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Background: Problem-based learning (PBL) has emerged as a transformative educational strategy aimed at enhancing critical thinking in medical education. While some studies suggest PBL significantly improves critical thinking skills, others show minimal differences compared to traditional teaching methods. This study aims to synthesize existing research to assess the overall effectiveness of PBL in enhancing critical thinking skills in medical education.

Methods: A comprehensive literature search was conducted using PubMed, the Cochrane Library, and FMRS databases. Studies included were comparative, involving medical students, with a PBL intervention group and a conventional method control group, and assessed critical thinking skills. Data extraction and quality assessment were performed by two independent reviewers, using the Cochrane Risk of Bias Tool for RCTs and the ROBINS-I tool for non-randomized studies. Meta-analysis was conducted using Review Manager version 5.3, employing random-effect models due to high heterogeneity. Publication bias was assessed using funnel plots, Egger’s regression, and Begg’s test.

Results: Eleven studies involving 14 to 267 students from various countries were included. The aggregated effect size for PBL versus conventional methods showed a significant improvement in critical thinking skills. Comparison of pre- and post-PBL critical thinking scores also indicated significant improvement post-PBL. Publication bias was assessed and found to be minimal.

Conclusion: PBL is significantly more effective than conventional teaching methods in enhancing critical thinking skills among medical students. These findings support the integration of PBL into medical curricula to foster critical thinking skills crucial, which are crucial for clinical practice.
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Introduction

The evolving landscape of medical education demands innovative teaching methodologies to foster critical thinking skills among students, essential for navigating the complexities of clinical practice. Problem-based learning (PBL) has gained prominence as an effective, student-centered approach to developing these skills, particularly in medical education (Alreshidi and Alreshidi, 2023; Manuaba et al., 2022). By engaging students with real-world clinical scenarios, PBL promotes active learning, deeper cognitive processing, and sustained motivation compared to traditional lecture-based approaches (Magdalena et al., 2023).

Critical thinking is essential to medical practice, enabling healthcare professionals to analyze complex information, make informed decisions, and provide high-quality care (Falcó Pegueroles et al., 2021; Khosravizadeh et al., 2022; Papp et al., 2014). The American Philosophical Association defines critical thinking as “purposeful, self-regulatory judgment,” encompassing interpretation, analysis, evaluation, and inference (Dwyer and Walsh, 2020; Wanjari et al., 2020). These cognitive abilities are crucial for medical students, who must navigate increasingly complex clinical settings and provide patient-centered care.

Numerous studies have explored the impact of PBL on critical thinking skills in medical education, yielding inconsistent results. Some research indicates that PBL leads to significant improvements in critical thinking abilities (Deshanty et al., 2023; Sopwan et al., 2018; Tiwari et al., 2006), while other studies suggest minimal or no differences compared to traditional teaching methods (Puranik et al., 2023; Zabit et al., 2016). These inconsistencies highlight the need for a comprehensive systematic review and meta-analysis to assess the overall effectiveness of PBL in enhancing critical thinking skills in medical education.

Prior literature reviews have explored the impact of PBL on critical thinking skills in medical education, but most prior systematic reviews have either focused narrowly on specific subgroups (e.g., nursing students) or lacked a quantitative meta-analytic synthesis. For example, Wei et al. (2024) reported significant improvements in critical thinking among nursing students using PBL, while Manuaba et al. (2022) found no significant differences in first-year medical students. These discrepancies highlight the need for a comprehensive quantitative review across broader health-related disciplines to evaluate the effectiveness of PBL on critical thinking across varied educational contexts.

This study aimed to fill this gap by synthesizing both randomized and non-randomized studies from multiple countries and disciplines, using robust meta-analytic methods. Furthermore, this study explicitly considered various conceptualizations of critical thinking. We adopted the widely accepted framework by Facione (1990), which defines critical thinking as purposeful, self-regulatory judgment, encompassing interpretation, analysis, evaluation, inference, explanation, and metacognition. We also referenced complementary perspectives, such as Ennis’s (1987)) taxonomy of dispositions and abilities, and Paul and Elder’s (2008) model emphasizing intellectual standards. These theories guided both our interpretation of critical thinking and the classification of the measurement tools used in included studies.

This study synthesizes research on the effectiveness of PBL in medical education, focusing on its impact on students’ critical thinking skills. Through a systematic review and meta-analysis, it aims to clarify PBL’s educational outcomes and provide practices recommendations to guide medical curriculum design and improve critical thinking development in diverse student populations.



Materials and methods


Literature search strategy

Data were sourced from PubMed, the Cochrane Library, and the FMRS database. The Foreign Medical Literature Retrieval Service (FMRS), developed by Shenzhen Maitesi Creative Co., Ltd., is a platform for accessing foreign medical information resources. FMRS2020 covers 97% of journals indexed in the SCI database, 90% of journals indexed in EMBASE, and 100% of journals indexed in PubMed.

The same search terms and Boolean operators were applied across all databases to ensure uniformity. Specifically, the following search terms were used uniformly: “Medical*,” “educat*,” “Problem-Based Learning,” “Problem-Based,” “Problem Based Learning,” “Problem Based,” “PBL,” “critical*,” and “think*.”

For PubMed, Cochrane Library, and FMRS, the same Boolean operators were used to combine the search terms across all databases. The only variation in the strategy arose from the different search syntax requirements of each database, but the core search terms and Boolean logic remained unchanged across all of them.

For clarity, the detailed search strategies used for each database are presented in Supplementary Table 1.



Study selection

The studies included met the following criteria for comparative studies: (1) Participants: Medical students engaged in health-related studies. For the purposes of this review, “medical students” were defined broadly to include students enrolled in health-related disciplines such as medicine, nursing, dentistry, speech-language pathology, and medical education: fields in which critical thinking and clinical reasoning are essential components of professional education. (2) Intervention group using problem-based learning (PBL). (3) Control group using conventional method. (4) Outcome measure: Assessment of critical thinking skills. (5) Reported sample size, mean difference, and standard deviation of critical thinking scores. (6) No restriction on publication year and languages. Articles retrieved in languages other than English or Chinese were translated using OpenAI’s ChatGPT (version GPT-4, accessed June 2024) to facilitate review and data extraction. Translations were subsequently checked for consistency and relevance to the study objectives.

Exclusion criteria included: (1) Non-peer-reviewed literature, opinion articles, reviews, and conference abstracts. (2) Not-medical students. (3) Studies without assessment of critical thinking. (4) Duplicated or overlapping data. (5) Studies with serious design flaws or incomplete data.



Data extraction and management

Two reviewers independently extracted data from the included studies using a standardized data extraction protocol. Extracted data included study characteristics (authors, publication year, and country), participant characteristics (sample size and major), PBL descriptions, study design, and critical thinking tools (mean differences and standard deviations from baseline to post-test). Discrepancies were resolved through discussion or with a third reviewer if needed.

To ensure transparency, we implemented a consistent approach for extracting quantitative effect sizes. For each outcome (e.g., critical thinking scores), we extracted either mean differences and standard deviations or standardized mean differences, depending on how the results were reported. In cases where multiple outcomes were reported (e.g., comparisons between PBL-first and LBL-first sequences), we treated each outcome as an independent data point in the meta-analysis to maintain statistical independent. When studies reported multiple cohorts or time points, each was treated as an independent batch to preserve the robustness of the pooled estimates. For studies published in languages other than English or Chinese, we translated relevant full-text content into Chinese using advanced translation tools to ensure accurate data extraction.

To ensure consistency and reduce bias, inter-rater reliability for data extraction and quality assessment was measured using Cohen’s kappa, which showed a high level of agreement (κ = 0.86).



Quality assessment

To assess the quality of the included studies, we employed the Cochrane Risk of Bias Tool (Higgins et al., 2011) for randomized controlled trials (RCTs) and the ROBINS-I tool (Sterne et al., 2016; Thomson et al., 2018) for non-randomized studies of interventions. For the RCTs, the Cochrane Risk of Bias Tool evaluated each study based on criteria such as random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, and selective reporting. For the non-randomized studies, the ROBINS-I tool assessed the risk of bias across several domains, including confounding, participants, intervention classification, deviations from intended interventions, missing data, outcomes measurement, and selection of the reported result.

The results of the quality assessment were integrated into the sensitivity analysis. Specifically, studies rated as having a high risk of bias in two or more domains were excluded in secondary analyses to evaluate the robustness of pooled effect sizes. These results were clearly presented and considered into the interpretation of the meta-analytic results.



Data synthesis and analysis

Heterogeneity was assessed using the I2 statistic. The I2 statistic represents the percentage of variation due to heterogeneity, thereby offering an interpretable estimate of its degree (Hemming et al., 2021). I2 values between 25 and 50% indicate low heterogeneity, 50 to 75% moderate, and over 75% high. An I2 value greater than 50% was treated as evidence of substantial heterogeneity. For low-heterogeneity data, a fixed-effect model was used to aggregate effect sizes. For high-heterogeneity data, a random-effect model was applied.

For studies with independent control group data, we used a between-group comparison approach to assess differences in critical thinking scores between the PBL (problem-based learning) and conventional teaching method groups. In many studies, the conventional teaching method was used before the PBL intervention. Therefore, pre- and post-intervention data were also used to compare critical thinking scores before and after PBL, with the pre-PBL period representing traditional instruction and the post-PBL period representing the intervention. To determine statistical significance, a two-tailed p-value threshold of < 0.05 was set for all analyses.

Where studies reported multiple cohorts, time points, or experimental arms, each was treated as an independent analytical batch in the meta-analysis (see Figures 3, 4 legends).

The analyses mentioned above were conducted using Review Manager version 5.3 (RevMan Cochrane, London, UK).



Publication bias

To ensure the reliability of the meta-analysis results, we assessed potential publication bias using multiple complementary methods, including a funnel plot, Egger’s regression test, and Begg’s test. The funnel plot was generated using Review Manager version 5.3, while Egger’s and Begg’s test were performed using Python-based statistical scripts to evaluate the symmetry of effect sizes and detect potential small-study effects.




Results


Study selection results

We conducted a comprehensive literature search on PBL conducted among medical students, using critical thinking as the primary outcome measure, and identified 11 eligible studies for inclusion (Figure 1).
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FIGURE 1
Flowchart of the studies screening process.




Study characteristics

All 11 included studies were published between 2004 and 2023, involving sample sizes ranging from 14 to 267 participants across several countries: China (n = 4), Korea (n = 1), Iran (n = 2), South Korea (n = 2), Iran (n = 1) and the USA (n = 1). The participants’ academic majors spanned nursing (n = 7), clinical medicine (n = 1), language pathology (n = 1), medical education and medical library information science (n = 1), and dentistry (n = 1). To assess critical thinking, the included studies used a range of validated instruments, including the California Critical Thinking Disposition Inventory (CCTDI, n = 3), California Critical Thinking Skills Test (CCTST, n = 2), Critical Thinking Disposition Inventory (CTDI, n = 2), Clinical Thinking Ability Evaluation Scale (CTAES, n = 1), Critical Thinking Ability Scale for College Students, (CTASCS, n = 1), Concept Map Assessment Profile (CMAP, n = 1), and Oral Triple Jump Assessment (TJA, n = 1). Basic characteristics of the studies included are shown in Table 1. To enhance transparency and comparability, Supplementary Table 2 provides additional study-level details, including participant academic level, intervention duration and format, the dimension of critical thinking assessed (e.g., skills, dispositions, or both), and whether the intervention and control groups were situated in the same instructional environment.


TABLE 1 The basic characteristics of the studies included.
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Risk of bias

Of the 11 included studies, three were randomized controlled trials (RCTs). All RCTs had an unclear risk in at least one domain (Figure 2A), with the most common sources of bias related to inadequate blinding procedures (Figure 2C). The non-randomized studies exhibit varying levels of bias as assessed by the ROBINS-I tool. All of the non-randomized studies had an unclear risk in at least one domain, and approximately 37.5% of the studies presented a high risk of bias in one or two domains (Figure 2B). The primary sources of bias of the non-randomized studies were due to confounding and selection of participants into the study (Figure 2D).
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FIGURE 2
Risk of bias for included studies. (A) Risk of bias summary: each risk of bias item for RTC study. (B) Risk of bias summary: each risk of bias item for non-RTC study. (C) Risk of bias graph: each risk of bias item presented as percentages across all RTC studies. (D) Risk of bias graph: each risk of bias item presented as percentages across all non-RTC studies. Sort by effect size.




Meta-analysis results

For studies comparing critical thinking scores between PBL and conventional method groups, 8 studies were included, resulting in 9 batches of data. Among these, Study Yu et al. (2013) was a crossover-experimental study, which produced 2 independent data batches. Heterogeneity analysis showed high-heterogeneity between PBL and conventional method groups (I2 = 93%), so a random-effect model was used. The aggregated effect size indicated that PBL was significantly more effective than conventional method groups (Mean Difference [MD] = 0.98, 95% Confidence Interval [CI] = 0.19–1.77, P = 0.02) (Figure 3).
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FIGURE 3
The analysis of the critical thinking between PBL and conventional method groups. Some studies [e.g., Yu et al. (2013)] contributed multiple batches to the meta-analysis. Each batch represents an independent comparison based on different experimental rounds: Yu et al. (2013) (PBL + LBL): In the first round of the experiment, Group A received PBL and Group B received LBL. Yu et al. (2013) (LBL + PBL): In the second round of the experiment, Group A received LBL and Group B received PBL.


For analyzing critical thinking scores between pre- and post-PBL, there are 8 studies in total, resulting in 10 batches of data. Among these, study Mok et al. (2014) conducted 3 PBL interventions, resulting in 3 independent data batches. Study Gavgani et al. (2021) conducted PBL interventions for students in 2 different fields: Library and Information Science and Medical Education. Only data from the Medical Education students were included in the meta-analysis, while data from Library and Information Science students were excluded to maintain the focus on medical education contexts. The heterogeneity analysis showed high-heterogeneity between pre- and post-PBL (I2 = 81%), so a random-effects model was employed. The aggregated effect size indicated that post-PBL was significantly better than pre-PBL (Mean Difference [MD] = 1.43, 95% Confidence Interval [CI] = 0.24–2.62, P = 0.02) (Figure 4).
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FIGURE 4
The analysis of the critical thinking between pre- and post-PBL. Some studies [e.g., Mok et al. (2014)] contributed multiple batches. For Mok et al. (2014), all batches refer to the same cohort of students, who were followed over three academic years. Each batch reflects a comparison between pre- and post-PBL outcomes at different time points: Mok et al. (2014) year 1: First year—comparison between pre-PBL (baseline) and post-PBL (after initial intervention). Mok et al. (2014) year 2: Second year—same students, followed up one year later. Mok et al. (2014) year 3: Third year—same students, final follow-up.




Publication bias

For studies comparing critical thinking scores between PBL and conventional method groups, the funnel plot shows that the points are not perfectly symmetrical around the mean MD line, which may indicate potential publication bias upon visual inspection (Figure 5A). However, this asymmetry may also result from methodological heterogeneity or small study effects, rather than true publication bias. We subsequently performed Egger’s Regression Test and Begg’s Test to achieve a more rigorous assessment of publication bias. Specifically, Egger’s Regression Test analyzes the relationship between the effect sizes and their standard errors to detect bias, with no significant results (P > 0.05, Figure 5B), indicating no significant publication bias. Similarly, Begg’s Test, which assesses the correlation between the ranks of effect sizes and their variances, also showed no statistical significance (Kendall’s tau: 0.44, P = 0.12), further suggesting the absence of significant publication bias.
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FIGURE 5
The analysis of publication bias. (A) Funnel plot of comparison: PBL vs. control. (B) Egger regression analysis of comparison: PBL vs. control. (C) Funnel plot of comparison: post-test vs. pre-test. (D) Egger regression analysis of comparison: post-test vs. pre-test.


For analyzing critical thinking scores between pre- and post-PBL, the funnel plot also shows that the points are not perfectly symmetrical around the mean MD line (Figure 5C). Egger’s Regression Test showed no significant results (P > 0.05, Figure 5D). Begg’s Test also showed no statistical significance (Kendall’s tau: −0.16, P = 0.60). These results suggest the absence of significant publication bias.




Discussion

Our study aimed to evaluate the effectiveness of PBL in enhancing critical thinking skills in medical education by synthesizing data from 11 studies involving 14 to 267 medical students from China, Korea, Iran, and the USA. The included student groups spanned different academic years and disciplines, including nursing, clinical medicine, language pathology, medical education, medical library information science, and dentistry, which increases the general applicability of the findings.

Our meta-analysis results demonstrated that PBL significantly improved critical thinking skills in medical students compared to conventional teaching methods, as indicated by the aggregated effect size. Similarly, pre- and post-PBL comparisons also showed significant improvements in critical thinking scores.

The current meta-analysis demonstrated a significant advantage of PBL over traditional teaching methods in enhancing critical thinking. However, substantial heterogeneity was observed across studies (I2 > 80%). This variability likely stems from differences in assessment tools (e.g., skills vs. dispositions), educational context, cultural norms, and PBL implementation fidelity. In addition, several moderator variables were inconsistently reported across studies, such as intervention duration, critical thinking dimensions, and regional differences. For example, the intervention duration varied from 6 weeks to 28 weeks in different studies (e.g., Tiwari et al., 2006 used 28 weeks, while Choi, 2004 and Yu et al., 2013 used 6–16 weeks). The differing dimensions of critical thinking assessed (e.g., total score vs. specific dimensions like systematic thinking or evidence-based thinking) also contributed to variability. Furthermore, studies from different regions, such as China, Korea, Iran, and the USA, may reflect cultural and educational differences that impact the development of critical thinking skills.

Although subgroup analyses could help disentangle these sources of variability—such as differences by region, academic discipline, or outcome measurement—we were unable to perform such analyses due to insufficient and inconsistently reported stratified data. We acknowledge this as a limitation and recommend that future research provide more standardized subgroup-level information to support moderator analysis.

In addition to heterogeneity, potential publication bias was considered. Although the funnel plots showed some visual asymmetry, we interpret this with caution. Such asymmetry may arise from small-study effects, outcome measurement variation, or methodological quality differences, rather than true publication bias. Importantly, Egger’s regression test and Begg’s test revealed no significant bias in either comparison, suggesting that the overall pooled results are robust. Nevertheless, future meta-analyses may benefit from a larger and more evenly distributed sample base to improve the reliability of funnel plot interpretations.

Two other meta-analyses have explored the impact of PBL on critical thinking in medical students compared to traditional lectures. Wei et al. (2024) found that PBL had a greater impact on nursing students’ critical thinking skills, while Manuaba et al. (2022) reported no significant difference between PBL and traditional methods in critical thinking assessments among first-year medical students. In Wei et al. (2024), the PBL intervention was often combined with other teaching methods like simulations, case-based learning, teamwork, concept mapping, and clinical practice. In Manuaba et al.’s (2022) study, the control group included conventional methods like LBL (lecture base learning), tutorial learning, and theory-based discussions. The studies in our research, PBL intervention did not combined with other teaching methods (except LBL), and conventional methods mainly used LBL. The differences in study grouping and research subjects may account for the varying conclusions.

Drawing from educational psychology, PBL promotes critical thinking through several mechanisms: contextual learning encourages knowledge integration, facilitation supports metacognition, and peer collaboration fosters reflective dialog (Schmidt et al., 2007). These features align with social constructivist perspectives, which emphasize that peer interaction fosters critical thinking through shared reasoning and reflection (Gokhale, 1995). However, such benefits may vary across regions—Western students may be more accustomed to discussion-based methods, while in Asian settings, PBL may represent a more novel and impactful shift (Frambach et al., 2012).

Furthermore, several mechanisms may explain why PBL is particularly effective at fostering critical thinking. First, it engages learners in complex, authentic problem-solving, requiring synthesis and judgment. Second, group discussion promotes reasoning, justification, and reflective thinking. Third, PBL encourages learner autonomy through self-directed exploration of knowledge gaps. These mechanisms are supported by empirical findings that show PBL can improve metacognitive awareness and critical thinking dispositions, including truth-seeking and analytical ability (Tiwari et al., 2006; Falcó Pegueroles et al., 2021).

Future studies should explore moderating variables (e.g., cultural context, instructional design), adopt longitudinal or mixed-methods designs, and clarify the alignment between critical thinking/clinical reasoning conceptualization, the PBL learning objectives, and assessment tools. This would help build a more unified understanding of how PBL translates into clinical reasoning and decision-making. Specifically, future research should attempt to use consistent critical thinking assessment tools across studies to perform subgroup analyses, which could reveal how different tools influence PBL outcomes and enhance the reliability and transparency of findings.

Despite these promising findings and theoretical underpinnings, several limitations should be acknowledged. First, some studies did not thoroughly report their randomization methods, which could lead to higher selection bias. Also, the geographical and cultural contexts were relatively limited, potentially affecting the results’ broad applicability. Although multiple assessment tools were used, the psychometric properties and applicability of each tool require further validation.



Conclusion

Overall, PBL as a teaching method shows significant advantages in improving medical students’ critical thinking skills. This supports its continued integration into health professions education. However, given the substantial heterogeneity observed across studies, future research should aim to standardize outcome measures, align critical thinking assessments with clear conceptual frameworks, and improve methodological rigor through randomized, longitudinal, and mixed-methods designs. Additionally, future studies should explore how cultural context, academic discipline, and instructional design influence the effectiveness of PBL, and assess how improvements in critical thinking translate into clinical reasoning and professional practice. These efforts will help refine the implementation of PBL and maximize its impact on curriculum development and student outcomes.
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