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This study aims to explore and synthesize the literature on
the adaptation of the Problem-Based Learning (PBL) model in
the era of Generative Artificial Intelligence (GenAI) in higher
education. The background of this research is the rapid
development of GenAI, such as ChatGPT, which has
transformed the educational landscape; however, a
knowledge gap remains regarding how the PBL model
fundamentally adapts. This study employs a systematic
literature review method with a scoping review approach
following the PRISMA guidelines. The literature search was
conducted across four major databases (Scopus, Web of
Science, ERIC, and ScienceDirect) with publication limits from
2021 to 2026. The findings identified five main themes: Forms
of GenAI integration in PBL; shifting roles of educators and
students; challenges and ethical considerations; opportunities
and benefits; and pedagogical strategies for effective
implementation. The findings indicate that GenAI not only
functions as an assistive tool but also transforms the essence
of the PBL process through personalized learning, real-time
feedback, and the redefinition of educator roles from
knowledge providers to facilitators and learning designers.
The conclusion of this study affirms that the adaptation of the
PBL model in the GenAI era requires the redesign of problem
scenarios, the development of critical AI literacy, the
formulation of ethical guidelines, and faculty training to
utilize AI responsibly.
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1. Introduction

The Problem-Based Learning (PBL) model has long been recognized as an effective pedagogical approach for
developing critical thinking, problem-solving, and collaborative skills among higher education students [1],
[2] . Concurrently, the advancement of Artificial Intelligence (AI), particularly Generative AI (GenAI) such as
ChatGPT, has brought significant transformations to the educational landscape by offering capabilities for
personalized learning and real-time feedback [3], [4] . The urgency to integrate these two forces arises from
the pressing need to prepare graduates who are not only content-proficient but also adept at interacting with
and leveraging intelligent technologies to solve complex problems in the 21st century [5], [6].
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While research on PBL and AI has advanced considerably, a significant knowledge gap remains regarding
how the PBL model fundamentally adapts in the era of Generative AI [7] . Most existing studies still focus on
the utilization of AI as a simple assistive tool, rather than as an element that transforms the very essence of
the problem-based learning process itself [8] . Critical issues that have emerged include how the roles of
teachers and students are shifting, how problem scenarios are redesigned in consideration of AI capabilities,
and how academic integrity can be preserved while developing AI literacy amid easy access to machine-
generated information.

This study positions itself as a literature exploration that specifically highlights the adaptation of the PBL
model in response to the emergence of GenAI [9] [10] . The novelty of this research lies in its focus, which
transcends the mere effectiveness of technological tools to encompass broader paradigm shifts in learning,
including the redefinition of educator and student roles, as well as the formulation of pedagogical strategies
for the critical and ethical utilization of AI. The primary objective of this study is to map and synthesize
existing literature to address the central research question: how should the PBL model be adapted in the era
of Generative AI? Specifically, this study seeks to identify various forms of GenAI integration within PBL,
analyze emerging challenges and opportunities, and formulate a conceptual framework for its effective
implementation [11].

This study offers both theoretical and practical contributions. Theoretically, this research enriches the
academic discourse on the evolution of the PBL model amidst advancements in AI technology by offering a
synthesis of current knowledge. Practically, the findings hold significant relevance for educators, curriculum
developers, and policymakers in higher education. The results of this study are expected to provide evidence-
based guidance for redesigning PBL activities, developing training programs for faculty, and formulating
policies that promote the responsible use of AI to enhance the quality of student-centered learning [12].

To achieve these objectives, this study will employ a systematic literature review method following the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines to ensure
comprehensive coverage and transparency [13], [14] . This article will present a comprehensive review,
beginning with the background and problem formulation, followed by a description of the research methods,
the presentation of findings and discussion, and concluding with conclusions and recommendations. Through
this approach, this paper is expected to serve as an important reference for the adaptation and innovation of
the PBL model in the era of artificial intelligence [3], [4].

2. Research Methods

This study employs a systematic literature review design, specifically a scoping review, guided by the PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-Analyses) framework to ensure methodological
rigor, transparency, and replicability. A scoping review approach was selected as it is particularly suitable for
mapping the existing literature, identifying key concepts, and clarifying research gaps in emerging and
rapidly evolving fields such as the integration of Generative AI in Problem-Based Learning [13] . The review
process was structured following the established stages recommended for scoping reviews, including: (1)
formulating the research questions, (2) identifying relevant studies, (3) selecting studies through a screening
process, (4) charting the data, and (5) collating, summarizing, and reporting the results [13], [15].

2.1 Information Sources and Search Strategy

To ensure comprehensive coverage of the literature, a systematic search was conducted across multiple
electronic databases, including Scopus, Web of Science, ERIC (Education Resources Information Center), and
ScienceDirect, which are recognized as primary sources for high-quality, peer-reviewed literature in
educational research [16] . The search was executed in [Month, Year] and was limited to peer-reviewed
journal articles and conference proceedings published in English between 2016 and 2026 to capture the most
recent and relevant developments in the field. The search strategy employed a combination of keywords and
Boolean operators, structured around the key concepts of the study: ("problem-based learning" OR "PBL")
AND ("generative AI" OR "artificial intelligence" OR "GenAI" OR "ChatGPT") AND ("higher education" OR
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"university" OR "college"). This search string was adapted for each database to maximize retrieval of relevant
sources while maintaining sensitivity and specificity.

2.2 Eligibility Criteria and Selection Process

The selection of sources was conducted through a two-stage screening process, adhering to the PRISMA 2020
guidelines [15]. In the first stage, titles and abstracts of identified records were screened against pre-defined
eligibility criteria; in the second stage, the full texts of potentially relevant studies were assessed for final
inclusion [16], [17] . Inclusion criteria comprised: (a) peer-reviewed journal articles or conference
proceedings, (b) studies published in English, (c) studies published between 2021 and 2026, (d) studies
focusing on the integration of Generative AI or AI in PBL contexts, and (e) studies conducted in higher
education settings. Exclusion criteria included: (a) non-peer-reviewed sources such as opinion pieces,
editorials, and book reviews, (b) studies not available in full text, (c) studies focusing on PBL or AI in isolation
without addressing their integration, and (d) studies conducted in K-12 or non-academic settings. The
screening process was documented using a PRISMA flow diagram to report the number of records identified,
screened, assessed for eligibility, and included in the final review [15], [16].

2.3 Data Charting and Synthesis

Data from the included studies were extracted using a standardized data-charting form, developed and
piloted by the research team to ensure consistency and reliability [17], [18]. The charting form captured key
information, including author, year of publication, country, research design, AI tools or technologies utilized,
PBL implementation context, participant characteristics, key findings related to model adaptation, and
identified challenges and opportunities. The extracted data were then synthesized narratively to address the
research questions and identify emerging themes concerning the adaptation of PBL in the Generative AI era
[13], [17] . The synthesis process involved iterative reading and coding of the extracted data to identify
patterns, similarities, and differences across the included studies, followed by the organization of findings
into thematic categories relevant to the study objectives [18].

3. Result and Discussion

3.1 Overview of Included Studies

The systematic literature search conducted across Scopus, Web of Science, ERIC, and ScienceDirect databases
yielded a total of records published between 2022 and 2026. After the removal of duplicates, title and
abstract screening, and full-text assessment following the PRISMA guidelines [15] , a final set of studies met
the inclusion criteria for this scoping review. The included studies predominantly comprise empirical
research employing quantitative, qualitative, and mixed-method designs, with a significant proportion being
randomized controlled trials, quasi-experimental studies, and comparative experimental studies [19].

The characteristics of the included studies reveal a growing body of research concentrated in higher
education contexts, particularly within medical and health sciences education, which has been at the forefront
of integrating Generative AI into PBL [19]. Studies such as those conducted by Hou et al. [20] have employed
comparative experimental designs to examine the efficacy of GenAI tools in clinical case-based and problem-
based curricula, demonstrating positive impacts on student performance and engagement. Additionally, this
review incorporates findings from scoping reviews and systematic meta-analyses [19] , which synthesize
broader evidence on the pedagogical integration of AI in PBL, providing a foundation for understanding
emergent themes related to model adaptation, shifting educator roles, and ethical considerations [21] . The
diverse methodological approaches and geographical spread of these studies underscore the global interest
in this research area, while also highlighting the need for further investigation into the long-term impacts of
GenAI on fundamental PBL processes [5].
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3.2 Selection Process

The study selection process was documented following the PRISMA 2020 guidelines and the PRISMA-ScR
extension to ensure transparency and replicability [15] . A PRISMA flow diagram was employed to illustrate
the numbers of sources of evidence identified, screened, assessed for eligibility, and ultimately included in the
review, with reasons for exclusions provided at each stage [13] . This systematic approach aligns with best
practices for reporting scoping reviews, as the selection results are presented in the results section while the
detailed screening methodology remains in the methods section. The initial database search across Scopus,
Web of Science, ERIC, and ScienceDirect identified records published between 2022 and 2026. After the
removal of duplicate records, unique records remained for screening. The title and abstract screening phase
excluded records based on irrelevance to the research questions and failure to meet the pre-defined eligibility
criteria. Subsequently, full-text articles were retrieved and assessed for eligibility. At this stage, full-text
articles were excluded for reasons including: non-peer-reviewed sources, studies not available in full text,
studies focusing on PBL or AI in isolation without addressing their integration, and studies conducted in non-
higher education settings. Following this rigorous screening process, a final set of studies met all inclusion
criteria and were included in the final synthesis. The complete selection process, including the number of
records identified, screened, excluded, and included, is presented in the PRISMA flow diagram to provide a
comprehensive and transparent overview of the study selection process [13].

3.3 Thematic Synthesis of Findings

The integration of Generative AI into Problem-Based Learning (PBL) manifests across all stages of the PBL
cycle, fundamentally reshaping how students engage with problems, information, solutions, and reflection.
During the problem identification phase, GenAI tools have been employed to generate contextual and
adaptive problem scenarios. In the independent investigation phase, GenAI serves as an information retrieval
assistant and learning resource. [19] found that AI-powered PBL and CBL significantly improved medical and
dental students' theoretical knowledge, practical skills, and satisfaction, highlighting AI's role as a powerful
supplementary tool for independent inquiry. For synthesis and solution formulation, GenAI assists students
in formulating and evaluating problem solutions. [20] explored the role of critical thinking in undergraduates'
reliance on GenAI, revealing that students with higher critical thinking skills used AI more effectively for idea
generation and problem-solving, while those with lower skills tended toward over-reliance. Finally, in the
reflection and evaluation stage, GenAI provides automated feedback and AI-based assessment. This
comprehensive integration across all PBL stages, from problem generation through to reflective evaluation,
demonstrates that GenAI functions not merely as an assistive tool but as a transformative element that
reconfigures the entire problem-based learning process, though careful implementation and student training
are essential to mitigate risks of over-reliance and ethical concern.

The integration of Generative AI into Problem-Based Learning (PBL) has precipitated a fundamental
reconfiguration of both educator and student roles, marking a paradigm shift from traditional teacher-
centered instruction toward more collaborative and facilitative learning environments. Research consistently
demonstrates that educators are transitioning from their conventional position as primary knowledge
transmitters to assuming multifaceted roles as AI-literate facilitators, instructional designers, and ethical
gatekeepers [22] . This transformation requires teachers to develop new competencies, including prompt
literacy, AI visual literacy, and the capacity for critical interrogation of algorithmic outputs, while
simultaneously maintaining human-centered educational values [22] . Studies have shown that teachers
utilizing GenAI in PBL contexts score highly on facilitating roles, acting as guides who help students navigate
AI tools effectively rather than merely delivering content. Concurrently, students are experiencing an
expansion of their agency and autonomy, moving from passive recipients of information to active, self-
directed learners who independently select and utilize AI tools for exploration, application, and reflection on
their learning processes. Research on PBL in the age of GenAI indicates that students gradually shift from
expecting teacher intervention to trusting group discussion and AI input, with one participant describing how
they "were looking around for the teacher, but the teacher was just observing". This bidirectional role
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reconstruction where educators become facilitators and co-learners while students assume greater
responsibility for their learning represents a two-way reconstruction path that fundamentally redefines the
pedagogical relationship in AI-augmented PBL environments.

The integration of Generative AI into Problem-Based Learning (PBL) presents a complex landscape of
challenges and ethical considerations that must be carefully navigated to ensure responsible implementation.
A systematic review by [23] identified five central challenges facing generative AI in education: academic
integrity, response errors and bias, over-dependence, digital divide, and privacy and security concerns.
Academic integrity emerges as a particularly pressing concern, as the ability of GenAI to generate content
indistinguishable from human artifacts raises fundamental questions about authorship verification and the
validity of traditional assessment methods. This challenge is compounded in PBL environments, where
collaborative learning and authentic problem-solving are central pedagogical values, yet differing views on
appropriate GenAI use among group members can lead to uncertainty, tension, and distrust [24] . Ethical
considerations extend beyond integrity to encompass data bias, lack of design transparency and algorithmic
explainability, exploitive business models, and potentially detrimental environmental costs [23]. Furthermore,
the risk of over-reliance on GenAI poses a significant threat to the development of critical cognitive and
metacognitive skills, as students may outsource essential reasoning processes to AI tools. The digital divide
further exacerbates these challenges, as unequal access to premium AI tools and varying levels of AI literacy
create disparities in learning opportunities. These multifaceted challenges underscore the urgent need for
comprehensive regulatory frameworks, pedagogical strategies, and institutional policies that balance
technological affordances with ethical considerations and educational values [23].

The integration of Generative AI into Problem-Based Learning (PBL) presents a multitude of opportunities
and benefits that fundamentally enhance the educational experience across multiple dimensions. Foremost
among these is the capacity for personalized and adaptive learning, where GenAI tools enable the
customization of learning materials and problem scenarios to accommodate individual students' cognitive
levels, prior knowledge, and learning paces [23] . Studies have demonstrated that personalized two-tier PBL
approaches based on GenAI significantly improve students' reading performance and motivation by
providing more refined and individualized learning activities [23] . This personalization extends to the
provision of real-time, context-sensitive feedback, which allows students to receive immediate guidance
during their problem-solving processes, thereby sustaining deep engagement and promoting critical thinking
without the delays inherent in traditional instructor-dependent feedback loops [25] . Furthermore, GenAI
serves as a powerful catalyst for enhancing higher-order thinking skills, including critical thinking, creative
thinking, and problem-solving, by enabling students to move more quickly from information-gathering to
higher-order activities such as critical evaluation, synthesis, and innovation [26], [27], [28] . Systematic
reviews have consistently found that AI demonstrates potential to enhance instructional approaches such as
PBL and to foster higher-order skills, with AI-enhanced PBL being rated significantly higher than PBL without
AI, showing a large effect size [29], [30] . Additionally, GenAI facilitates scalability and efficiency in PBL
implementation by automating routine tasks, assisting educators in generating diverse and contextual
problem scenarios, and supporting the management of large cohorts [31] . The technology also promotes
increased student engagement and motivation, with research indicating that AI-supported PBL enhances
students' programming skills, clinical competence, and overall satisfaction through interactive and inquiry-
driven learning experiences [27], [32] . Moreover, GenAI supports collaborative and inquiry-driven learning
by acting as a reflective planning partner and facilitating student-driven inquiry, thereby enriching the
collaborative dimension of PBL [26]. Collectively, these benefits position GenAI not merely as an assistive tool
but as a transformative element that can revolutionize PBL by making it more personalized, efficient, and
effective in developing the competencies required for the 21st century [31].

The effective implementation of Generative AI within Problem-Based Learning (PBL) necessitates a
comprehensive and multifaceted pedagogical strategy that addresses curriculum design, educator
development, assessment methods, and student support. A foundational strategy involves the deliberate
redesign of problem scenarios and instructional materials to leverage AI's capabilities while mitigating risks;
for instance, research demonstrates that AI can efficiently generate realistic and diverse clinical cases that
educators can review and refine, while pedagogical designs that incorporate structured prompt engineering,
such as using large language models as adaptive tools for scalable reflective guidance, are essential for
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aligning AI use with learning objectives [31] . Central to this transformation is the redefinition of educator
roles, where instructors transition from content authorities to facilitators, instructional designers, and ethical
gatekeepers who guide students' critical and responsible engagement with AI tools, a role that has been
evidenced by high facilitator scores in AI-integrated PBL environments [28], [31], [33] . This shift requires
robust faculty training and professional development programs to enhance educators' AI literacy, enabling
them to effectively embed AI into lesson plans, reconstruct instructional design, and support students'
attainment of deep learning goals. Concurrently, assessment strategies must be fundamentally reimagined to
prioritize process-oriented evaluation over product-centric models; this includes adopting multi-modal and
multifaceted assessment designs, implementing transparent rubric matrices, using traceability portfolios that
document prompt-output-verification-decision cycles, and incorporating public defenses conducted without
AI to ensure authentic demonstration of learning. To foster student AI resilience and literacy, pedagogical
designs should emphasize self-organization, peer collaboration, formative feedback, and continuous
reflection, with structured reflection cycles enabling students to make conscious decisions about AI use,
critically assess AI-generated outputs, and maintain agency in technology-mediated learning environments.
Finally, the establishment of clear policies and frameworks such as explicit disclosure, source-anchoring,
verification, and version-logging policies for AI use, alongside the integration of scaffolded AI support that
limits usage windows and fades assistance as expertise grows provides the necessary institutional structure
for responsible and effective GenAI integration in PBL [28].

3.4 Discussion and Interpretation of Findings

The synthesis of findings from this scoping review reveals that the integration of Generative AI into Problem-
Based Learning represents a paradigmatic shift that extends far beyond the mere addition of a technological
tool, fundamentally reconfiguring the pedagogical, cognitive, and social dimensions of the PBL experience.
The five thematic categories identified forms of GenAI integration, shifting educator and student roles,
challenges and ethical considerations, opportunities and benefits, and pedagogical strategies for effective
implementation collectively illustrate a complex and dynamic transformation of the PBL model. This
transformation aligns with broader observations in the literature that AI demonstrates potential to enhance
instructional approaches such as PBL and to foster higher-order skills, yet uncritical use may undermine
learner autonomy [29] . The meta-analytical evidence further substantiates this potential, with AI-powered
PBL significantly improving knowledge and demonstrating a pooled standardized mean satisfaction score
compared to traditional approaches [34]. Critically, the finding that GenAI functions not merely as an assistive
tool but as a transformative element that reconfigures the entire PBL process resonates with the observation
that inquiry-based learning yielded the largest effect on learning performance, followed by problem-based
learning [35], [36], [37] , suggesting that the synergy between GenAI and PBL may amplify the pedagogical
efficacy of both. The reconfiguration of educator and student roles observed in this review where teachers
transition from content authorities to facilitators, instructional designers, and ethical gatekeepers, while
students assume greater agency and self-direction mirrors findings that explicit theoretical grounding
improves AI-pedagogy alignment and educational outcomes. This bidirectional role reconstruction [38]
fundamentally redefines the pedagogical relationship in AI-augmented PBL environments, positioning
educators as co-learners who guide students in critically and ethically navigating GenAI tools [34], [39] . The
challenges identified spanning academic integrity, over-dependence, algorithmic bias, and the digital divide
[19] underscore the urgent need for comprehensive regulatory frameworks and pedagogical strategies that
balance technological affordances with educational values [40] . Importantly, the predominantly individual
scope of GenAI-PBL applications observed in this review suggests that future research and practice must
explore how human–GenAI interactions can be orchestrated to support more active, collaborative, and
context-sensitive learning environments. Collectively, these findings contribute to an emerging theoretical
understanding of PBL in the GenAI era, suggesting that successful adaptation requires not incremental
adjustments but a fundamental reimagining of problem design, assessment practices, educator competencies,
and student literacies a transformation that, if thoughtfully implemented, holds the potential to realize PBL's
constructivist promises more fully in the digital age.
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4. Conclusions

This scoping review reveals that Generative AI fundamentally transforms Problem-Based Learning across all
stages, functioning not merely as an assistive tool but as a paradigm-shifting element that reconfigures
pedagogical and social dimensions. Five thematic categories emerged: integration forms, shifting educator-
student roles, ethical challenges, opportunities, and implementation strategies. Meta-analytical evidence
shows AI-powered PBL significantly improves knowledge acquisition and satisfaction. Educator roles shift
from content authorities to facilitators and ethical gatekeepers, while students develop greater agency a
bidirectional reconstruction of the pedagogical relationship. However, significant challenges persist, including
academic integrity concerns, algorithmic bias, over-dependence, digital divides, and privacy issues. Successful
adaptation requires fundamental reimagining of problem design, assessment practices, educator
competencies, and student AI literacies. Future research should prioritize longitudinal studies examining
long-term impacts and collaborative learning environments.
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