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INTRODUCTION

Problem-solving skills are a crucial competence for vocational graduates, particularly in aviation
education, where professionals must respond to complex, technology-driven, and dynamic work
environments (Antonietti et al., 2022). Alongside rapid technological advancement and increasing workplace
complexity, problem-solving skills are now widely recognized as essential for workforce readiness. This
condition is directly relevant to cadets at the Surabaya Aviation Polytechnic, who will encounter operational
contexts characterized by digital systems, procedural rigor, and high safety demands. Therefore, vocational
education institutions must adopt effective learning approaches that prepare cadets to face these challenges.

Problem-Based Learning (PBL) and Project-Based Learning (PJBL) are two instructional models
that have been shown to significantly influence the development of problem-solving skills (Liu et al., 2024;
McGrath & Yamada, 2023). Both models emphasize contextual and authentic learning experiences, allowing
cadets to engage with real-world situations. Studies in vocational education indicate that these approaches
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help learners prepare for increasingly complex and technology-based workplace problems (Magagula &
Awodiji, 2024; Winkler et al., 2021; Yu et al., 2022). For example, research conducted in Taiwan highlights
that vocational education in STEM fields places strong emphasis on problem-solving skills to address the
demands of more complex work environments (Lee et al., 2023).

Within vocational education, PBL and PJBL have also been identified as effective in developing
broader 21st-century skills, including critical thinking, collaboration, and adaptability (Alsmadi et al., 2024;
McGrath & Yamada, 2023; Winkler et al., 2021). PBL focuses on learning through structured engagement
with real-world problems, enabling cadets to identify issues, collect relevant information, and formulate
solutions independently (Moon & Chang, 2024; Satwika et al., 2018). Evidence from other disciplines, such
as pharmacy education, shows that PBL enhances both problem-solving and teamwork skills (Shimomura &
Utsumi, 2025). Similarly, studies in physics and computer education demonstrate that PBL contributes to
improved analytical skills and helps address disparities in learning outcomes, including gender-related gaps
in understanding (Boye & Agyei, 2023; Kanyesigye et al., 2022; Liu & Pasztor, 2022; Ottenbreit-Leftwich et
al., 2021).

In contrast, PJBL emphasizes the integration of theoretical knowledge with practical application
through extended project work, enabling learners to solve problems within realistic and meaningful contexts
(Alexandersen et al., 2025). Its effectiveness has been reported in engineering (Rehman et al., 2024),
biotechnology (Novalia et al., 2025), and social psychology education (Alexandersen et al., 2025;
Dias-Oliveira et al., 2024). Both PBL and PJBL support the development of collaboration, creativity, and
adaptability, which are increasingly necessary in complex and evolving work environments (Liu & Pasztor,
2022; Novalia et al., 2025). Consequently, these models are considered capable of improving learners’
understanding of content while equipping them with relevant and applicable skills for professional practice
(Badia-Valiente & Gil-Castell, 2025).

Although numerous studies have examined the effectiveness of PBL and PJBL in improving
problem-solving and related skills, most existing research investigates these models separately and primarily
in non-aviation vocational or general STEM education contexts (Alsmadi et al., 2024; McGrath & Yamada,
2023; Winkler et al., 2021). Empirical studies that directly compare PBL and PJBL within the same learning
context remain limited, particularly in aviation vocational education. Moreover, despite the complementary
nature of both models, there is a lack of research examining whether a combined implementation of PBL and
PJBL produces greater improvements in problem-solving skills than the application of a single model alone.
This gap is especially critical given the complex, procedural, and technology-intensive characteristics of
aviation training environments.

To address this gap, the present study employs a quasi-experimental design to examine the effects of
PBL, PJBL, and their combination on cadets’ problem-solving skills. A quasi-experimental approach allows
for controlled comparison without random assignment while still ensuring internal validity (Moon & Chang,
2024; Chang et al., 2022; Yan et al., 2024). Data were analyzed using one-way ANOVA to test for differences
among instructional groups (Klos et al., 2021; Fu & Tan, 2024; Winkler et al., 2021; Yu et al., 2022),
followed by Tukey’s HSD post hoc test to identify specific group differences (Mierzwicki et al., 2024; Young
et al., 2023; Agbangba et al., 2024). Normality and homogeneity assumptions were assessed using the
Shapiro—Wilk and Levene’s tests, respectively.

Learning improvement was further evaluated using N-Gain analysis, which measures the degree of
improvement in problem-solving skills across instructional conditions (Christman et al., 2024). Through this
design, the study aims to provide empirical evidence on the relative and combined effectiveness of PBL and
PJBL in aviation vocational education, contributing to the development of more effective instructional
strategies aligned with the demands of an increasingly complex and technology-driven aviation industry
(Alex et al., 2024; Hassan et al., 2024; Yu et al., 2022). The novelty of this research lies in comparing
Problem-Based Learning (PBL), Project-Based Learning (PJBL), and their combination within vocational
aviation education. Unlike previous studies that examine these models separately, this study provides direct
empirical evidence of their relative and combined effectiveness in improving cadets’ problem-solving skills
in a technology-driven and procedural learning context.

METHOD

This study employed a quantitative approach using a quasi-experimental design with a
non-randomized control group. The design involved the use of intact classes and therefore did not include
random assignment of participants. This approach was selected due to institutional constraints while still
allowing for systematic comparison of instructional effects. The primary objective of the study was to
examine the effects of Problem-Based Learning (PBL), Project-Based Learning (PJBL), and a combined
PBL-PJBL approach on the problem-solving skills of cadets at the Surabaya Aviation Polytechnic. Prior to
the implementation of the instructional interventions, a literature study was conducted to identify prevailing
findings, methodological approaches, and limitations in previous research related to PBL and PJBL,
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‘particularly within vocational and technology-oriented education contexts. This review informed the
selection of the learning models and supported the positioning of problem-solving skills as the central
outcome variable of the study.

The research focused on first-year cadets at the Surabaya Aviation Polytechnic, as this cohort was
considered to have relatively similar academic backgrounds and limited prior exposure to aviation-specific
vocational training. This focus was intended to reduce variation in baseline competence and to allow a clearer
examination of instructional effects on problem-solving skills. The population consisted of 100 first-year
cadets, all of whom were included in the study through purposive sampling to ensure relevance to the
research objectives (Carrera et al., 2025).

The sample was divided into four groups, each consisting of 25 cadets: a group taught using the
PBL model, a group taught using the PIBL model, a group taught using a combination of PBL and PJBL, and
a control group that received conventional instruction. Although participants were not randomly assigned, all
groups were drawn from the same cohort level, used identical instruments, and followed the same
instructional timeframe. These procedural controls were intended to minimize baseline differences and
support internal validity within the constraints of a quasi-experimental design. Data were collected using a
self-report questionnaire administered online through Google Forms. The instrument consisted of 24 items
measured on a four-point Likert scale ranging from strongly disagree (1) to strongly agree (4). To reduce
response bias and detect inattentive responding, several negatively worded items were included and
reverse-coded during the scoring process. The questionnaire was administered as a pretest to assess cadets’
initial problem-solving skills and again as a posttest following the completion of the instructional
interventions.

The quality of the research instrument was evaluated through validity and reliability testing prior to
inferential analysis. Item validity was confirmed using corrected item—total correlations and significance
testing, with all items meeting the accepted thresholds. Reliability analysis showed that the PBL instrument
demonstrated very high internal consistency (Cronbach’s alpha = 0.889), while the PJBL instrument
demonstrated acceptable reliability (Cronbach’s alpha = 0.757). These results indicate that the questionnaire
was sufficiently valid and reliable for measuring problem-solving skills, despite its self-report format. All
questionnaire responses were coded numerically and entered into SPSS version 25 for analysis. Negatively
worded items were reverse-coded prior to computing composite scores. Before testing the main hypotheses,
assumption testing was conducted to ensure the suitability of parametric analysis. Normality of the data
distribution was assessed using the Shapiro—Wilk test, while homogeneity of variance across groups was
evaluated using Levene’s test. The results of these tests indicated that the data met the required assumptions
for further analysis.

To examine differences in problem-solving skills across instructional models, a one-way ANOVA
was conducted. This analysis was used to determine whether significant differences existed among the PBL,
PJBL, combined PBL-PJBL, and control groups. When significant effects were identified, Tukey’s HSD post
hoc test was applied to identify specific group differences. In addition, N-Gain analysis was used to measure
the magnitude of improvement in problem-solving skills between the pretest and posttest scores and to
compare the effectiveness of the learning models. Through this analytical approach, the study sought to
provide a clear comparison of the relative and combined effects of PBL and PJBL on cadets’
problem-solving skills within an aviation vocational education context.

Determining the experimental groups

The initial stage of the analysis began with determining the groups to be selected as samples. These
groups consisted of four groups: a group using the PBL model, a group using the PJBL model, a group using
a combination of PBL and PJBL models, and a control group. Each group was then given a pretest using the
same instrument as the posttest. Before administering the posttest, the sample groups first participated in
learning using the established model.

Validity and Reliability Test

Measurements for each variable were taken first. Next, validity testing was applied to each question
to confirm that the instrument measured accurately. Then, reliability testing was conducted to ensure
consistency in the instrument's measurement results.

Assumption Test

Before proceeding with the ANOVA test, the model used must meet several basic assumptions to
ensure the validity of the analysis results. The Wilk-Shapiro test for normality is performed to check whether
the data are normally distributed. Furthermore, a homogeneity test is required to ensure that the variances
between groups are uniform, which is an important assumption in ANOVA analysis.
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N-Gain Test

The N-Gain (Normalized Gain) test is used to measure the extent of improvement in
problem-solving ability between the pretest and posttest. Using a predetermined formula, this test allows
researchers to determine the effectiveness of the learning model in improving cadets' problem-solving skills.
The results of the N-Gain test are used to compare the effectiveness of each learning model applied to each
group, providing a clearer picture of the impact of each model. This study measures improvement in ability
by comparing the difference between the posttest and pretest scores to the difference between the maximum
score and the pretest score. The resulting score reflects the effectiveness of changes in cadet skills during the
testing period.

ANOVA Test

ANOVA (Analysis of Variance) is a statistical technique used to compare the average variance of
more than two groups. ANOVA was used in this study to determine the extent of improvement in
problem-solving ability before and after implementing the PBL and PJBL methods through a one-way
ANOVA test. One-way ANOVA is a one-way analysis used to test the influence of multiple populations on a
test using a single factor. In this study, problem-solving ability was measured at three levels: low, medium,
and high.

The process involves comparing the variation between treatment groups with the variation within
each group. If the calculation results show that the variation between groups is greater than the variation
within groups, then the hypothesis stating that there are no differences between the groups is rejected.
Conversely, if the comparison shows no significant differences, the hypothesis is accepted. If significant
differences are found, further tests are conducted to compare the different groups in more detail. The results
of the ANOVA test in the previous stage were used to identify the effect of each learning model on
problem-solving skills. To determine the most effective learning model, a post-ANOVA test using Tukey's
HSD was conducted to further compare differences between the different groups.

RESULTS AND DISCUSSION
Results
Validity Test

Prior to hypothesis testing, the validity and reliability of the research instrument were examined.
The validity test results presented in Table 1 indicate that all items in both the PBL and PJBL instruments
met the required criteria, with corrected items—total correlation values exceeding 0.30 and significance values
below 0.05. Although several items, such as PBL4 and PBL11, showed relatively lower correlation values,
they remained above the acceptable threshold and were therefore retained. Similarly, all PJBL items were
declared valid despite a small number showing lower correlations.

Table 1. Validity Test PBL and PJBL

Aspects Criteria PBL PJBL
. All items All items
Correlation . .
. r>0.3 valid are valid
with total

(r>0.3) (r>0.3)
All items All items

(Sslfi%m)ﬁcance Sig. <0.05  valid (Sig.  valid (Sig.

g <0.05) <0.05)
PBL4, p

Lower PBLII X:;I?te

correlation  (r=0.429, lowI;r )

in PBL r=10438) correlation

Lower PJBL1, Xssh(ite

correlation PJBL10 - lowir

in PJBL (r<0.3) correlation
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‘Reliability Test

Reliability analysis further confirmed the internal consistency of the instruments. As shown in Table
2, the PBL instrument demonstrated very high reliability, with a Cronbach’s alpha value of 0.889, indicating
excellent consistency in measuring problem-solving skills. The PJBL instrument showed acceptable
reliability with a Cronbach’s alpha of 0.757, which exceeds the minimum threshold of 0.70. These findings
indicate that both instruments were sufficiently reliable for subsequent analysis.

Table 2. Reliability Test PBL and PJBL
Cronbach's Number

Instrument Alpha of Items Conclusion
PBL 0.889 12 Very good
PJBL 0.757 13 Fairly good

Normality Test

Before conducting inferential statistical tests, assumption testing was performed. Normality testing
using the Kolmogorov—Smirnov and Shapiro—Wilk tests (Table 3) showed that all variables had significance
values greater than 0.05, indicating that the data were normally distributed. Homogeneity testing using
Levene’s test (Table 4) revealed that the variance across groups was homogeneous, as all p-values exceeded
0.05. These results confirm that the data met the assumptions required for one-way ANOVA.

Table 3. Normality Test PBL and PJBL
Kolmogorov-Sm  Shapiro-Wilk

Statistics irnova (Sig.) (Sig.)
Mean PBL 0.042 0.932
Mean PJBL 0.066 0.601
Mean_PBL_PJB 0.052 0.724

L

Homogeneity Test

Table 4 shows the results of the homogeneity test for the 4 groups. The test uses Levene's Test,
which shows that the p-value (Sig.) for each group is greater than 0.05, which indicates that the variance
between groups is homogeneous. For the variance of mean PBL, the p-value ranges between 0.275 and
0.407; for mean_PJBL, the p-value ranges between 0.407 and 0.652; and for mean PBL PJBL, the p-value
ranges between 0.275 and 0.340. Thus, the data between groups on each variable can be considered to have
uniform variance.

Table 4. Homogeneity Test PBL and PJBL

Std. Deviation Levene’s Test
Group Mean .
p-value (Sig.)
Mean_PBL PBL 3.3996 0.06142 0.360
PJBL 3.2080 0.06315 0.407
PBL_PJBL_ 3.3789 0.09172 0.275
combination
Control 3.1743 0.08587
Mean_PJBL PBL 3.1898 0.07741 0.407
PJBL 3.3889 0.07711 0.652
PBL_PJBL_ 33814 0.05976 0.444
combination
Control 3.2056 0.07624
Mean PBL PJBL PBL 39.5227 0.46335 0.275
PJBL 39.5833 0.59940 0.340
PBL_PJBL_ 40.5717 0.58673 0.292
combination
Control 38.2771 0.67807
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N-Gain Test

The N-Gain analysis was conducted to examine the magnitude of improvement in problem-solving
skills between the pretest and posttest. As shown in Table 5, both the PBL and PJBL groups experienced
moderate improvement. The PBL group achieved a slightly higher mean N-Gain value (0.3642) compared to
the PJBL group (0.3505). The relatively similar standard deviations suggest that improvement was
consistently distributed across participants. These results indicate that while both instructional models
effectively enhanced problem-solving skills, PBL showed marginally higher efficiency in producing learning
gains when applied as a single method.

Table 5. N-Gain Test PBL and PJBL

Variable N Min. Max. Mean Std. Deviation
NGain PBL 100 0.02 0.57 0.3642 0.11565
NGain PJBL 100 0.04 0.56 0.3505 0.11358

ANOVA Test

To examine differences in problem-solving skill improvement across learning Tmodels, a one-way
ANOVA was conducted. The results presented in Table 6 show that all learning models produced statistically
significant effects. The PBL model yielded an F value of 53.774 (p < 0.001), and the PJBL model yielded an
F value of 55.670 (p < 0.001), indicating that both models significantly improved cadets’ problem-solving
skills compared to baseline conditions. Notably, the combined PBL-PJBL model produced the highest F
value (F = 67.440, p < 0.001), indicating that this instructional approach generated the strongest overall
statistical effect.

Table 6. ANOVA Test

Learning Model Sum of Squares df Mean of Squares F Sig.

PBL 0.983 3 0.328 53.774 0.000
PJBL 0.870 3 0.290 55.670 0.000
PBL and PJBL Combination 70.244 3 23415 67.440 0.000

To complement statistical significance, effect size analysis using eta-squared (n?) was conducted. In
addition to statistical significance, the eta-squared effect size (n?) was used to determine the extent of the
learning model's effect on cadets' problem-solving abilities based on the ANOVA results obtained previously.
The 1? value was calculated using the following formula:

2 _ SSbetween
= T
total

2 70.244 _
N = 0983+0870470244 =0.97

The n? value for the combined PBL-PJBL model was 0.97, indicating a very large effect. This result
suggests that a substantial proportion of the variance in problem-solving skill improvement was associated
with the combined instructional model, reinforcing its statistical dominance over single-method approaches.

Post Hoc with Tukey HSD
Tukey’s HSD Test Result in the PBL. Group

Post hoc comparisons using Tukey’s HSD test were conducted to identify specific group differences.
As shown in Table 7, the PBL group demonstrated significantly higher problem-solving scores than both the
control group and the PJBL group (p < 0.001). However, the difference between the PBL group and the
combined PBL-PJBL group was very small, indicating that while the combined model achieved higher
overall scores, PBL alone performed at a comparable level in practical terms. The Tukey HSD results for the
PJBL group (Table 8) showed that PJBL was significantly more effective than the control group but
significantly less effective than PBL. No statistically meaningful difference was found between PJBL and the
combined PBL-PJBL group, suggesting that PJBL contributes positively when integrated with PBL but is
less effective as a standalone approach. Further analysis of the combined PBL-PJBL group (Table 9)
revealed significant differences compared to all other groups, including PBL, PJBL, and the control group (p
< 0.001). This confirms that the integrated instructional model achieved the highest overall improvement in
problem-solving skills.
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Table 7. Tukey's HSD PBL Group
Group Comparison Mean Difference Sig.
PBL vs Control 0.22532% 0.000
PBL vs PIBL 0.19164%* 0.000
PBL vs PBL and PJBL Combination  0.02073 0.000
97038
360 963
_ 340
E
£
pbl pibl pbl+pjbl kontrol
kelompok

Figure. 1. Boxplot PBL Group

In Figure 1. PBL boxplot, it can be seen that the PBL group has the highest average of 3.40,
although there are several outliers with values of 67 and 38. The PJBL group has an average of 3.20, with
outliers at values 63 and 70. The combination of PBL and PJBL groups. The combination of PBL and PJBL
groups In Figure 1. PBL boxplot, it can be seen that the PBL group has the highest average of 3.40, although
there are several outliers with values of 67 and 38. The PJBL group has an average of 3.20, with outliers at
values 63 and 70. The combination of PBL and PJBL groups.

Tukey’s HSD Test Result in the PJBL Group

Table 8 shows a significant difference between PJBL and PBL, with PBL proving more effective in
improving problem-solving skills than PJBL. Furthermore, the comparison between the two groups also
showed a significant difference, with PJBL being more effective in improving problem-solving skills than the
group not receiving the learning intervention. However, no significant difference was found between PJBL
and the combination of PBL and PJBL, indicating that both learning models provided nearly equal skill
improvement.

Table 8. Tukey's HSD PJBL Group

Group Comparison Mean Difference Sig.
PJBL vs PBL -0.19912* 0.000
PJIBL vs Control 0.18333* 0.000
PJBL Vs PBL and PJBL -0.00750 0.980
Combination
Pxp < 0.005
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Figure. 2. Boxplot PJBL Group

Figure 2, a PIBL boxplot, shows that the PBL group had the highest average score of 3.19, with a
narrow distribution. The PJBL group had an average of 3.39, although there was one outlier at 38. The
combination of PBL and PJBL groups showed an average of 3.38, which was higher than both PBL and the
Control group. Meanwhile, the Control group had an average of 3.21, with an outlier at 63.

Tukey’s HSD Test Result in the PBL and PJBL Combination Group

Table 9 shows a significant difference between the combination of PBL with PJBL and the control
group, indicating that the combination of PBL with PJBL was more effective in improving problem-solving
skills compared to the control group. Furthermore, a significant difference was also found between the
combination of PBL with PJBL and PBL. The combination of PBL with PJBL proved more effective in
improving skills than PBL alone. Finally, between the combination of PBL with PJBL and PJBL, there was a

significant difference, indicating that the combination of PBL with PJBL was more effective than PJBL
alone.

Table 9. Tukey's HSD PBL and PJBL Combination Group

Group Comparison Mean Difference Sig.
PBL and PJBL Combination vs 1.04564% 0.000
Control
PBL and PJBL Combination vs PBL 1.04894* 0.000
PBL and PJBL Combination vs PJBL 0.98833 0.000
p < 0.005
._6‘1 4000
g
£
pbl pjbl pbl+pjbl kontrol

kelompok

Figure. 3. Boxplot PBL and PJBL Combination Group
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Figure 3 shows a boxplot of the combination of PBL with PJBL, showing that the PBL group had an
average of 39.52, although there was one outlier at 38. The PJBL group had an average of 39.58, with an
outlier at 63. The combination of PBL with the PJBL group had the highest average, at 40.57, with one
outlier at 70. Meanwhile, the control group had an average of 38.28, with an outlier at 57.

DISCUSSION

The findings of this study indicate that the combined learning outcomes of the PBL and PJBL
methods yielded superior results compared to either single-method implementation or the control class. This
result can be understood as the effect of integrating two complementary learning processes. In this
integration, PBL plays a central role in developing analytical and conceptual problem-solving skills, while
PJBL supports the application of those analytical skills through structured task completion and project
execution. The combination allows cadets not only to understand problems theoretically but also to
operationalize solutions in practice, which is essential in vocational education contexts.

Although the combined PBL-PJBL model produced the strongest overall outcomes, analysis of the
single-method implementations indicates that PBL is superior to PJBL in improving problem-solving skills.
This advantage can be explained by the specific characteristics of aviation vocational education. Aviation
tasks are inherently time-critical, high-risk, and decision-intensive, requiring rapid situational assessment and
strict adherence to standard operating procedures. In aviation practice, problems frequently arise related to
aircraft systems, departure and arrival processes, safety management, flight risks, and passenger-related
issues. These conditions demand immediate decision-making and analytical reasoning rather than prolonged
procedural execution. PBL exposes cadets to realistic and frequently occurring problem scenarios, enabling
them to simulate the cognitive demands they will encounter in real operational settings and to practice
making justified decisions under pressure.

Cadets who received PBL demonstrated significantly stronger problem-solving performance
because the PBL approach encourages engagement with open-ended and ill-structured problems. Through
problem-based assignments, cadets are required to identify relevant information, evaluate alternative
solutions, and justify their decisions independently, which increases their cognitive involvement in the
learning process. This finding is consistent with previous research indicating that PBL enhances engagement
and problem-solving performance by requiring learners to actively construct knowledge rather than follow
predetermined procedures (Gao et al., 2022). The need to engage in independent learning beyond classroom
sessions further increases cognitive load, which in turn promotes deeper understanding and greater
responsibility for mastering key concepts.

The educational context of cadets at the Surabaya Aviation Polytechnic also contributes to the
observed differences between PBL and PJBL. Cadets live in a dormitory-based environment characterized by
dense schedules, repetitive institutional activities, and a strong emphasis on discipline. Under such
conditions, learning approaches that require extended time frames and intensive coordination—such as
PJBL—can be less flexible when implemented independently. PJBL relies heavily on hands-on project
completion and adherence to fixed procedural steps, which may reduce opportunities for rapid
decision-making and spontaneous analytical reasoning. As a result, PIBL as a single method may place
greater demands on time and logistical coordination without proportionally increasing problem-solving
intensity.

Nevertheless, when PBL and PJBL are combined, their respective strengths compensate for these
limitations. The analytical reasoning fostered through PBL is reinforced by the applied practice emphasized
in PJBL, allowing cadets to connect theoretical problem analysis with practical implementation. This
integration not only enhances problem-solving skills but also improves communication between cadets and
instructors, as conceptual reasoning is translated into observable project outcomes. Through repeated
exposure to both problem analysis and task execution, cadets develop more comprehensive competencies that
align with professional demands in aviation.

The effectiveness of the combined PBL and PJBL approach in improving problem-solving skills and
learner engagement is consistent with previous studies reporting that integrated instructional models
outperform single-method approaches, and that PBL tends to yield stronger outcomes than PJBL when
applied independently (Fang et al., 2026; Pimdee et al., 2024). In the context of aviation vocational
education, where cognitive flexibility, rapid decision-making, and operational accuracy are essential, the
combination of PBL and PJBL represents a pedagogically sound strategy for preparing cadets to face
real-world professional challenges.
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CONCLUSION

The study concludes that the integrated PBL-PJBL model is the most effective in improving cadets’
problem-solving skills compared to single methods or control classes. Tukey HSD results show that, as a
single method, PBL is more effective than PJBL, though their combination provides more comprehensive
learning benefits. These findings highlight the importance of selecting appropriate learning models in
aviation vocational education. However, the study is limited to first-year cadets and relies on self-reported
questionnaires, which may introduce bias. It is recommended that curricula integrate PBL-PJBL, supported
by lecturer training and coordination to design real-world, aviation-based problem-solving learning for more
applicable and contextual outcomes.
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