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Abstract. Abstract. The modern education is currently confronted with the dilemma of the need to prepare students with the necessary competencies to address global issues such as those outlined in the United Nations’ Sustainable Development Goals (SDGs). But, there is a big chasm between understanding sustainability as a concept, and practicing it. This research has focused on reviewing the research on the role of ProjectBased Learning (PBL) as a pedagogical strategy for integrating SGDs in educational curriculum. The approach is a systematic review of 17 original contributions covering different types of education (primary, secondary, vocational, higher) and different educational subject disciplines (science, engineering, business, teacher education). The study was inductive and aimed at searching for the patterns between PjBL and the effectiveness of PjBL in acquiring the fundamental skills and competencies related to the practice areas of SDGs. The findings of the research indicate that PjBL is consistently and effectively: (1) Enhancing 21 st-century skills: critical thinking, creativity, and problemsolving; (2) Bridging the theory-practice gap through doing real; (3) Boosting motivation, self-efficacy, and active engagementthrough contextual projects; (4) Developing transversal competencies: collaboration, professional responsibility, and social awareness; and (5) Leading to concrete change in terms of improved academic projects and environmentally friendly innovation (e.g. waste-based products, processes, services and and composting projects). In conclusion, PjBL has proven to be a transformative pedagogical framework for Education for Sustainable Development (ESD). Its sustainable implementation requires institutional support, systematic teacher training, and academic-industry collaboration. Thus, PjBL functions not merely as a learning method but as a strategic approach to produce an innovative generation that is responsible for sustainable development.

Keywords: Project-Based Learning (PjBL), Sustainable Development Goals (SDGs), Education for Sustainable Development (ESD), and 21st-Century Skills.


1. [bookmark: _Ref467509391]Introduction
The 21st century is marked by accelerating multidimensional challenges, ranging from climate change and social inequality to environmental degradation [1]. These crises require coordinated global intervention. In response, the United Nations (UN) has established 17 Sustainable Development Goals (SDGs) as a blueprint for achieving a better and more sustainable future by 2030 [2]. In this context, education, particularly Education for Sustainable Development (ESD), plays a crucial role. ESD serves not only as a transfer of knowledge but also as a catalyst for instilling values, skills, and competencies that enable young people to become proactive agents of change, as emphasized by SDG 4 (Quality Education) [3].
Although the role of ESD is widely recognized, its implementation in the field often faces obstacles. Several studies have shown a significant gap between students' theoretical knowledge of the SDGs and their ability to translate it into concrete actions or practical solutions [4]. For example, research indicates that many students are aware of the SDGs but require a more comprehensive understanding and direct application [5]. In learning practices, traditional lecture-dominated methods are relatively effective in building cognitive awareness, but they are less capable of fostering 21st-century skills, such as critical thinking, creativity, and collaboration [6]. In fact, these skills are essential for addressing and solving complex sustainability issues [7]. This situation underscores the need for a shift in the pedagogical paradigm towards a more active, contextual, and student-centered approach [8].
One prominent approach is Project-based Learning (PjBL). This model inherently encourages authentic problem solving, collaboration, and the integration of various disciplines, thus aligning with ESD objectives [9]. As such, PjBL is seen as having great potential to bridge the gap between students' cognitive awareness and concrete action [10]. Based on the need for integrated empirical evidence, the main objective of this systematic review is to analyze and synthesize the role of Project-based Learning in supporting the achievement of Sustainable Development Goals at various levels and contexts of education. Specifically, this review examines: (1) the impact of PjBL on students' cognitive competencies and transversal skills, (2) the effectiveness of PjBL in connecting awareness with concrete action, and (3) the challenges and recommendations for its implementation. By synthesizing findings from 17 primary studies, this research provides a comprehensive overview that is useful for educators, policymakers, and researchers, while also confirming PjBL as a key strategy for realizing Education for Sustainable Development.
Method
This study employs a Systematic Literature Review (SLR) approach to gain a comprehensive understanding of the role of Project-based Learning (PBL) as an effective pedagogical strategy in supporting the achievement of the Sustainable Development Goals (SDGs). The SLR process follows a standard methodological framework that ensures data transparency and reliability.
Research Questions
This review is guided by three research questions formulated to synthesize findings from empirical studies:
Table 1. Research Questions
	NO
	Research Questions

	1.
	To what extent is PjBL effective in improving the specific competencies students need to achieve the SDGs, especially 21st-century skills (such as critical thinking and creativity)?

	2.
	How does PjBL function as a mechanism to bridge the gap between theoretical awareness and SDG action implementation, and how does it affect students' motivation, self-efficacy, and sense of social responsibility?

	3.
	In what educational contexts has PjBL proven effective in integrating SDGs, and what are the most consistent implementation challenges and recommendations emerging from primary studies?



Locating Studies
A systematic search of primary literature was conducted in reputable scientific databases, primarily Scopus and Google Scholar, utilizing search software for efficient identification. Selected articles were limited to the period of publication after the adoption of the 2030 Agenda, namely between 2017 and 2025. During the search process, we employed Boolean operators (AND/OR) to combine key terms, such as “Project-based Learning,” “SDGs,” and “Education for Sustainable Development,” to obtain results that were specific and relevant to the study topic. Table 2 shows the search
keywords.
Table 2. Search Terms and Research Outcomes (2017-2025)
	Search Keyword
	Journal Database
	Search Result

	“Project-Based Learning” OR “PjBL” AND “Sustainable Development Goals” OR “SDGs” OR “Education for Sustainable Development” OR “ESD” OR “Impact” OR “Effectiveness” OR “Competencies” OR “Action”
	Scopus
	640

	
	Eric
	1134

	
	Google Scholar
	780



Study Selection and Evaluation
Many scientific journal articles were not relevant to the focus of this research and could not be used to answer the research questions. Therefore, a careful literature selection process was conducted. This process aimed to assess the suitability of the articles to the predefined inclusion criteria. Articles that met the exclusion criteria were removed from the analysis. The inclusion and exclusion criteria are shown in Table 3.





Table 3. Inclusion and Exclusion Criteria
	Inclusion Criteria
	Exclusion Criteria

	Must be a primary empirical study (Experiment, Quasi-Experiment, Action Research, or In-Depth Case Study).
	Literature Reviews (Systematic, Narrative, Meta-Analysis) or book chapters.

	Explicitly examines the impact of PJBL on competencies, awareness, or actions related to SDGs/ESD.
	Articles that only discuss PJBL or SDGs theoretically without empirical data.

	Published within the time frame of 2017–2025.
	Publications before the year 2017.



Study Screening and Selection Process 
The article selection process was conducted in stages to ensure transparency, following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. From this selection, 17 primary articles were obtained to form the final study corpus.
[image: ]
Figure 1. PRISMA Flow


Data Analysis and Synthesis
Data from 17 primary studies were extracted and analyzed using an inductive qualitative thematic analysis approach. This analysis included grouping based on Cognitive Impact, Affective Mechanisms, and Context and Implementation Challenges. This thematic synthesis ensures that the SLR results can provide a structured, comprehensive, and interpretively deep picture of the role of PjBL in achieving the SDGs.
Result and Discussion
The results of this systematic review are presented thematically, grouping findings from 17 primary studies based on predetermined Research Questions.

To what extent is PjBL effective in improving the specific competencies students need to achieve the SDGs, especially 21st-century skills 
To answer the research question regarding the effectiveness of PjBL in improving students' specific competencies, Table 1 presents a synthesis of the consistent impact of PjBL on Higher Order Thinking Skills (HOTS) and 21st Century Skills relevant to the achievement of Sustainable Development Goals (SDGs).
Tabel 4. The Effectiveness of PjBL: Impact on Cognitive Constructs and 21st Century Skills
	Main Construct/Dependent Variable
	Key Measured Dimension
	Supporting Methodology

	Higher-Order Cognitive Skills (HOTS)
	Critical Thinking (Critical Thinking) & Problem Solving (Problem Solving): Significant increase in problem formulation, information analysis, and evidence-based decision-making.
	[11,13,15,23,25]

	Innovation & Creativity
	Product Creativity & Conceptual Innovation: Enhanced ability to generate new ideas (fluency) and authentic solutions (originality), often supported by technology
	[14,16,23,25]

	Disciplinary Technical Competence
	Increased mastery of applied concepts (e.g., green chemistry, renewable energy systems) and practical engineering/implementation skills.
	[14,21,24,25}

	Effective Communication
	Improvement in justifying arguments, presentations, and communication skills within interdisciplinary and multicultural contexts.
	[15,18,20,24]



This review found consistent empirical evidence regarding the effectiveness of Project-based Learning (PjBL) in improving Higher Order Thinking Skills (HOTS) and 21st Century Skills relevant to the Sustainable Development Goals (SDGs) [J13, J15]. PjBL measurably facilitates significant improvements in Critical Thinking Skills, which are essential in analyzing complex sustainability issues, such as formulating problems and evaluating evidence-based solutions [J3, J4, J15]. This improvement is reinforced by a surge in Innovation and Creativity skills, where students successfully produce authentic and applicable solutions, ranging from renewable energy system designs to waste-based product innovations, often surpassing conventional teaching methods [J6, J15].

These cognitive achievements are channeled through improved Disciplinary Technical Competence. In the context of Science and Engineering, PjBL successfully instills mastery of application concepts, such as green chemistry and electronic engineering, as students see the direct relevance of this knowledge in the real solutions they develop [J11, J13, J14]. The development of Effective Communication Skills complements these cognitive impacts. PjBL forces students to construct, justify, and present their arguments, a vital skill for advocating sustainable solutions, especially in interdisciplinary and multicultural learning environments [J8, J10].

How does PjBL function as a mechanism to bridge the gap between theoretical awareness and SDG action implementation, and how does it affect students' motivation, self-efficacy, and sense of social responsibility?
To answer questions about the transformative mechanism of PjBL, Table 5 presents a synthesis of the impact of PjBL on students' affective constructs, explicitly identifying the role of this methodology in bridging the gap between theoretical awareness of SDGs and the implementation of concrete actions.
Table 5. PjBL Mechanism: Affective Transformation and Sustainability Action
	Affective Construct & Key Mechanism
	Transformation and Real Action Indicator
	Supporting Methodology

	Action-Awareness Gap
	PjBL as a Transformative Mechanism: Converts high affective awareness into Real Practical Action (Increased behavioral scores vs. only emotion/cognition).
	[12,22,23,25]

	Sense of Responsibility (Agency) & Self-Efficacy
	Increased Self-Efficacy and Learning Autonomy. Students demonstrate initiative, ownership, and self-regulation ability in sustainability projects.
	[15,23, 26, 27]

	Transversal Competence & Collaboration
	Significant increase in Cross-Disciplinary Collaboration and the inculcation of University Social Responsibility (USR) values, which are key variables for solving SDGs problems.
	[12,17.18,19]

	Intrinsic Motivation
	Increased interest and emotional engagement (intrinsic motivation) driven by the authenticity and relevance of the project problem.
	[12.19.20]



Analysis of SLR findings reveals that the most significant function of Project-based Learning (PjBL) is as an effective Transformative Mechanism in bridging the Action-Awareness Gap—the disparity between students' knowledge of the Sustainable Development Goals (SDGs) and their willingness to act. In various contexts, studies have observed that even though students have high Emotional and Theoretical Awareness of the importance of sustainability, they often fail to translate this into practical action [J12, J2]. PjBL overcomes this behavioral inertia by transforming passive knowledge into Real Practical Action [J13, J15]. Through authentic projects, PjBL provides the direct experience necessary for behavioral change, which ultimately shows a significant improvement in sustainability behavior and practice scores, as opposed to methods that focus solely on the cognitive domain [J2, J12]. This transformative mechanism is rooted in PjBL's ability to influence students' affective constructs profoundly. The review highlights that PjBL is a superior tool for fostering a high sense of Agency and Self-Efficacy, as students are given the autonomy to design and lead their own solutions [J5, J13, J17, J18].

This sense of ownership of authentic projects directly encourages Intrinsic Motivation, which is an essential factor for sustained engagement, beyond extrinsic incentives alone [J2, J9, J10]. The strengthening of Transversal Competencies reinforces this affective factor. PjBL, through its collaborative nature, provides an ideal environment for practicing teamwork, negotiation, and Interdisciplinary Collaboration skills—skills that are vital for solving holistic and interdisciplinary SDG problems [J2, J7, J8, J9]. These findings have profound implications for Education for Sustainable Development (ESD), affirming that curricula must be deliberately designed to prioritize action. PjBL has been shown not only to teach about sustainability but also to educate the character necessary for sustainable practices. By fostering agency and Transversal Competencies, PjBL ensures that students not only absorb SDG information but also develop a proactive mindset and social responsibility [J9, J16, J17].

In what educational contexts has PjBL proven effective in integrating SDGs, and what are the most consistent implementation challenges and recommendations emerging from primary studies?
To answer this question, which focuses on the context of PjBL-SDG successes and challenges in the field, Table 3 presents a thematic analysis of the external validity of the studies, consistent implementation barriers, and pedagogical implications that emerged from the primary studies.
Table 6. Context of Implementation, Obstacles, and Pedagogical Implications
	Context Dimension
	Key Implementation Findings and Obstacles
	Supporting Studies

	External Validity (Contexts)
	Successful PjBL implementation across various educational levels (Elementary School, Vocational High School, Higher Education) and collaboration models (e.g., Industry-Academia, Multi-Course, Long-Term).
	[14,20,21,23]

	Critical Implementation Obstacles
	Infrastructure Support: Lack of adequate mentor/tutor support and logistical/administrative constraints (procurement of materials). Initial Student Readiness: Low formal understanding of SDGs/TCs at the start of the program.
	[17,11, 14]

	Primary Pedagogical Implications
	Need for Structured Curriculum Integration (not merely an add-on), systematic teacher training, and leveraging industry-academia collaboration to enhance project authenticity.
	[17.21, 24]


This review confirms the broad external validity of the effectiveness of Project-Based Learning (PBL) as an approach to Education for Sustainable Development (ESD). PjBL has been successfully implemented in various pedagogical contexts, ranging from elementary education (SD) that emphasizes communication and environmental awareness, to vocational high schools (SMK) and universities (PT) with a focus on disciplinary technical competencies. The success of PjBL spans various disciplines, including engineering, science, and business. It is achieved through innovative implementation models, such as digital PjBL, multi-course collaboration, and long-term projects involving local communities. This diversity of contexts highlights that PjBL is an adaptable framework that can be tailored to achieve the Sustainable Development Goals (SDGs), regardless of students' academic backgrounds or age.

Although PjBL has high pedagogical effectiveness, its sustainability faces critical obstacles that are consistent across primary studies. The most significant challenges relate to institutional support and the availability of infrastructure. Teachers' workloads increase due to a lack of support from mentors or tutors. At the same time, projects are often delayed due to logistical and bureaucratic constraints in procuring materials, which ultimately affect student motivation and workflow. In addition, students' initial readiness is also a hindrance, as many begin projects with a limited understanding of the formal correlation between their subjects and the SDGs or the expected transversal competencies (TCs).

These findings have important pedagogical implications for education policymakers. For PjBL to evolve from an isolated intervention to a sustainable curriculum practice, planned reforms are needed. First, a structured curriculum integration is required that explicitly maps PjBL learning outcomes to SDG targets, rather than simply treating SDGs as additional content. Second, industry-academic collaboration models and cross-disciplinary PjBL need to be prioritized, as they have been shown to increase project authenticity while providing a real-world context that helps students connect theory and practice. Ultimately, educational institutions must invest in comprehensive teacher training and implement effective administrative support mechanisms to mitigate logistical challenges. These efforts will directly support teacher autonomy and student project success, while ensuring the sustainability of PjBL practices within the framework of education for sustainable development.

Conclution
This systematic literature review clearly confirms that Project-based Learning (PjBL) is a fundamental pedagogical strategy for empowering future generations to achieve the Sustainable Development Goals (SDGs). PjBL has been proven to consistently improve Higher Order Thinking Skills (HOTS) and 21st Century Skills, functioning as a Transformative Mechanism that bridges the gap between theoretical knowledge and Practical Action and fosters a high sense of Agency among students. Although the effectiveness and external validity of PjBL extend across various levels of education, its sustainable implementation requires institutional-level reforms—including Structured Curriculum Integration and investment in efficient Administrative Support Mechanisms—to overcome Critical Barriers and position PjBL as a strategic key to global development.
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