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ABSTRAK 

Problem-Based Learning (PBL) sesuai untuk pendidikan teknik karena mengorganisasi 

pembelajaran melalui masalah autentik dan penalaran diagnostik. Penelitian ini menguji apakah PBL 

berkaitan dengan kompetensi akhir cooling system yang lebih tinggi pada pembelajaran diesel engine 

alat berat serta apakah keunggulan tersebut tercermin pada peningkatan skor yang lebih besar atau 

pada capaian akhir. Desain quasi-experimental pretest-posttest melibatkan 61 siswa kelas XI Teknik 

Alat Berat (PBL, n = 32; kontrol, n = 29). Analisis meliputi statistik deskriptif, uji berpasangan, 

perbandingan Welch, normalized gain, effect size, analisis sensitivitas non-parametrik, dan 

ANCOVA dengan standard error robust HC3. Kedua kelompok meningkat secara substansial (PBL: 

50,00 ± 9,84 menjadi 89,06 ± 6,02; kontrol: 45,69 ± 8,53 menjadi 84,83 ± 8,40; keduanya p < 0,001), 

sedangkan raw gain hampir identik (39,06 vs. 39,14; p = 0,979). Kelompok PBL memperoleh skor 

post-test lebih tinggi (selisih = 4,23 poin; 95% CI 0,44–8,03; Hedges’ g = 0,58), dan selisih setelah 

penyesuaian baseline tetap 3,98 poin (HC3 p = 0,048). Dengan demikian, PBL berkaitan dengan 

capaian akhir yang lebih tinggi, bukan peningkatan absolut yang lebih besar. Evaluasi pedagogi 

vokasi perlu membedakan perubahan skor dari tingkat kompetensi akhir. 

Kata Kunci: problem-based learning; pendidikan vokasi; cooling system; diesel engine; capaian  

Kompetensi 
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ABSTRACT 

Problem-Based Learning (PBL) is suited to technical education because it organizes learning 

around authentic problems and diagnostic reasoning. This study examined whether PBL was 

associated with higher final cooling-system competency in heavy-duty diesel engine learning and 

whether any advantage reflected larger learning gain or higher endpoint attainment. A quasi-

experimental pretest-posttest design involved 61 Grade XI Heavy Equipment Engineering students 

(PBL, n = 32; control, n = 29). Descriptive statistics, paired tests, Welch comparisons, normalized 

gain, effect sizes, non-parametric sensitivity analyses, and ANCOVA with HC3 robust standard 

errors were applied. Both groups improved substantially (PBL: 50.00 ± 9.84 to 89.06 ± 6.02; 

control: 45.69 ± 8.53 to 84.83 ± 8.40; both p < 0.001), while raw gains were virtually identical 

(39.06 vs. 39.14; p = 0.979). The PBL group nevertheless achieved a higher post-test score 

(difference = 4.23 points, 95% CI 0.44–8.03; Hedges’ g = 0.58), and the baseline-adjusted difference 

remained 3.98 points (HC3 p = 0.048). PBL was therefore associated with higher final attainment, 

not a larger absolute gain. Evaluating vocational pedagogy through both change and endpoint 

performance provides a more precise interpretation of instructional effects in intact-class designs. 

Keywords: problem-based learning; vocational education; cooling system; diesel engine; 

competency attainment 

 

INTRODUCTION 

Technical and vocational education is expected to develop more than declarative knowledge. In 

occupational domains such as heavy-equipment maintenance, students must learn to interpret technical 

systems, connect symptoms with underlying causes, reason across interacting components, and select 

actions that are defensible in relation to the evidence available. Cooling-system learning within a heavy-

duty diesel engine course illustrates this challenge. A learner may be able to name a radiator, thermostat, 

water pump, cooling fan, coolant passage, and pressure cap while still being unable to reason through 

overheating, abnormal coolant circulation, pressure loss, or heat-transfer problems as an integrated 

system. For this reason, a meaningful learning outcome in this domain should reflect the ability to 

organize technical knowledge around functional relationships rather than isolated facts. 

Problem-Based Learning (PBL) is conceptually compatible with this type of learning requirement. 

In a PBL environment, a problem is not merely an exercise placed at the end of a lesson; it structures the 

learning process itself. Students are expected to identify what is known, determine what needs to be 

understood, investigate relevant information, propose explanations, test the coherence of those 

explanations, and justify a solution. In a technical context, this sequence resembles the reasoning 

expected during fault diagnosis. The educational attraction of PBL therefore lies in the possibility that 

students learn the cooling system as a network of causes, functions, and observable consequences instead 

of as a collection of components that must be memorized separately. 

Engineering-education research supports movement from transmission toward problem-centered 

learning, but PBL is not a uniform intervention. A review of 108 studies documented implementation at 

project, course, cross-course, and curriculum levels, with recurring student, instructor, institutional, and 

cultural challenges (Chen et al., 2021). Reviews and framework studies likewise emphasize student 

readiness, teacher preparation, curriculum alignment, assessment, and institutional support when shifting 

from lectures to PBL (Das, 2026; Devika, Siddapuram, Kaur, & Bollampally, 2024; Patnawar, 2023). 

PBL is therefore better treated as a structured pedagogy whose effects depend on implementation quality. 

This view is consistent with practice-based engineering frameworks centered on authentic professional 
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activity and assessment alignment (Mann et al., 2021), and with cooperative PBL evidence showing 

positive acceptance alongside workload and assessment challenges (Alaloul & Qureshi, 2022). 

Empirical studies across engineering disciplines provide a plausible basis for expecting PBL to 

influence higher-order learning, although outcomes vary by context and measure. In-home laboratory 

PBL was associated with improved performance, motivation, and self-efficacy, while a freshman 

engineering case reported gains in performance, teamwork, and engagement (Ariza, 2022; Naik et al., 

2024). Biomedical and circuit-theory studies respectively linked PBL with confidence in higher-order 

tasks and improved critical-thinking disposition (Long et al., 2022; She-Ping et al., 2023). Electrical and 

civil engineering studies also report positive student experiences and workable implementation in 

demanding courses (Katageri & Raikar, 2022; Naveh et al., 2022; Tan & Shen, 2022). Technical-

education and antennas-course studies further report improved autonomous work and stronger academic 

or program outcomes (Bilbao et al., 2024; Devika, Siddapuram, Kaur, & Kondala Rao, 2024). 

Nevertheless, the claim that a pedagogical approach is “effective” requires a precise empirical 

definition. A common approach in classroom research is to compare pre-test and post-test scores and 

interpret a significant increase after instruction as evidence that the treatment worked. This logic is 

incomplete when a control group also receives instruction. Students in both groups are expected to 

improve because both participate in learning activities, encounter the subject matter, and complete the 

instructional period. A statistically significant pre-to-post change in the experimental group therefore 

establishes that learning occurred, but it does not establish that the experimental method produced a 

larger improvement than the alternative condition. The effect attributable to the instructional model must 

be isolated through an explicit between-group comparison. 

This distinction becomes especially important in a pretest-posttest design using intact classes. If 

the groups do not start at exactly the same level, a direct comparison of final scores can reflect both 

baseline differences and instructional effects. Conversely, a comparison based only on raw gain can 

obscure meaningful differences when the outcome scale has an upper bound. Students who begin at a 

higher level have less numerical room to improve before reaching the maximum score, so the same 

absolute gain can represent a different proportion of the improvement that was available. A rigorous 

analysis therefore benefits from examining multiple estimands: baseline status, post-test status, raw 

change, normalized change, and baseline-adjusted final performance. 

The dataset used in the present study makes this analytical problem visible. It contains pre-test and 

post-test scores for two Grade XI Heavy Equipment Engineering classes studying the cooling system 

within the Diesel Engine Alat Berat subject. The records identify XI TAB 1 as the experimental group 

and XI TAB 2 as the control group, and they identify PBL as the learning model associated with the 

experimental condition. The experimental class contains 32 students, whereas the control class contains 

29 students. All observed assessment scores are available for both time points. 

At baseline, the PBL group had an average score of 50.00 and the control group an average of 

45.69. The difference of approximately 4.31 points was not statistically significant under a conventional 

two-sided Welch test at the 0.05 level, but it was large enough to matter analytically. The experimental 

group therefore entered the study with a somewhat higher observed level of performance. At post-test, 

both groups improved markedly, and both distributions shifted upward. The key question is not whether 

learning occurred, because the dataset clearly shows that it did. The key question is how the patterns of 
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improvement and final attainment differ between the PBL and control conditions after the starting 

position of each group is considered. 

Problem-centered learning is particularly relevant to vocational education, where knowledge must 

support job-related action. TVET studies position PBL among pedagogical principles that connect 

theory, active participation, and workplace learning, while stressing teacher development and 

institutional support (Okolie et al., 2021; Okolie et al., 2023). Problem-based blended learning and 

integrated inquiry-PBL designs have shown favorable effectiveness or learning-outcome patterns in 

vocational settings (Maksum et al., 2023; Rafiq et al., 2023). Task-based problem scenarios are 

positively associated with practical skills in vocational electrical technology, and quasi-experimental 

STEM-PBL evidence shows improved problem-solving ability among higher-vocational engineering 

students (Orji, 2025; Wang & Somasundram, 2025). Automotive-vocational studies also link PBL-e-

learning integration with academic performance, workplace competencies, perceived value, satisfaction, 

engagement, and motivation (Maksum et al., 2025; Wagino et al., 2025; Wulansari et al., 2024). 

Mechanically oriented studies are especially pertinent because they require reasoning about 

interacting physical systems. A PBL intervention in turbomachinery improved higher-order outcomes 

and performance consistency, while integrated PBL in mechanical vibration improved technical and 

sustainability competencies (Bin Mamat, 2026; Zhao et al., 2026). In mechanical education, PBL 

combined with example-based learning supported technical and non-technical skills, and a brake-system 

course used real problems to connect component function with practical interpretation (Morales et al., 

2026; Sanchez-Gomez, 2022). Industrial-engineering studies report benefits from PBL combined with 

project work, flipped instruction, or Industry 4.0 activities, although these are multi-component 

interventions (Farooq & Jang, 2026; Gómez-Coma et al., 2023; Jeyanathan et al., 2026; Rodriguez-

Sanchez et al., 2024). Continuing engineering education in manufacturing likewise positions PBL as a 

route from evolving technical knowledge to industrial practice (Andersen & Rösiö, 2023). 

Despite the breadth of PBL research across engineering and vocational education, direct evidence 

remains sparse for component-level heavy-equipment learning in which students must reason about an 

integrated thermal-mechanical system. The literature spans civil, electrical, chemical, biomedical, 

manufacturing, and broader TVET contexts, but it rarely distinguishes a larger pretest-to-posttest gain 

from a higher final level of attainment after baseline performance is considered. That distinction is 

consequential in intact-class studies because both experimental and comparison groups can improve 

substantially during ordinary instruction. The empirical gap addressed here is therefore not the generic 

question of whether PBL can raise test scores, but whether the PBL condition is associated with superior 

final cooling-system attainment once general learning gains and baseline differences are separated 

analytically. 

This study therefore treats instructional effectiveness as a two-dimensional outcome: displacement 

from baseline and destination at the end of instruction. The distinction is not semantic. In a bounded 

competency scale, two groups can display comparable numerical movement while differing in the level 

of performance ultimately reached. Framing the analysis around both estimands makes the contribution 

more specific to vocational education, where the educational question is not only whether students 

improve, but whether they finish close to the level of technical understanding expected for reliable 

diagnostic work. 
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The present study was guided by the hypothesis that students in the PBL group would demonstrate 

higher final cooling-system competency assessment scores than students in the control group after 

baseline performance was taken into account. A secondary analytical objective was to determine whether 

any post-test advantage was accompanied by a larger raw pre-to-post gain. These objectives intentionally 

distinguish final attainment from change because the two quantities answer different educational 

questions. Gain asks how far a student moved from the starting point. Final attainment asks where the 

student ended after instruction. In vocational education, the second question may be particularly 

consequential because occupational readiness depends on reaching an adequate level of technical 

understanding, not merely on improving relative to a low baseline. 

The study therefore contributes an argument that is both pedagogical and methodological. 

Pedagogically, it examines PBL in the focused context of cooling-system learning within heavy-duty 

diesel engine education. Methodologically, it demonstrates why evidence for an instructional advantage 

should not be inferred from within-group significance alone. The analysis combines descriptive 

statistics, within-group change tests, between-group comparisons, effect sizes, normalized gain, and 

analysis of covariance (ANCOVA). Because the post-test distributions are bounded and show unequal 

group variances, robust and non-parametric sensitivity analyses are also considered. This layered 

approach is intended to produce an interpretation that follows the actual structure of the data rather than 

forcing the results into a predetermined narrative. 

Accordingly, the article addresses three questions. First, to what extent did cooling-system 

assessment scores increase from pre-test to post-test within the PBL and control groups? Second, did the 

groups differ in raw gain and final post-test performance? Third, did the difference in final performance 

remain after adjustment for baseline score? The central expectation was that PBL would be associated 

with a higher final level of attainment, while the magnitude of raw gain was treated as an empirical 

question rather than assumed to be larger in advance. 

The resulting argument is deliberately conservative. A quasi-experimental classroom dataset 

cannot, by itself, establish that all observed differences were caused exclusively by PBL. Intact classes 

may differ in characteristics that are not represented in the score file, and the instructional record 

available for analysis does not provide the detail needed to isolate every component of the teaching 

process. The study therefore focuses on what can be established directly from the observed scores: the 

size and distribution of learning changes, the contrast between groups, and the persistence of the post-

test difference after statistical adjustment for baseline performance. This approach allows the manuscript 

to make a defensible contribution while retaining an appropriate boundary between empirical evidence 

and pedagogical interpretation. 

 

METHOD 

Study design and educational context 

The study used a two-group pretest-posttest comparison based on classroom assessment records 

from Grade XI Heavy Equipment Engineering students. The learning context was the Diesel Engine Alat 

Berat subject, with the instructional content focused on the cooling system. The dataset identifies two 

intact classes. XI TAB 1 was coded as the experimental group and associated with Problem-Based 

Learning, whereas XI TAB 2 was coded as the control group. Because the available records describe 
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pre-existing classes rather than individual random assignment, the analysis was treated as quasi-

experimental. 

The use of a pretest-posttest structure was important for two reasons. First, it allowed the amount 

of change within each class to be quantified. Second, the pre-test provided a baseline covariate that could 

be used to determine whether a difference in post-test performance persisted after accounting for initial 

score variation. The design therefore supported complementary estimands rather than relying on a single 

comparison. 

Participants and analytic sample 

The score file contained 61 students with complete pre-test and post-test observations. The 

experimental/PBL class included 32 students and the control class included 29 students. No student-level 

observations were missing within the analyzed score ranges. Student names were not used in the 

statistical analysis or in the reporting of results; each record was treated only as a paired set of pre-test 

and post-test scores with a group label. 

The experimental group’s pre-test scores ranged from 35 to 65, and its post-test scores ranged from 

80 to 100. The control group’s pre-test scores ranged from 35 to 60, and its post-test scores ranged from 

75 to 95. Scores were recorded on a 0-100 scale in five-point increments in the supplied dataset. Because 

the available file contained total scores rather than item-level responses, the analysis evaluates observed 

assessment attainment and does not estimate internal-consistency reliability, item difficulty, 

discrimination, or latent proficiency. 

Assessment instrument and scoring 

Pre-test and post-test performance was recorded as a total cooling-system assessment score on a 

0–100 scale. Every observed total occurred in five-point increments, yielding 20 equal score intervals 

across the scale. The available research records contain total scores but not the original test blueprint, 

item-level responses, or scoring rubric; therefore, the item format and item count cannot be verified from 

the supplied documentation. The five-point spacing is consequently treated as a property of the recorded 

scoring scale rather than assumed to represent a specific 20-item multiple-choice or rubric-based 

instrument. 

Instructional condition 

The instructional record identifies Problem-Based Learning as the learning model for the 

experimental condition. Within the analytical framework of this study, the group variable therefore 

distinguishes students taught in the class identified as the PBL experimental group from students in the 

class identified as the control group. The score file does not encode session-by-session implementation 

features, fidelity measures, teacher behaviors, problem scenarios, or the specific instructional sequence 

used in the control class. Consequently, the statistical analysis estimates the difference between the 

observed classroom conditions as implemented, rather than the isolated effect of any single PBL 

component. 

This distinction is important for interpretation. The experimental contrast is an instructional-

condition contrast at the class level. It is not a laboratory manipulation in which every exposure other 

than PBL was held constant. The conclusions are therefore framed in terms of association with the PBL 

condition and baseline-adjusted differences in final attainment. 
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Outcome variable and derived measures 

The primary observed outcome was the post-test score for cooling-system learning. The 

corresponding pre-test score was used as an indicator of baseline performance. Three derived measures 

were calculated. 

First, raw gain was defined for each student as: 

Gain = Post-test score - Pre-test score. 

Second, individual normalized gain was calculated as: 

Normalized gain = (Post-test score - Pre-test score) / (100 - Pre-test score). 

This metric expresses the observed improvement as a proportion of the maximum numerical 

improvement still available to the student at baseline. Because no student had a pre-test score of 100, the 

denominator was non-zero for all records. 

Third, baseline-adjusted post-test means were estimated from an ANCOVA model with post-test 

score as the dependent variable, group as the categorical predictor, and pre-test score as the covariate. 

Adjusted means were evaluated at the grand mean pre-test score across the complete sample. 

Statistical analysis 

The analysis was conducted in sequential layers. Descriptive statistics were first calculated for pre-

test, post-test, raw gain, and normalized gain. Means and standard deviations were used to summarize 

central tendency and dispersion, while medians, interquartile ranges, and ranges were examined to 

characterize the bounded and discrete score distributions. 

Within-group change was tested using paired-samples t tests. The standardized magnitude of 

paired change was summarized using Cohen’s dz, calculated as the mean paired difference divided by 

the standard deviation of the paired differences. Because several score distributions departed from 

normality, Wilcoxon signed-rank tests were also calculated as sensitivity analyses for the within-group 

comparisons. 

Between-group comparisons of pre-test score, post-test score, raw gain, and individual normalized 

gain were performed using Welch’s independent-samples t test. Welch’s procedure was selected because 

it does not assume equal variances and is therefore preferable when group dispersions differ. For each 

comparison, the mean difference was defined as PBL minus Control, and a 95% confidence interval was 

calculated using the Welch-Satterthwaite degrees of freedom. Between-group standardized differences 

were summarized using Hedges’ g, which applies a small-sample correction to the pooled standardized 

mean difference. Mann-Whitney U tests were used as non-parametric sensitivity analyses. 

To evaluate the primary hypothesis while accounting for baseline differences, an ANCOVA model 

was fitted: 

Post-test = intercept + group + pre-test + error. 

The assumption of homogeneous regression slopes was examined by fitting an interaction model 

including pre-test × group. A non-significant interaction was interpreted as evidence that a common 

baseline-post-test slope was a reasonable working approximation. Because the post-test variance differed 

between groups, heteroscedasticity-consistent HC3 standard errors were used for the primary 

coefficient-level inference from the ANCOVA model. Conventional type-II ANCOVA results and 

partial eta squared were also reported to describe the proportion of residual outcome variation 

attributable to group after adjustment for baseline. 
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Distributional assumptions were inspected using Shapiro-Wilk tests and variance homogeneity 

using a median-centered Levene test. These diagnostics were not used mechanically to accept or reject 

the analysis; rather, they informed the choice to present Welch, robust, and non-parametric results 

together. Statistical tests were two-sided with alpha set at 0.05. Given the modest sample size and the 

bounded five-point score increments, emphasis was placed on effect estimates, confidence intervals, and 

consistency across analytical approaches rather than on p values alone. 

Because instructional condition was assigned at the intact-class level and only one class 

represented each condition, the design contains no independent class-level replication from which to 

estimate between-class variance or a cluster-robust treatment effect. The reported student-level 

inferential statistics are therefore interpreted as contrasts between the two observed classroom 

conditions, not as class-replicated causal estimates of PBL. 

Analytical logic 

The inferential sequence was designed to prevent three common interpretive errors. The first is 

equating a significant pre-to-post increase in the experimental group with superiority over the control 

group. The second is interpreting a higher post-test mean without checking whether it can be explained 

by baseline imbalance. The third is assuming that raw gain and final attainment are interchangeable 

indicators of instructional effectiveness. 

The analysis therefore asked progressively narrower questions. Paired tests established whether 

each group changed. Welch tests then established whether the groups differed in their observed endpoints 

and changes. Finally, ANCOVA assessed whether the post-test difference remained after accounting for 

baseline score. The normalized-gain analysis was supplementary and was used to examine improvement 

relative to the numerical room available on the 0-100 scale. This hierarchy of analyses supports an 

interpretation in which each statistical result answers a specific educational question. 

RESULTS AND DISCUSSION 

Descriptive pattern of pre-test and post-test scores 

The full dataset consisted of 61 complete paired observations, with 32 students in the PBL group 

and 29 in the control group. Descriptive statistics are presented in Table 1. The PBL group entered the 

study with a mean pre-test score of 50.00 (SD = 9.84), compared with 45.69 (SD = 8.53) in the control 

group. The corresponding medians were 50 and 45. The experimental group therefore had a 4.31-point 

higher baseline mean. 

Table 1. Descriptive statistics for cooling-system assessment scores by instructional group. 

Group n 
Pre-test 

Mean ± SD 

Pre-test 

Median 

[IQR] 

Post-test 

Mean ± SD 

Post-test 

Median 

[IQR] 

Raw gain 

Mean ± SD 

Group-

level 

normalized 

gain 

Control 29 45.69 ± 8.53 45 [40–50] 84.83 ± 8.40 85 [75–95] 
39.14 ± 

11.81 
0.721 

PBL 32 50.00 ± 9.84 50 [40–60] 89.06 ± 6.02 90 [85–90] 
39.06 ± 

10.81 
0.781 

Note. PBL = Problem-Based Learning; IQR = interquartile range. Group-level normalized gain = (post-

test mean − pre-test mean)/(100 − pre-test mean). 
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Fig. 1. Distributions of pre-test and post-test cooling-system assessment scores. Points represent 

students; diamonds indicate group means, thick vertical segments indicate interquartile ranges, and 

horizontal bars indicate medians. 

At post-test, both groups shifted to substantially higher score ranges. The PBL group achieved a 

mean of 89.06 (SD = 6.02; median = 90; range = 80-100), whereas the control group achieved a mean 

of 84.83 (SD = 8.40; median = 85; range = 75-95). The raw post-test difference was therefore 4.23 points 

in favor of the PBL group. Fig. 1 shows the score distributions and makes two features visible: the large 

upward shift from pre-test to post-test in both groups and the tighter post-test distribution in the PBL 

group. 

The difference in dispersion at post-test was notable. The PBL standard deviation decreased from 

9.84 at baseline to 6.02 at post-test, whereas the control-group standard deviation remained 

approximately unchanged from 8.53 to 8.40. The post-test Levene test was significant (p = 0.0039), 

indicating unequal variances between groups. This result justified the use of Welch’s between-group 

tests and heteroscedasticity-robust standard errors in the baseline-adjusted analysis. 

Within-group learning changes 

Both groups exhibited strong pre-to-post improvement. The control group increased by an average 

of 39.14 points (SD of the paired gain = 11.81; 95% CI 34.65 to 43.63). The paired-samples test yielded 

t(28) = 17.85, p < 0.001. The standardized paired effect was dz = 3.31. The Wilcoxon signed-rank 

sensitivity test also showed a clear upward shift (p < 0.001). 

The PBL group increased by an average of 39.06 points (SD of the paired gain = 10.81; 95% CI 

35.17 to 42.96). The paired-samples test yielded t(31) = 20.44, p < 0.001, with a standardized paired 

effect of dz = 3.61. The Wilcoxon signed-rank result was also significant (p < 0.001). Fig. 2 plots 
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individual trajectories. Every trajectory moves upward from pre-test to post-test, confirming that the 

improvement was not produced by a small subset of extreme observations. 

 
Fig. 2. Individual pre-test to post-test trajectories by instructional group. Thin lines represent individual 

students; thick lines connect group means. 

These within-group results establish that substantial learning occurred under both observed 

instructional conditions. They do not, however, establish that the PBL group improved more than the 

control group. That question requires a direct comparison of the change scores. 

Baseline comparison and raw post-test difference 

The baseline difference between groups was 4.31 points in favor of the PBL group. Welch’s t test 

yielded t = 1.83 with approximately 58.89 degrees of freedom, p = 0.072, and a 95% confidence interval 

from -0.40 to 9.02 points. The corresponding Hedges’ g was 0.46. The Mann-Whitney sensitivity test 

produced p = 0.088. These results do not provide conventional statistical evidence of a baseline 

difference at alpha = 0.05, but the effect estimate is large enough that baseline should not be ignored in 

a quasi-experimental comparison. 

For the post-test, the PBL group exceeded the control group by 4.23 points. Welch’s t test yielded 

t = 2.24 with approximately 50.28 degrees of freedom, p = 0.029, with a 95% confidence interval from 

0.44 to 8.03 points. The standardized between-group effect was Hedges’ g = 0.58. The non-parametric 

Mann-Whitney test was less decisive (p = 0.065), reflecting the coarse five-point increments, bounded 

scale, and clustering of post-test scores at high values. The raw mean comparison therefore favors the 

PBL group, but the inferential strength is sensitive to analytical form. 

Raw gain and normalized gain 

The most striking result was the near identity of the average raw gain. The PBL group improved 

by 39.06 points and the control group by 39.14 points, a difference of -0.08 points when calculated as 
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PBL minus Control. Welch’s test produced t = -0.03, p = 0.979, with a 95% confidence interval from -

5.90 to 5.75 points. Hedges’ g was effectively zero (-0.007). The Mann-Whitney test similarly indicated 

no meaningful difference in the distribution of raw gain (p = 0.854). 

Thus, the data do not support an interpretation in which PBL generated a larger absolute increase 

in test score. Both groups gained almost exactly the same number of points on average. 

Normalized gain provided a complementary view. At the group-mean level, normalized gain was 

0.781 for the PBL group and 0.721 for the control group. When normalized gain was calculated 

individually and compared between groups, the PBL mean exceeded the control mean by approximately 

0.059. Welch’s test yielded p = 0.145, with a 95% confidence interval from -0.021 to 0.139 and Hedges’ 

g = 0.38. Therefore, although the normalized-gain point estimate favored PBL, the sample did not 

provide sufficiently precise evidence to conclude that normalized gain differed between the groups. 

Baseline-adjusted final attainment 

Because the PBL group began approximately 4.31 points higher, the primary analysis adjusted 

post-test scores for baseline performance. In the ANCOVA model, the estimated group coefficient was 

3.98 points in favor of PBL after pre-test score was included as a covariate. Conventional ANCOVA 

yielded F(1, 58) = 4.29, p = 0.043, with partial eta squared = 0.069. When HC3 heteroscedasticity-robust 

standard errors were used, the PBL coefficient remained positive and statistically detectable: 3.98 points, 

95% CI 0.03 to 7.92, p = 0.048. 

At the sample grand mean pre-test score of 47.95, the estimated adjusted post-test mean was 88.94 

for PBL and 84.96 for Control. The adjusted difference was therefore essentially four points. The pre-

test × group interaction was not significant, F = 0.073, p = 0.788, providing no evidence that the baseline-

post-test association required different regression slopes for the two groups. Fig. 3 displays the observed 

pre-test and post-test relationship by group. 
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Fig. 3. Relationship between pre-test and post-test scores by group. Lines show group-specific ordinary 

least-squares trends for visualization; the inferential group comparison is based on ANCOVA with 

baseline adjustment. 

The baseline covariate itself was weak in the fitted model (coefficient approximately 0.06, p > 

0.50), indicating that within the restricted pre-test range represented in this dataset, higher baseline scores 

were not strongly associated with higher post-test scores after group membership was considered. This 

weak relationship is consistent with the substantial upward convergence of students toward high post-

test values. 

Integrated interpretation of the statistical evidence 

Fig. 4 summarizes the central effect estimates on the original score-point scale. At baseline, the 

PBL group was 4.31 points higher, although the confidence interval included zero. The raw post-test 

difference was 4.23 points and its Welch confidence interval excluded zero. After baseline adjustment, 

the estimated difference remained 3.98 points; the robust confidence interval barely excluded zero. By 

contrast, the raw gain difference was essentially zero. 

 
Fig. 4. Group effect estimates on the original 0–100 score scale. Positive values favor PBL. Error bars 

show 95% confidence intervals; the adjusted post-test estimate uses HC3 robust standard errors. 

Table 2. Inferential comparison of pre-test, post-test, change, and baseline-adjusted outcomes. 

Comparison Estimate 95% CI Test statistic p Effect size 

Baseline: PBL − 

Control 
+4.31 −0.40 to 9.02 Welch t(58.89)=1.83 .072 Hedges’ g=0.46 

Control: Post − Pre +39.14 34.65 to 43.63 Paired t(28)=17.85 <.001 dz=3.31 

PBL: Post − Pre +39.06 35.17 to 42.96 Paired t(31)=20.44 <.001 dz=3.61 

Post-test: PBL − 

Control 
+4.23 0.44 to 8.03 Welch t(50.28)=2.24 .029 Hedges’ g=0.58 
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Raw gain: PBL − 

Control 
−0.08 −5.90 to 5.75 

Welch 

t(56.99)=−0.03 
.979 

Hedges’ 

g=−0.01 

Individual n-gain: PBL 

− Control 
+0.059 −0.021 to 0.139 Welch t(55.79)=1.48 .145 Hedges’ g=0.38 

Adjusted post-test: 

PBL − Control 
+3.98 0.03 to 7.92 HC3 t(58)=2.02 .048 ηp²=0.069* 

Note. All between-group estimates are PBL minus Control. HC3 = heteroscedasticity-consistent standard 

error. *Partial eta squared is from the conventional type-II ANCOVA (F(1,58)=4.29, p=.043). 

Taken together, these results establish a pattern that cannot be captured by a single “improvement” 

statistic. Both groups improved greatly. The PBL group did not improve by more raw points. 

Nevertheless, the PBL group finished at a higher average level, and an approximately four-point 

advantage remained after baseline adjustment. The evidence for this endpoint advantage is positive but 

should be characterized as modest in precision because the sample is small, the post-test distribution is 

bounded and heteroscedastic, and the non-parametric post-test comparison did not cross the conventional 

0.05 threshold. 

Accordingly, the most defensible interpretation is not that PBL caused a larger learning gain. 

Rather, the observed PBL condition was associated with higher final cooling-system assessment 

attainment. The distinction is important because it directs the substantive discussion toward endpoint 

competency, scale constraints, and the educational meaning of reaching a higher final level rather than 

toward an unsupported claim of greater raw improvement. 

Principal finding 

The study produced a clear but nuanced result. Students in both the PBL and control groups learned 

substantially during the instructional period, as shown by average pre-to-post increases of approximately 

39 points in each group. There was essentially no between-group difference in raw gain. At the same 

time, the PBL group achieved a higher final score, and the estimated difference remained close to four 

points after pre-test performance was controlled. The main contribution of the study therefore lies in 

distinguishing two questions that are often collapsed into one: how much students improved and what 

level of competency they ultimately attained. 

The baseline-adjusted endpoint difference was modest (3.98 points) and should not be interpreted 

as a dramatic pedagogical effect, particularly because its robust confidence interval was close to the null 

boundary. Nevertheless, because this difference remained after baseline adjustment while the raw-gain 

contrast was essentially zero, the findings support a narrower claim of higher final attainment associated 

with PBL rather than a larger learning gain. 

This distinction matters because a treatment can be associated with a higher final level without 

producing a larger raw change. In the present data, the PBL group began somewhat higher and ended 

somewhat higher, while both groups moved upward by nearly the same absolute amount. A simplistic 

interpretation of the paired tests would conclude that each condition was highly effective. A simplistic 

interpretation of raw gain would conclude that PBL offered no advantage. A simplistic interpretation of 

post-test means alone would conclude that PBL was superior. None of these isolated statements 

adequately represents the data. The combined evidence indicates strong general learning in both classes 

and a smaller, baseline-adjusted endpoint advantage associated with the PBL class. 
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Learning gain versus competency attainment 

The difference between gain and attainment is particularly relevant to bounded educational scores. 

Raw gain is easy to interpret because it is expressed in the original score units, but it is affected by the 

student’s starting position and by the upper limit of the scale. A student who begins at 60 can gain at 

most 40 points on a 100-point test, whereas a student who begins at 35 can gain 65 points. When groups 

have different baseline means, identical raw gains do not necessarily imply identical learning efficiency 

relative to the available score range. 

The group-level normalized gain was 0.781 for PBL and 0.721 for Control, suggesting that the 

PBL group converted a somewhat larger share of its available improvement into observed post-test 

performance. However, the individual normalized-gain comparison was not statistically decisive. This 

finding should prevent the normalized-gain metric from being used as a substitute for the primary result. 

Instead, it helps explain why identical raw gains can coexist with different final scores. 

The endpoint perspective may be educationally meaningful in vocational instruction. Occupational 

learning is often threshold-oriented in practice: students eventually need to demonstrate a sufficiently 

developed understanding to interpret a system, diagnose a fault, or perform a procedure correctly. A 

learner who improves substantially but remains below the level required for reliable performance may 

still require additional instruction. Conversely, reaching a high final level may be important even if the 

numerical gain is similar to that of another learner who started lower. The current dataset does not contain 

a validated mastery threshold, so no pass/fail inference is made. Nevertheless, the distinction between 

change and endpoint level remains conceptually relevant. 

Why PBL could plausibly support final attainment 

The observed pattern is compatible with the instructional logic of PBL, although the score data 

alone cannot establish a mechanism. Cooling-system problems are inherently relational. Overheating, 

insufficient heat rejection, abnormal coolant flow, pressure loss, thermostat malfunction, fan problems, 

or circulation failure cannot be understood reliably through isolated component recall. Diagnosis 

requires the learner to integrate component function, system sequence, operating conditions, symptoms, 

and evidence. 

A problem-centered learning environment can potentially organize this knowledge around causal 

structures. Students confronted with a realistic technical problem must determine which observations 

matter, identify possible explanations, compare alternatives, and justify a course of action. Such activity 

may support the formation of integrated mental models in which a component is understood through its 

contribution to system behavior. If this occurs, the benefit may become visible in final task performance 

even when raw score gain is not dramatically larger. 

Several mechanisms make the endpoint advantage plausible without implying that the present 

dataset identifies them. Engineering students in systemic PBL describe learner agency through team 

dynamism, peer support, self-directed learning, project management, and career effort (Lyngdorf et al., 

2023), while longitudinal evidence shows increasing use of metacognitive and self-directed strategies in 

a PBL curriculum (Marra et al., 2022). PBL teamwork also involves complementary competence, team 

culture, conflict management, and shared situational awareness (Boelt et al., 2023). Real-life problems 

can support engineering competence beliefs and professional identity (Chen et al., 2022), while 

facilitation and cooperative interaction support engagement and group performance (Čubela et al., 2023; 

Havenga & Swart, 2022). Vocationally oriented PBL has additionally been associated with deeper 

https://doi.org/10.1080/03043797.2023.2233427
https://doi.org/10.1080/03043797.2023.2233427
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https://www.ijee.ie/1atestissues/Vol38-2/21_ijee4181.pdf
https://doi.org/10.3390/educsci13121223
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understanding of problem solving, professional knowledge, and employability potential (Miliou et al., 

2022). 

However, this explanation remains an interpretation rather than a directly observed causal pathway 

in the present study. The dataset contains scores and group labels but does not include process measures 

such as student dialogue, diagnostic reasoning sequences, engagement, time on task, quality of problem 

representation, or fidelity of PBL implementation. The study therefore cannot determine whether the 

final-score difference arose from collaborative reasoning, increased engagement, contextualized 

practice, teacher facilitation, peer explanation, or another feature of the classroom condition. Future work 

should measure these processes explicitly if the mechanism of PBL is a central research objective. 

The importance of the control group 

One of the strongest lessons from the data is the importance of retaining the control group in the 

interpretation. The PBL group’s pre-to-post improvement is statistically very large. If the analysis had 

included only that class, the result could easily have been presented as compelling evidence that PBL 

dramatically improved learning. The control group reveals that such a conclusion would be incomplete 

because its students improved by almost exactly the same raw number of points. 

This observation does not mean that the control condition was equivalent to PBL in every 

educational sense. It means only that the available score metric does not show a difference in absolute 

gain. The two instructional conditions may differ in final attainment, dispersion, learning processes, 

retention, transfer, practical performance, or student experience. Some of these dimensions are partially 

visible in the post-test distribution, while others are not represented in the current dataset. The control 

group therefore serves not merely as a statistical comparator but as a safeguard against attributing all 

learning that occurs during a course to the experimental pedagogy. 

The result also illustrates why “significant in one group” versus “not significant in another group” 

is not a valid test of an intervention difference. In this dataset, both groups are significant within 

themselves, but even if only one paired test had reached significance, the correct comparison would still 

be the difference in gains or an appropriately adjusted model. The study’s analytical contribution is 

therefore strengthened by reporting the direct group contrast rather than relying on within-group p 

values. 

Baseline adjustment and the quasi-experimental interpretation 

The PBL group started 4.31 points higher on average. Although the baseline Welch test yielded p 

= 0.072, the absence of conventional statistical significance should not be interpreted as proof that the 

groups were equivalent. Baseline significance testing is especially limited in modest samples because a 

practically relevant difference may fail to cross an arbitrary p-value threshold. In a quasi-experimental 

design, the baseline score is available precisely to help account for this imbalance. 

ANCOVA indicated that the estimated PBL advantage at post-test was 3.98 points after adjustment 

for pre-test score. This is close to the unadjusted post-test difference of 4.23 points, which shows that 

baseline adjustment changed the estimate only modestly. The interaction test provided no evidence that 

the relationship between pre-test and post-test differed substantially by group. These findings support 

the use of a common-slope model. 

At the same time, the strength of the inference should not be overstated. The robust confidence 

interval for the adjusted group effect extends from approximately 0.03 to 7.92 points and therefore lies 

close to the null boundary. The post-test Mann-Whitney sensitivity test produced p = 0.065. These results 

https://doi.org/10.5281/zenodo.7589566
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do not erase the positive estimate, but they show that the exact inferential conclusion is sensitive to 

distributional assumptions and analytical method. The appropriate scientific statement is that the data 

provide evidence consistent with a modest PBL-associated endpoint advantage, not that they establish 

an unequivocal or large causal effect. 

The result should therefore be interpreted against a literature base that is positive but not uniformly 

comparative. Some studies evaluate combined pedagogies or perceptions rather than isolated PBL 

effects. A structural-engineering comparison, for example, found the highest achievement under project- 

and technology-based assignments rather than PBL alone (Ghoniem & Ghoniem, 2022), while material-

balances research embeds PBL within a broader active-learning design (Ortiz Moreno et al., 2025). A 

review of PBL in engineering education for sustainability similarly observed that assessment often 

remains content- and score-based despite broader competence claims (D’Escoffier et al., 2024). These 

studies reinforce the need to state precisely what the present data show: strong learning in both groups, 

no raw-gain advantage, and a modest PBL-associated advantage in final assessed attainment. 

Score distribution, variance, and possible ceiling compression 

The post-test distributions differ not only in their means but also in their shapes and spreads. All 

PBL students scored at least 80, whereas the control post-test range extended down to 75. The PBL 

distribution reached 100, while the control maximum was 95. The PBL post-test standard deviation was 

6.02 compared with 8.40 in Control, and Levene’s test detected unequal post-test variances. 

One possible interpretation is that PBL was associated with more consistent final attainment. A 

lower standard deviation at a higher mean can indicate that students converged toward a common level 

of performance. This pattern may be attractive in vocational education because instructional success 

concerns not only raising the average but also limiting the number of learners who remain substantially 

behind. However, the evidence should be treated cautiously because the score scale is discrete and 

bounded. As more students approach the maximum, variance can contract mechanically. 

Ceiling compression is particularly relevant here. Four PBL students reached a score of 100, 

leaving no room for further observed improvement on the scale. Students beginning at 60 or 65 also had 

less potential numerical gain than students beginning at 35 or 40. These features can attenuate raw gain 

differences and reduce the usefulness of normal-theory assumptions. The use of robust standard errors 

and non-parametric sensitivity tests was therefore appropriate, but a future study would benefit from an 

assessment instrument with enough difficulty and score resolution to discriminate performance at the 

upper end. 

Educational implications 

For teaching practice, the findings suggest that PBL can be considered a promising approach for 

cooling-system instruction when the goal is to support high final attainment. The result should not be 

translated into the claim that simply labeling a lesson “PBL” will produce a four-point increase. The 

classroom condition is a package that may include problem design, facilitation, group interaction, time 

allocation, feedback, prior preparation, and assessment alignment. Effective implementation therefore 

depends on how the problem is structured and how the learning process is guided. 

The literature also warns against assuming that every PBL implementation produces the same 

learning profile. Technical-vocational studies emphasize authentic, repeated, feedback-rich practice but 

identify resource constraints, uneven readiness, and monitoring problems (Bascuguin & Generoso, 

2026). Technical-education entrants and hybrid PBL cases suggest that learners need scaffolding as 

https://doi.org/10.1002/cae.22493
https://doi.org/10.1177/03064190251356618
https://doi.org/10.54337/ojs.jpblhe.v12i1.7799
https://doi.org/10.3389/feduc.2026.1813666
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responsibility shifts away from teacher-centered routines (Dabir et al., 2022; Lou et al., 2022). TVET 

research highlights facilities and lecturer competence, while competency-based models stress alignment 

among learning content, delivery, media, and assessment (Liangyu et al., 2024; Rahman et al., 2022). 

Engineering instructors likewise view PBL as promising but implementation remains an instructional-

design problem (Herrera-Perez et al., 2026). Multidisciplinary cases reinforce the need to align tasks, 

disciplinary integration, and intended outcomes (Syed et al., 2024). 

A technically useful PBL task for cooling-system learning would ideally require students to move 

from symptoms to hypotheses and from hypotheses to evidence. For example, a scenario involving 

engine overheating could require learners to differentiate restricted coolant circulation, insufficient 

airflow, thermostat malfunction, pressure loss, or abnormal heat load. The educational value lies in 

requiring a reasoned diagnostic pathway rather than allowing students to select an answer through recall 

alone. Although the present dataset does not document the exact problem scenarios used, this type of 

structure illustrates the mechanism that future implementations can deliberately test. 

The findings also imply that evaluation should be aligned with the intended competency. If the 

instructional goal is diagnostic reasoning, an assessment dominated by factual recall may underestimate 

the effect of problem-centered learning. Conversely, if the test measures only final answers without 

capturing reasoning quality, it may not show how students reached those answers. Future assessments 

could combine objective knowledge items with scenario-based diagnosis, explanation of causal chains, 

selection of inspection steps, and practical performance. Such multidimensional assessment would make 

the term “competency” more defensible than reliance on a single total score. 

Implications for research design 

The current analysis provides several design lessons for subsequent studies. First, intact-class 

comparisons should collect more baseline information than a single pre-test score. Relevant variables 

may include prior diesel-engine coursework, general academic achievement, attendance, practical 

workshop experience, or other indicators related to technical learning. These variables can help 

determine whether the groups differ before the intervention in ways that could influence the outcome. 

Second, future designs should measure implementation fidelity. PBL is not a single exposure with 

a fixed dose. Its effects can depend on the authenticity of the problem, the extent of student responsibility, 

the quality of facilitation, opportunities for reflection, and the way evidence is used during problem 

solving. Without implementation data, a positive or null result cannot reveal which features of the 

pedagogy were actually responsible. 

Third, repeated or delayed assessments would extend the present endpoint analysis. A post-test 

immediately after instruction measures short-term attainment, whereas a delayed test can evaluate 

retention. Practical transfer tasks can assess whether students use the acquired knowledge in unfamiliar 

diagnostic situations. These outcomes may be particularly important for vocational education, where the 

ultimate objective is not only test performance but reliable performance in realistic technical contexts. 

Fourth, larger multi-class or multi-school samples would improve precision and allow the class-

level nature of the intervention to be modeled explicitly. In the present dataset, treatment condition is 

confounded with class: XI TAB 1 is the PBL class and XI TAB 2 is the control class. Any unobserved 

difference between the classes could therefore contribute to the estimated treatment contrast. Replicating 

the design across several classes, ideally with random assignment of classes or instructors to conditions 

where feasible, would substantially strengthen causal inference. 

https://doi.org/10.16920/jeet/2022/v36i1/22134
https://www.ijee.ie/contents/c380222.html
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Strengths and limitations 

A strength of the study is the availability of complete paired observations for both groups. The 

dataset permits direct examination of baseline, endpoint, and within-student change rather than relying 

on post-test scores alone. A second strength is the analytical separation of within-group improvement 

from between-group effect. This prevents the very large paired effect sizes from being misinterpreted as 

evidence of treatment superiority. A third strength is the use of baseline adjustment and robust inference, 

which is particularly relevant given unequal post-test variances and the modest baseline imbalance. 

The study also has important limitations. The first is the quasi-experimental structure based on 

intact classes. Because students were not represented as individually randomized in the available records, 

unmeasured class differences may confound the group effect. The second is that group and class are 

perfectly aligned, making it impossible to separate a PBL effect from other class-specific influences with 

this dataset alone. With one class per condition, treatment and class are inseparable at the design level; 

adjustment for individual pre-test score cannot resolve this class-level confounding. 

Third, the outcome is a total assessment score without item-level information. The available 

records do not establish which dimensions of cooling-system competence were measured, how the items 

were developed, or the reliability and validity of the instrument. The term “competency” should therefore 

be interpreted as performance on the observed cooling-system assessment unless additional instrument 

documentation demonstrates broader practical competence. The observed five-point score spacing does 

not, by itself, establish whether the original assessment used 20 multiple-choice items, a rubric, or 

another scoring rule. 

Fourth, the control condition is labeled as Control but is not pedagogically characterized in the 

score file. The estimated difference is therefore a comparison between the recorded PBL class and the 

recorded control class, not a precisely isolated contrast between PBL and a fully documented alternative 

teaching method. Fifth, the sample size is modest, which contributes to relatively wide confidence 

intervals and borderline inferential results for the adjusted group effect. 

Sixth, the post-test distribution is bounded and concentrated near the upper end, particularly in the 

PBL group. This creates potential ceiling compression, reduces score resolution, and helps explain why 

parametric and rank-based tests do not yield identical significance decisions. Seventh, there is no delayed 

retention test, no practical transfer task, and no measure of problem-solving process, so the study cannot 

determine whether the observed endpoint advantage persists over time or generalizes to hands-on 

diagnosis. 

These limitations define the appropriate boundary of the conclusion. The data support a modest 

baseline-adjusted difference in final assessment attainment associated with the PBL class. They do not 

support the stronger claim that PBL produced a larger absolute gain, nor do they prove that PBL alone 

caused the difference. 

Core contribution 

The central contribution of this study is therefore not a generic confirmation that PBL “works.” 

The more informative contribution is the empirical separation of two forms of instructional success. Both 

classes displayed large learning gains, showing that structured instruction was effective in moving 

students far above their starting scores. The PBL class, however, finished at a higher level, and that 

endpoint difference remained after baseline adjustment. The distinction reveals that the educational value 
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of PBL in this dataset is better described as an advantage in final attainment than as an advantage in the 

number of raw points gained. 

This framing extends prior PBL research by distinguishing score change from endpoint 

performance in an intact-class vocational setting. Methodologically, it shows that conclusions about 

instructional effectiveness may differ depending on whether researchers examine within-group change, 

between-group gain, or baseline-adjusted final attainment. Future studies should test whether this 

distinction persists in practical diagnostic performance, delayed retention, and multi-class designs. 

Accordingly, the adjusted endpoint contrast should be read as an effect estimate for these two observed 

classes rather than as a cluster-replicated causal effect of PBL. 

 

CONCLUSION 

This quasi-experimental pretest-posttest analysis examined cooling-system assessment outcomes 

among 61 Grade XI Heavy Equipment Engineering students, including 32 students in the class identified 

as receiving Problem-Based Learning and 29 students in the control class. Both groups showed 

substantial improvement from pre-test to post-test, with average gains of approximately 39 points. The 

raw gain difference between groups was essentially zero, demonstrating that the available data do not 

support the claim that PBL generated a larger absolute increase in score. 

The more informative result concerned final attainment. The PBL group achieved a post-test mean 

of 89.06 compared with 84.83 in the control group. The unadjusted difference was 4.23 points, and the 

baseline-adjusted difference remained approximately 3.98 points. Robust inference indicated that this 

adjusted advantage was positive but estimated with limited precision. The overall evidence is therefore 

consistent with a modest PBL-associated advantage in final cooling-system attainment rather than a 

greater raw learning gain. 

This distinction should shape both the interpretation and future evaluation of vocational pedagogy. 

Instructional effectiveness is not fully represented by whether students improve, because improvement 

may occur across multiple teaching conditions. Evaluations should also ask what level of technical 

understanding students reach, whether that level persists after baseline adjustment, and whether the 

observed attainment transfers to diagnostic and practical performance. Within the limits of the present 

intact-class dataset, PBL emerges as a promising instructional condition for supporting higher final 

cooling-system assessment performance, while stronger causal conclusions require replication with 

better-controlled assignment, richer competency measures, documented instructional fidelity, and 

delayed or practical outcomes. 
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