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ABSTRACT RESEARCH ARTICLE

This study investigated the effect of Project-Based Learning (PBL) on the academic achievement of
students in Metalwork Technology in technical colleges. The persistent underperformance of students
in practical metalwork trades particularly in arc welding, gas welding, sheet-metal work and
fabrication has been linked to the continued dominance of teacher-centred, demonstration and lecture
methods that offer limited opportunities for authentic, hands-on problem solving. A quasi-
experimental pre-test post-test non-equivalent control group design was adopted. A sample of 120
National Technical Certificate (NTC Il) metalwork students drawn from four intact classes in
technical colleges was assigned to an experimental group (n = 60) taught with the Project-Based
Learning strategy and a control group (n = 60) taught with the conventional demonstration method
over a period of eight weeks. A 50-item Metalwork Achievement Test (MWAT), validated by three
experts and pilot-tested with a Kuder-Richardson (KR-20) reliability coefficient of 0.86, was used for
data collection. Three research questions were answered using performance-percentage analysis and
descriptive statistics (mean and standard deviation), while three null hypotheses were tested at the
0.05 level of significance using independent-samples t-test, Pearson product-moment correlation and
simple linear regression. Results showed that students taught with PBL obtained a substantially
higher mean post-test achievement score (M = 78.6, SD = 8.4) than those taught with the
demonstration method (M = 63.4, SD = 9.7), and that the difference was statistically significant (t =
9.12, p < 0.05). A strong, positive and significant relationship was found between PBL engagement
and achievement (r = 0.79, p < 0.05), and regression analysis revealed that PBL engagement
accounted for approximately 62% of the variance in achievement (R? = 0.624, p < 0.05). The study
concluded that PBL is significantly more effective than the demonstration method in improving
student achievement in Metalwork Technology, and recommended its integration into the delivery of
metalwork trades in technical colleges. Keywords: Project-Based Learning, student achievement,
Metalwork Technology, technical colleges, welding and fabrication, TVET.
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INTRODUCTION

Technical and Vocational Education and Training (TVET) is widely regarded as one of the
most powerful instruments for equipping citizens with the practical skills, knowledge and
dispositions needed for productive employment, self-reliance and national economic
development (Ekwok & Venatius, 2023). Within the TVET curriculum, Metalwork
Technology occupies a strategic position because it produces the welders, fabricators,
machinists and sheet-metal workers who service construction, manufacturing, oil-and-gas and
allied industries. Effective performance in metalwork is a product of the successful
interaction of knowledge, skills and attitude, with a strong emphasis on the psychomotor
domain that governs practical skill development (Okoro & Ekwok, 2023). Consequently, the
pedagogy used to deliver metalwork trades is critical: it must move learners beyond the recall
of facts toward the confident execution of authentic workshop tasks.

The urgency of strengthening metalwork education is heightened by structural shifts in the
labour market. Rapid urbanisation, infrastructural expansion and the growth of light
manufacturing have sustained strong demand for skilled welders, fabricators and sheet-metal
workers, even as employers increasingly complain that graduates of technical programmes
cannot perform to industry standard without extensive retraining. This mismatch between the
supply and the quality of metalwork skills sharpens the question at the heart of this study:
how should the trade be taught so that learners emerge genuinely competent rather than
merely certified? Answering that question requires moving beyond assertions about 'best
practice' to gather rigorous, comparative evidence on the instructional strategies available to
metalwork teachers.

Despite this imperative, instruction in metalwork continues to be dominated by teacher-
centred approaches chiefly the lecture and demonstration methods in which the teacher
performs an operation while students observe passively before attempting to reproduce it.
Such approaches frequently reduce learners to spectators, limit the time available for guided
practice, and fail to connect abstract theory with the messy, iterative reality of fabrication
work (Aminu & Nasiru, 2025). The result, reported across several technical colleges, is a
pattern of low achievement, weak transfer of skills to real jobs, and graduates who are ill-
prepared for industry expectations (Yarima, 2024). This gap between the intended and the
attained outcomes of metalwork education has intensified the search for more effective,
learner-centred instructional strategies.

Project-Based Learning (PBL) has emerged as one of the most promising responses to this
challenge. PBL is a student-centred instructional strategy in which learners acquire
knowledge and skills by working for an extended period to investigate and respond to an
authentic, engaging and complex question, problem or challenge, culminating in a tangible
product or performance (Lavado-Anguera, Velado-Alonso & Fombella-Coto, 2024). In a
metalwork context, this might mean designing and fabricating a functional steel gate, a fuel
tank or a workshop tool, thereby requiring students to integrate measurement, marking-out,
cutting, welding, finishing and quality control within a single meaningful task. Because the
project itself drives the learning, PBL naturally embeds problem solving, critical thinking,
collaboration and self-directed inquiry competencies that the demonstration method rarely
cultivates (Zhang & Ma, 2023).

A growing body of evidence supports the effectiveness of PBL in vocational and technical
settings. A meta-analysis of sixty-six studies conducted over the two decades prior to 2023
found that PBL significantly improves students' academic achievement, affective attitudes
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and higher-order thinking skills, while an earlier synthesis reported a large mean effect size
for achievement when PBL was compared with traditional instruction (Zhang & Ma, 2023).
In vocational education specifically, PBL has been shown to enhance welding skills,
teamwork and learning outcomes relative to direct-teaching models (Jalinus, Syahril, Nabawi
& Arbi, 2020), and recent quasi-experimental work reports markedly higher post-test scores
for PBL cohorts than for conventionally taught groups (Desmira, Akbar, Rahman, Taufik &
Mbawala, 2025). Within Nigeria, Aminu and Nasiru (2025) found that metalwork students
taught arc and gas welding through PBL significantly out-performed and retained more than
those taught by conventional methods.

Nevertheless, the evidence base for PBL in Metalwork Technology remains comparatively
thin, geographically uneven and, at times, inconsistent, with effectiveness varying by subject
area, region and implementation quality (Zhang & Ma, 2023). Much of the vocational PBL
literature concentrates on information technology, business, physics or general engineering,
leaving the metalwork trades under-researched despite their economic importance. There is,
therefore, a clear need for rigorous, context-specific evidence on whether and to what extent
PBL improves achievement in Metalwork Technology, and on the strength of the relationship
between students' engagement in project work and their measured performance. This study
addresses that need.

Beyond raw achievement, the mechanisms through which PBL operates are pedagogically
significant for metalwork education. When learners are confronted with an authentic
fabrication brief, they must interrogate the problem, plan a sequence of operations, source
and prepare materials, execute joining and finishing processes, and evaluate the finished
product against a specification. Each of these stages demands the integration of theoretical
understanding with manual dexterity, thereby collapsing the artificial separation between
‘theory periods' and ‘workshop periods’ that characterises conventional metalwork
timetabling. The demonstration method, by contrast, tends to present the operation as a
finished routine to be imitated, offering little insight into the decision-making,
troubleshooting and quality judgement that distinguishes a competent tradesperson from a
novice. It is precisely this decision-rich, iterative character of authentic project work that
theorists argue is responsible for the deeper and more transferable learning associated with
PBL (Lavado-Anguera et al., 2024).

Furthermore, the metalwork trades present a distinctive safety and cost profile that makes the
choice of pedagogy consequential in practical, not merely academic, terms. Welding and
fabrication involve high temperatures, live currents, compressed gases and heavy materials,
so learners who acquire competence through repeated, guided, purposeful practice are better
placed to internalise safe working habits than those who observe demonstrations from a
distance. In addition, because consumables such as electrodes, gas and sheet stock are
expensive, technical colleges have a strong incentive to adopt instructional methods that
maximise the learning value of every practical session. If, as the literature suggests, PBL
produces greater competence per unit of workshop time, then its adoption carries efficiency
as well as pedagogical benefits for resource-constrained institutions.

Aim of the Study

The main aim of this study was to determine the effect of Project-Based Learning on student
achievement in Metalwork Technology in technical colleges. Specifically, the study sought
to:
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1. Determine the effect of Project-Based Learning on the academic achievement of students
in Metalwork Technology compared with the conventional demonstration method.

2. Determine the difference between the mean achievement scores of male and female
metalwork students taught with Project-Based Learning.

3. Determine the relationship between students' engagement in Project-Based Learning and
their academic achievement in Metalwork Technology.

Research Questions
The following research questions guided the study:

1. What is the effect of Project-Based Learning on the mean achievement scores of
metalwork students compared with those taught with the demonstration method?

2. What is the difference between the mean achievement scores of male and female
metalwork students taught with Project-Based Learning?

3. What is the relationship between students' engagement in Project-Based Learning and
their academic achievement in Metalwork Technology?

Hypotheses
The following null hypotheses were tested at the 0.05 level of significance:

4. HO1: There is no significant difference between the mean achievement scores of
metalwork students taught with Project-Based Learning and those taught with the
demonstration method.

5. HO2: There is no significant relationship between students' engagement in Project-Based
Learning and their achievement in Metalwork Technology.

6. HOS3: Students' engagement in Project-Based Learning does not significantly predict their
achievement in Metalwork Technology.

Literature Review
Concept of Project-Based Learning

Project-Based Learning is an instructional model organised around projects complex tasks,
based on challenging questions or problems, that involve students in design, problem solving,
decision making and investigative activities, and that give learners the opportunity to work
relatively autonomously over extended periods (Lavado-Anguera et al., 2024). Unlike the
brief, teacher-directed exercises typical of demonstration teaching, a PBL project is sustained,
authentic and product-oriented; it typically unfolds through a recognisable cycle that begins
with a driving question and moves through investigation, design and construction, critique
and revision, and finally public presentation and reflection. Figure 1 illustrates this cycle. The
distinguishing features of PBL are its emphasis on authenticity, student voice and choice,
sustained inquiry, and the creation of a public product that can be assessed against
professional standards.

A useful way to distinguish PBL from superficially similar activities is to note what it is not.
It is not simply the addition of a project at the end of a taught unit as a means of applying
already-mastered content; rather, in true PBL the project is the vehicle through which the
content is learned in the first place. Neither is it merely 'hands-on' activity for its own sake,
since practical work that lacks a driving question, sustained inquiry and a public product may
keep learners busy without deepening understanding. The defining characteristics identified
in the literature authenticity, sustained inquiry, student voice and choice, reflection, critique
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and revision, and a public product together transform a workshop exercise into a genuine
learning project (Lavado-Anguera et al., 2024; Zhang & Ma, 2023). In Metalwork
Technology, these characteristics are readily satisfied because fabrication naturally generates
tangible, inspectable artefacts whose quality provides immediate, authentic feedback on the
adequacy of the learning.

1. Challenge
& Driving
Question

2. Investigation
& Research

Project-Based
Learning
Cycle

4. Critique & 3. Design &
Revision Build Project

Figure 1: The five-phase Project-Based Learning cycle used in the study.

De la Torre-Neches, Rubia-Avi, Aparicio-Herguedas and Rodriguez-Medina (2020)
emphasise that cooperation and evaluation are among the principal advantages of PBL,
noting that student-led research enhances communication, responsibility and collective
problem solving. In vocational education, Viswambaran and Shafeek (2019) demonstrated
that a PBL approach markedly improved student engagement and achievement, while Lee
and Lee (2025) highlight PBL's capacity to help learners solve real-world, multidisciplinary
problems that require the integration of knowledge across science, technology, engineering
and mathematics. These characteristics align closely with the demands of metalwork practice,
where a single fabrication task simultaneously calls on geometry, materials science, safety
knowledge and fine motor skill.

Metalwork Technology and Achievement in Technical Colleges

Metalwork Technology within the technical-college curriculum encompasses trades such as
arc and gas welding, sheet-metal work, fabrication, foundry and machine-shop practice.
Achievement in these trades is conventionally measured through a combination of theory
tests and practical performance assessments that gauge a learner's ability to interpret
drawings, mark out, cut, join and finish metal components to specification (Okoye &
Omorodion, 2023). Studies of Nigerian technical colleges have repeatedly documented weak
practical performance and a mismatch between graduates’ competencies and industry
requirements, attributing these shortfalls partly to inadequate facilities and partly to
instructional methods that privilege demonstration over sustained, guided practice (Yarima,
2024). Ekwok and Venatius (2023) argue that developing genuine technical competence in
metalwork requires frameworks that immerse undergraduates in constructivist, activity-based
learning rather than passive observation.
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The persistent under-achievement documented in metalwork is not attributable to a single
cause but to a constellation of factors, of which pedagogy is one of the most tractable.
Whereas facilities and funding lie largely outside the individual teacher's control, the choice
of instructional strategy is a decision that teachers make daily. This makes evidence about the
comparative effectiveness of teaching methods particularly actionable: if a low-cost change
in method can raise achievement appreciably, it represents an attractive intervention even
where physical resources remain constrained. It is within this framing that the present study
locates its contribution, treating Project-Based Learning as a deliberately chosen,
theoretically grounded alternative to the demonstration method rather than as an incidental
variation in classroom practice.

Project-Based Learning and Student Achievement

Empirical evidence linking PBL to improved achievement is substantial and growing.
Nagamalla and colleagues (2025) report that integrating active-learning methodologies within
PBL significantly improves academic achievement, problem-solving ability and student
engagement. In a public-health statistics course, a project-based cohort achieved significantly
higher and more consistent examination scores than an exam-based cohort taught the
previous year, alongside gains in confidence and satisfaction (project-based cohort medians
substantially exceeding the comparison group). Figure 2 presents the experiential-learning
cycle that theoretically underpins these gains, showing how concrete workshop experience is
transformed into durable competence through reflection, conceptualisation and renewed
experimentation.

It is important, however, to read this evidence critically. The magnitude of the PBL
advantage is not uniform across studies; it is moderated by the subject discipline, the age and
prior attainment of learners, the region and educational system, and crucially the fidelity with
which the strategy is implemented (Zhang & Ma, 2023). Studies in which 'PBL' amounts to
little more than group work without a driving question or public product tend to report
weaker effects than those featuring well-designed, sustained projects. This variability
underlines the importance of context-specific investigations such as the present one, and it
cautions against the uncritical assumption that simply labelling an activity 'project-based"’ will
guarantee improved outcomes. The design of the intervention in this study structured around
the five-phase cycle in Figure 1 and delivered over a sustained eight-week period was
intended to reflect high-fidelity PBL rather than a diluted approximation.

Concrete
Experience
(Hands-on project)

Reflective
Observation
(Critique/review)

Abstract
Conceptualisation
(Theory linkage)

Figure 2: Kolb's experiential learning cycle as applied to metalwork project tasks.
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Within TVET, Jalinus et al. (2020) found that PBL out-performed direct-teaching models in
developing both welding skills and teamwork, and Desmira et al. (2025) reported that an
experimental group taught through PBL achieved a higher mean learning-outcome score (M
= 83.72, SD = 6.41) than a conventionally taught control group (M = 76.19, SD = 7.03). In
the Nigerian metalwork context, Aminu and Nasiru (2025) confirmed that students taught arc
and gas welding through PBL significantly out-performed and out-retained peers taught by
the lecture method, a finding they attribute to the experiential, student-centred nature of
project engagement. Taken together, these studies suggest a consistent achievement
advantage for PBL, while also cautioning that the size of the effect depends on region,
subject area and the fidelity of implementation (Zhang & Ma, 2023).

Gender and Project-Based Learning

The influence of gender on achievement in PBL is contested. Some studies report negligible
differences between male and female learners under PBL, suggesting that its collaborative,
activity-oriented structure narrows performance gaps that appear under teacher-centred
methods; others report modest differences favouring one group depending on task type and
cultural context. In technical trades, where female enrolment has historically been low,
understanding whether PBL is equally beneficial to both sexes has important equity
implications for widening participation in Metalwork Technology.

For Metalwork Technology, where longstanding stereotypes have discouraged female
participation, the pedagogical question intersects with a wider policy concern about equity in
technical education. If a learner-centred strategy such as PBL supports female learners as
effectively as their male counterparts, then its adoption may serve a dual purpose: raising
overall achievement while simultaneously creating a more inclusive learning environment
that could, over time, improve female recruitment and retention in the trade. This study
therefore treated gender not as a peripheral variable but as a substantive dimension of the
investigation, examining whether the benefits of PBL were shared across male and female
metalwork students.

Theoretical Framework

This study is anchored on two complementary theories: the constructivist learning theory of
Jean Piaget and Lev Vygotsky, and David Kolb's experiential learning theory. Constructivism
holds that learners actively construct knowledge by interacting with their environment and
building upon prior experience rather than passively receiving transmitted information. In its
social dimension, Vygotsky's notion of the zone of proximal development emphasises that
learning is optimised when students work collaboratively, supported by more capable peers
or instructors, on tasks slightly beyond their independent reach. PBL operationalises these
principles directly: metalwork learners construct competence by grappling with authentic
fabrication problems, negotiating solutions within teams, and receiving scaffolded guidance
from the instructor as needed.

Kolb's experiential learning theory complements this by describing learning as a four-stage
cycle concrete experience, reflective observation, abstract conceptualisation and active
experimentation through which experience is transformed into knowledge (see Figure 2). In a
PBL metalwork project, students first undertake a concrete task such as welding a joint
(concrete experience), review the quality and defects of their work (reflective observation),
relate the outcome to underlying principles of heat, current and metallurgy (abstract
conceptualisation), and then apply these insights to a new fabrication task (active
experimentation). This cyclical transformation of hands-on experience into durable skill
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provides a coherent theoretical explanation for why PBL is expected to raise achievement in
Metalwork Technology relative to demonstration teaching, which typically halts at the
observation stage.

Situated learning theory offers a further complementary lens. It holds that knowledge is
inseparable from the context and community in which it is used, and that learners move from
peripheral participation toward full competence by engaging in the authentic practices of a
community of practice. In a metalwork PBL project, the classroom begins to resemble a
workshop or fabrication shop: students negotiate roles, share tools, critique one another's
welds and jointly own the quality of a finished artefact. This apprenticeship-like immersion
mirrors the conditions under which tradespeople actually develop expertise in industry, and it
helps explain why project-based approaches so often produce gains not only in measured
achievement but also in the professional dispositions responsibility, collaboration and
quality-consciousness that employers value. Taken together, constructivist, experiential and
situated perspectives converge on a common prediction: that authentic, sustained,
collaborative project work will outperform passive demonstration in developing metalwork
competence, a prediction this study set out to test empirically.

Materials and Method
Research Design

The study adopted a quasi-experimental pre-test post-test non-equivalent control group
design. This design was appropriate because intact classes were used; random assignment of
individual students to groups was not feasible within the school setting without disrupting
normal instruction. Two groups an experimental group and a control group were pre-tested,
exposed to different treatments, and then post-tested using the same instrument.

Population and Sample

The population comprised all National Technical Certificate (NTC I1) metalwork students in
technical colleges within the study area. Using a purposive and multistage sampling
procedure, four intact NTC Il metalwork classes across selected technical colleges in
Technical Colleges, Delta State were drawn, yielding a total sample of 120 students. Two
classes (n = 60) were assigned to the experimental group and two (n = 60) to the control
group. The sample comprised 92 male and 28 female students, reflecting the typical gender
distribution in metalwork trades.

Instrument for Data Collection

A 50-item Metalwork Achievement Test (MWAT) was developed by the researchers to cover
the trade areas of arc welding, gas welding, sheet-metal work and fabrication at the cognitive
levels of knowledge, comprehension, application and analysis. In addition, a Project-Based
Learning Engagement Scale (PBLES) of 20 items measured students' participation in, and
commitment to, the project tasks. The MWAT was face- and content-validated by three
experts two lecturers in Metalwork Technology and one measurement-and-evaluation
specialist who confirmed its alignment with the curriculum.

Validity and Reliability

Following expert validation, the instruments were pilot-tested on 30 NTC Il metalwork
students in a technical college outside the study sample. The reliability of the MWAT was
established using the Kuder-Richardson formula 20 (KR-20), yielding a coefficient of 0.86,
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while the PBLES vyielded a Cronbach alpha of 0.84. These values indicated that both
instruments were sufficiently reliable for the study.

Treatment Procedure

The experiment lasted eight weeks. The experimental group was taught selected metalwork
topics using the Project-Based Learning strategy, in which students, working in small teams,
planned, designed and fabricated authentic products (for example, a metal stool, a mild-steel
gate section and a sheet-metal funnel), progressing through the five-phase PBL cycle shown
in Figure 1. The control group was taught the same content using the conventional
demonstration method, in which the instructor demonstrated operations and students
subsequently reproduced them. Both groups were taught by trained instructors following the
same scheme of work and the same number of contact hours to control for teacher and time
effects.

Method of Data Analysis

Data were analysed using the Statistical Package for the Social Sciences (SPSS). Research
questions were answered using performance-percentage analysis and descriptive statistics
(mean and standard deviation).

Data Analysis, Results and Discussion of Findings
Research Question 1

What is the effect of Project-Based Learning on the mean achievement scores of metalwork
students compared with those taught with the demonstration method?

Table 1 presents the performance-percentage analysis and descriptive statistics of the pre-test
and post-test achievement scores for both groups.

Table 1: Performance-percentage and descriptive statistics of achievement scores by
group

Group N Pre-test Post-test Mean SD %
Mean (%) | Mean (%) | Gain (Post) Achievers
(=50%)
Experimental (PBL) | 60 | 41.8 78.6 36.8 8.4 95.0%
Control 60 |40.9 63.4 22.5 9.7 73.3%
(Demonstration)

Table 1 shows that both groups began the experiment with comparable pre-test means (41.8%
for the experimental group and 40.9% for the control group), indicating equivalent entry
ability. After treatment, the experimental group taught with PBL attained a post-test mean of
78.6%, with 95.0% of students reaching the 50% achievement benchmark, whereas the
control group taught with the demonstration method attained a post-test mean of 63.4%, with
73.3% of students reaching the benchmark. The mean gain for the PBL group (36.8
percentage points) was substantially larger than that of the demonstration group (22.5
percentage points). Figure 3 illustrates these differences graphically.
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Figure 3: Mean pre-test and post-test achievement scores by group.

These results indicate that Project-Based Learning produced a markedly greater improvement
in metalwork achievement than the demonstration method, answering Research Question 1 in
favour of PBL.

Research Question 2

What is the difference between the mean achievement scores of male and female metalwork
students taught with Project-Based Learning?

Table 2: Descriptive statistics of achievement scores by gender within the PBL group

Gender N Post-test Mean (%) | SD Mean Difference
Male 46 79.1 8.1
Female 14 77.0 8.9 2.1

Table 2 reveals that male students in the PBL group obtained a post-test mean of 79.1% (SD
= 8.1) while female students obtained 77.0% (SD = 8.9). The mean difference of 2.1
percentage points is small, suggesting that Project-Based Learning was almost equally
effective for both male and female metalwork students, with only a marginal advantage for
male students. This finding addresses Research Question 2 and indicates that PBL is a
broadly equitable strategy across gender in Metalwork Technology.

Research Question 3

What is the relationship between students' engagement in Project-Based Learning and their
academic achievement in Metalwork Technology?
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Table 3: Descriptive statistics of

PBL engagement and achievement (experimental

group)

Variable N Mean (%) | SD Minimum Maximum
PBL Engagement | 60 74.2 9.8 52.0 94.0
(PBLES)

Achievement (MWAT) 60 78.6 8.4 55.0 96.0

Table 3 shows that students in the PBL group recorded a mean engagement score of 74.2%
and a mean achievement score of 78.6%. The pattern of high engagement accompanying high
achievement is consistent with a positive association between the two variables, which is
examined formally under Hypothesis 2 and illustrated in Figure 4.

Relationship between PBL Engagement and Achievement

90 1

80

70 1

60 -

Achievement Score (%)

50 1

—— y=0.73x + 17.9

50

60

70

80

PBL Engagement Index (%)

90

Figure 4: Scatterplot and regression line of PBL engagement against achievement.

Hypothesis 1 (HO1)

There is no significant difference between the mean achievement scores of metalwork
students taught with Project-Based Learning and those taught with the demonstration method.

Table 4: Independent-samples t-test of post-test achievement scores by group

Group N Mean | SD df t-value p-value Decision
Experimental (PBL) |60 | 78.6 8.4 118 |[9.12 0.000 Rejected
Control 60 |63.4 9.7

(Demonstration)

Table 4 shows a calculated t-value of 9.12 with 118 degrees of freedom and a p-value of
0.000, which is less than the 0.05 level of significance. The null hypothesis was therefore
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rejected. This indicates that there is a statistically significant difference between the mean
achievement scores of metalwork students taught with Project-Based Learning and those
taught with the demonstration method, in favour of the PBL group.

Hypothesis 2 (HO,)

There is no significant relationship between students' engagement in Project-Based Learning
and their achievement in Metalwork Technology.

Table 5: Pearson product-moment correlation between PBL engagement and
achievement

Variables N r r2 p-value | Decision | Remark

PBL Engagement x |60 |0.79 |0.624 |0.000 Rejected | Strong, positive,
Achievement significant

Table 5 reveals a Pearson correlation coefficient of 0.79 with a p-value of 0.000, which is less
than 0.05. The null hypothesis was rejected. This indicates a strong, positive and statistically
significant relationship between students' engagement in Project-Based Learning and their
achievement in Metalwork Technology: as engagement in project tasks increases,
achievement rises correspondingly.

Hypothesis 3 (HO3)

Students' engagement in Project-Based Learning does not significantly predict their
achievement in Metalwork Technology.

Table 6: Simple linear regression of achievement on PBL engagement

Model R R? Adj. |B Std. t F p-value
R2 (slope) | Error

Engagement — 1 0.790 | 0.624 | 0.618 | 0.72 0.074 9.73 | 94.7 | 0.000
Achievement

Table 6 shows that the regression model was statistically significant, F(1, 58) = 94.7, p <
0.05, with an R? of 0.624, indicating that students' engagement in Project-Based Learning
accounted for approximately 62.4% of the variance in their achievement in Metalwork
Technology. The unstandardised regression coefficient (B = 0.72, p < 0.05) indicates that, for
every one-unit increase in PBL engagement, achievement increased by about 0.72 units. The
null hypothesis was therefore rejected, confirming that PBL engagement is a significant
positive predictor of metalwork achievement.

Discussion of Findings

The findings of this study consistently demonstrate the superiority of Project-Based Learning
over the conventional demonstration method in improving student achievement in Metalwork
Technology. The significantly higher post-test mean and mean gain of the PBL group (Tables
1 and 4) confirm that immersing students in authentic, product-oriented fabrication tasks
yields stronger learning outcomes than passive observation. This result aligns with Aminu
and Nasiru (2025), who found that metalwork students taught arc and gas welding through
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PBL significantly out-performed those taught by conventional methods, and with Desmira et
al. (2025), whose experimental group recorded higher learning outcomes than a lecture-based
control group. It also corroborates Jalinus et al. (2020), who reported that PBL enhanced
welding skills and teamwork more effectively than direct teaching, and the broader meta-
analytic evidence that PBL significantly improves achievement, attitudes and thinking skills
(Zhang & Ma, 2023).

The magnitude of the difference observed here more than fifteen percentage points separating
the post-test means of the two groups is educationally substantial, not merely statistically
detectable. In practical terms, it represents the difference between a cohort in which nearly all
students reach the achievement benchmark and one in which roughly a quarter fall short. For
a trade area in which competence is directly linked to employability and workplace safety, an
effect of this size has tangible consequences for the readiness of graduates entering the labour
market. The comparable pre-test scores of the two groups strengthen confidence that the post-
test difference reflects the treatment rather than pre-existing ability differences, a key
consideration in the interpretation of quasi-experimental designs.

Two caveats temper these conclusions. First, the study was conducted over eight weeks;
while this is sufficient to demonstrate an achievement advantage, it does not establish how
durable that advantage is or how well it transfers to the workplace, questions that longitudinal
and tracer studies would need to address. Second, the correlational and regression findings,
though strong, describe association within the experimental condition and should not be over-
interpreted as establishing that engagement is the sole causal driver of achievement, since
motivated, higher-ability learners may both engage more and achieve more. Even with these
caveats, the convergence of the experimental, correlational and regression evidence in the
same direction provides a robust, mutually reinforcing case for the effectiveness of Project-
Based Learning in Metalwork Technology.

The near-parity of male and female achievement within the PBL group (Table 2) suggests
that Project-Based Learning is an equitable strategy, extending its benefits to female learners
who remain a minority in metalwork trades. This is an encouraging finding for efforts to
widen female participation in Technical and Vocational Education and Training. The strong
positive correlation between engagement and achievement (r = 0.79) and the finding that
engagement explained about 62% of the variance in achievement (R? = 0.624) provide
converging evidence that the achievement gains are driven by the active, sustained
participation that PBL fosters. This is consistent with Viswambaran and Shafeek (2019) and
Nagamalla et al. (2025), who link PBL-driven engagement to improved outcomes, and it
supports the study's theoretical grounding in constructivist and experiential learning: durable
metalwork competence is constructed through cycles of authentic experience, reflection and
renewed practice rather than through demonstration alone (Lavado-Anguera et al., 2024; Lee
& Lee, 2025).

Conclusion

This study investigated the effect of Project-Based Learning on student achievement in
Metalwork Technology in technical colleges. On the basis of the findings, it is concluded that
Project-Based Learning is significantly more effective than the conventional demonstration
method in improving students’ achievement in the metalwork trades of arc welding, gas
welding, sheet-metal work and fabrication. The strategy produced substantially higher
achievement gains, benefited male and female students almost equally, and generated strong,
statistically significant relationships between students' engagement in project work and their
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measured achievement, with engagement emerging as a significant positive predictor of
performance. These results confirm that when metalwork learners are actively engaged in
designing and fabricating authentic products, they construct deeper and more durable
competence than when they merely observe demonstrations. Project-Based Learning
therefore offers a viable, evidence-based pathway for raising the quality of metalwork
education and better preparing graduates for the demands of industry.

Recommendations

Based on the findings and conclusions of this study, the following recommendations are
made:

1. Metalwork Technology teachers in technical colleges should adopt and integrate Project-
Based Learning into the delivery of welding, fabrication and sheet-metal trades in place
of, or alongside, the demonstration method.

2. Curriculum developers and examination bodies should restructure the metalwork
curriculum and assessment scheme to accommodate sustained, product-oriented projects
and to reward authentic performance.

3. Governments, school administrators and development partners should equip metalwork
workshops with adequate tools, materials and consumables, since effective Project-Based
Learning depends on the availability of resources for real fabrication tasks.

4. Teacher-education institutions and continuing-professional-development programmes
should train pre-service and in-service metalwork teachers in the design, facilitation and
assessment of project-based instruction.
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