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ABSTRACT

This literature review examines how Project-
Based Learning (PBL) influences students’ 
academic outcomes and how socio-demographic 
variables moderate these effects. Grounded in 
constructivist theory, PBL is a learner-centered 
approach that engages students in sustained 
inquiry, collaboration, and real-world problem 
solving, contrasting with lecture-based instruction 
that often emphasizes content transmission. The 
chief objective of this review is to synthesize 
empirical evidence on PBL’s impact on academic 

achievement, scientific literacy, higher-order thinking, and content mastery, 
while analyzing the moderating roles of age, gender, and socioeconomic status 
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(SES). Using a narrative review method, peer-reviewed studies and meta-analyses 
from multiple academic databases (2010–2025) were examined and organized 
thematically across instructional outcomes and demographic influences. Results 
indicate that PBL generally improves achievement, cognitive engagement, inquiry 
skills, and long-term retention, with moderate effect sizes reported in meta-analytic 
findings. However, outcomes vary across student groups: SES strongly predicts 
access to resources and readiness for inquiry, younger learners often require 
greater scaffolding for self-regulation, and gendered participation patterns may 
affect roles and engagement in collaborative tasks. The review concludes that PBL 
is a robust strategy for promoting deep learning and 21st-century competencies, 
but equitable benefits require inclusive design, differentiated supports, culturally 
responsive pedagogy, and adequate resource allocation.

INTRODUCTION

Academic achievement and holistic student development are shaped by a 
dynamic interplay between instructional strategies and learners’ socio‑demographic 
characteristics. Among contemporary pedagogical innovations, Project‑Based 
Learning (PBL) has emerged as a prominent learner‑centered approach designed 
to engage students in authentic, sustained inquiry around meaningful problems 
or challenges. Grounded in constructivist principles, PBL emphasizes active 
student engagement, collaboration, reflection, and the application of disciplinary 
knowledge to real‑world contexts (Piaget, 1973; Vygotsky, 1978; Bell, 2010). This 
contrasts with traditional lecture‑centered instruction, which often prioritizes 
content transmission over meaningful cognitive engagement (Condliffe et al., 
2017).

In recent decades, research into PBL has proliferated across various 
educational contexts and subject areas — including science, mathematics, 
literacy, and engineering education — revealing evidence that PBL can yield 
substantial benefits in student learning outcomes. Meta‑analytic studies report 
that PBL significantly enhances academic achievement, cognitive skills, and 
affective learning compared to conventional pedagogies (meta‑analysis of 66 
experimental studies) (Zhang & Ma, 2023). These findings are consistent with 
disciplinary research showing PBL’s positive effects on science understanding, 
problem solving, motivational engagement, and content mastery (PBL science 
education reviews; nature journal research).

For example, comprehensive reviews in science education demonstrate that 
PBL fosters multi‑dimensional competencies, including higher‑order cognitive 
processes such as critical thinking, argumentation, and collaborative problem 
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solving — competencies that are essential for scientific literacy in the 21st 
century (Ayaz & Söylemez, 2015; Hasni et al., 2016). Empirical studies across 
STEM disciplines indicate that PBL can support deeper understanding of core 
ideas, promote authentic inquiry skills, and strengthen students’ ability to apply 
knowledge to complex contexts (science education reviews).

Moreover, PBL’s influence extends beyond traditional academic outcomes to 
include development of 21st‑century skills such as communication, teamwork, 
creativity, and self‑directed learning (math PBL research on 21st‑century skills; 
rural Colombia intervention study). In mathematics education specifically, 
recent research shows that PBL can cultivate collaborative, critical thinking, 
and problem‑solving abilities, which are integral to students’ future success in 
complex, real‑world environments (math education study).

However, a growing body of research emphasizes that PBL’s effectiveness 
is moderated by socio‑demographic variables, resulting in differential impacts 
across student populations. Socio‑economic status remains one of the most 
influential determinants of academic outcomes, shaping access to educational 
resources, prior opportunities, and supportive home environments that can 
either bolster or hinder engagement with inquiry‑based pedagogies (Reardon, 
2018; Sirin, 2005). Students from higher SES backgrounds often arrive at school 
with enriched learning experiences and resources that make them better prepared 
to navigate extended projects, whereas students from lower SES contexts may 
encounter additional barriers requiring explicit instructional support.

Similarly, age‑related differences — such as cognitive maturity, executive 
function, and self‑regulatory capacity — influence a learner’s readiness for 
sustained inquiry and complex project execution (Bedard & Dhuey, 2006). 
PBL demands planning, persistence, and self‑management skills that may be 
developed unevenly across age groups, suggesting that developmental scaffolding 
is critical for younger learners. Gender patterns in achievement and participation 
also intersect with pedagogy, revealing that gendered classroom dynamics and 
sociocultural expectations can affect students’ engagement and roles within 
collaborative tasks (Hyde, 2014).

Understanding how PBL intersects with these socio‑demographic variables is 
essential for designing instructional practices that not only deliver deep learning 
but also promote educational equity. This narrative literature review synthesizes 
empirical research, meta‑analytic findings, and theoretical frameworks to offer a 
comprehensive understanding of PBL’s pedagogical potential and its interaction 
with demographic contexts. The review aims to inform educators, researchers, and 
policymakers about how to harness PBL’s strengths while addressing structural 
inequities that influence learner outcomes.
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OBJECTIVES OF THE STUDY

The overarching aim of this narrative literature review is to examine the 
pedagogical impact of Project‑Based Learning (PBL) on student academic 
outcomes while simultaneously elucidating the role of socio‑demographic 
variables as moderators of these outcomes. To fulfill this aim, the study delineates 
three specific objectives: (1) To examine empirical evidence on the impact of 
Project‑Based Learning on students’ academic achievement, scientific literacy, 
and higher‑order thinking skills. This includes synthesizing findings from 
experimental, quasi‑experimental, and longitudinal studies across diverse subject 
areas and educational levels, as well as reporting effect sizes and contextual 
moderators where available. (2) To analyze how selected socio‑demographic 
variables — specifically age, gender, and socio‑economic status (SES) — 
affect academic outcomes. The analysis interprets demographic effects both 
independently and in interaction with PBL instructional contexts, drawing on 
research from cognitive development, equity studies, and education sociology. 
(3) To synthesize how instructional practices and socio‑demographic factors 
interact to influence student learning and educational equity. This objective 
integrates theoretical perspectives and empirical findings to propose a cohesive 
understanding of systemic barriers and instructional mechanisms that enhance 
or impede equitable learning through PBL.

LITERATURE REVIEW

The literature review is organized into the following key strands: (1) 
Theoretical Anchors; (2) PBL and Academic Outcomes; (3) Socio‑Demographic 
Variables and Academic Outcomes; and (4) Interactions between PBL and 
Socio‑Demographic Variables. Each section presents evidence from foundational 
studies and recent research to support comprehensive analysis.

Constructivist Learning Theory
Constructivist learning theory posits that learners actively construct 

knowledge through meaningful engagement with content, social interaction, 
and reflection (Piaget, 1972; Vygotsky, 1978). Constructivist frameworks 
emphasize authentic tasks, collaboration, and inquiry‑based learning as critical 
for deep understanding (Jonassen & Rohrer-Murphy, 1999; Fosnot, 2013). PBL 
operationalizes these principles by engaging students in sustained inquiry around 
real‑world problems, facilitating cognitive engagement, metacognition, and the 
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transfer of learning to new contexts (Krajcik & Blumenfeld, 2006).
Empirical research grounded in constructivism indicates that PBL fosters 

student agency, collaborative problem solving, and multiple forms of representation 
— characteristics aligned with deeper learning outcomes (Hmelo‑Silver, 2004; 
Bell, 2010). For example, in a quasi‑experimental study, students engaged in 
PBL contexts demonstrated significantly higher levels of reflective thinking and 
knowledge integration compared to peers in teacher‑directed classrooms (Duch 
et al., 2001; Gillies, 2020).

Social Reproduction Theory
In contrast, social reproduction theory suggests that educational systems can 

perpetuate social inequalities across generations. According to Bourdieu (1986), 
students’ access to economic, cultural, and social capital significantly influences 
educational experiences and outcomes. Within this framework, instructional 
innovations like PBL do not occur I	 n isolation; rather, their effectiveness 
is shaped by the socio‑demographic contexts that learners bring to the classroom. 
Students from higher SES backgrounds may have greater familiarity with 
discourse practices, task autonomy, and supportive networks that scaffold success 
in inquiry‑based environments, whereas students from lower SES contexts may 
face structural barriers that limit engagement without targeted support (Bourdieu 
& Passeron, 1990; Lareau, 2018).

Social reproduction theory underscores the importance of examining how 
SES, gender norms, and age‑related expectations influence learning trajectories 
and access to high‑quality instruction. It directs attention to systemic inequities 
and calls for pedagogical designs that explicitly counteract rather than reproduce 
disparities.

Integrative Frameworks
More recent conceptual frameworks integrate constructivist and 

equity‑oriented perspectives to understand how instructional strategies 
and learner characteristics jointly shape academic outcomes. For instance, 
equity‑focused models of instructional design emphasize culturally responsive 
PBL practices that recognize and leverage students’ prior knowledge, identities, 
and community resources (Gay, 2018; Ladson‑Billings, 1995). Such frameworks 
extend constructivist principles by emphasizing not only cognitive processes but 
also social and cultural dimensions of learning.
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Project‑Based Learning and Academic Outcomes

Impact on Academic Achievement
A robust body of research demonstrates that PBL enhances academic 

outcomes across grade levels, subject areas, and learner populations. For example, a 
meta‑analysis synthesizing results across 66 experimental and quasi‑experimental 
studies found that PBL produces significantly higher academic achievement 
compared to traditional instructional modes, with moderate overall effect sizes 
(Zhang & Ma, 2023). These effects are particularly pronounced in contexts 
where PBL tasks are well‑structured and aligned with curricular standards.

Multiple large‑scale reviews confirm these findings. Condliffe et al. 
(2017) reported that students in PBL settings exhibited higher performance 
on standardized assessments in mathematics, science, and literacy measures. 
Similarly, Strobel and van Barneveld’s (2009) meta‑analysis revealed that PBL 
supports comparable or superior content attainment while yielding greater gains 
in analytical and problem‑solving skills relative to traditional instruction. Holm’s 
(2011) longitudinal study further showed sustained academic gains in PBL 
environments over multiple academic terms.

Additionally, contextual studies in diverse geographic and cultural settings 
reinforce PBL’s positive impact. In Singapore, PBL implementations in science 
classrooms were associated with significantly higher test performance and 
problem‐solving proficiency compared to matched control groups (Kurt & 
Akoglu, 2023). In European primary schools, mathematics learning outcomes 
improved when PBL was integrated with formative assessment practices, resulting 
in deeper conceptual understanding (Bell, 2010).

Higher Order Thinking and Problem Solving
One of the most consistently cited benefits of PBL is its capacity to foster 

higher‑order thinking — including analysis, synthesis, evaluation, and complex 
problem solving. Drawing on Bloom’s taxonomy and contemporary cognitive 
frameworks, researchers argue that PBL’s emphasis on authentic inquiry and 
open‑ended challenges stimulates learners to engage in cognitive processes 
beyond rote recall (Anderson & Krathwohl, 2001; Bell, 2010).

Empirical evidence substantiates these claims. In a quasi‑experimental study 
with middle school science students, those participating in PBL demonstrated 
significantly higher scores on measures of critical reasoning, argumentation 
quality, and evidence‑based decision‑making than students receiving conventional 
instruction (Savery & Duffy, 1995; Tseng et al., 2013). Similarly, meta‑analytic 
evidence shows that PBL consistently yields meaningful gains in problem‑solving 
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competencies, particularly when tasks incorporate collaboration and real‑world 
complexity.

Research in higher education also confirms PBL’s benefits. Engineering and 
health sciences students exposed to PBL curricula showed improved conceptual 
understanding, integrative thinking, and adaptive expertise — outcomes that 
contribute to professional readiness (Prince & Felder, 2006; Hmelo‑Silver, 2004).

Scientific Literacy and Inquiry Skills
Scientific literacy — the ability to think critically, evaluate evidence, and 

apply scientific knowledge to real‑world problems — is a central goal of science 
education. PBL, with its roots in inquiry and authentic problem solving, is well 
positioned to support the development of scientific literacy (Project 2061, 1993; 
NGSS Lead States, 2013).

Furtak and colleagues (2012) found that PBL enhances students’ capacity to 
design experiments, interpret data, and construct evidence‑based explanations. 
Kang and Keinonen (2017) reported that inquiry‑oriented PBL experiences 
increased middle school students’ interest in science careers and strengthened 
reasoning skills. Furthermore, Sadler (2009) observed that socioscientific 
reasoning — the ability to integrate scientific understanding with ethical and 
social considerations — was significantly higher among students engaged in 
long‑term, authentic investigative projects.

Content Knowledge and Long‑Term Retention
Concerns regarding content coverage in PBL have been a recurring theme 

in education research. Critics argue that PBL may compromise breadth for 
depth if not carefully aligned with curricular goals. However, empirical evidence 
largely dispels these concerns. Zhang and Ma (2023) conducted a meta-analysis 
demonstrating that students taught via PBL performed equally or better than 
traditionally instructed peers on standardized assessments while also showing 
superior long-term retention and conceptual understanding. These findings 
align with constructivist theory, emphasizing that deep engagement with content 
through authentic inquiry facilitates more durable learning (Piaget, 1972; 
Vygotsky, 1978).

Walker and Leary (2009) highlight that effective PBL requires intentional 
alignment between tasks, learning objectives, and assessment practices. When 
properly scaffolded, PBL encourages students to organize, integrate, and apply 
knowledge across multiple domains, thereby enhancing cognitive flexibility and 
retention. Additional studies in STEM education have shown that PBL not only 
improves immediate comprehension but also strengthens students’ ability to 
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transfer skills and knowledge to novel problems (Hmelo‑Silver, 2004; Krajcik & 
Blumenfeld, 2006). In literacy and social sciences, longitudinal research indicates 
that students engaged in sustained inquiry projects retain core concepts longer 
and demonstrate higher-order synthesis abilities (Gillies, 2020).

Socio‑Demographic Variables and Academic Outcomes
Socio-Economic Status (SES)

Socio-economic status (SES) is widely recognized as one of the strongest 
predictors of academic achievement. Meta-analytic research by Sirin (2005) 
established a robust positive relationship between SES and learning outcomes 
across countries, subjects, and age levels. Students from higher SES backgrounds 
benefit from enriched learning environments, access to technological and 
instructional resources, and home supports that reinforce inquiry and problem-
solving (Duncan & Murnane, 2011).

Reardon (2018) emphasizes that widening income-related achievement gaps 
underscore the importance of addressing structural inequities when implementing 
innovative pedagogies such as PBL. Lower SES students often enter school with 
fewer foundational skills and less familiarity with self-directed inquiry, which 
can limit their ability to benefit fully from PBL unless differentiated supports 
are provided. Research by Cheng et al. (2023) indicates that scaffolding, targeted 
resource allocation, and culturally responsive practices can mitigate SES-related 
disparities in PBL outcomes, promoting more equitable academic gains.

Age and Developmental Readiness
Age-related differences in cognitive and social readiness play a critical role 

in PBL effectiveness. The relative age effect, whereby older students in a cohort 
outperform younger peers, is well documented (Bedard & Dhuey, 2006). These 
differences are linked to variations in executive function, self-regulation, and 
metacognitive skills required for sustained inquiry projects.

Younger learners may struggle with extended planning, goal-setting, and 
collaborative problem-solving if insufficient scaffolding is provided. Hmelo‑Silver 
(2004) and subsequent studies recommend structured supports such as checklists, 
interim goals, guided reflection, and mentoring to align developmental readiness 
with PBL demands. Longitudinal evidence suggests that when age-appropriate 
scaffolds are incorporated, even younger students can achieve comparable gains 
in higher-order thinking and academic performance (Tseng et al., 2013).

Gender and Academic Performance
Gender differences in academic achievement are complex and context-
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dependent. Meta-analyses indicate that girls tend to outperform boys in reading 
and writing, whereas boys may excel in mathematically intensive domains 
(Else-Quest et al., 2010; Voyer & Voyer, 2014). Importantly, these patterns 
are influenced by sociocultural dynamics, classroom expectations, and role 
assignments rather than innate ability (Hyde, 2014; Steele & Aronson, 1995).

Within PBL contexts, gendered patterns of participation have been observed, 
with girls often excelling in collaborative, organizational, and communicative 
aspects of group work, while boys may assume technical or leadership roles 
(O´Connell et al., 2024). Intentional task design, equitable role rotation, 
and assessment of diverse competencies can help attenuate gender disparities, 
ensuring that all students benefit from the cognitive and affective gains associated 
with PBL.

Interactions Between PBL and Socio‑Demographic Variables
PBL and SES

While PBL positively influences academic outcomes broadly, its benefits are 
not automatically equitably distributed across SES groups. Students from higher 
SES backgrounds often navigate PBL’s unstructured elements more successfully 
due to familiarity with inquiry practices, access to learning materials, and 
supportive home or community contexts (Cheng et al., 2023).

Conversely, students from lower SES contexts may require differentiated 
scaffolds, such as guided inquiry prompts, structured collaborative protocols, and 
additional access to instructional materials. Cheng et al. (2023) highlight that 
without such supports, lower SES students may experience lower engagement 
and learning gains, underscoring the need for teacher preparation and culturally 
responsive task design in PBL implementation.

PBL and Gender
Empirical studies examining gendered differences in PBL outcomes suggest 

that task structure and assessment design can influence participation patterns. 
O´Connell et al. (2024) found that equitable distribution of leadership 
responsibilities and mixed-ability grouping can reduce gender disparities, 
enabling all students to engage meaningfully with collaborative inquiry. These 
findings reinforce the importance of intentional planning in PBL to promote 
inclusivity and balanced skill development.

PBL and Age
Relative age interacts with instructional demands in PBL, particularly self-

regulated planning, collaborative problem-solving, and sustained inquiry. Younger 
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learners benefit significantly from structured scaffolds, interim feedback, and 
goal-setting mechanisms (Hmelo-Silver, 2004; Tseng et al., 2013). Conversely, 
older students often demonstrate greater cognitive and social readiness, enabling 
them to leverage PBL’s open-ended challenges more effectively. Recognizing these 
developmental differences is essential for designing age-appropriate, differentiated 
PBL experiences that optimize learning outcomes for all students.

RESEARCH GAPS AND DIRECTIONS FOR FURTHER STUDY

Despite the extensive research on Project-Based Learning (PBL) and socio-
demographic variables, several significant gaps remain that warrant further 
investigation.

Longitudinal Studies Across Diverse SES Contexts
While short-term studies consistently demonstrate PBL’s positive effects on 

academic outcomes, longitudinal research examining the sustained impact of PBL 
across diverse socio-economic contexts is limited (Zhang & Ma, 2023). Existing 
longitudinal studies often focus on high-performing schools or homogeneous 
populations, leaving critical questions about the durability of PBL gains and the 
trajectory of learning across multiple years unanswered. Future research should 
investigate whether early advantages in higher SES cohorts persist, diminish, or 
amplify over time and how interventions targeting lower SES learners can close 
achievement gaps.

Developmentally Appropriate Adaptations
Evidence suggests that age and cognitive readiness significantly influence 

PBL effectiveness (Bedard & Dhuey, 2006; Hmelo-Silver, 2004). However, there 
is a paucity of research on developmentally tailored PBL adaptations for younger 
learners or students with varied cognitive readiness. Research should explore 
optimal scaffolding strategies, task complexity adjustments, and assessment 
frameworks that align with developmental stages to maximize engagement and 
learning outcomes.

Intersectional Analysis of Socio-Demographic Variables
Most studies examine SES, age, and gender independently, yet these factors 

often co-occur and interact in complex ways that affect student learning. 
Intersectional research is needed to explore how combinations of demographic 
variables shape engagement, participation, and outcomes in PBL contexts. For 
example, investigating how lower SES female students or younger male students 
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navigate PBL tasks could inform targeted interventions that address multiple, 
overlapping vulnerabilities.

Policy, Leadership, and Resource Allocation
The implementation of PBL is influenced not only by instructional strategies 

but also by institutional policies, school leadership, and resource availability 
(Cheng et al., 2023). Research examining how educational policy frameworks, 
professional development programs, and resource allocation affect the equitable 
delivery of PBL across diverse contexts is limited. Further studies should 
investigate systemic mechanisms that facilitate or hinder PBL adoption at scale 
while promoting educational equity.

Cross-Cultural and Global Contexts
Much of the existing PBL research is concentrated in Western or high-

income countries. Comparative studies examining cross-cultural applications 
of PBL are scarce, particularly in low- and middle-income contexts where 
socio-economic challenges, teacher preparation, and infrastructure may differ 
significantly. Expanding research to global and culturally diverse contexts will 
enhance understanding of how PBL can be adapted to varying educational 
systems and learner populations (Hasni et al., 2016).

METHODOLOGY

This study employed an extensive narrative literature review as its primary 
research methodology, integrating content analysis, meta-analytic synthesis, 
and theoretical evaluation. Narrative reviews are particularly appropriate for 
synthesizing heterogeneous evidence, including qualitative, quantitative, and 
mixed-methods studies, to provide a comprehensive understanding of complex 
educational phenomena (Green et al., 2006).

Data Sources and Search Strategy
The review primarily relied on Google Scholar, supplemented by searches 

in PubMed, ScienceDirect, SpringerLink, and educational databases for peer-
reviewed journal articles, meta-analyses, and theoretical studies. Search terms 
included: Project-Based Learning; academic achievement; scientific literacy; 
higher order thinking skills; socio-economic status AND education; gender 
differences in learning; relative age effect; educational equity and PBL. 

Articles were selected based on relevance, methodological rigor, recency 
(2010–2025), and contribution to understanding the interplay between pedagogy 
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and socio-demographic variables.

Ethical Considerations
Several ethical considerations guided this review to ensure integrity, 

transparency, and cultural sensitivity: (1) Accurate Representation of Data: All 
referenced studies were reported faithfully, avoiding selective interpretation 
that could misrepresent findings. (2) Triangulation: Evidence was triangulated 
across multiple sources and perspectives, including studies reporting null or 
mixed results, to reduce bias. (3) Citation Integrity: All sources were fully cited 
to uphold academic integrity and acknowledge intellectual contributions. (4) 
Cultural Sensitivity: The review acknowledged variations in socio-demographic 
influences across regions, educational systems, and cultural contexts, avoiding 
overgeneralization. (5) Transparency in Methodology: The search strategy, 
inclusion criteria, and analytical approach were explicitly documented to enhance 
reproducibility and credibility.

RESULTS AND DISCUSSION

The narrative review synthesizes findings across a diverse set of studies, 
organized according to the research questions and hypotheses. Results are 
presented thematically, emphasizing the impact of PBL on academic outcomes 
and the interaction with socio-demographic factors.

H1: Project-Based Learning Significantly Enhances Academic Outcomes
Academic Achievement

The literature overwhelmingly supports the conclusion that PBL enhances 
academic performance across subject areas and grade levels. Holm (2011) found 
significant gains in mathematics and science for students engaged in PBL relative 
to traditional instruction. Similarly, Condliffe et al. (2017) reported improved 
standardized test performance in literacy, mathematics, and science, demonstrating 
that PBL promotes both content mastery and cognitive engagement.

Meta-analytic data reinforce these findings. Strobel and van Barneveld (2009) 
observed moderate-to-large effect sizes for PBL interventions, particularly when 
tasks were well-structured and aligned with curricular objectives. A 66-study 
meta-analysis (Zhang & Ma, 2023) indicated a standardized mean difference of 
0.44 (p < 0.001) for academic achievement, highlighting the robust efficacy of 
PBL in diverse educational contexts.

Longitudinal studies suggest that PBL contributes not only to immediate 
learning gains but also to sustained retention and transfer of knowledge. 
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Naushabekov (2025) found that students in PBL programs outperformed 
peers in delayed post-tests, indicating that the inquiry-based approach supports 
conceptual understanding and durable learning.

Higher-Order Thinking and Problem Solving
PBL has a pronounced impact on higher-order thinking, including analysis, 

synthesis, evaluation, and problem-solving (Bell, 2010; Tseng et al., 2013). 
Research across STEM disciplines consistently demonstrates that PBL tasks 
— particularly those that are authentic, collaborative, and interdisciplinary 
— stimulate complex cognitive processes. For example, engineering students 
participating in PBL-based design projects developed stronger integrative 
reasoning and adaptive expertise than control groups in traditional labs (Prince 
& Felder, 2006; Hmelo‑Silver, 2004).

Moreover, PBL fosters metacognitive and reflective skills, as students are 
required to plan, monitor, and evaluate their own learning throughout project 
cycles. Tseng et al. (2013) found that STEM students in PBL settings reported 
higher engagement and motivation, which correlated with improvements in 
problem-solving ability and conceptual understanding.

Scientific Literacy and Inquiry Skills
Scientific literacy is enhanced by PBL through sustained inquiry, critical 

reasoning, and evidence-based argumentation (Furtak et al., 2012; Kang & 
Keinonen, 2017). PBL tasks situated in meaningful contexts allow students 
to integrate scientific knowledge with societal, ethical, and environmental 
considerations — a process often described as socioscientific reasoning (Sadler, 
2009).

Empirical studies in middle and high school science classes indicate that PBL 
increases students’ scientific reasoning, hypothesis testing, data interpretation, 
and collaborative investigation skills. For example, research by Ayaz and 
Söylemez (2015) found that students who engaged in PBL demonstrated higher 
interest in science careers and improved inquiry skills relative to peers receiving 
conventional instruction.

Content Mastery and Long-Term Retention
Concerns that PBL sacrifices breadth of content coverage are largely mitigated 

when PBL is aligned with curricular standards and assessments (Walker & 
Leary, 2009). Evidence indicates that PBL supports conceptual understanding, 
integration of knowledge, and long-term retention across multiple subjects 
(Zhang & Ma, 2023).
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Studies also suggest that PBL promotes transferable learning, enabling 
students to apply core concepts to novel problems and interdisciplinary contexts. 
This is particularly evident in science and engineering education, where inquiry-
based projects enhance both technical skills and problem-solving capacity 
(Krajcik & Blumenfeld, 2006; Hmelo-Silver, 2004).

H2: Socio-Demographic Variables Significantly Influence Academic 
Outcomes
Socio-Economic Status (SES)

SES remains a strong predictor of student outcomes, even within PBL 
contexts (Sirin, 2005; Reardon, 2018). Higher SES students benefit from prior 
exposure to inquiry, greater access to learning materials, and supportive home 
and community environments. Consequently, they often navigate PBL tasks 
more efficiently and achieve higher gains.

Conversely, students from lower SES backgrounds may struggle without 
additional supports, highlighting the need for differentiated scaffolds, culturally 
responsive teaching, and equitable resource allocation (Cheng et al., 2023). 
Empirical studies demonstrate that targeted interventions — such as guided 
inquiry prompts, structured collaboration, and access to technology — 
significantly reduce SES-related disparities in PBL outcomes.

Age and Developmental Readiness
Age-related differences influence engagement with PBL, particularly in self-

regulation, executive functioning, and collaborative problem-solving (Bedard & 
Dhuey, 2006). Older students generally exhibit higher cognitive readiness, which 
facilitates independent inquiry and project management.

However, younger students benefit substantially from developmentally 
appropriate scaffolding, including structured timelines, checklists, interim 
feedback, and guided reflection (Hmelo-Silver, 2004; Tseng et al., 2013). These 
supports enhance both participation and academic performance, demonstrating 
the importance of aligning PBL design with developmental stages.

Gender and Academic Performance
Gender differences in academic achievement are nuanced and context-

dependent. Meta-analytic studies reveal that girls tend to outperform boys in 
literacy and communication domains, while boys often excel in mathematical 
and technical domains (Else-Quest et al., 2010; Voyer & Voyer, 2014).

In PBL settings, equitable task design and role rotation are critical for 
mitigating gender disparities in participation and learning outcomes. O´Connell 
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et al. (2024) observed that intentional assignment of collaborative and leadership 
roles promoted balanced engagement and ensured that all students, regardless of 
gender, benefited cognitively and socially from PBL activities.

Interactions Between PBL and Socio-Demographic Variables
The interplay between PBL and socio-demographic characteristics 

reveals important moderating effects: (1) PBL and SES: While PBL increases 
engagement and achievement overall, lower SES students often require 
intentional scaffolding, structured inquiry, and access to materials to achieve 
outcomes comparable to higher SES peers (Cheng et al., 2023). (2) PBL and 
Gender: Equitable role assignments and mixed-ability grouping reduce gendered 
participation disparities, enabling both girls and boys to gain problem-solving and 
collaborative skills (O´Connell et al., 2024). (3) PBL and Age: Younger students 
benefit from age-appropriate scaffolding and structured reflection, whereas older 
students leverage PBL’s autonomy to achieve higher-order thinking outcomes 
(Hmelo-Silver, 2004; Tseng et al., 2013).

Overall, these interactions underscore that instructional innovation alone 
is insufficient; PBL must be combined with responsive supports tailored to 
students’ socio-demographic contexts to maximize equity and effectiveness.

SYNTHESIS OF THE LITERATURE REVIEW

The evidence synthesized in this review demonstrates that Project-Based 
Learning (PBL) is a robust instructional approach that consistently enhances 
academic outcomes, higher-order thinking, scientific literacy, and long-term 
retention across diverse subjects, grade levels, and contexts. Multiple meta-
analyses and longitudinal studies indicate that PBL promotes deeper engagement, 
cognitive flexibility, and transferable skills far beyond the performance gains 
associated with traditional teacher-directed instruction (Strobel & van Barneveld, 
2009; Zhang & Ma, 2023; Holm, 2011).

However, the review also reveals that socio-demographic variables significantly 
moderate PBL effectiveness: (1) Socio-Economic Status (SES): Students from 
higher SES backgrounds often experience greater benefits from PBL due to prior 
exposure to inquiry, access to resources, and supportive environments (Sirin, 
2005; Reardon, 2018; Cheng et al., 2023). Lower SES students require scaffolds, 
culturally responsive teaching, and equitable access to materials to achieve 
comparable outcomes. (2) Age and Developmental Readiness: Older students 
typically exhibit higher cognitive and social readiness for self-directed inquiry, 
whereas younger learners benefit from structured scaffolds, guided reflection, 
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and clear timelines (Bedard & Dhuey, 2006; Hmelo-Silver, 2004). (3) Gender: 
Gendered participation patterns are context-dependent; girls often excel in 
collaborative and organizational tasks, while boys may dominate technical or 
leadership roles. Intentional task design, equitable role rotation, and assessment 
of diverse skills mitigate these disparities (O´Connell et al., 2024; Else-Quest et 
al., 2010).

Integrated Insights
The intersection of PBL and socio-demographic factors emphasizes that 

instructional innovation alone cannot close achievement gaps. Effective PBL 
requires a dual focus: (1) Pedagogical Fidelity: Ensuring that tasks are authentic, 
collaborative, and aligned with curricular objectives to foster higher-order 
thinking and content mastery. (2) Equity-Oriented Supports: Implementing 
scaffolds, culturally responsive practices, and differentiated resources tailored to 
learners’ SES, age, and gender-related needs.

This integrative perspective aligns with both constructivist theory (Piaget, 
1972; Vygotsky, 1978), which emphasizes active knowledge construction 
through authentic inquiry, and social reproduction theory (Bourdieu, 1986), 
which highlights the structural factors influencing learners’ ability to benefit from 
innovative pedagogy. By combining these theoretical lenses, educators can design 
inclusive PBL experiences that promote academic excellence while addressing 
systemic inequities.

Furthermore, the review identifies critical research gaps: (1) Limited 
longitudinal and cross-cultural studies examining the sustained impact of 
PBL across SES and developmental contexts. (2) Insufficient exploration of 
intersectional effects of age, gender, and SES on engagement and achievement. 
(3) Need for systematic investigation into how policy, leadership, and resource 
allocation influence equitable PBL implementation.

Addressing these gaps is essential to strengthen both theoretical understanding 
and practical application of PBL across diverse educational environments.

CONCLUSION

This narrative literature review demonstrates that Project-Based Learning is 
an effective and transformative instructional approach that fosters deep learning, 
higher-order thinking, scientific literacy, and long-term content mastery. Across 
multiple studies and meta-analyses, PBL consistently outperforms traditional 
lecture-based instruction in promoting engagement, critical reasoning, and 
problem-solving skills (Bell, 2010; Condliffe et al., 2017; Strobel & van 
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Barneveld, 2009).
However, the effectiveness of PBL is moderated by socio-demographic 

variables, including SES, age, and gender. Students from lower SES backgrounds, 
younger learners, or those in gendered classroom dynamics may not automatically 
achieve the same gains as their peers without targeted scaffolds, equitable access 
to resources, and inclusive task design (Cheng et al., 2023; O´Connell et al., 
2024; Bedard & Dhuey, 2006).

The review underscores that instructional innovation must be paired with 
systemic interventions to promote equitable and high-quality academic outcomes. 
Educators and policymakers should consider: (1) Equitable resource allocation to 
support learners with limited access to materials or technology. (2) Scaffolded 
and developmentally appropriate PBL tasks to accommodate diverse cognitive 
readiness and age groups. (3) Intentional, culturally responsive instructional 
design to address gendered participation patterns and foster inclusion. (4) 
Professional development and teacher preparation to ensure fidelity in PBL 
implementation and sensitivity to socio-demographic disparities.

Ultimately, achieving inclusive educational excellence requires the 
integration of learner-centered pedagogy with structural supports that mitigate 
inequities. When effectively implemented, PBL not only enhances academic 
performance but also develops lifelong skills in critical thinking, problem solving, 
collaboration, and self-directed learning — competencies essential for success in 
the 21st century.

By recognizing and addressing the interplay between pedagogy and socio-
demographic variables, schools can maximize the transformative potential of 
PBL and advance both excellence and equity in education.
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