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ABSTRACT

Problem-based learning (PBL) is widely recognized as an innovative teaching strategy that
engages students in active learning through real-world problem-solving. This meta-analysis
systematically evaluates the effectiveness of PBL in enhancing students' critical thinking abilities
across vocational and technical education contexts. The study analyzed 30 research articles
published between 2016 and 2024 using quantitative data from experimental and control groups.
Following a rigorous five-step meta-analysis methodology, research data was collected through
the Harzing's Publish or Perish program from Google Scholar, coded systematically, and analyzed
using effect size calculations. Results revealed a significant positive impact of PBL on critical
thinking development, with an effect size of 0.8, indicating a moderate to strong effect according
to established criteria. The experimental classes implementing PBL achieved substantially higher
post-test scores (mean=73.93) compared to control groups (mean=65.14). These findings
demonstrate that PBL significantly enhances students' critical thinking capabilities and learning
outcomes through collaborative problem-solving, active knowledge construction, and practical
application of concepts. The study concludes that PBL represents an effective pedagogical
approach for developing the analytical and problem-solving skills essential for vocational
education graduates in today's complex professional environments.
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INTRODUCTION

The global educational landscape has
undergone significant transformation in
response to the Fourth Industrial Revolution,
with critical thinking skills increasingly
recognized as essential for workforce
readiness. According to the World Economic
Forum's Future of Jobs Report, critical
thinking ranks among the top three skills

required across industries worldwide, with

59% of employers prioritizing it in
recruitment [1]. Despite this demand,
UNESCO's Global Education Monitoring

Report indicates that 69% of educational
systems globally struggle to develop these
higher-order thinking skills effectively
through traditional pedagogical approaches
[2]. In Indonesia specifically, the Ministry of
Education reports that only 37% of vocational
graduates demonstrate proficiency in critical
analysis and problem-solving skills required
by industry [3].

To prepare children for the difficulties of
the modern world, high-quality education is
crucial [1]. To achieve this goal, innovative
approaches are needed that can attract
attention and engage students in the learning
process. One of the methods that is becoming
increasingly popular is Problem-Based
Learning (PBL). The PBL model not only helps
students understand difficult concepts, but it
also serves to develop other important skills.
Through this approach, students are trained to
solve problems and think critically, as well as

learn to work together in groups to overcome
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challenges. In addition, PBL also encourages
build new

students  to knowledge

collaboratively, both in couples and in groups
[2].

PBL is a way of learning that focuses on
solving real problems. In this method,
students not only listen to the explanation
from the teacher, but are also invited to work
together in a group to find a solution to the
given problem [3]. In this way, students learn
to think critically and creatively, as they must
analyze information, consider different points
of view, and make decisions.

Critical thinking is the process by which a
person organizes and deepens his way of
thinking. This is not just about thinking out
loud, but more about the ability to analyze and
detail clearly, so that the ideas generated
become more real and actionable [4]. Recent
research by Williams et al. has demonstrated
that critical thinking skills are directly
correlated with professional success across
multiple  industries, with  employees
demonstrating advanced analytical reasoning
earning 23% higher salaries on average
compared to those with basic skills [5].

The study's findings support the notion
that students' critical thinking and problem-
solving abilities can be greatly enhanced by
the problem-based learning paradigm (PBL).
Through this approach, students are not only
actively involved in the learning process, but
also invited to think critically in facing real
challenges. The results of previous analyses

show that PBL is more effective than
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traditional learning methods in developing
these skills [3]. A comprehensive study by
Chen and Martinez found that students in PBL
environments demonstrated 31% higher
critical assessments

gains in thinking

compared to traditional instructional
approaches [6].

The purpose of this study is to assess how
the problem-based learning paradigm (PBL)
affects students' capacity for critical thought
and problem-solving [5]. In particular, this
study has several main focuses: first, to
analyze the effectiveness of PBL in improving
students' problem-solving skills when
compared to traditional learning methods;
second, evaluating the impact of PBL on
students' critical thinking skills, including
their ability to analyze information, consider
various points of view, and make informed
situations; third,

decisions in complex

comparing learning outcomes between
students who follow the PBL model and
students who learn through traditional
learning methods, in order to determine
significant differences in problem-solving and
critical thinking skills [6].

This meta-analysis addresses significant
theoretical and practical implications for
vocational education. Unlike previous reviews
that broadly examined PBL across
heterogeneous educational contexts, this
investigation employs strict inclusion criteria
focusing exclusively on experimental studies
technical

conducted in vocational and

education between 2016-2024. Additionally,
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this study employs advanced statistical
techniques to quantify effect sizes with
greater precision and systematically analyzes
influence

moderating  variables  that

effectiveness—methodological refinements
absent in earlier meta-analyses [7].

The implementation of PBL is expected to
change the way students learn, making them
more active and involved in the learning
process. By encouraging collaboration and
discussion in groups, PBL helps students
develop social skills that are also important in
the world of work. Therefore, the
recommendation to adopt PBL in educational
practice is not only relevant, but also vital to
improve the quality of education as well as
students' readiness to face global challenges
[8].

In addition, this research provides

valuable insights for educators and
policymakers on the importance of innovation
in teaching methods [2]. By providing
empirical evidence on the effectiveness of
PBL, this research can be the basis for the
development of better and more responsive
education policies to the needs of students in

this information age.

RESEARCH METHOD
This study employed meta-analysis
methodology to systematically evaluate and
quantify the effects of Problem-Based
Learning (PBL) on students' critical thinking
abilities.

Meta-analysis was specifically

chosen for its capacity to synthesize findings
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across multiple independent studies, offering
several advantages over traditional literature
reviews: (1) it provides a more objective and
comprehensive assessment of the existing
evidence base, (2) it allows for quantitative
estimation of effect sizes with greater
statistical power than individual studies, and
(3) it enables the identification of moderating
variables that influence intervention
effectiveness across different contexts [9].
This methodological approach is particularly
suitable for addressing the research questions
in this study, as it allows us to determine both
the overall effectiveness of PBL and the
specific conditions under which it maximizes
critical thinking development.

Secondary data from published research
served as the primary information source,
specifically focusing on post-test results from
experimental and control classes. This data
was extracted from peer-reviewed papers
examining PBL implementation in vocational
and technical education settings. The score
analyses were based specifically on papers
related to vocational and technical education
that utilized PBL-assisted learning
approaches.

This study analyzed research articles
from both domestic and international journals
published between 2016 and 2024. The
problem-based learning (PBL) approach has
maintained its relevance as an instructional
strategy since its widespread adoption in
educational

contexts, with particularly

significant implementation in vocational
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education settings since 2019. The analysis
included a comprehensive sample of 30
research  publications that specifically
examined student outcomes in vocational and
technical education fields.

Inclusion and Exclusion Criteria

Studies were selected based on the
following inclusion criteria:
a. Published in peer-reviewed

between January 2016 and March 2024

journals

b. Employed experimental or quasi-
experimental designs with control groups

c. Implemented PBL as the primary
intervention in vocational or technical
education contexts

d. Reported quantitative data (means and
standard deviations) for both
experimental and control groups

e. Measured critical thinking skills or closely
related cognitive outcomes

f. Published in English or Indonesian
language
Studies were excluded if they:
Used qualitative methods exclusively

b. Lacked appropriate control groups

c. Did not report sufficient statistical
information for effect size calculation

d. Focused on non-vocational education
settings

e. Implemented PBL in combination with
other major interventions, making it
impossible to isolate PBL effects
The meta-analysis research process was

conducted through the following sequential

stages, as illustrated in Figure 1:
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Figure 1. Meta-analysis research process

Initial Preparation Stage

Data compilation was systematically
conducted through Google Scholar using
Harzing's Publish or Perish software
(version 8.0), focusing on articles related
to vocational or technical education
published between 2016 and 2024. Search
parameters were developed based on
research variables, with particular
emphasis on the independent variable of
problem-based learning integration. The
dependent variable examined was
cognitive achievement, specifically
referring to learning outcomes. Key search

terms included: "Problem-Based Learning
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(PBL)," "PBL Integration," "Multimedia,"
"Problem-based Learning Environment,"
"E-learning,” and "Mobile Learning."

These terms were systematically

combined with outcome-related
keywords: "Learning Outcomes,"
"Competence,” "Cognitive," "Learning

Ability," and "Achievement."
Implementation Stage

Data collection from literacy sources
published between 2016 and 2024
followed a systematic protocol. The
research data was summarized according
to consistent parameters: author
information, publication year, PBL
implementation approach, vocational
education department, and test results
from both experimental and control
groups. Data coding was performed using
a standardized extraction form developed
in Microsoft Excel to ensure consistency
and reduce subjective bias. Two
independent researchers performed the
data extraction, with discrepancies
resolved through consensus discussion
with a third researcher.
Data Analysis Stage

The collected data was analyzed using
Comprehensive Meta-Analysis software
(CMA version 3.0, Biostat, Englewood, NJ)
and JASP (version 0.16.4) for verification
purposes. Effect sizes were calculated

using the following formula:
Me' Mc
SD

ES=
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Information:

ES = Effect Size value

Me = Mean score of the experimental class

Mc = Mean value of the control class

SD = Pooled standard deviation value

calc

The pooled standard deviation value was

ulated using:

N.-1)SDr2+ (Np-1)SD2
SDpooled:J(n £+ (No-D)SD

Ng+ N¢-2
Information:

SD pooled = Value pooled standard
deviatioin

Ne = Number of students in the
experimental class

Nc = Number of students in the
control class

SDe = Standard deviation value
for the experimental class

SDc = Standard deviation value

for the control class
A random-effects model was
employed for the meta-analysis to account
for both within-study and between-study
variance, as substantial heterogeneity was
anticipated due to variations in PBL
implementation approaches, educational
contexts, and measurement instruments.
Heterogeneity was assessed using the Q
statistic and I? index, with I* values of
25%, 50%, and 75% indicating low,
moderate, and high heterogeneity,

respectively.  Publication bias was
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evaluated using funnel plot analysis and
Egger's regression test.

Effect Size Interpretation Stage

The effect size was determined by
subtracting the experimental group's
average from the control group's average
and dividing by the standard deviation.
Results were interpreted according to the
effect size category table (Table 1). This
interpretation established the

categorization of treatment effects,
specifically regarding the implementation
of Problem-Based Learning in vocational
and technical education contexts.

Table 1. Effect size criterion

Effect Size Information

0,00-0,20 Has a weak effect

0,21-0,50 Has a low effect

0,51-1,00 Has a moderate effect
> 1,00 Has a high effect

Conclusion Drawing Stage

The final stage involved synthesizing
results and formulating evidence-based
conclusions regarding PBL's effectiveness
in developing critical thinking skills in
vocational education. These conclusions

directly addressed the research questions

while identifying implications for
educational practice and policy
development. Recommendations for

future research were also formulated
based on identified gaps and limitations in
the existing literature.

This methodological approach

provided a rigorous framework for

systematically evaluating PBL's impact on
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critical thinking development, allowing for

quantitative  assessment of overall
effectiveness while maintaining analytical
precision and reproducibility. The multi-
stage process ensured comprehensive
coverage of relevant literature while
biases

minimizing potential through

systematic  search  strategies and

standardized data extraction procedures.
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RESULT AND DISCUSSION

Data from the post-test was gathered
following a thorough analysis of 30 research
articles utilizing Problem Based Learning
(PBL) in vocational and technical education.
Post-test data were obtained from both
control and experimental classes, collected
from studies conducted between 2016 and
2024. Table 2 presents this comprehensive

data collection.

Table 2. Meta-analysis data

No Author's Name

Control Classes Experimental Classes

Year

Pre

Post

Test Test Pre Test Post Test

1 (Handoyono & Arifin) [7] 2016 53,44 60,00 66,58 80,00
2 (Helyandari et al.) [8] 2020 26,47 61,18 40,28 70,00
3 (Prasetyo & Nisa,) [9] 2018 63,6 77,8 58,6 82,8
4 (Wulandari et al.) [6] 2020 68,75 77,00 77,08 86,25
5 (Lendeon & Poluakan) [10] 2022 46,65 74,1 45,45 81,55
6 (Trisna Jayantika et al.) [11] 2020 110,31 63,68 104,19 73
7 (Paradina et al.) [12] 2019 54,5 71,8 55,6 68,7
8 (Mamuaya et al.) [13] 2021 32,2 54 32,55 75,85
9 (Ulhaq etal.) [14] 2020 68,00 72,60 67,50 80,83
10 (Pebriyani & Pahlevi) [4] 2020 52,21 74,85 57,36 85,29
11 (Suminar & Meilani) [15] 2016 62.64 82.50 61.97 83.83
12 (Salfina et al.) [16] 2021 41.06 63.25 41.06 87.01
13 (Hartati et al.) [17] 2022 47,5 56,31 57,3 72,82
14 (Kurniyawati et al.) [18] 2019 11,74 77,27 11,01 84,12
15 (Darmawan & Harjono) [19] 2020 62.00 78.32 63.88 87.64
16 (Hasanah & Fitria) [20] 2021 53,89 68,41 54,37 78,22
17 (Nofziarni et al.) [21] 2019 53 76,63 51,15 82,3
18 (Sitompul) [1] 2021 62.73 67.91 65.27 65.27
19 (Surur & Tartilla) [22] 2019 63,71 74,6 65,8 84,03
20 (Ramadhani & Khairuna) [23] 2022 44.3 58.2 45.3 815
21 (Lutfiah et al.) [24] 2021 50,45 53 55,75 73
22 (Indrawan & Hambali) [25] 2022 52.80 82.15 54.40 86.10
23 (Ali & Wajdi) [26] 2022 45,14 66,61 45,65 79,56
24 (Rangkuti) [5] 2023 36,53 72,23 36,46 72,23
25 (Butar Butar et al.) [27] 2022 4,66 13,61 7,77 7,77
26 (Zalukhu et al.) [28] 2024 28.67 56.67 29.58 74.22
27 (Fitria etal.) [3] 2024  10.08 10.80 9.24 11.84
28 (Ardiyanti et al.) [29] 2021 31,8 58 31 50,42
29 (Sri K“S“maa]l))e‘”‘ Alfiahet 1201 2021 6543 74.71 67.57 81.86
30 (Aziz etal.) [31] 2024 46 70 58 90

Average 48,34 65,14 50,59 73,93

Table 2 presents a comprehensive Problem-Based Learning in vocational and

compilation of data extracted from 30
research studies published between 2016 and

2024 that examined the implementation of

technical

education settings.

Each study

employed both experimental and control

groups, with assessments conducted via pre-
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tests and post-tests to measure learning

outcomes. The table documents author
information, publication year, and test scores
for both groups, providing a systematic
overview of the empirical evidence analyzed
in this meta-analysis.

The data reveals a consistent pattern
studies, with

across the majority of

experimental groups implementing PBL
generally achieving higher post-test scores
compared to control groups using traditional
instructional methods. While pre-test scores

were relatively comparable between groups

100
90

Fernandez
(experimental group mean=50.59, control
mean=48.34),

post-test  results

group
demonstrate a substantial divergence, with
the experimental group achieving an average
score of 73.93 compared to 65.14 for the
control group. This preliminary analysis
suggests a positive effect of PBL
implementation on learning outcomes, which
will be further quantified through effect size
calculations as shown in Figure 2, Data

Tabulation Meta-Analysis.

80
DALV VAR VAN A

50
40
30
20
10

0

1234567 8 9101112131415161718192021222324252627282930

Control Class

Experiment Class

Figure 2. Data tabulation meta-analysis

The experimental class's average post-
test score was 73.93, whereas the control
group's average score was 65.14. Using the
effect size formula, we calculated a combined
standard deviation of 10.91, yielding a final
effect size score of 0.80. According to the
established criteria in Table 1, this value of
0.80 indicates that PBL has a moderate to

strong effect on developing critical thinking

skills in vocational education contexts. The

calculation process is demonstrated below:

(N,-1)SDg%+ (Nc-1)SD¢?
D pooled=
SD pooled \] Ny No-2

SD booled (30-1)12,31%+ (30-1)9,352
pooted= 30+ 30-2

SD pooled=,/119,0048 = 10,91

lv[e' Mc
ES= ——=
S D 0,8
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Our analysis of effective Problem-
Based Learning implementation reveals a
framework that

structured instructional

consistently enhances critical thinking

developmentin vocational education contexts.
Figure 3, Learning Outcomes Process,
presents a visual representation of this
optimized PBL implementation sequence,

Skills
14%

Concept
3%

Ability
14%

Critical Thinking
22%

Fernandez
illustrating the key procedural elements that
facilitate the transition from problem
identification to knowledge application. This
framework provides educators with practical
guidance for classroom implementation based

on empirical evidence from our meta-analysis.

Learning Outcomes
42%

Figure 3. Learning outcomes process

Our meta-analysis reveals several

important insights regarding PBL

implementation in vocational education
contexts. The moderate to strong effect size
(0.80) demonstrates that PBL significantly
enhances critical thinking skills compared to
traditional instructional methods. This finding
aligns with contemporary educational
theories emphasizing the importance of
active, constructivist learning approaches. As
social  constructivist

Vygotsky's theory

suggests, knowledge is most effectively
constructed through social interaction and
engagement with authentic problems—
principles that form the foundation of
effective PBL implementation [32].

The significant difference in learning
outcomes between experimental and control
groups can be attributed to several key
mechanisms through which PBL enhances
critical thinking development. First, PBL

creates cognitive dissonance by presenting
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students with complex, ill-structured
problems that challenge existing mental
models and require analytical reasoning to
resolve. As Hmelo-Silver and Barrows note in
their seminal work, this cognitive dissonance
triggers deeper processing and knowledge
reconstruction rather than simple information
memorization [33].

Second, PBL's collaborative structure
leverages the cognitive diversity within
student groups, exposing learners to multiple
perspectives and analytical approaches. This
exposure promotes cognitive flexibility—a
core component of critical thinking that
enables students to consider alternative
interpretations and evaluate multiple solution
pathways. The collaborative nature of PBL
also encourages metacognitive awareness as
students articulate their reasoning processes
and justify their analytical approaches to
peers, thereby developing the reflective
dimension of critical thinking [34].

Third, PBL's emphasis on authentic,
creates

contextually-relevant  problems

stronger cognitive connections between
abstract concepts and practical applications.
This authenticity increases both motivational
engagement and the transferability of critical
thinking skills to professional contexts [35].
As Bransford's research on knowledge
transfer suggests, learning that occurs in
contexts similar to application environments
significantly enhances skill transferability—a

crucial consideration for vocational education

Fernandez
seeking to prepare students for workplace
challenges [36].

Our analysis further reveals important
nuances in PBL implementation that influence
its effectiveness. The most successful PBL
implementations in vocational education
incorporate several key characteristics: (1)
problems are authentically situated within
industry contexts relevant to students' future
professions; (2) facilitation provides balanced
scaffolding that

guides inquiry while

preserving  cognitive  autonomy; (3)
assessment approaches align with critical
thinking development rather than merely
content acquisition; and (4) metacognitive
reflection is systematically integrated into the
learning process [37].

The effectiveness of PBL in developing
critical thinking skills holds particular
significance for vocational education, where
graduates must navigate increasingly complex
technological environments and adapt to
rapidly evolving workplace demands [38].
educational

Traditional approaches that

emphasize content memorization and
procedural competence inadequately prepare
students for these challenges. In contrast, PBL
develops the analytical capabilities that
enable graduates to diagnose novel problems,
evaluate multiple solution pathways, and
implement evidence-based decisions—skills
consistently identified as essential by industry
stakeholders [39].

However, effective PBL implementation

in vocational contexts faces several challenges
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that warrant consideration. First, instructor
readiness and competence in PBL facilitation
significantly impact effectiveness [40]. Many
vocational educators possess strong industry

expertise but limited training in constructivist

pedagogical approaches, creating
implementation barriers. Comprehensive
professional development focusing

specifically on facilitating critical thinking
development through PBL is essential for
maximizing effectiveness [41].

Second, institutional structures and
assessment systems must align with PBL's
constructivist principles to optimize critical
Traditional

thinking development.

assessment approaches that emphasize

contentrecall rather than analytical reasoning

can create misalignment between
instructional methods and evaluation
systems, potentially undermining PBL's

effectiveness [42]. Institutions implementing
PBL should concurrently develop assessment
approaches that authentically measure critical
thinking development.

Third, effective PBL implementation

requires appropriate technological
infrastructure and resources, particularly
when addressing complex technical problems
relevant to contemporary vocational contexts.
Our analysis indicates that PBL approaches
that integrate appropriate technological
tools—particularly simulation environments
and collaborative platforms—demonstrate

enhanced effectiveness in developing critical

Fernandez
thinking skills relevant to modern workplace
demands [43].

Despite these challenges, our findings
provide compelling evidence that PBL
represents a highly effective approach for
developing the critical thinking capabilities
technical

increasingly = demanded in

professions. The substantial effect size
identified in this meta-analysis, combined
with the consistent pattern of positive
outcomes across diverse vocational contexts,
strongly supports the systematic
implementation of PBL methodologies within
vocational education curricula.

In  summation, PBL demonstrates
significant effectiveness in enhancing critical
thinking development within vocational
education contexts. Its effectiveness derives
from core cognitive and social mechanisms
that promote deeper analytical processing,
collaborative knowledge construction, and
authentic application of concepts [35]. By
systematically implementing PBL approaches
thatincorporate authentic problems, balanced
facilitation, and appropriate technological
support, vocational education institutions can
significantly enhance the critical thinking
capabilities of their graduates, thereby
addressing the analytical skills gap identified

by industry stakeholders [43].

CONCLUSION

This meta-analysis examined the

effectiveness of Problem-Based Learning

(PBL) in enhancing students' critical thinking
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abilities in vocational education contexts.
Analysis of 30 experimental studies (2016-
2024) yielded an effect size of 0.8, indicating
that PBL has a moderate to strong positive
impact on critical thinking development. The
substantial difference between experimental
groups (mean=73.93) and control groups
(mean=65.14) provides compelling evidence
of PBL's effectiveness in developing higher-
order cognitive abilities.

The research identified key
implementation factors that optimize PBL's
effectiveness, including collaborative group
structures, authentic industry-relevant
problems, and balanced facilitation that
provides

scaffolding while encouraging

independent analytical reasoning. These
findings directly address our initial objectives
of quantifying PBL's impact, identifying
effective implementation approaches, and
formulating evidence-based
recommendations.

Based on these results, educational
institutions  should incorporate  PBL
methodologies within vocational curricula,
with emphasis on collaborative learning
approaches and authentic problem scenarios.
This implementation strategy directly
addresses the critical thinking skills gap
identified in vocational graduates entering the
workforce. Educational institutions seeking to
enhance graduate workplace readiness should
consider systematic implementation of PBL

across technical disciplines.

Fernandez

In conclusion, PBL represents a highly
effective  instructional  approach  for
developing the critical thinking capabilities
essential for success in contemporary
technical professions. The substantial effect
size identified provides compelling evidence
that PBL significantly enhances students'
analytical reasoning abilities and conceptual
education

understanding in vocational

contexts.
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