<> sustainability

Review

Enhancing Project-Based Learning: A Framework for Optimizing
Structural Design and Implementation—A Systematic Review
with a Sustainable Focus

Rosa Sanchez-Garcia *

check for
updates

Academic Editor: Umut Akl

Received: 4 April 2025
Revised: 22 May 2025
Accepted: 27 May 2025
Published: 28 May 2025

Citation: Sanchez-Garcia, R.;
Reyes-de-Cézar, S. Enhancing
Project-Based Learning: A Framework
for Optimizing Structural Design and
Implementation—A Systematic
Review with a Sustainable Focus.
Sustainability 2025, 17,4978. https://
doi.org/10.3390/5u17114978

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

and Salvador Reyes-de-Cézar

Department of Communication and Education, Universidad Loyola Andalucia, 41704 Dos Hermanas, Spain;
sreyes@uloyola.es
* Correspondence: rsanchez@uloyola.es; Tel.: +34-955-641-600

Abstract: Project-based learning (PBL) is a student-centered, inquiry-based approach in
which students design and execute projects that address meaningful challenges. Over
time, PBL has been adapted across various educational levels, disciplines, and cultural
contexts, leading to a diverse body of knowledge. Given these variations, it is crucial to
systematize existing research to identify well-established aspects and areas that require
further exploration. This study conducts a systematic review following the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology. It uses
the foundational PBL model as a reference to analyze its essential elements in design and
implementation, particularly in terms of their contribution to sustainable education. A total
of 25 studies were included in the final review sample. The research aims to examine cur-
rent practices and identify gaps or inconsistencies in application. The qualitative analysis
highlights crucial aspects such as project design, evaluation strategies, and interdisciplinary
alignment. Findings reveal challenges in ensuring consistency across practices, with a pre-
dominant focus on procedural execution. However, the review also uncovers that existing
studies address cognitive and socio-emotional dimensions in ways that require further
investigation. Based on these findings, the study proposes a refined framework for the
implementation of PBL, aiming to guide more effective and context-sensitive applications.
These findings underscore the need for further exploration of how PBL can holistically
support learner growth, enhance engagement, and contribute to more sustainable and
impactful educational practices. Theoretical implications point to a deeper understanding
of how PBL can integrate cognitive, emotional, and interdisciplinary components to foster
this holistic development, while operational implications highlight the importance of insti-
tutional support, teacher training, and flexible curricular policies to ensure successful and
sustainable implementation.

Keywords: project-based learning; design; framework; implementation; systematic review;
knowledge acquisition; competence development

1. Introduction

The interest in implementing project-based learning arises from the need to shift from
educational approaches based on the transmission of knowledge towards methodologies
where the student plays a more active role, which promote meaningful and reflective
learning, as well as greater interaction among teachers, students, and the community [1,2].
Rooted in socio-constructivist principles, this transition emphasizes meaningful learning
and the construction of knowledge through social interaction and problem-solving in real
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contexts [3,4]. While PBL draws on historical educational philosophies such as Dewey’s
“learning by doing” and Kilpatrick’s Project Method [5], current discourse emphasizes how
these principles are operationalized today to meet 21st century learning needs.

Innovation and action are pivotal in driving this transition towards renewed educa-
tional practices. In this line, PBL stands out as a strategy that transcends conventional
classroom boundaries, creating an educational setting that “. .. takes students outside of
the traditional classroom environment and into a vibrant, experimental one” [6] (p.1), thus
responding to this call to action in a new framework that puts the student at the center of
their learning process, while promoting cognitive competencies and social and affective
development [7]. Given the current global context, aligning PBL with sustainability goals
is essential for equipping learners with the competencies required to address real-world
challenges. The United Nations” Sustainable Development Goal 4 emphasizes inclusive, eq-
uitable, and quality education, which can be effectively supported through interdisciplinary
and inquiry-driven approaches such as PBL.

PBL is widely recognized today as a pedagogical approach capable of fostering deep,
competency-based learning. The Gold Standard PBL framework proposed by Larmer
et al. [8] provides a structured foundation built around seven essential design elements,
such as a challenging problem or question, sustained inquiry, authenticity, student voice and
choice, reflection, critique and revision, and the creation of a public product, that together
promote authentic, inquiry-driven educational experiences. Beyond the core elements of
the Gold Standard, rigorous PBL requires the application of specific strategies such as
task management, scaffolding, collaborative methods, and assessment tools [9]. Moreover,
experts emphasize that the success of PBL implementation depends on additional factors,
such as the number of implementation stages, the educational context, detailed understanding of
students and teachers, institutional support, and the availability of resources [6,8,10,11]. Under-
standing how these layers interact and are implemented in diverse educational settings
is critical to refining PBL practices and ensuring their effectiveness in fostering deep and
meaningful learning experiences. However, despite growing evidence of PBL’s potential,
its implementation remains uneven across educational settings. A recent meta-analysis
highlighted how PBL impacts differ across educational levels: in elementary learners, it
strengthens collaborative skills; in middle school, it enhances creativity, critical thinking,
and cooperative spirit; and in high school, it significantly boosts critical reasoning [12].
These findings also reveal that many variables, including family background, teacher
preparation, and available resources, moderate these outcomes, suggesting that current
PBL practices are far from standardized. This underscores the need for a systematic review
that maps implementation patterns and evaluates the degree of fidelity to foundational
PBL principles.

PBL implementation is further hampered by a number of regulatory, organizational,
social, and contextual challenges, which hinders its applicability in certain educational
settings. Among the most commonly encountered challenges, resistance to change from
educators, administrators, and families fosters a social dialog that needs an objective and
accurate response grounded in a comprehensive analysis of the situation [13]. Likewise,
uncertainties regarding students’ effective acquisition of knowledge and the development
of competencies, coupled with insufficient material, and technological and financial re-
sources, further complicate the implementation of project-based learning [14]. The pressure
to comply with benchmark assessments, often misaligned with project-based learning
principles [15], is generating conflicts in the adoption of this methodological approach.
Though research indicates that effective PBL fosters problem-solving skills, engagement,
and deeper learning [16,17], its impact on standardized assessments remains contested,
with some studies highlighting teachers’ lack of expectation that students will perform bet-
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ter on standardized tests when working with PBL [18], while others suggest that students
who engage in PBL tend to perform better on traditional exams compared to their peers in
more conventional learning environments [8].

Another critical barrier to effective implementation of PBL lies in the planning and
execution of projects. Teachers often encounter challenges in designing and facilitating
PBL, largely due to limited professional development and insufficient methodological train-
ing [9]. Moreover, time constraints and curricular rigidity pose additional hurdles, as the
lack of opportunities for collaborative planning among teachers significantly hinders their
capacity to design and implement high-quality projects, which requires more extensive
planning and flexibility than traditional instruction [1,19]. Additionally, stakeholders’ per-
ceptions and roles significantly influence PBL’s adoption and sustainability. While students
often report higher engagement, motivation, and fun [20], educators and school leaders
may express hesitations due to regulatory constraints and the absence of institutional
support [21,22]. Policymakers, in turn, grapple with the challenge of integrating PBL into
existing educational frameworks while ensuring equity and effectiveness across diverse
learning contexts [23]. These systemic challenges highlight the need for a structured and
systematic examination of how PBL is being implemented and whether its practical aspects
align with the theoretical foundations that define it.

In this context, it is crucial to evaluate and organize existing knowledge on how PBL is
implemented in various educational settings, as reflected in the current scientific literature.
Understanding whether the practices identified as PBL adhere to its foundational principles
or deviate from its theoretical conception is essential [19]. Furthermore, it is imperative to
examine whether PBL-based interventions tend to prioritize certain dimensions of learning
over others, such as emphasizing the development of specific competencies at the expense
of theoretical knowledge acquisition or vice versa.

Equally important is the examination of the impact of these practices on learning
outcomes, as well as on the attributions that different educational stakeholders—teachers,
administrators, students, and policymakers—make about the effectiveness of PBL. This
approach not only enables the identification of patterns and trends in its implementation
but also provides a robust foundation for the development of strategies that enhance
the reach, equity, and effectiveness of this pedagogical method across a wide array of
educational contexts. In addition, understanding how PBL supports the development of
competencies such as collaboration, critical thinking, and social responsibility allows for its
implementation to be effectively aligned with the broader goals of sustainable education.
In this sense, analyzing PBL’s effectiveness necessarily involves evaluating and reflecting
on its proven capacity to promote inclusive, relevant, and future-oriented learning that
prepares students to contribute meaningfully to sustainable development.

Thus, conducting a systematic review not only provides a rigorous analytical basis,
but also represents a sustainable strategy in educational research, as it draws upon existing
evidence to organize dispersed knowledge. By doing so, it minimizes redundancy and
supports the development of a more integrative and adaptable implementation framework.
While this study concentrates on the implementation of PBL, it is important to acknowledge
that such implementation can have significant implications for the cognitive [24] and socio-
emotional [25] domains. How these dimensions are affected by different approaches to
PBL implementation remains an important area for future research.

Therefore, rather than assuming a predefined balance between these dimensions,
this study critically examines how existing PBL models privilege certain aspects over
others, which may have implications for the development of a more integrative and eq-
uitable framework. By focusing on implementation, the study questions the underlying
assumptions of these models and evaluates whether their emphasis on specific dimensions
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aligns with the broader objectives of PBL. In doing so, it lays the groundwork for a more
systematic mapping of PBL’s key dimensions, providing valuable insights for the improve-
ment of pedagogical strategies and the formulation of educational policies that promote
more comprehensive, sustainable, and effective applications of PBL in diverse educational
contexts [8,13,26].

To this end, the following research questions (RQs) are proposed:

e RQI1. How are the core elements of PBL being integrated into educational institutions
according to the scientific literature?

e RQ2.Is PBL truly being conducted when it is claimed to be?

e  RQ3. What are the critical gaps or imbalances in the implementation of PBL, and how might
these be addressed to better support knowledge acquisition and competency development?

e  RQ4. How do the identified implementation patterns influence learning outcomes and
the perceptions of PBL’s effectiveness across diverse and sustainable learning contexts?

The research questions were developed based on a preliminary analysis of the field
and are aligned with current theoretical and practical challenges in PBL implementation.
Their formulation allows for a qualitative exploration of both structural and pedagogical
dimensions, ensuring relevance and feasibility within the scope of a systematic review.

Accordingly, the subsequent sections develop the methodological approach adopted
(Section 2), present the results in relation to the proposed research questions (Section 3),
offer a critical discussion of the main findings (Section 4), and conclude with the principal
implications and directions for future research (Section 5).

2. Materials and Methods

This systematic review aims to explore existing models and practices related to PBL,
with a particular focus on identifying the essential elements of its design and implemen-
tation [27]. The study critically examines how PBL is applied in educational institutions
including pre-school, primary, secondary, and tertiary education. It mainly explores its
practical application, evaluating its authenticity when claimed to be implemented. It first
systematizes existing studies to identify patterns and inconsistencies, followed by a directed
content analysis based on the frameworks established by leading PBL scholars [9]. Our
study applies the Gold Standard PBL framework alongside key implementation compo-
nents, and critical success factors to ensure a rigorous evaluation of PBL in educational
settings [6,10,11]. By adhering to this research-based model, we aim to assess the extent
to which PBL practices align with established best practices, measuring their fidelity to
core principles. Furthermore, our research questions seek to identify challenges that may
hinder the effective and consistent application of PBL in contemporary education, offering
insights into its real-world implementation and impact.

2.1. Procedure

The methodology applied is based on systematic literature review studies [28] within
a qualitative design. It focuses on the most recent theoretical and practical advances in
the implementation of PBL in educational centers over the past decade. This approach
differs from traditional narrative reviews by being less prone to bias, more objective and
detailed, and more rigorous and explicit in the criteria used for the inclusion of studies [29].
The study was conducted in two main stages. In the first stage, the study’s main objective,
research questions, and inclusion and exclusion criteria were defined. This stage also
encompassed the design of the search strategy and the identification of relevant databases
and search terms, following the PRISMA guidelines, in order to ensure the validity and
rigor throughout the workflow [30]. The literature search was carried out using two major
academic databases: Web of Science (WOS) and SCOPUS. Eligibility criteria and search



Sustainability 2025, 17, 4978

50f24

strategies were established using the Participants, Intervention, Context, Outcomes (PICO)
model framework. Based on these criteria, relevant studies were identified and screened for
inclusion. Key information was then extracted from the selected studies by evaluating their
methodological quality. To ensure transparency and reproducibility, the methodological
quality of each study was assessed using qualitative appraisal criteria, including clarity of
research design, coherence between objectives and methodology, rigor in data collection
and analysis, and the adequacy of conclusions based on results. These criteria, informed
by an established framework, Critical Appraisal Skills Programme (CASP), enabled a
consistent evaluation of the internal validity and applicability of the findings. During this
process, it became evident that a comprehensive approach to PBL requires a phased analysis
due to its complexity and multilayered structure, as noted by Thomas and Harden [31]. As
a result, the focus of this review was narrowed to the implementation aspect, allowing for a
more in-depth and structured exploration while laying the groundwork for future research
on other aspects of PBL.

In the second stage, a qualitative synthesis of the selected studies is conducted through
a directed content analysis [32] guided by the framework proposed in this study. The find-
ings are synthesized by identifying patterns, trends, and significant differences, which are
then connected to the research questions [33]. Finally, conclusions are drawn regarding the
implementation and effectiveness of PBL, assessing its impact on learning outcomes. Addi-
tionally, recommendations are provided for future research to explore other factors that
influence its application, ensuring a more comprehensive understanding of its challenges
and benefits. A qualitative assessment of the research questions was also conducted during
the study design phase to ensure that they were analytically grounded and methodologi-
cally viable. Their focus on implementation patterns, conceptual fidelity, and perceived
effectiveness reflects a deliberate alignment with the epistemological foundations of quali-
tative inquiry.

2.1.1. Stage 1. Definition of Objectives and Search Strategy Design/Criteria for
Systematic Review

In the initial stage of the study, a foundational framework is established to ensure
clarity and methodological rigor throughout the research process. This begins with defining
the study’s primary objective, formulating precise research questions, and establishing
clear inclusion and exclusion criteria to determine the relevance and eligibility of studies
for review. Following this, a comprehensive search strategy is designed, involving the
identification of appropriate databases and the selection of key search terms tailored to
capture the scope of the investigation. To uphold the validity and consistency of the
methodology, the entire process adheres to the PRISMA guidelines.

The initial search was conducted using two different databases, WOS and SCOPUS,
with the aim of identifying eligible studies that met the inclusion criteria. The search was
carried out between May and June 2024, employing the combination of terms “Project-Based
Learning” and “implementation”, which yielded a total of 1844 documents in SCOPUS and
26,214 in WOS.

The next step was to refine the set by using the Boolean operators AND and OR in
combination with the descriptors “intervention”, “practice”, “design”, “model”, among
others. These searches showed an extensive amount of scientific productions and, thanks
to this initial phase, it was possible to obtain an overview of the object of study, the existing
models in the literature on project-based learning, and the relevance of conducting a
systematic review.

The final systematic search was concluded at the end of June, using a 10-year search
window (from 2015 to 2024, inclusive) and only English-language articles. This search
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yielded a total of 17,761 results in WOS and 876 in SCOPUS, with a final filter applied being
“students”. The final combination of terms used was as follows:

((project based learning) AND (intervention OR implementation OR practice)
AND (model OR design OR principles OR dimensions OR evaluation OR assessment
OR reflection))

The new search returned a total of 1072 documents in WOS and 184 in SCOPUS. The
inclusion and exclusion criteria used are shown in Table 1.

Table 1. Inclusion and exclusion criteria according to PICO model.

Inclusion Criteria Exclusion Criteria
Participants Students Others
Intervention Any None
Others

Published 2015-2024

Context ! . Proceedings and others
Articles I
n press and others
Focused on frameworks for designing
Outcomes and implementing PBL Others
Evaluation and reflection No educational projects

Educational projects

! The Comparator section of the usual PICO format was changed to Context, following Reyes-de-Cézar et al. [34].

To minimize individual biases, both authors participated in all three phases of the
screening and selection of the studies [35]. The first screening was based on titles, by which
n= 703 were discarded (n = 593 in WOS, and n= 110 in SCOPUS) as they were deemed
irrelevant to the study’s focus, resulting in a total of 479 in WOS and 74 in SCOPUS. Upon
the abstract review, n= 444 did not meet the inclusion criteria, leaving a final sample of
n =109 (n="74 in WOS and n = 35 in SCOPUS). Finally, the full-text screening was carried
out, yielding a total of n = 5 studies in SCOPUS and n = 20 in WOS, with n = 54 papers
excluded in WOS and n = 30 in SCOPUS, for not meeting certain criteria that had not been
identified in the earlier phases of the screening. As a result, n = 25 articles were included in
the systematic review (see Figure 1).

Identification Screening process Suitability Inclusion

Remaining artides after the

sreening process Sigihle Hicatue Atticle induded in the
. = =109 = n=109 = qualitative analysis

Articles Articles
indexed indexed n=25
in WOS in

SCOPUS Exduded publications Exduded full text, since
n=1072 after reading the title they do not meet the

n=184 PICO model criteria

n=703

Exduded publications
after reading the abstract

n=84

n=44

Figure 1. Planning, identification, and eligibility process workflow.

A closer examination of these 25 selected studies revealed that while many of them ad-
dressed the core components and implementation strategies of PBL, several also discussed
broader elements [36] such as cognitive development and socio-emotional learning [16].
Although these dimensions were deemed valuable, they extended beyond the scope of
the current review. To maintain analytical focus and methodological rigor, the decision
was made to narrow the scope exclusively to the implementation of PBL. This approach
allows for a more in-depth and structured analysis of how PBL is operationalized in
educational practice, while acknowledging the need for future studies to address other
interrelated components.
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To ensure the level of consensus in the screening phase, the reviewers (the authors
of this article) were trained. Initially, 20 randomly selected articles were analyzed to
assess agreement levels. Disagreements were resolved through discussion until consensus
was achieved. This process was repeated until an adequate agreement level was reached
(Cohen’s Kappa > 0.8). Once reviewer training concluded, all articles were screened.
Consensus articles were included in the final selection, while those without consensus were
discussed for potential inclusion.

The same procedure was followed for the second phase of the study. Reviewer
training involved randomly selecting five articles, assessing consensus, and discussing
disagreements. The level of consensus was adequate (Cohen’s Kappa > 0.8), so the process
was not repeated. Finally, reviewers independently categorized the articles, and the final
categorization included articles where both reviewers agreed.

2.1.2. Stage 2. Direct Content Analysis

In this phase, a direct content analysis of the selected models was conducted [32], in
order to evaluate the implementation and effectiveness of PBL [8,10,11]. It first focused
on the general characteristics of the selected studies, highlighting trends in research ac-
tivity, predominant methodologies, and the geographical distribution of contributions.
Additionally, core procedural components and key methodological practices, including
task design, scaffolding, collaboration, research, problem-solving, and assessment, were
explored. Further analysis identified critical gaps and imbalances in PBL execution, such as
the lack of structured implementation stages, insufficient institutional support, and dispari-
ties in resource accessibility. These findings underscore the need for more standardized
frameworks to enhance the depth, consistency, and scalability of PBL, ensuring alignment
with its foundational principles and the promotion of meaningful learning experiences.

Figure 2 illustrates the analytical framework used in this review, integrating the three key
dimensions examined: core components, methodological practices, and contextual success
factors. These categories emerged from a systematic content analysis of the selected studies
and provided the structure for organizing and interpreting findings in relation to the search
questions. The square background represents the overarching framework of sustainable
education, emphasizing the integration of these pedagogical elements into a model aligned
with SDG 4 and UNESCO’s Education for Sustainable Development (ESD) agenda.

Driving question/challenge
Public Product

nquiry

Authenticity

Students' Voice and Choice
Reflection

Critique and Revision

Figure 2. Analytical framework for PBL dimensions within sustainability-oriented education model.
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3. Results
3.1. General Characteristics of Selected Models

The selected studies identify several noteworthy trends related to PBL. Scientific
outputs on PBL have shown a steady increase over the past decade, with 2022 and 2023
showing the highest research activity compared to previous years, as illustrated in Table 2.
This trend seems to be maintained in 2024, the year of the study. As 2024 was still ongoing,
it was possible that the number of publications would continue to rise. In recent years, most
studies have focused on secondary and tertiary education (Figure 3), with a predominant
use of quantitative methodologies, whereas research on PBL in early childhood and primary
education remains scarce. Additionally, the United States and Spain stand out as leading
countries in PBL research, with Indonesia also showing a growing interest in the field
(Figure 4).

Table 2. Models chosen following systematic review.

Nomenclature
in the Study Authors Year Methodology

[37] Dole et al. 2016 Qualitative
[38] Badia and Martinez-Soria 2017 Mixed

[39] Edmunds et al. Mixed

[40] Mahasneh and Alwan 2018 Quantitative
[41] Culclasure et al. 2019 Quantitative
[42] Tran and Tran 2020 Mixed

[43] Ngereja et al. Quantitative
[44] Lazic¢ et al. Quantitative
[45] Hussein 2021 Qualitative
[46] Sudjimat et al. Mixed

[47] Syahril et al. Quantitative
[48] Crespfi et al. Quantitative
[49] Vidergor 2022 Mixed

[50] Botella and Ramos Qualitative
[51] Turcotte et al. Qualitative
[52] Cabanillas Quantitative
[53] Yusuf et al. Quantitative
[54] Maros et al. 2023 Quantitative
[55] Saimon et al. Qualitative
[56] Paul et al. Qualitative
[57] Peng et al. Quantitative
[58] Liand Tu Quantitative
[59] Ling et al. 2024 Mixed

[60] Lietal Quantitative
[61] Shekhar et al. Qualitative

® Primary Secondary = University

Figure 3. Educational stages addressed in PBL studies.
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Figure 4. Country distribution of PBL research.

3.2. Overview of Research Questions
3.2.1. RQ1. How Are the Core Elements of PBL Being Integrated into Educational
Institutions According to the Scientific Literature?

To address RQ 1, this section examines the adherence of studies to core PBL principles.
These principles, identified by experts as pillars of PBL [8], include the driving question or
challenge, public product, inquiry, authenticity, students’ voice and choice, reflection, and
critique and revision (Table 3). The success of PBL depends on the correct implementation
of these fundamental components, which ensure the authenticity and effectiveness of the
approach. By analyzing the presence and integration of these elements in the reviewed
studies, we evaluate whether these components are adequately incorporated and how they
influence the learning experience.

Table 3. Core components, categories, and sources.

Layer Categories Description N° % Articles
Drivin A central, open-ended question or challenge that
Question,/ Chgallen o guides and focuses the learning throughout 22 88% [36-38,40,41,43-54,56—60]
& the project
A final product shared beyond the classroom,
- Public Product demonstrating learning and 25 100% [37-61]
%:'; encouraging accountability
] . . .
g, Inquity A process pf askmg questions, researchlr}g, and ” 88% [37—41,43-54 56-60]
g exploring to gain deeper understanding
S
S . . ) .
< Authenticity The project cqnnectlon.to real wprld issues, contexts, 23 929% [37-39,41-46,48-61]
8 or practices, making learning meaningful
o . . . .
Students Yome Students making choices about their work and how 19 76% [37—46,48,50,51,55,56,58-61]
and Choice they learn
Reflection Thinking critically about learning experiences, 17 68% [37-39,41,43,45,46,48,50~52,55-60]
progress, and outcomes
Crrl{tég?sioa;ld Giving and receiving feedback to improve work 19 76% [37,38,41-49,51,53-56,58,61]

through multiple drafts or iterations

As shown in Table 3, the inclusion rates across studies reveal significant variability:
public product is the most consistently present component (100%), followed by authenticity
(92%), driving question (88%), and inquiry (88%). Other essential elements, such as students’
voice and choice (76%), and critique and revision (76%), show moderate presence, while
reflection appears in only 68% of cases. These findings provide a nuanced understanding
of the extent to which core PBL principles are integrated into educational practices (RQ1).
Although the high percentage of inclusion of some components shows the strengths of PBL
implementation, such as public presentations of projects, alignment with the real world,
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and the presence of driving questions and inquiry, there are still areas of improvement in
terms of reflection, critique and revision, and students’ voice and choice.

When seen in detail, driving questions or challenges often revolved around real-world
problems, promoting authentic engagement and problem-solving [37-39]. However, in
several cases, the formulation of these questions was instructor-led, limiting students’
participation in this foundational stage [40,41] or simply students were not involved in
formulating any questions [42,55,61]. In some studies [43,46,53,50], the assigned project
poses clear challenges related to the creation of useful digital tools in project management,
introducing key concepts such as digitization or mechanical engineering.

The public product was the most consistently implemented component, appearing in 100% of
the studies. These products ranged from community presentations [37,38,40-42,44,48,50,52,55-57]
to functional tools and creative outputs [39,43,45-47,49,51,53,54,58-61].

Inquiry was present in 88% of the studies, underscoring its importance in fostering research
and critical thinking. Students engaged in activities like data collection [37,51,53,57,60,61],
analysis [38—41,53,60], hypothesis testing [39], and problem-solving [38,43-47,54,59-61], in some
cases ending up in innovative solutions. Some inquiries were structured through tools like
empathy maps and concept diagrams and future scenarios design [48,49,52]. However, in [58],
the main research focus was practical applicability rather than deep exploration of data.

Authenticity was identified in 92% of the studies, indicating its strong integration
into PBL. Projects often addressed real-world issues, such as environmental sustainability,
engineering challenges, or community needs. Most studies ground projects into real-world
contexts, except for [40] (weak contextualization) and [47], which overlooks cultural or
socio-economic issues, failing to enrich the educational experience.

Students’ voice and choice appeared in 76% of the studies, suggesting a moderate level
of integration. In these cases, students had opportunities to make decisions about project
topics, methods, or outputs. In some studies, students had autonomy in structuring
projects, addressing sustainability [51], economy [38], final product creation [40,41], stu-
dents’ roles [44], strategies and tools [45], design and implementation of projects [50],
and approaches and solutions within teams [58], which ultimately fostered creativity and
ownership. Others, however, highlighted students” freedom to define the characteristics of
their products within certain constraints [56]. Nevertheless, significant gaps were noted, as
many projects remained predominantly teacher-directed [47,49,52-54,57].

As for reflection, it was included in 68% of the studies analyzed [37-39,41,43,45,46,48 50-52,55-60].
In these cases, it was primarily implemented in the final stages of the project, serving as a
retrospective activity rather than an ongoing process. In contrast, studies where reflection
was absent [40,42,44,47,49,53,54,61] did not provide students with opportunities to critically
evaluate their learning processes or refine their approaches.

Critique and revision were implemented in 76% of the studies [37,38,41-49,51,53-56,58,59,61],
typically through peer feedback and teacher reviews. Meanwhile, mentor guidance provided
expert insights [47-49,51,53], ensuring that projects meet academic and professional standards.

These findings suggest that while most studies succeed in ensuring the visibility of PBL
through public products and authentic tasks, key reflective and metacognitive practices are
frequently neglected. The low inclusion rate of reflection (68%) and the moderate presence
of students’ voice and choice (76%) raise concerns about how deeply learners are engaged
in self-regulated learning and collaborative participation within projects. Their inconsistent
application suggests that while many projects claim to be PBL, they may in fact fall short in
realizing its full transformative potential.

Figure 5 presents the frequency of inclusion for each core component, methodological
practice, and contextual success factor identified in the reviewed studies. This comparative
view highlights areas of strength and underrepresentation in current PBL implementation.
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Driving question/challenge NI 88%
Public Product NI 100%
Inquiry | 88%
Authenticity NI 92%
Students' Voice and Choice 76%
Reflection 68%
Critiqgue and Revision 76%
Management techniques and task design 44%
Scaffolding NN 84%
Collaboration 80%
Research and problem solving GGG 92%
Assessment IS 92%
1-4 stages NG 40%
5 or more stages NG 48%
Context NN 96%
Characteristics of teachers [N 20%
Characteristics of students 34%
Resources G—_—_————— 64%
Institutional support — 20%

Figure 5. Percentage of studies in which each core component (blue), methodological practice (green),
and contextual success factor (purple) of PBL was identified.

3.2.2. RQ2. Is PBL Truly Being Conducted When It Is Claimed to Be?

RQ2 examines whether PBL is truly implemented as intended. The findings reveal
variations in how key elements, such as task design, scaffolding, collaboration, research,
and assessment, are implemented across the reviewed studies. By reviewing the literature,
this section aims to analyze these discrepancies, identify patterns in current practices,
and assess the extent to which claimed PBL implementations align with its fundamental
principles.

With regard to key methodological practices, out of the 25 studies analyzed, only
6 studies (24%) incorporated all suggested methodological components, indicating that
full adherence to PBL frameworks remains rare. Below is a detailed breakdown of how
categories are incorporated across various studies (Table 4).

Table 4. Methodological practices layer, categories, and sources.

Layer Categories Description N° % Articles
Management Organizing classroom routines and structuring tasks
techniques and to support student autonomy, time management, 11 44% [37-40,42-45,47,48,56]
task design and productive work throughout the project
Providing temporary support to help students
N . .
,§ Scaffolding . achieve tasks they could not agcomphsh 21 84% [37-39,43-52,54-61]
£ independently, gradually reducing help as
E competence increases
s Working effectively with peers by sharing
'go Collaboration responsibilities, communicating ideas, and 20 80% [37-43,45,46,48,49,51,52,55-61]
:9 contributing to group goals
e} . . . .
_% Research and Gather.mg and analyzing 1nf0rmat10p to e?q.)lore .
. questions or challenges, and applying critical 23 92% [38-52,54-61]
P problem-solving L . .
thinking to develop possible solutions
Continuously evaluating student progress and
Assessment understanding through both formative (ongoing) 23 929% [37-53,55-58,60,61]

and summative (final) measures to inform learning
and teaching
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As shown in Table 4, only 44% of the studies include authentic task design and man-
agement strategies. However, this percentage increases significantly for collaboration (80%),
scaffolding (84%), and research and problem-solving, as well as assessment, which both ex-
hibit a 92% inclusion rate across the studies. Results show that studies [37—40,42-45,47,48,56]
include detailed task designs, promoting creativity and technical skills. However, other studies,
such as [46,49-55,57-61], fail to go beyond structured, pre-defined activities. In some cases,
though students collaborate to do tasks, there is no explicit mention of the use of project
management technigues so that students can plan and monitor their progress.

Scaffolding, with an inclusion rate of 84% among the studies analyzed, is primarily
provided in [37-39,43-52,54-61] through teacher facilitation, where guidance was tailored
to students’ needs. This support varies in implementation: some teachers effectively use
questioning techniques to promote deeper thinking, while others concentrate on procedu-
ral assistance.

Group work was a central component of most projects [37-43,45,46,48,49,51,52,55-61]. How-
ever, the quality of collaboration and discourse among students varied significantly. In certain
projects, teachers and students reported employing strategies such as flexible grouping, student-
led discussions, and peer feedback to enhance teamwork [37,38,46,48,51,59,60]. Students were
encouraged to take responsibility for their collaborative efforts, with teamwork facilitated
through the assignment of specific roles and tasks [43,52,55]. Additionally, students applied
problem-solving methods to navigate uncertainties [44,45,57,58], which, in some cases, fostered
self-confidence, creativity, and group cohesion [56,61].

Research and problem-solving are integral components of PBL, with various studies
demonstrating how these skills are embedded within project activities [38-52,54-61]. Struc-
tured activities explicitly encouraged inquiry and problem-solving in [40,52], yet the level
of rigor in data interpretation and research processes often varied. Projects frequently
promoted the application of critical analysis and problem-solving skills [41,42,44-46,59],
with some designs integrating concepts across multiple courses to deepen inquiry-based
learning [56]. Conversely, though inquiry was promoted, strategies for teaching advanced
problem-solving techniques remained largely unexplored in some studies [37,51,53].

As for assessment, though present in most articles [37-53,55-58,60,61], there is a no-
ticeable lack of balance between both formative and summative methods. In some cases,
assessments were comprehensive, incorporating self-evaluation, peer feedback, and teacher-
driven rubrics [37]. However, some studies focused more heavily on summative ap-
proaches, with less emphasis on formative assessment during project development [54,59].

Although assessment and inquiry are robustly represented, task management and
project design strategies are among the most frequently overlooked components, appearing
in fewer than half of the studies (44%). This signals a significant gap in the structural
scaffolding required for students to effectively plan, execute, and reflect on their work,
potentially limiting PBL’s depth and sustainability in real-world classroom contexts.

3.2.3. RQ3. What Are the Critical Gaps or Imbalances in the Implementation of PBL, and
How Might These Be Addressed to Better Support Knowledge Acquisition and
Competency Development?

To address RQ3, which focuses on identifying the critical gaps and success factors in
PBL implementation to ensure effective knowledge acquisition and competency develop-
ment (Table 5), this section analyses both the primary challenges and key success factors
in PBL.
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Table 5. Factors of success layer, categories, and sources.

Layer Categories Description N° % Articles
Projects structured in a limited number of phases,
1-4 stages typically focusing on basic planning, 10 40% [37,38,42—-44,47,52,54,55,59]
implementation, and presentation
Projects organized into multiple detailed phases,
5 or more stages allowing for deeper inquiry, reflection, revision, and 12 48% [40,41,45,46,48-51,53,57,58,60]
extended learning processes
@ Specific educational, cultural, or social setting in
:u: Context which the project takes place, influencing its design 24 96% [37-42,44-61]
2 and relevance
-
© Characteristics of Skills, attitudes, and roles educators bring to PBL, o )
% teachers such as facilitation, flexibility, and guiding inquiry > 20% [3741,46,51,59]
<
9 . . . .
= Characteristics of Behaviors, competencies, and learning styles 3 3% [41,48,49,51,52,59-61]
students students have
Materials, tools, time, and support needed to
Resources successfully implement and sustain 16 64% [37-39,41,46,49,51-53,55-61]

project-based learning

Institutional support

The backing provided by schools, leadership, or
policymakers, including time allocation, training,
and infrastructure, which enables effective
PBL implementation

5 20% [37,42,51,53,55]

The analysis of success factors in PBL implementation reveals notable variations across different
aspects. Regarding the structure of PBL stages, 40% of the studies [37,38,42—44,47,52,54,55,59]
implemented projects with 14 stages, while 48% [40,41,45,46,48-51,53,57,58,60] followed a
more extended process with five or more stages, suggesting that nearly half of the cases
employed a more comprehensive approach to project execution.

The context in which PBL is applied was considered in 96% of the studies [37-61]
except [43]. However, other key factors appear to be significantly underrepresented. Teacher
characteristics were only analyzed in 20% of the studies [37,41,46,51,59], highlighting a
potential gap in examining how educator experience, training, and facilitation skills im-
pact PBL outcomes. Similarly, student characteristics were considered in only 32% of the
cases [41,48,49,51,52,59-61], meaning that aspects such as student autonomy, prior knowl-
edge, and engagement levels are often overlooked.

In terms of resources, 64% of studies [37-39,41,46,49,51-53,55-61] acknowledged their
importance, reflecting that access to materials, technology, and time allocation is a crucial
determinant in PBL success. However, institutional support was examined in only 20% of
the studies [37,42,51,53,55], suggesting that administrative backing, curriculum alignment,
and policy frameworks are often underexplored in PBL research.

3.2.4. RQ4. How Do the Identified Implementation Patterns Influence Learning Outcomes
and the Perceptions of PBL’s Effectiveness Across Diverse and Sustainable
Learning Contexts?

The findings for RQ4, which examines how the elements explored in RQ1, RQ2, and
RQ3 influence learning outcomes and stakeholder perceptions of PBL, are derived from
an integrated analysis of the previous research questions. Specifically, RQ1 provided in-
sights into how PBL is conceptualized and designed across diverse contexts, highlighting
variations in project structure, teacher guidance, and learner autonomy. RQ2 explored the
methodological strategies used to assess PBL’s effectiveness, showing how these align, or
fail to align, with desired competencies such as collaboration, creativity, and interdisci-
plinary thinking. RQ3, in turn, focused on implementation challenges, revealing critical
enabling conditions such as project management structures, peer interaction dynamics, and
institutional support.
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Together, these findings underscore the complex interplay of cognitive, social, pro-
cedural, and contextual factors that shape the effectiveness of PBL. To further deepen
this understanding, and in alignment with a focus on sustainable development, a cross-
sectional analysis was conducted to classify the 25 reviewed studies according to the
sustainability dimensions addressed. Eleven dimensions were identified to capture both
traditional sustainability pillars (environmental, economic, scientific, institutional, or health-
related) and transversal educational competencies (social, cognitive, emotional, communicative,
technical, cultural).

To further contextualize the relevance of the sustainability dimensions identified in this
review, each category was mapped against the United Nations Sustainable Development
Goals (SDGs) [62,63] (Figure 6).

SDG 6 (Clean Water and Sanitation)

SDG 12 (Responsible Consumption and Production)
SDG 13 (Climate Action)

SDG 15 (Life on Land)

Environmental

Health SDG 3 (Good Health and Well-being)

SDG 4.7 (Education for global citizenship and
Communicative communication)
SDG 16 (Peace, Justice and Institutions)

SDG 4.7 (Education for Sustainable Development
Cultural and cultural awareness)
SDG 11 (Sustainable Cities and Communities)

SDG 5 (Gender Equality)
SDG 10 (Reduced Inequalities)
SDG 16 (Peace, Justice and Institutions)

SDG 3 (Well-being)

Emotional
HIOHORS SDG 4 (Quality Education with SEL focus)

SDG 1 (No Poverty)

E .
SORSEE SDG 8 (Decent Work and Economic Growth)

SDG 4 (Quality Education)

Educational SDG 16 (Strong Institutions)

SDG 9 (Industry, Innovation and Infrastructure)

Scientific SDG 4.7 (Science literacy)

SDG 4.4 (Technical and vocational skills)
SDG 9 (Innovation and infrastructure)

Technical

Cognitive SDG 4.7 (Critical thinking, global citizenship)

Figure 6. Sustainability category and related SDGs.

As shown in Figure 6, this alignment illustrates the diverse ways in which PBL
practices can contribute to global sustainability agendas. For example, environmental
dimensions found in several studies relate directly to SDG 6 (Clean Water), SDG 12 (Re-
sponsible Consumption), SDG 13 (Climate Action), and SDG 15 (Life on Land). Similarly,
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projects emphasizing health-related aspects support SDG 3 (Good Health and Well-being),
while economic and technical dimensions align with SDG 8 (Decent Work) and SDG 9
(Industry, Innovation and Infrastructure).

Notably, social, cultural, emotional, and communicative dimensions correspond to
SDG 4.7, which calls for education that promotes global citizenship, equity, inclusion, and
intercultural understanding. This alignment reinforces the potential of PBL not only to
enhance disciplinary learning but also to contribute meaningfully to the development of
the competencies and values needed for sustainable societies, as envisioned by UNESCO
and the 2030 Agenda [63].

In order to provide a clearer overview of how sustainability dimensions are distributed
across the selected studies, Table 6 presents each category, the number and percentage
of studies addressing it, and the corresponding sources. This structured breakdown
allows for the identification of patterns in how project-based learning (PBL) contributes
to different aspects of sustainable development, both in terms of disciplinary focus and
broader societal impact.

Table 6. Sustainable layer, categories, and sources.

Layer Categories N° % Articles
Environmental 7 28% [38,46,51,53,57,59,60]
Health 1 4% [59]
Communicative 1 4% [51]
B Cultural 2 8% [50,58]
= Social 10 40% [38,47-53,55,56]
< Emotional 1 4% [41]
-E Economic 5 20% [38,43,47,53,54]
§ Educational /Institutional 10 40% [40,42,43,45,48,52,54,55,58,61]
N Scientific 3 12% [49,57,60]
Technical 7 28% [38,46,47,51,53,54,56]
Cognitive 7 28% [40,44,49,50,56,58,61]
Not specified 2 12% [37,39]

The results show a marked dominance of social and institutional sustainability di-
mensions (40% each), indicating that many PBL studies emphasize collaborative learning,
equity, and institutional transformation. This aligns with the goals of SDG 4 promoted by
UNESCO [62], which advocate for inclusive and equitable education that fosters sustainable
communities and institutions.

Meanwhile, environmental, technical, and cognitive dimensions were addressed in
28% of the studies, reflecting the increasing inclusion of STEM/STEAM-focused projects
aimed at enhancing technological skills and environmental awareness, two core elements
of education for sustainable futures. These findings underscore the multidimensionality of
sustainability and reinforce PBL’s role in developing critical competencies for 21st century
challenges. Less represented were the economic (20%), scientific (12%), and cultural (8%)
dimensions, despite their relevance in global sustainability frameworks. Particularly
underrepresented were the health, emotional, and communicative dimensions (each only
4%), which calls for more holistic and inclusive models of PBL that integrate well-being,
empathy, and interpersonal skills.

4. Discussion

The implementation of project-based learning has proven to be an effective methodol-
ogy for fostering critical thinking, collaboration, and meaningful learning [1,6,64]. However,
the results of this study reveal significant variability in how PBL is executed across different
educational contexts.

The findings suggest that while PBL is widely recognized for its potential to foster en-
gagement, creativity, and real-world problem-solving [1,6,8,64], its implementation remains
inconsistent [23]. One of the key takeaways from this study is the discrepancy between
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theoretical models of PBL and their practical application in educational settings [36]. Al-
though essential elements such as the driving question and public product are consistently
integrated, the depth of student involvement and the extent of reflective practices appear
to vary significantly across studies.

A particularly revealing aspect of the data is the degree to which students are actively
engaged in formulating the driving question. While this element serves as the foundation
for inquiry and problem-solving [9], in many cases, it is primarily instructor-led rather than
student-generated. This raises concerns about whether students are truly empowered to
shape their learning experiences or if they are merely executing pre-designed tasks. A more
participatory approach, where students have greater agency in identifying and defining the
problem, could enhance engagement and promote a deeper sense of ownership over the
learning process [65]. Similarly, while the public product is widely implemented and serves
as a key motivation for students, its long-term impact is less frequently considered [23].
Many studies demonstrate how students produce tangible outputs such as presentations,
prototypes, and creative works, yet fewer discuss whether these products contribute to
sustained learning beyond the project itself. This raises questions about the extent to which
PBL fosters lasting competencies versus simply culminating in a final product without
curricular alignment or deeper cognitive and metacognitive processing [24].

The role of inquiry within PBL also presents an interesting contrast. Some studies
illustrate its potential to promote critical thinking through research, data analysis, and
hypothesis testing [17]. However, the structure and depth of inquiry differ significantly. In
some cases, inquiry is scaffolded in ways that encourage independent exploration, while in
others, it is overly structured, limiting students’ ability to engage in self-directed learning [9].
This suggests that while inquiry is a foundational element of PBL, its implementation
requires careful balancing between guidance and autonomy to ensure that students are both
supported and challenged [66]. Another area to consider is the integration of authenticity
into PBL projects. Although many studies align projects with real-world challenges [26],
few of them fall short in contextualizing these challenges within students” cultural or
socio-economic backgrounds. Without this connection, projects may feel abstract rather
than personally meaningful, potentially reducing student motivation and engagement [20].
A stronger emphasis on locally relevant issues could enhance the depth of learning and
make PBL experiences more impactful.

One of the most significant gaps identified is the role of student autonomy. While some
projects allow students to make meaningful decisions about their work, such as selecting
topics, structuring project plans, or defining deliverables, others remain predominantly
teacher-directed [23]. This undermines one of the fundamental principles of PBL: fostering
self-regulation and learner independence [21]. If students are not actively involved in
making key decisions, they may struggle to develop the problem-solving and decision-
making skills that PBL aims to cultivate.

Reflection, a critical yet often underutilized component of PBL, is another area requir-
ing further attention [67]. Although some studies incorporate reflection at various stages,
in many cases, it is confined to the final phase of the project, serving as a retrospective
rather than an ongoing or feedforward practice. This limits students” ability to refine their
understanding throughout the process, as students do not only learn from experience, but
also from reflecting on it [5]. Embedding reflection at multiple points could encourage
deeper cognitive engagement and allow students to continually assess and improve their
work [25].

Similarly, critique and revision processes, though present, often lack the progressive
depth required to maximize their effectiveness. Many studies incorporate feedback cycles
through peer and teacher reviews, yet these cycles are not always structured in ways
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that allow for sustained improvement [66]. A more deliberate integration of formative
assessment mechanisms could help students refine their thinking and enhance the quality
of their final outputs.

Another area to consider is the integration of interdisciplinarity in PBL, which, al-
though present in many projects, has not been consistently recognized as a fundamental
component. Despite its potential to foster holistic thinking and inclusion, interdisciplinarity
has largely been treated as an additional feature rather than a core pedagogical element
of PBL. This omission limits the depth of learning connections students can make across
disciplines, which is a key factor in preparing them for complex, real-world challenges [68].
The recognition of interdisciplinarity as an essential element rather than a peripheral feature
represents a novel contribution of this study, offering a framework for rethinking how
PBL can connect diverse areas of knowledge to create deeper and more socially relevant
learning experiences. This also implies the need to redefine the distribution of subject
areas within educational centers, in order to adopt a transdisciplinary approach. Taken
together, these insights underscore the need for greater alignment between the theoretical
foundations of PBL and its practical execution. The inconsistencies observed suggest that
while PBL is often claimed to be implemented, its application may not always fully adhere
to its core principles. Addressing these gaps, particularly in student agency, inquiry depth,
reflective practice, and interdisciplinarity could strengthen PBL’s effectiveness and ensure
that it delivers on its promise of fostering deep, meaningful learning experiences.

In addressing RQ2 (Is PBL truly being conducted when it is claimed to be?), the
findings suggest that while many studies claim to implement PBL, inconsistencies in task
design, scaffolding, collaboration, inquiry, and assessment indicate that it is not always fully
realized as intended. These discrepancies raise concerns about whether PBL is genuinely
applied as a student-centered, inquiry-driven methodology or if, in some cases, it is being
implemented in a more superficial or teacher-directed manner.

One of the defining characteristics of PBL is the integration of tasks that promote
real-world engagement and independent learning [8,69]. However, the analysis of task
design in the reviewed studies indicates that while some projects encourage creativity and
technical skill development, many remain overly structured, with pre-defined activities
that restrict student autonomy. In some cases, project management strategies are absent.
This suggests that, at times, project-based activities are implemented without the necessary
degree of student agency, limiting the methodology’s transformative potential.

Regarding scaffolding, while most studies demonstrate the presence of teacher-
facilitated guidance, the depth and nature of scaffolding vary considerably. Some educators
employ dynamic strategies that adapt to students’ needs, promoting deeper thinking and
problem-solving skills, while others focus primarily on procedural support, limiting oppor-
tunities for cognitive growth. The inconsistency in scaffolding approaches suggests that
PBL is not always fully realized as an inquiry-driven learning process but is sometimes
reduced to guided task completion rather than an iterative, student-centered experience.

Collaboration is a cornerstone of PBL, yet the extent to which it is meaningfully
integrated into projects differs among the reviewed studies. However, not addressing
group dynamics or problem-solving strategies results in uneven contributions and, at
times, individual work replacing collaboration [23]. The lack of structured approaches to
teamwork in certain cases raises concerns about whether these projects genuinely embody
the collaborative principles central to PBL or if they merely incorporate surface-level
group work.

Inquiry and problem-solving are also fundamental to PBL [17]. The analysis shows that
while many projects encourage students to engage in research, the extent of inquiry varies
significantly. Some studies emphasize structured research approaches, in others, problem-
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solving is heavily teacher-controlled, limiting students” ability to develop independent
inquiry skills. In these cases, students often follow teacher-led steps and instructions
that resemble traditional methodologies, where the learning path follows an instruction-to-
investigation model rather than a challenge-to-inquiry transformation. This not only restricts
autonomy or limits students” ability to make meaningful decisions about their learning, but
also undermines the essence of PBL by compromising its key principles, such as student
agency, authenticity, and deep engagement, where the challenge drives the learning, the
investigation is fueled by students’ curiosity, and there is room to explore, fail, iterate, and
make meaningful decisions throughout the process. These practices prompt questions
about whether students in these projects are truly engaging in authentic problem-based
learning or merely go along with structured assignments under the guise of inquiry.

Assessment in PBL should encompass both formative and summative strategies to
support continuous learning and reflection [67]. However, the reviewed studies reveal
an imbalance between these approaches. Many studies focus on evaluating cognitive
and technical skills while overlooking soft skills such as communication, leadership, and
empathy, critical competencies in real-world problem-solving. The absence of compre-
hensive formative assessment structures in certain cases indicates that PBL is not always
implemented in a way that maximizes student learning and development.

The analysis highlights several critical gaps in PBL implementation that impact knowl-
edge acquisition and competency development (RQ3). One key factor is the number of
implementation stages, as projects with fewer stages tend to prioritize task completion over
structured reflection and iterative feedback, limiting opportunities for deeper learning and
skill. In contrast, studies incorporating multiple stages demonstrate better integration of
reflection, scaffolding, and assessment, leading to more engaged and self-directed learn-
ers [11]. Another significant aspect is the role of contextualization. Studies that provide
rich contextual details, such as student demographics, faculty expertise, and institutional
settings, show stronger alignment between student needs and project goals [22]. When
PBL is adapted to the specific educational environment, students experience higher engage-
ment, motivation, and real-world applicability of their learning [26]. Faculty qualifications
also contribute to PBL success, as experienced educators are better equipped to imple-
ment effective scaffolding and formative assessment strategies [21]. Additionally, access
to resources remains a challenge, with disparities in technological tools and institutional
support creating uneven learning experiences [9]. While some projects benefit from ad-
vanced tools and well-equipped environments, others struggle due to a lack of digital
resources and infrastructure, hindering project scalability and student participation [36].
Studies showcasing well-established institutional support highlight benefits regarding
access to technology, research databases, and interdisciplinary resources. Another asset of
administrative backing is curricular integration and alignment with institutional objectives.

The core elements and implementation patterns of PBL directly impact learning out-
comes and perceptions of its effectiveness (RQ4). Well-structured projects with clear stages,
reflection, and feedback enhance student engagement, critical thinking, and problem-
solving skills [9,64]. In contrast, inconsistencies in task design, scaffolding, and assessment
reduce opportunities for deep learning and self-regulation [23]. However, the gaps ob-
served in institutional support and resource accessibility create variability in PBL’s effective-
ness [26], underscoring the need for consistent implementation frameworks to maximize
its impact. A lack of institutional support can hinder teachers’ ability to collaborate, access
to necessary materials, and time allocation for planning and assessment [1]. This often
leads to superficial implementation, where the core principles of PBL are not fully realized.
Effective PBL implementation typically requires substantial coordination efforts, including
cross-disciplinary planning, continuous formative assessment design, and alignment with
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curricular standards. Without formal structures that support this workload, such as sched-
uled collaboration time, professional development, and administrative backing, teachers
may experience burnout or revert to traditional methods, reducing the transformative
potential of PBL for student learning.

This may also help explain why, despite its frequent mention in the literature, inter-
disciplinarity is not consistently considered a core component of PBL. While theoretically
aligned with PBL’s philosophy, interdisciplinary work requires significant logistical coordi-
nation and institutional support, elements that are often lacking in real-world educational
contexts [68]. As a result, schools may adopt a more discipline-specific approach to PBL that
is easier to manage within existing constraints, which can diminish the richness interdisci-
plinarity brings to PBL. Consequently, students may miss opportunities to make meaningful
connections across subject areas, limiting their ability to approach real-world problems
from multiple perspectives. The holistic nature of learning, a hallmark of well-implemented
PBL, is therefore compromised, reducing students’ capacity to transfer knowledge and
engage inquiry that mirrors complex societal challenges.

These implementation barriers are also reflected in the types of sustainability dimen-
sions most commonly addressed in PBL research and practice. As shown in our analysis,
PBL tends to emphasize social and institutional/educational dimensions, such as col-
laboration, equity, and school-level innovation, likely because these are more feasible to
implement within existing systems. Environmental, technical, and cognitive dimensions
also appear frequently, often through STEM- or STEAM-related projects that prioritize
disciplinary integration, design thinking, and real-world problem-solving.

In contrast, affective, health-related, and communicative competencies, which are
equally central to the transformative vision of Education for Sustainable Develop-
ment [62,63], are rarely prioritized in implementation. These underrepresented areas
(each appearing in only 4% of studies) often require a pedagogical shift toward well-being,
empathy, emotional engagement, and dialog, which in turn depend on institutional cultures
that value and support these aims. The lack of time, training, or curriculum flexibility may
prevent teachers from addressing these competencies meaningfully, reinforcing a narrow,
outcome-driven vision of PBL that misses its broader humanistic potential.

Therefore, the same constraints that limit interdisciplinarity also explain why certain
sustainability dimensions are systematically underrepresented in PBL practice. Addressing
these systemic issues through better design and structural support, broader definitions
of success, a comprehensive step-by-step implementation, and professional development
aligned with holistic sustainability goals is essential for realizing the full potential of PBL
as a driver of quality education and sustainable development.

The findings discussed above give rise to several important theoretical and managerial
implications, which are outlined below.

4.1. Theoretical Implications

This study contributes to the existing literature by providing a systematic analysis of
the gaps between theoretical principles of PBL and their actual implementation in different
educational settings. By highlighting the inconsistent application of key elements, particu-
larly student agency, reflection, and inquiry, this work extends existing conceptualizations
of PBL beyond its structural components to emphasize deeper pedagogical concerns such as
learner empowerment, authentic inquiry, interdisciplinarity, and versatility. This versatility
refers to PBL’s adaptability across different educational levels, disciplines, and contexts,
enabling it to respond to heterogeneous learner needs and institutional conditions while
preserving its core principles.



Sustainability 2025, 17, 4978

20 of 24

In doing so, it builds upon and challenges current models, arguing for a redefinition
of interdisciplinarity not as a supplementary feature, but as a core element integral to
the transformative intent of PBL [68]. This repositioning has important theoretical con-
sequences, especially for advancing frameworks that integrate sustainability, equity, and
21st century competencies into everyday educational practices. Moreover, the study explic-
itly articulates its originality by synthesizing and critically evaluating how reflective and
metacognitive practices are underutilized in practice. It thus invites a reconceptualization
of what constitutes “authentic” PBL and underscores the need for a paradigm shift that pri-
oritizes continuous reflection, student-led inquiry, and structural support as foundational,
not optional.

4.2. Managerial Implications

From a practical perspective, this research offers valuable insights for school leaders,
curriculum designers, and policymakers aiming to foster effective PBL environments.
First, it underscores the necessity of institutional support, including ongoing professional
development through targeted training, peer mentoring, structured collaboration time,
and administrative alignment, to ensure that PBL is implemented with fidelity and depth.
Institutions should develop implementation plans that incorporate formative assessment
cycles, collaborative planning frameworks, and interdisciplinary coordination mechanisms.

Second, this study emphasizes the importance of scaffolded inquiry and formative
feedback, particularly in diverse classroom contexts. In settings with limited resources or
varying student readiness levels, scaffolding strategies can be adapted to include peer-led
inquiry circles, teacher-guided reflection journals, and differentiated questioning tech-
niques. Feedback mechanisms can include checkpoints with rubrics, peer-review protocols,
and iterative revisions supported by coaching. These methods can be scaled flexibly to ac-
commodate different educational realities while preserving the integrity of the PBL model.

Finally, the study reveals that structural and systemic constraints, such as curricular
rigidity, policy misalignment, and insufficient teacher training, play a decisive role in
limiting the depth and consistency of PBL implementation. These factors must be ad-
dressed through institutional and policy reforms that prioritize PBL as a strategic objective,
allocate resources for capacity-building, and embed interdisciplinary learning within cur-
ricular standards. Addressing these implications holistically can significantly increase the
sustainability, equity, and transformative potential of PBL across educational contexts.

5. Conclusions

Over the past decades, PBL has become increasingly prominent in educational practice
due to its potential to enhance student engagement and foster essential skills. Yet the wide
range of implementation models has brought into question how effectively these practices
align with the foundational principles of PBL and whether they consistently achieve the
intended learning outcomes.

This study reveals that, although many PBL initiatives demonstrate adherence to
foundational elements and incorporate selected implementation strategies, significant in-
consistencies persist across educational contexts. These are particularly evident in areas
such as student autonomy, depth of inquiry, structured reflection, and formative assess-
ment. While key components are often present at a surface level, limited scaffolding and
collaboration undermine the development of self-regulated learning and higher-order
thinking skills.

Interdisciplinarity, although frequently acknowledged in theory, is not systematically
used to support inclusive and holistic learning, reducing its transformative potential. Fur-
thermore, weaknesses in project structure, contextual relevance, and institutional support



Sustainability 2025, 17, 4978

21 of 24

continue to negatively impact learning outcomes and stakeholders’ perceptions of PBL’s
educational value.

Maximizing PBL’s impact requires greater implementation consistency, institutional
backing, and teacher training. Addressing these structural challenges is key to unlocking
PBL’s full potential as a meaningful, inclusive, and future-ready learning approach. In
addition, the uneven integration of some sustainability dimensions, especially emotional,
communicative, and health-related aspects, highlights the need for broader pedagogical
frameworks that align PBL with the competencies outlined in SDG 4 and UNESCO's vision
for education for sustainable development. Furthermore, this study offers an original
contribution by inviting a reconceptualization of authentic PBL, not by introducing new
components, but by emphasizing the need to integrate reflective thinking as an on-going
process and to strengthen student-led inquiry as core, sustained practices. It argues that
interdisciplinarity should no longer be treated as an auxiliary component, but rather as
a transformative core of the model, especially if PBL is to meaningfully integrate compe-
tencies related to sustainability, equity, and 21st century challenges. This vision calls for
a paradigm shift that positions the versatility of PBL as a key strength in addressing the
diversity of educational contexts.

Despite the valuable insights provided, this study has limitations, particularly in
assessing PBL’s cognitive and socio-emotional impact. Future research should prioritize
longitudinal and mixed-method approaches to investigate how learners internalize, transfer,
and sustain knowledge and competencies over time, providing a more holistic view of the
learning process and the sustainability of its outcomes across emotional, cognitive, and
behavioral domains.
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