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Abstract – This study assesses the effectiveness of 
merging project-based learning (PjBL) with STEAM 
education in metal welding curricula for 64 vocational 
students at Universitas Negeri Padang over 11 sessions. 
A quasi-experimental design with pre- and post-tests 
compared the performance of a PjBL-STEAM 
experimental group to a traditionally taught control 
group. The PjBL-STEAM approach significantly 
outperformed traditional methods, evidenced by 
higher mean N-gain scores in cognitive (0.763), 
affective (0.772), and psychomotor (0.759) domains, 
indicating its high effectiveness. Consequently, it is 
deduced that educational projects that amalgamate the 
STEAM approach yield more profound advancements 
in student academic outcomes than those conducted 
through conventional means.  
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The procedural intricacies of the PjBL-STEAM 
syntax are meticulously elucidated, serving as a vital 
resource for educators and students alike in 
implementing this methodology within lecture settings 
and equipping students with pertinent competencies 
for the 21st-century workforce in the welding sector. 

Keywords – Learning outcomes, metal welding 
technology, project-based learning, STEAM approach. 

1. Introduction

Data from Indonesia's Central Bureau of Statistics 
in 2021 indicate that the unemployment rate among 
higher education graduates with vocational diplomas 
ranges between 6% and 8% [1]. Although the 
number of vocational education institutions in 
Indonesia is increasing yearly, graduates' quality is 
still far from expectations and needs [2], [3], [4]. 
This issue arises due to an industry-discrepant 
curriculum, inadequate facilities, infrastructure, and 
insufficient collaboration with the industrial sector 
[5], [6]. Observations of metal welding technology 
courses in the odd semester of 2023 reveal that 
lecturers commonly utilize traditional teaching tools 
like blackboards and PowerPoint. This practice 
influences the learning process, hindering students 
from engaging in in-depth discussions and 
subsequently impacting learning outcomes [7]. 
Consequently, there is a demand for a pedagogical 
model that facilitates the exploration of students' 
competencies and skills before entering the 
workforce. 
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The metal welding technology course follows a 
semester learning plan, emphasizing practical 
instruction in Shield Metal Arc Welding (SMAW). 
This technique involves connecting metals in a liquid 
state using heat energy to join multiple metal rods 
[8], [9]. The lecture and research occur in the 
Department of Mechanical Engineering Vocational 
Education at Universitas Negeri Padang within 
workshops and study groups. The goal is to meet 
learning objectives and cultivate students with 
professional competence and entrepreneurial skills in 
the industrial sector. Given these circumstances, the 
study aims to enhance project-based learning through 
the STEAM approach, focusing on the SMAW metal 
welding technology project aligned with industrial 
standards. This approach seeks to enable students to 
apply theoretical knowledge and skills, preparing 
them as competent graduates in SMAW metal 
welding. 

 
1.1. Metal Welding Technology Course with the 

Project-Based Learning 
 

Project-based learning is an educational method 
that prioritizes fostering student competence by 
completing integrated projects aligned with industry 
requirements. This aims to produce welders 
proficient in problem-solving and advancing their 
knowledge [10], [11]. Despite this, real-world 
projects in the metal welding technology course can 
be executed by crafting learning scenarios mirroring 
occupational demands [12]. This aids in cultivating 
proficient students with pertinent field experience in 
authentic settings. 

According to Syahril et al. [13], project-based 
learning is a student-centered engagement that 
involves students actively addressing real-world 
problems and challenges through project work. This 
method fosters the development of critical, creative, 
innovative, and collaborative thinking, enhancing 
problem-solving skills in authentic learning contexts 
[14], [15]. They are learning and concentrating on 
cultivating students' abilities and skills in executing 
welding project-themed tasks. This encompasses 
tasks such as drafting proposals, designing metal 
welding models, and presenting final results through 
reports and seminars—delivered by students in a 
class setting—formulating tasks at an industrial level. 

 
1.2. The STEAM Approach in Metal Welding 

Technology Course 
 

The metal welding technology course employs the 
STEAM approach, integrating science, technology, 
engineering, arts, and mathematics [16], [17]. 
Interdisciplinary concepts in metal welding learning 
reveal relationships between disciplines and their 

real-world applications. Applying the STEAM 
approach fosters innovation in metal welding by 
involving art and engineering, generating creative 
ideas to enhance efficiency, safety, or reliability 
through precise welding patterns [18]. 

The field of metal welding technology undergoes 
continuous evolution [19]. Project-based learning, 
coupled with a STEAM approach, offers a creative 
solution, aiding students in adapting to technological 
changes and understanding renewable skills crucial 
for industry demands [20]. This method delivers a 
comprehensive learning experience encompassing 
various aspects [21], [22]. Consequently, students 
grasp the technical intricacies of metal welding and 
its connections to other disciplines and societal 
contexts. Hence, this study enriches student learning, 
provides exploration opportunities, and contributes to 
advancing technical and vocational education. 

 
1.3. Research Objectives 
 

This research seeks to improve cognitive, 
affective, and psychomotor competencies in metal 
welding technology by assessing the effectiveness of 
project-based learning integrated with a STEAM 
framework in promoting student creativity and 
innovation. It focuses on practical skill development 
in welding across industrial, construction, and 
manufacturing domains. The research will address 
specific questions throughout its course: 

1. How can the impact of STEAM-orientated 
project-based learning in welding technology 
be assessed? 

2. How can the effectiveness of a STEAM-based 
project learning framework be evaluated on 
cognitive, affective, and psychomotor 
abilities? 

 
2. Methodology 

 
The research method employed in this study 

involved a quasi-experimental design to assess the 
effectiveness of project-based learning (PjBL) with a 
STEAM approach in metal welding technology 
courses for vocational students. 

 
2.1. Subject and Research Procedure 
 

This study assesses the effectiveness of STEAM-
based project learning in welding technology 
courses, employing a quasi-experimental design with 
an experimental group undergoing PjBL-STEAM 
treatment and a control group receiving traditional 
instruction. Pre-test and post-test assessments were 
used to elucidate the causal relationships among the 
variables [23], [24], [25].  
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A purposive sample of 64 Mechanical 
Engineering Vocational Education students from 
Universitas Negeri Padang, divided into experimental 
and control groups and instructed by the same 
lecturer, is detailed in Figure 1. 

 

 
 

Figure 1. Research procedure of quasi-experiment design 
 
 

Both experimental and control groups underwent 
a pre-test to evaluate initial competencies, revealing 
comparable baseline abilities in metal welding 
technology [26]. The study sequentially addressed 1) 
Student needs analysis, 2) Pre-test data collection, 3) 
PjBL-STEAM application to the experimental group, 
and 4) Post-test evaluation. 

The PjBL-STEAM syntax was implemented 
weekly for one week per cycle, with a single activity 
each week. Figure 2 illustrates the research 
procedure, outlining activities conducted by lecturers 
and students involving STEAM-integrated project 
tasks in metal welding technology. SYNTAX 
outlines inclusive learning steps, encompassing 
initial activities to showcase student project 
outcomes.

Figure 2. Project-based learning syntax using the STEAM approach 
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2.2. Data Collection 
 

Data collection included an initial needs analysis, 
pre-treatment pre-test scores, and post-tests after 
implementing project-based learning with the 
STEAM approach. The instruments assessed 
cognitive, affective, and psychomotor abilities [27]. 
Research indicators, validated by experienced 
educators with 30-40 years in teaching and 
researching project-based learning in metal welding 
technology courses, comprised initial needs data, pre-
test, treatment, and post-test [28]. Initial data analysis 
was obtained through coefficient analysis [29]. The 
data interpretation results show a value greater than 
0.05, with the r-table value exceeding 0.349 (N = 32) 
[30]. Item queries underwent validation by experts 
and were assessed on a 5-point Likert scale from 
strongly agree to disagree. Statistical outcomes 
regarding instrument validity and reliability are 
outlined in Table 1. 

 
Table 1. Instrument domain indicators of cognitive, 
affective, and psychomotor abilities 
 

Domains Indicators Validity  Reliability 

C
og

ni
tiv

e 
ab

ili
ty

 

Knowledge of welding 
process and working 
environment conditions 

0.691 0.949 

Ability to visually analyze 
metal welding joints 0.687 0.947 

Analyse metal welding work 
safety 0.730 0.942 

Basic knowledge of work 
equipment maintenance 0.673 0.949 

A synthesis of problem-
solving and time-
management skills 

0.738 0.955 

A
ff

ec
tiv

e 
ab

ili
ty

 

Motivation and confidence to 
perform metal welding tasks 0.702 0.954 

Enthusiasm and dedication to 
welding work 0.635 0.956 

Awareness of following 
safety procedures during the 
welding process 

0.698 0.946 

Open-minded to innovative 
and renewable methods 0.696 0.945 

Competence in the 
collaborative execution of 
complex metal welding 
projects. 

0.786 0.946 

Ps
yc

ho
m

ot
or

 a
bi

lit
y 

Operating welding equipment 
with correct parameters 0.707 0.944 

Good welding joint 
preparation skills 0.753 0.930 

Skill in organizing ergonomic 
and safe working positions 
during the welding process 

0.794 0.929 

Reading comprehension of 
metal welding symbols 0.770 0.933 

Evaluation and visual 
inspection of welding results   0.819 0.949 

 

The evaluation of cognitive, affective, and 
psychomotor abilities involved utilizing 55 questions 
that underwent validation by three proficient experts 
in the field of metal welding technology courses, as 
outlined in Table 1. Reliability tests involved 64 
students from both control and experimental groups 
throughout the semester. Cronbach's alpha analysis 
indicated strong reliability (>0.70) for cognitive 
(0.947-0.955), affective (0.946-0.956), and 
psychomotor (0.930-0.949) abilities. The 
independent sample t-test compared mean student 
ability assessments between experimental and control 
groups, using statistical visualization of data results. 

 
2.3. Data Analysis Technique 
 

Data collection assesses the effectiveness of 
PjBL-STEAM in determining student learning 
outcomes across cognitive, affective, and 
psychomotor abilities [31]. Data analysis will utilize 
SPSS software, employing descriptive statistical 
analysis for pre-test and post-test values, standard 
deviation, and data significance levels to inform 
subsequent decisions [32], [33]. 

Test results are scored using the Rights Only 
method [34], where a correct answer receives a value 
of one, and an incorrect answer is assigned zero. The 
assessment process of the research instrument 
includes validity, reliability, normality, homogeneity, 
independent sample T-tests, and normalized gains, 
with detailed data analysis in Table 2. 

 
Table 2. Data analysis technique 
 

Analyze Purpose of Analyze 

Descriptive 
Analyze 
(statistics) 

Detail the features of mean value 
acquisition, standard deviation, and 
significance level of research data 
for decision-making in next stage. 

Normality test 
(Shapiro-Wilk) 

Assess data normality to determine 
suitability for subsequent analysis. 

Homogeneity 
test (Levene-
Test) 

Evaluate whether the variability 
(heterogeneity) between groups has 
the same variability. 

Independent 
Sample T-test 
(Parametric) 

They have contrasted mean 
outcomes in a quasi-experiment 
between two treatment groups to 
gauge the effectiveness of an 
intervention in eliciting a substantial 
change in a response variable. 

Normalized-
gain 

Assessing the improvement of 
learning outcomes after PjBL-
STEAM treatment involves 
computing the score difference 
between pre-test and post-test 
results. 
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N-gain, a metric gauging the enhancement in 
student achievement after the intervention, serves to 
evaluate PjBL's effectiveness. It is determined by 
comparing pre-test and post-test values using the D. 
E. Meltzer model [35]. N-gain values' comparison 
assesses project-based learning effectiveness, aiding 
the enhancement of future learning designs beyond 
samples with pre-test and post-test. The formula for 
calculating student N-gain post-PjBL-STEAM 
treatment is as follows: 

 
N-gain = \frac{{\text{Skor post-test} - \text{Skor 
pre-test}}}}{{\text{Maksimum skor possible} - 

\text{Skor pre-test}}} \times 100 

Effectiveness evaluation considers improvements 
in cognitive, affective, and psychomotor abilities, 
gauged through N-gain formulation for measuring 
student learning outcomes. The interpretation of N-
gain and learning effectiveness is categorized as 
follows: high/very effective ((g) ≥ 0.70), 
medium/effective (0,31 ≤ (g) ≤ 0.69), low/less 
effective ((g) < 0.30) [35]. 

The final stage of testing PjBL-STEAM 
effectiveness in the metal welding technology course 
involves measuring learning outcome improvements 

through pre-test and post-test scores. This process 
incorporates normality tests, homogeneity tests, 
independent sample t-tests, and assessment analysis 
using normalized gain. 
 
3. Results 

 
This study aims to determine the effectiveness of 

integrating project-based learning with the STEAM 
approach in improving students' competence in metal 
welding technology and preparing them to enter the 
world of work. 
 
3.1. Project-Based Learning Using STEAM Approach 

 
The study aims to enhance cognitive, affective, 

and psychomotor skills in Metal Welding 
Technology courses. It assesses the effectiveness of 
project-based learning treatment with the STEAM 
approach, focusing on active and enthusiastic student 
involvement in project assignment development. The 
measurement of student achievement emphasizes 
comprehensive learning outcomes, providing 
valuable insights with sustainable impact in the 
future. 

 

 
 

 

 
 

Figure 3. Metal welding technology handbook project-based learning using STEAM approach 
 

Figure 3 illustrates the guidebook's development 
for implementing PjBL syntax with the STEAM 
approach in metal welding technology. This 
integration offers a comprehensive learning 
experience, aligning skills with industrial project 
demands.  

The book highlights student involvement 
throughout the PjBL Syntax cycle, emphasizing 
planning, implementation, and final project 
presentation.  
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Incorporating STEAM aspects encourages 
collaboration, such as considering environmental 
factors (Science), including design and aesthetics 
(Art), and applying mathematics for precision 
calculations.  

 

Beyond welding technical skills, the guidebook 
addresses fundamental concepts like material 
properties, engineering principles, and structural 
strength. Moreover, it includes industrial case studies 
to improve the conceptual grasp of metal welding 
technology applications in vital projects. 

 

  
Figure 4. Metal welding technology job-sheet on project-based learning the steam approach 

 
Figure 4 displays the outcomes of crafting a job 

sheet to enhance students' 21st-century skills. This 
involves STEAM-based learning steps for 
developing innovative products with metal welding 
technology. The project steps encompass: 1) Science: 
Identifying a real problem related to metal welding, 
like sustainable energy efficiency. 2) Art and 
Engineering: Conceptualizing creative designs for 
welding models with varied tools and materials. 3) 
Technology: Applying metal welding techniques, 
considering safety, structural strength, and efficiency. 
4) Mathematics: Calculating product measurements 
based on material requirements and dimensions. 5) 
Engineering and Science: Assessing products for 
strength, safety, and efficacy while identifying and 
rectifying potential shortcomings [36]. 6) Art and 
Mathematics: Showcase project assignment 
outcomes incorporating design concepts, metal 
welding technology implementation, product testing, 
and critical evaluation. This assignment aims to 
cultivate students' technical skills, creative thinking, 
innovation, collaboration, and a profound 
understanding of the integration between welding 
technology and STEAM approaches. 

3.2. Cognitive Ability 
 

Table 3 displays descriptive analysis results, 
featuring mean, standard deviation, pre-test, and 
post-test outcomes for both experimental and control 
groups. Regarding cognitive ability, the experimental 
group demonstrated a pre-test mean of 45.03 and a 
standard deviation of 4.13, rising to a post-test mean 
of 93.61, with a standard deviation of 3.56. This 
increased mean value suggests the positive impact of 
PjBL treatment with the STEAM approach. 
Compared to the pre-test, the minor post-test 
standard deviation indicates convergence in students' 
cognitive abilities after treatment. The control 
group's cognitive abilities analyzed with 
conventional learning media had a pre-test mean 
value of 43.40 and a standard deviation of 6.37. The 
post-test mean value rose to 79.51, with a decreased 
standard deviation of 4.82, indicating increased 
cognitive abilities toward the middle of the 
distribution for both groups. 

Table 3 displays the Shapiro-Wilk normality test 
results for cognitive abilities in both experimental 
and control groups.  
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In the experimental group, both pre-test [S-W = 
0.912; Sig. > 0.05 = 0.453] and post-test [S-W = 
0.872; Sig. > 0.05 = 0.236] values confirm normal 
distribution. Similarly, in the control group, the pre-
test [S-W = 0.963; Sig. > 0.05 = 0.845] and post-test 
[S-W = 0.823; Sig. > 0.05 = 0.094] values 

demonstrate normal distribution. Levene's statistics 
homogeneity test affirms homogeneity for both pre-
tests [Sig. > 0.05 = 0.447; L = 0.627] and post-test 
[Sig. > 0.05 = 0.328; L = 1.059] values, supplying 
ample evidence to advance to the independent 
sample t-test. 

 
Table 3. Descriptive analysis results of normality and homogeneity tests on cognitive abilities 
 

Type of Test Group Mean SD 
Normality Test Homogeneity Test 

Shapiro-Wilk 
Statistics Sig. Levene's 

Statistic Sig. 

Pre-Test Experiment 45.03 4.13 0.912 0.453 0.627 0.447 Control 43.40 6.37 0.963 0.845 

Post-Test Experiment 93.61 3.56 0.872 0.236 1.059 0.328 Control 79.51 4.82 0.823 0.094 
 

Table 4 reveals results from the independent 
sample t-test conducted through SPSS software. It 
highlights a substantial difference in students' 
average abilities between the experimental and 
control groups [t = 7.960; p-value. (2-tailed) < 0.05 = 
0.000]. This signifies the noteworthy enhancement in 
the experimental group's cognitive learning outcomes 
post PjBL-STEAM treatment, assessed through an 
N-gain test for effectiveness. 
 
Table 4. Independent sample t-test on cognitive ability 
 

Group Mean SD 
Independent sample T-test 

F Sig. t Sig. (2-
tailed) 

Experiment 88.66 5.50 0.172 0.687 7.960 0.000 Control 64.05 5.20 
 

3.3. Affective Ability 
 

Table 5 illustrates descriptive analysis for the 
experimental and control groups' mean, standard 
deviation, pre-test, and post-test. In the experimental 
group, affective abilities increased after PjBL-
STEAM treatment, with a pre-test mean of 44.68 and 
a post-test mean of 93.62 (standard deviation 3.80). 

The consistent standard deviation near the mean 
indicates consistent results. Conversely, in the 
control group with conventional learning, students' 
affective abilities displayed significant variations, 
with a mean pre-test of 45.22 and a post-test of 81.25 
(standard deviation 2.88 and 6.71), indicating 
substantial variations deviating from the anticipated 
mean value. 

Table 5 displays the Shapiro-Wilk normality test 
outcomes for students' affective ability. In the 
experimental group, both pre-test [S-W = 0.933; Sig. 
> 0.05 = 0.605] and post-test [S-W = 0.934; Sig. > 
0.05 = 0.607] values indicate normal distribution. For 
the control group, the pre-test [S-W = 0.953; Sig. > 
0.05 = 0.754] and post-test [S-W = 0.942; Sig. > 0.05 
= 0.672] values also suggest normal distribution. 
Conclusively, both groups exhibit normal 
distribution. Levene's statistics homogeneity test 
indicates homogeneity for both pre-tests [Sig. > 0.05 
= 0.563; L = 0.359] and post-test [Sig. > 0.05 = 
0.328; L = 1.136] values. This provides sufficient 
evidence to proceed with an independent sample t-
test, which was conducted considering the outcomes 
of normality and homogeneity tests.

 

Table 5. Descriptive analysis results of normality and homogeneity tests on affective abilities 
 

Type of Test Group Mean SD 
Normality Test Homogeneity Test 

Shapiro-Wilk 
Statistics Sig. Levene's 

Statistic Sig. 

Pre-Test Experiment 44.68 3.80 0.933 0.605 0.359 0.563 Control 45.22 2.88 0.953 0.764 

Post-Test Experiment 93.62 3.80 0.934 0.607 1.136 0.312 Control 81.25 6.71 0.942 0.672 
 

Table 6, assessing the independent sample t-test 
for affective ability, shows a significant difference in 
mean student capability between the control and 
experimental groups [t = 4.057; p-value. (2-tailed) < 
0.05 = 0.002].  

 

This signifies a substantial improvement in 
students' affective abilities after PjBL-STEAM 
treatment, where the experimental group 
outperformed the control group. The subsequent 
stage includes the N-gain test to evaluate 
effectiveness. 
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Table 6. Independent sample t-test on affective ability 
 

Group Mean SD 
Independent Sample T-test 

F Sig. t Sig. (2-
tailed) 

Experiment 88.82 6.43 1.144 0.310 4.057 0.002 Control 65.76 12.35 
 

3.4. Psychomotor Ability 
 

Table 7 displays descriptive analysis results, 
including the experimental and control groups' 
means, standard deviations, and pre-test and post-test 
scores. In the experimental group, students' affective 
abilities improved, registering a mean pre-test of 
45.43 and post-test of 92.34 (standard deviations of 
4.24 and 3.06). The uniform variation around the 
mean value suggests consistent improvement after 
implementing the PjBL method with the STEAM 
approach. Conversely, in a control group with 
conventional learning, there were significant 
variations in affective ability, with a mean pre-test of 
40.91 and a post-test of 79.12 (standard deviations of 

5.06 and 6.38), indicating substantial variation 
deviating from the expected mean value. 

Table 7 illustrates the results of the Shapiro-Wilk 
normality test for assessing the normal distribution of 
students' affective ability. The experimental group's 
pre-test yielded [S-W = 0.933; Sig. > 0.05 = 0.605], 
and the post-test showed [S-W = 0.934; Sig. > 0.05 = 
0.607]. Meanwhile, the control group's pre-test value 
was [S-W = 0.953; Sig. > 0.05 = 0.754], and the post-
test was [S-W = 0.942; Sig. > 0.05 = 0.672]. Hence, 
data from both groups demonstrate normal 
distribution. Levene's statistic for homogeneity 
indicated pre-test values between the experimental 
and control groups of [Sig. > 0.05 = 0.563; L = 
0.359], while post-test values were [Sig. > 0.05 = 
0.328; L = 1.136]. This evidence supports the claim 
that the variance between the scores of the two 
groups is homogeneous. Consequently, the normality 
and homogeneity test results allow the independent 
sample t-test to be used. 

 
Table 7. Descriptive analysis results of normality and homogeneity test of psychomotor ability 
 

Type of Test Group Mean SD 
Normality Test Homogeneity Test 

Shapiro-Wilk 
Statistics Sig. Levene's 

Statistic Sig. 

Pre-Test Experiment 45.43 4.24 0.879 0.263 1.059 0.245 Control 40.91 5.06 0.864 0.202 

Post-Test Experiment 92.34 3.06 0.877 0.256 4.024 0.073 Control 79.12 6.38 0.863 0.199 
 

The independent sample t-test analysis for 
psychomotor ability, shown in Table 8, indicates a 
significant difference in average ability levels 
between the experimental and control groups, with a 
t value of [t = 5.405; p-value.(2-tailed) < 0.05 = 
0.000]. In summary, these findings indicate 
significant improvements in the psychomotor 
abilities of the experimental group students after 
implementing PjBL with the STEAM approach, 
compared to the control group using traditional 
methods. Finally, the N-gain test will be conducted to 
evaluate the effectiveness level. 

 
Table 8. Independent sample t-test for psychomotor ability 
 

Group Mean SD 
Independent Sample T-test 

F Sig. t Sig. (2-
tailed) 

Experiment 85.94 5.63 0.454 0.516 5.405 0.000 Control 66.03 7.05 
 
 
 
 
 

3.5. Analysis of the N-Gain Score to Enhance 
Learning Outcomes with PjBL-STEAM 
Effectiveness. 
 

Normalized gain, a metric assessing learning 
outcomes, gauges learners' abilities and the efficacy 
of improvement with PjBL-STEAM treatment in 
metal welding technology courses over a specific 
period [37]. Normalized gain, a standardized 
measure, evaluates the influence of PjBL-STEAM 
treatment on the learning outcomes of 36 students in 
the Department of Mechanical Engineering 
Vocational Education at Universitas Negeri Padang. 

 
Table 9. Analyze the N-gain value of learning outcomes 
 

Aspects SD N-gain 
Score Criteria 

Cognitive ability 0.138 0.763 Effective 
Affective ability 0.152 0.772 Effective 
Psychomotor 
ability 0.120 0.759 Effective 
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Table 9 displays the N-gain value of learning 
outcomes. Firstly, cognitive ability has a high/very 
effective N-gain of 0.763 with a standard deviation 
of 0.138. Secondly, affective ability exhibits a 
high/very effective N-gain of 0.772, accompanied by 
a standard deviation of 0.152. Finally, psychomotor 

ability records a high/very effective N-gain of 0.759, 
featuring a standard deviation of 0.120. In summary, 
PjBL-STEAM treatment in welding technology 
courses effectively enhances competent graduates' 
cognitive, affective, and psychomotor abilities in the 
industrial world. 

 
Figure 5. Enhanced learning outcomes using the effectiveness of PjBL-STEAM 

 
Figure 5 depicts the effects of PjBL-STEAM on 

enhancing students' cognitive, affective, and 
psychomotor abilities. The collective N-gain value of 
0.765 signifies a high/very effective outcome. 
 
4. Discussion 
 

This study evaluates the effectiveness of 
implementing project-based learning with the 
STEAM approach, incorporating guidebooks, tools, 
modules, and jobsheets integrated with industrial-
standard materials in metal welding technology [38], 
[39], [40], [41]. In this study, the experimental group, 
involved in a metal welding technology project with 
integrated STEAM modules and job sheets, exhibited 
better learning outcomes than the control group. 
These findings are consistent with the research 
conducted by Chistyakov et al. [42]; PjBL positively 
influences teaching, learning motivation, and 
engagement in STEAM-integrated education, serving 

as a viable alternative across all educational levels  
[43]. Research conducted by Susanti et al. [44], 
discovered that cognitive, affective, and psychomotor 
abilities exhibited improved learning outcomes with 
PjBL treatment compared to conventional methods. 
Employing the PjBL-STEAM approach also 
cultivates 21st-century skills in vocational students 
[45], [46], [47]. Integrating metal welding principles 
and creative components facilitates students' 
acquisition of practical experiences aligned with 
industry demands [48]. Students work in small 
groups on a project task, such as designing a roller 
bending machine commonly used in metal 
fabrication. PjBL-STEAM integration employs 
science, mathematical calculations, art elements, 
welding techniques, and SolidWorks 3D technology 
for machine design. The following is an example 
presented in Figure 6 of the results of student project 
work that is integrated with industry needs.

 

 
(a) 

 

 
(b) 

Figure 6. (a) Bending roller machine, (b) Design and Implementation Results 
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This research innovatively explores the 

effectiveness of project-based learning in metal 
welding technology courses by assessing cognitive, 
affective, and psychomotor dimensions, offering 
fresh insights into the impact of the STEAM 
approach. A novel aspect involves employing N-gain 
as an innovative evaluation method to gauge the 
success of PjBL with the STEAM approach, 
highlighting its advantages in enhancing learning 
motivation, fostering practical skills in project 
organization, and promoting creativity and 
innovation. This holistic student experience 
integrates art, science, and mathematics, providing 
relevant and in-depth solutions to the research 
questions. 

 
5. Conclusion and Recommendations 
 

This study emphasizes the effectiveness of PjBL-
STEAM treatment in significantly enhancing 
students' cognitive, affective, and psychomotor 
abilities. Notable differences in mean values between 
the experimental and control groups were observed, 
contributing novelty by applying project-based 
learning in an industrial context through STEAM 
evaluation. The positive impact prepares students 
with 21st-century skills for diverse career 
opportunities in the industrial sector. N-gain test 
results confirm the high effectiveness of PjBL-
STEAM in motivating student learning outcomes in 
metal welding projects. Conclusions suggest 
developing contextual learning strategies for optimal 
cognitive, affective, and psychomotor outcomes. 
Future research should evaluate PjBL-STEAM in 
collaboration with industries, focusing on real-time 
project integration and conducting case studies across 
diverse educational institutions. Generalizing 
advanced STEAM-based PjBL can benefit the 
education and industrial sectors by fostering creative 
solutions and skilled human resources for the 
fabrication and welding industry. 
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