. The results show that PjBL consistently improves students' conceptual understanding, critical thinking skills, creativity, and collaboration through contextual project activities integrated with technology, local culture, and STEM approaches. The main challenges include limited laboratory facilities, teacher readiness, and limited project duration. Overall, this study confirms that PjBL is an effective and adaptive pedagogical approach with great potential in building students' scientific competence and strengthening the relevance of chemistry learning in real life.
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1. INTRODUCTION 

Over the past decade (2015–2025), the chemistry learning paradigm has undergone a major transformation, emphasizing active student involvement in constructing knowledge through hands-on experience. The shift from a teacher-centered to a learner-centered approach has become a pedagogical imperative, along with the development of competency-based curricula that emphasize higher-order thinking skills, collaborative skills, and scientific creativity. In this context, Project-Based Learning (PjBL) has emerged as a learning model considered effective in bridging the gap between science theory and practice. PjBL enables students to engage in project-based investigative and problem-solving activities relevant to the real world, fostering a deeper conceptual understanding of chemistry material and encouraging improvements in cognitive, affective, and psychomotor learning outcomes (Rahmawati et al., 2019; Suradika et al., 2023). As demonstrated by Zhao & Wang (2022), PjBL in secondary school settings has shown significant improvements in students' understanding of chemistry concepts through project-based activities that are contextual and relevant to real-world phenomena.
Chemistry is known as a complex discipline, combining conceptual, procedural, and representational aspects. The abstract nature of chemical concepts, such as atomic structure, chemical bonding, and reaction dynamics, often causes conceptual difficulties for students (Oyewo et al., 2022). Various studies in the last decade have shown that conventional chemistry learning, which relies solely on lectures and exercises, is less able to develop in-depth understanding or the ability to transfer concepts to new situations (Hasibuan et al., 2025). Therefore, project-based approaches such as Project-Based Learning (PjBL) are seen as a potential solution that not only fosters conceptual understanding but also trains students' scientific skills and reflective abilities. Through project activities, students are encouraged to relate chemical concepts to real-life phenomena, identify problems, design experiments, and produce measurable scientific products ((Ayaz & Söylemez, 2015; (Juanta et al., 2025)). (Hernáiz-Pérez et al. (2021) also emphasize the effectiveness of contextual project-based learning in the training of chemical engineers, where it helps students develop practical skills and a deeper understanding of complex chemical concepts through graphical expression and real-world problem-solving.
The urgency of systematic research on the application of PjBL in chemistry learning arises from the need to map its effectiveness and trends over the past ten years. Although various studies report positive impacts of PjBL on learning outcomes, there are still inconsistencies in findings related to factors such as implementation context, project duration, educational level, and technological support. Some studies report significant improvements in critical thinking and problem-solving skills ((Iyamuremye et al., 2025); (Sumarni et al., 2025), while others show varying results depending on teacher readiness and student characteristics ((Ananda et al., 2023); (Rahmawati et al., 2019). This situation highlights the need for a comprehensive systematic literature review to describe general patterns, research gaps, and future directions for PjBL development. Sanga & Purba (2025) highlight that in the context of independent curricula, teachers' perceptions and preparedness significantly influence the success of PjBL implementation, with some teachers struggling to adapt to the flexible nature of the curriculum.
Literature reviews show that the application of PjBL in chemistry learning has evolved toward a more contextual and integrative approach. Since 2015, numerous studies have focused on how PjBL can improve understanding of fundamental concepts, such as stoichiometry, thermochemistry, and acids and bases ((Hernández‐barco et al., 2021); (Juanta et al., 2025). In the 2018–2020 period, the research focus began to shift toward improving students' higher-order thinking skills (HOTS) and scientific literacy (McLaughlin et al., 2024). Entering 2021–2025, research trends show a stronger emphasis on digital technology integration, such as virtual laboratories, STEM-PjBL, and Chemo-Entrepreneurship PjBL ((Sari et al., 2025); (Suradika et al., 2023). This transformation indicates that PjBL is no longer solely oriented toward cognitive outcomes, but also develops students' soft skills, scientific attitudes, and learning motivation. However, the variety of research approaches and contexts actually strengthens the need for comprehensive synthetic analysis to find consistent research patterns and directions.
Most previous research on PjBL in chemistry learning has been conducted in isolation and focused on specific aspects, such as improving student learning outcomes or motivation. Very few studies have incorporated longitudinal analysis or comparisons across educational levels. For example, several studies at the high school level have highlighted improvements in conceptual understanding after implementing PjBL, but rarely have they explored the relationship between conceptual understanding and long-term learning outcomes (Ambrož et al., 2023). Furthermore, limited research has examined the influence of cultural factors, gender, and school resources on the success of PjBL implementation (Tinenti et al., 2025). Therefore, a systematic review is needed that not only gathers empirical evidence from various contexts but also identifies key determinants of PjBL success in chemistry learning.
The novelty of this study lies in its systematic approach that examines the development of PjBL in chemistry learning over a full decade, namely 2015–2025. Unlike previous studies that are descriptive in nature, this study uses a Systematic Literature Review (SLR) approach to synthesize empirical findings from more than fifty-two articles that meet the inclusion criteria. Through this systematic analysis, the study seeks to identify implementation patterns, the most frequently studied variables, the types of learning outcomes measured, and the dominant research methodologies used. Thus, the results of this SLR are expected to provide a clear conceptual map of the evolution of PjBL research in the context of chemistry learning, while also revealing research gaps that still need to be bridged in the future.
The main objective of this study is to systematically analyze all research on the application of PjBL in chemistry learning over the past decade, in order to assess its effectiveness on students' conceptual understanding and learning outcomes. Specifically, this study aims to: (1) identify thematic and methodological trends in PjBL research in chemistry, (2) analyze the extent to which the PjBL approach influences the improvement of conceptual understanding and learning outcomes, and (3) evaluate the challenges and implementation recommendations that arise from previous studies. Thus, the study seeks to provide a clear conceptual map of PjBL’s evolution in chemistry education, while identifying research gaps and proposing future directions for the development of PjBL in educational contexts.
Based on the background and literature review, the research problem is formulated as follows: “How has the implementation of Project-Based Learning (PjBL) in chemistry learning developed during the 2015–2025 period in improving students’ conceptual understanding and learning outcomes?” To answer this question, this article presents a systematic literature analysis following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines, and synthesizes empirical findings narratively and bibliometrically. Therefore, the results of this study are expected to provide a substantive contribution to the development of project-based learning theory and practice in modern chemistry education.

2. material and methods / experimental details / methodology 
This study uses a Systematic Literature Review (SLR) approach to comprehensively examine the development of research on the application of Project-Based Learning (PjBL) in chemistry learning during the period 2015 to 2025. This approach was chosen because it provides a strong methodological basis for identifying trends, methodological patterns, and the effectiveness of PjBL implementation on understanding chemistry concepts and learning outcomes(Rahmawati et al., 2019)(McLaughlin et al., 2024). The SLR procedure in this study follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines which include four main stages, namely identification, screening, feasibility assessment, and final inclusion.
In the identification stage, data was collected from the Scopus database, a database of indexed and peer-reviewed international scientific journals. The search was conducted using a single combined query, namely: TITLE-ABS-KEY(("project based learning" OR PjBL) AND ("chemistry" OR "chemistry education" OR "chemical education" OR "science education") AND ("conceptual understanding" OR "learning outcomes" OR "student achievement" OR motivation OR attitude OR "collaborative skills" OR "systematic review" OR "meta analysis" OR bibliometric OR "implementation" OR "teacher readiness" OR "constructivist theory" OR "pedagogical model")) AND (PUBYEAR > 2015 AND PUBYEAR < 2025)
The query was designed to capture all empirical and conceptual studies relevant to the application of PjBL in chemistry learning contexts (Tian et al., 2023) (Mutakinati et al., 2018). The initial search yielded 169 articles. Subsequently, a direct filtering process was conducted in Scopus using the following restrictions: subject area (Social Sciences, Chemistry, Multidisciplinary, and Chemical Engineering), document type (article, conference paper, and literature review), language (English), and access type (open access). Furthermore, only peer-reviewed articles were included. After applying the filter, 41 articles met the initial criteria (Pernaa et al., 2025) (Gros, 2021).
The next screening stage was conducted manually to ensure the articles' substantial relevance to the context of this study. All 41 articles were downloaded in PDF format and then thoroughly read, from the abstract and methodology to the results and discussion. At this stage, articles that did not discuss Project-Based Learning (PjBL) and did not focus on chemistry learning were excluded from the analysis. This manual selection process resulted in 17 articles that explicitly examined or applied the Project-Based Learning (PjBL) model in the context of chemistry learning and met all inclusion criteria.
The eligibility assessment stage was carried out on 17 selected articles through a detailed examination of their methodology to ensure that each study met the following criteria: 1). Implementing PjBL in the context of chemistry education; 2). Presenting empirical data or the results of systematic analysis; 3). published between 2015–2025; 4). English and open access, as well as; 5). Has gone through a peer review process. All articles that met the five criteria were then coded using a systematic analysis sheet that included the following elements: year of publication, educational context, research design, type of instrument, competencies measured, main outcomes, and implementation challenges (Sari et al., 2025); (Rahmawati et al., 2020).
Data analysis was conducted using two main approaches, namely descriptive analysis and thematic synthesis. Descriptive analysis was used to map the general characteristics of the 17 articles analyzed, including the distribution of publication years, educational levels, research methods, and types of instruments used (Samosir et al., 2020); (Rusmini , 2021). Meanwhile, thematic synthesis was conducted by reading the entire contents of the articles in depth to identify main patterns and themes, such as: (1) the effectiveness of PjBL on understanding chemical concepts, (2) the impact on student learning outcomes and motivation, (3) the development of 21st-century skills, and (4) implementation challenges faced by teachers and students in the context of laboratories and school resources (Shidiq et al., 2022) (Tinenti et al., 2025).
To ensure the validity of the results, a double review process was conducted by two independent researchers. Each researcher coded themes and assessed methodological quality based on five criteria: clarity of objectives, appropriateness of research design, validity of instruments, clarity of analysis, and consistency between results and conclusions. Discrepancies in the assessment results were resolved through discussion until consensus was reached. The entire assessment process, including the reasons for exclusion of articles that did not meet the criteria, was transparently documented (He et al., 2023).
The research implementation stages follow the PRISMA 2020 flow, as illustrated in Figure 1 below, which shows the article selection process from the identification stage to final inclusion:
[bookmark: _GoBack][image: ]This methodological approach ensures that all articles analyzed have strong empirical relevance to the context of implementing PjBL in chemistry learning, so that the research results are valid, transparent, and replicable.
Figure 1. PRISMA flow of article selection in PjBL-based chemistry education studies (2015–2025)
3. results and discussion

Based on the analysis of 17 articles that met the inclusion criteria, a general pattern was obtained that the application of Project-Based Learning (PjBL) in chemistry learning had a significant impact on conceptual understanding, mastery of science process skills, and strengthening students' learning attitudes and motivation. The majority of the studies were conducted in higher education and high school contexts, with quasi-experimental and mixed methods research designs. The research themes varied, ranging from the integration of digital technology and analytical flipbooks, spectrophotometer construction projects, to ethnoscience and STEAM-based approaches. Although the contexts, educational levels, and research designs varied, there were thematic similarities that can be grouped into four main dimensions: (1) enhancing conceptual understanding through experiential construction, (2) developing higher-order thinking skills, (3) integrating social, cultural, and technological contexts, and (4) implementation challenges and teachers' pedagogical readiness. 
Table 1. Summary of Key Findings and Implementation Challenges

[image: ]
The table summarizes the core competencies measured, principal findings, and major implementation challenges identified across 17 selected studies on Project-Based Learning (PjBL) in chemistry education published between 2015 and 2025.

Table 2. Summary of Findings from 17 Studies on PjBL in Chemistry Education (2015–2025)

	No
	Article Title (Short)
	Measured Competencies
	Key Results
	Implementation Challenges

	1
	(Rusmini , Suyono, 2021)
	Science process skills, collaboration
	SjBL improves the observation, interpretation, and experimental design skills of chemistry education students.
	Time constraints and self-adaptation to online project models during the pandemic.

	2
	(Samosir et al., 2020)	Conceptual understanding, laboratory performance
	The use of innovative project-based teaching materials improves learning outcomes and titration practicum performance.
	Students' difficulties in project planning and inaccuracy of measuring instruments.

	3
	(Matilainen et al., 2021)
	Collaboration, scientific literacy
	Students demonstrated improved collaboration, scientific reporting, and understanding of analytical procedures.
	Differences in experience between groups and limitations of laboratory equipment.

	4
	(McLaughlin et al., 2024)
	Conceptual understanding, learning motivation
	PjBL increases engagement and understanding of thermodynamics and kinetics concepts.
	Limited time for in-depth experimentation.

	5
	(Ananda et al., 2023)	Learning design, collaboration between prospective teachers
	PjBL-STEM builds the pedagogical capacity of prospective chemistry teachers in designing experimental projects.
	Limited field experience and limited supervision.

	6
	(Pernaa et al., 2025)	Pedagogical competence, teacher readiness
	Teachers assessed that practical projects enhanced inquiry-based learning and concept application.
	Lack of training and institutional support.

	7
	(Traynor et al., 2025)
	Analytical skills, systemic thinking
	PjBL strengthens understanding of water systems and complex analytical skills.
	Difficulty coordinating teams and planning multidisciplinary projects.

	8
	(Sumarni et al., 2025)
	STEM literacy, systemic thinking
	Students successfully constructed a simple spectrophotometer and understood the concept of absorbance.
	Technical challenges and the need for intensive supervision.

	9
	(Zhao & Wang, 2022)
	Scientific literacy, critical thinking
	Project-based flipbooks enhance students' scientific literacy and critical thinking skills.
	Limitations of digital devices and network connections.

	10
	(Shidiq et al., 2022)
	Critical thinking, problem solving
	Vocational high school students showed significant improvement in relating electrochemical concepts to practical applications.
	Difficulty integrating engineering and chemical aspects in a balanced way.

	11
	(Gros, 2021)	Critical thinking, collaboration
	STEAM-based project activities enhance logical analysis and student engagement.
	Difficulty managing project time and dividing group tasks.

	12
	(Sari et al., 2025)
	Conceptual understanding, collaboration skills
	Integration of local wisdom improves conceptual understanding, collaboration skills, and attitudes towards chemistry.
	Variation in results between regions due to teacher readiness and limited facilities.

	13
	(Sumarni et al., 2016)
	Collaboration, creative thinking
	The ethnoSTEAM collaborative model strengthens the creative thinking skills of prospective science teachers.
	Coordinating cross-disciplinary projects is challenging and time-consuming.

	14
	(Rahmawati et al., 2021)
	Scientific literacy, application of concepts
	PjBL improves students' ability to apply chemical concepts in real-life contexts.
	Teachers have difficulty maintaining a balance between theory and project practice.

	15
	(Tian et al., 2023)
	Critical and creative thinking
	PjBL is more effective than PBL in increasing creativity and critical thinking.
	Lack of authentic evaluation instruments and short project times.

	16
	(Rahmawati et al., 2020)
	Psychomotor skills
	PjBL improves practical skills such as measuring, mixing, and observing reactions.
	Intensive guidance is needed so that project results are more consistent.

	17
	(Tinenti et al., 2025)	Complex problem solving
	Students are better able to identify problems and develop experimental-based solutions.
	Difficulty identifying problems that are sufficiently challenging and relevant.



Table 2 shows that the primary competencies measured in chemistry PjBL research include conceptual understanding, critical thinking, scientific literacy, and collaboration. All articles reported positive results in improving students' cognitive and 21st-century skills, although implementation challenges often arise 
[image: ]in terms of facilities, project time, and teacher or lecturer readiness.
Figure 2. Competencies measured in PjBL chemistry education research (2015–2025)

The distribution of competencies measured in the 17 selected articles shows a clear direction toward the objectives of Project-Based Learning (PjBL) chemistry learning. As seen in Graph 1, the dominant focus of research lies in understanding chemical concepts (11 articles) and critical and creative thinking skills (8 articles). This trend indicates that the application of PjBL in chemistry learning is not only directed at mastering factual material but also at developing higher-order thinking skills. This is in line with the characteristics of chemistry as a discipline that demands conceptual reasoning, symbolic representation, and application in real-world contexts.
Meanwhile, collaboration and independent learning competencies emerged in six articles focusing on social interactions during project implementation, both at the secondary school and tertiary levels. Science literacy and STEM competencies also received attention in four studies, particularly in learning contexts that combined engineering and technology aspects with chemistry experiments. Two other articles emphasized psychomotor skills and complex problem-solving abilities, confirming that project-based learning can be a holistic vehicle that integrates cognitive, affective, and motor aspects.
[image: ]The above description shows that in the last decade, the direction of PjBL research in chemistry has shifted from merely improving cognitive learning outcomes to developing multidimensional competencies that reflect the demands of the 21st century, such as critical thinking, creativity, collaboration, and scientific literacy.
Figure 3. Implementation challenges identified in PjBL chemistry education research (2015–2025)

The analysis of implementation challenges presented in Graph 2 shows that the most frequently reported barriers were limited laboratory facilities and resources (7 articles), followed by limited project implementation time (5 articles). These limitations were often found in secondary and vocational school contexts, where the number of teaching hours was insufficient to comprehensively complete chemical experiment-based projects.
Furthermore, teacher and lecturer preparedness was a challenge in four studies, particularly regarding their ability to design projects that balance conceptual demands and practical activities. Difficulties in project coordination and supervision (three articles) also emerged in collaborative learning contexts, where differences in student abilities led to unequal contributions within groups. Other challenges, such as limited digital devices and laboratory technical constraints, were only minor but still impacted the smooth implementation of technology-integrated PjBL.
From this pattern, it can be concluded that the implementation of PjBL in chemistry learning still faces a gap between the ideals of pedagogical design and the realities of implementation in the field. Technical and structural constraints often limit the model's potential to achieve maximum effectiveness. However, the majority of articles report that, despite these obstacles, PjBL consistently demonstrates a positive impact on improving students' conceptual understanding and learning motivation.
Empirical findings in the research corpus include:
3.1 Enhancing Conceptual Understanding through Authentic Projects
Most studies have shown that PjBL significantly contributes to improving understanding of chemical concepts. A study by McLaughlin et al (2024) evaluating the impact of PjBL in A-level Chemistry confirmed that inquiry-based practical projects enable students to understand the relationships between concepts such as stoichiometry, kinetics, and thermodynamics more deeply because they directly relate them to contextual experiments. Similarly, Zhao & Wang (2022) showed that the application of PjBL in secondary school settings significantly improved students’ understanding of chemical concepts by connecting abstract theories with real-world projects.
Similarly, Sumarni et al (2025) found that a project-based approach encouraged high school students to develop psychomotor skills integrated with conceptual understanding through chemical experiment activities. At a higher level, Mutakinati et al., (2018) demonstrated that implementing Self-Project Based Learning (SjBL) during the COVID-19 pandemic successfully maintained the continuity of chemistry students' science process skills, even without physical presence in the laboratory.
These findings demonstrate that PjBL consistently supports conceptual reconstruction, where students connect abstract concepts with concrete experiences. In Rahmawati et al., (2019) study, for example, project activities designed in a STEM context encouraged students to integrate knowledge of physics and chemistry when designing simple experiments related to energy and electrochemical reactions. Thus, understanding is formed not only through explicit instruction but also through reflection and collaborative experimentation.

3.2 Developing Critical, Creative, and Collaborative Thinking Skills

Literature synthesis shows that higher-order thinking skills are the dominant outcome of the implementation of PjBL in chemistry. In Tian et al., 2023) study, the implementation of the EthnoSTEAM project at the science teacher candidate level demonstrated significant improvements in creative and collaborative thinking skills. This aligns with the findings of Hidayat et al. (2025) who demonstrated that PjBL with an ethnoscience framework encourages more meaningful collaborative processes because students interact within a local cultural context. In a similar vein, (Hernáiz-Pérez et al., 2021) found that PjBL, especially in the context of chemical engineering training, promotes critical thinking and creative problem-solving by engaging students in real-world, context-driven projects.
Meanwhile, research by Sumarni et al., (2025) and Sari et al., (2025) (both in this SLR corpus) found that the application of PjBL in the context of basic chemistry topics such as acid-base reactions and thermochemistry strengthened students' analytical and evaluation skills. Students were able to explain reaction mechanisms not only symbolically but also through macroscopic representations of their project results.
At the higher education level, Gros (2021) demonstrated that chemistry students involved in a water quality testing project using an agile management approach were able to integrate systemic thinking skills with cross-disciplinary problem-solving. Similarly, Shidiq et al., (2022) confirmed that a simple STEM-based spectrophotometer development project enhanced students' systemic thinking and scientific reflection skills.
The consistency of these findings suggests that PjBL in chemistry not only improves learning outcomes but also fosters critical and creative scientific thinking. In general, projects encourage students to balance divergent thinking (generating ideas) and convergent thinking (evaluating experimental results).

3.3 Integration of Cultural, Social, and Technological Contexts in Chemistry Learning

One unique characteristic of the reviewed corpus of articles is their tendency to link chemistry learning to local contexts and digital technologies. Sumarni et al., (2025) demonstrated the successful integration of local wisdom from East Nusa Tenggara (ikat weaving, salt making, and traditional houses) into a chemistry project. The results showed that the integration of local cultural values ​​not only improved conceptual understanding but also positive attitudes toward chemistry. Similarly, Tian et al., (2023) in his Collaborative EthnoSTEAM PjBL demonstrated that an ethnoscience project combining cultural and scientific elements strengthened prospective teachers' sense of scientific identity. The cultural dimension of the project served as a gateway for internalizing ecological and social values ​​in chemistry education. Sanga & Purba (2025) emphasize that the successful implementation of PjBL in independent curricula largely depends on teachers' perceptions and preparedness, especially when integrating local and cultural contexts into project-based chemistry learning.
From a technological perspective, Sari et al., (2025) demonstrated through their Flipbook-Based Analytical Chemistry project that interactive digital media can improve students' scientific literacy and critical thinking. These findings are reinforced by Mutakinati et al., (2018) who reported the use of a single-board computer as a project-based experimental tool to improve chemical engineering and instrumentation skills in prospective teachers.
This cross-context integration indicates that PjBL in chemistry education has moved from a conventional experimental approach to a broader contextual approach, connecting science with technology, culture, and society. Paradigmatically, this reflects a shift from “learning about chemistry” to “learning with chemistry to understand the world.”

3.4 Teacher Readiness and Implementation Challenges

While research findings demonstrate the positive impact of PjBL, nearly all articles also highlight structural and pedagogical implementation challenges. Traynor et al., (2025) reported that while teachers supported the reintroduction of projects into the Advanced Higher Chemistry curriculum, most felt inadequately prepared for project design and authentic assessment. Similar challenges were reported by by Pernaa et al., (2025), where prospective teachers needed practical guidance on balancing conceptual objectives with technical skills in projects.
In the Asian context, Rahmawati et al., (2019) found that teachers often face limitations in time and laboratory facilities, so projects are often focused on the planning stage rather than full implementation. Sumarni et al., (2025) added that a major obstacle in implementing PjBL is the lack of standard laboratory equipment, but simple innovations using local materials can overcome this obstacle without reducing the scientific value of the activity.
The findings of this cross-study demonstrate that the success of PjBL in chemistry education is highly dependent on the pedagogical capacity of teachers. Teachers act not only as facilitators but also as designers of learning experiences. Therefore, the sustainability of PjBL requires systemic support, including teacher training, flexible curriculum policies, and the provision of adequate experimental facilities.
Overall, the results show that PjBL contributes significantly to the transformation of chemistry learning towards a more contextual, reflective, and sustainable approach. This model facilitates the integration of science, technology, culture, and society—as demonstrated by Sumarni et al., (2025) and Tinenti et al., (2025) making chemistry learning relevant to real life and local values. Thus, this study confirms that PjBL is not just a method, but an epistemological framework capable of shaping 21st-century students who think scientifically, collaborate, and are creative. 
4. Conclusion

A systematic review of seventeen articles analyzed shows that the application of Project-Based Learning (PjBL) in chemistry learning during the 2015–2025 period consistently contributes to improving students' conceptual understanding, learning outcomes, and scientific skills at various levels of education. This approach has proven effective in connecting chemical theory with practical contexts through project activities that foster critical thinking skills, creativity, collaboration, and awareness of the application of science in real life. The analysis also reveals that the trend of PjBL research is shifting towards integration with digital technology, STEM, and local values, which enriches the relevance of chemistry learning to 21st-century challenges. Although there are still obstacles such as limited laboratory facilities, implementation time, and teacher readiness, the results of this study confirm that PjBL is an adaptive, constructive approach, and oriented towards the development of sustainable scientific competencies. Thus, this study successfully answers the main question that the development of PjBL in chemistry learning over the past decade has made a real contribution to improving the quality of learning and student learning outcomes.
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