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Abstract - Household electrical installation is an important aspect of modern life. Physics education should equip learners with practical
skills related to electrical installation for everyday challenges, fostering perceptions, and societal progress. Since electricity is essential
in our homes, people at young ages, including ordinary level learners, need to have practical skills on how it is performed. This study
investigated the impact of Project-Based Learning (PBL) on learners’ practical skills and perceptions in electrical installation, with the
guidance of the two questions. The research covered a purposive sample of 89 senior three learners from one selected secondary school
in Kayonza District of Rwanda. The study employed a participatory Action Research (PAR) design was used in this study to address
the challenge of senior three learners who had sufficient theoretical background to undertake electrical-related projects as were
selected. The data were collected using a practical activity observation tool and a structured survey questionnaire. The collected data
were analysed using Excel and SPSS. The findings indicated that PBL significantly impacts learners’ practical skills and positively
influences their perceptions of electricity installation. Consequently, all learners showed improvement in practical skills and
perceptions. The recorded data from observation also showed that PBL helps learners in applying what is studied at home. Therefore,
Educators and education policy makers are recommended to integrate PBL approaches in teaching and learning activities to improve
learner perceptions and build practical skills necessary for real-world applications.

Keywords: Electrical Installation, Learners ,Practical skills, Perceptions, , Project-based Learning.

L. INTRODUCTION

The teaching and learning of electricity in secondary schools have evolved globally with various pedagogical approaches aimed at
enhancing learners’ practical skills. In many developed countries, hands-on, inquiry-based learning methods such as Project-
Based Learning (PBL) and STEM integration are widely adopted to ensure learners acquire both theoretical knowledge and
practical skills (Hmelo-Silver, 2004). However, in developing countries, including parts of Africa, these approaches have
demonstrated success in fostering problem-solving abilities, creativity, and electricity concepts, but have limited learners’
engagement and skill acquisition (Edwards et al., 2018). In electricity education, fostering practical skills is essential, as it is
integral to daily life, from household installations to broader infrastructure needs. Many learners at the Ordinary Level struggle to
apply theoretical knowledge to practical situations, often perceiving electricity as a complex or intimidating subject (Hofstein &
Mamlok-Naaman, 2007).

At the continental level, the teaching of electricity in African high schools is often constrained by inadequate infrastructure, lack
of trained teachers, and limited access to modern teaching aids. Many schools rely on theoretical instruction, leading to a big gap
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between learners’ conceptual understanding and practical application (Mulenga & Kabombwe, 2019). This deficiency negatively
impacts learners’ ability to pursue technical and engineering careers, thereby affecting the continent’s progress in science and
technology. The consequences of the gaps are significant. Learners completing their secondary education with minimal practical
exposure to electrical installation and less prepared for technical and vocational careers. This perpetuates a workforce shortage in
skilled electricians and electrical engineers, hindering local economic development and technological advancement (Gormus,
2019).

In the Rwandan context, particularly in Kayonza district, the teaching and learning of electricity and electrical installation in
houses, face similar challenges. The traditional instructional methods, which emphasize rote learning and theoretical instruction,
do not provide sufficient opportunities for learners to develop hands-on skills (REB, 2023). Many secondary school learners can
describe electrical concepts and draw circuit diagrams, but lack the practical competencies to construct or repair even simple
electrical systems. This disconnect between theory and practice fosters negative perceptions of electricity, making it appear
intimidating rather than an essential and applicable skill.

Different approaches were used to address the problem of insufficient practical skills and perceptions in electricity including
virtual laboratory, virtual trainings (Gunawan et al., 2017), and consensus models, but they were found to be unhelpful in
assisting learners in understanding the basic ideas of electric circuits (Hart, 2008).

To address these challenges, Project-Based Learning (PBL) emerges as a suitable pedagogical approach. PBL engages students in
real-world projects that require critical thinking, collaboration, and hands-on problem-solving (Bell, 2010). Dimmitt (2017) found
that, PBL method can provide students with effective techniques for improving self-reliant and critical thinking skills and this
creates an environment that fosters active learning and skill development, hence positive perceptions about electricity. By
implementing PBL in electricity courses, students can work on authentic tasks, such as designing and wiring electrical circuits,
under the guidance of their teachers. This approach enhances their confidence, motivation, and ability to apply theoretical
concepts practically (Barron & Darling-hammond, 2008). While traditional methods have emphasized theoretical understanding,
they often fail to adequately prepare students for practical tasks or to foster positive perceptions of technical subjects like
electricity (Gunawan et al., 2017; Kolodner et al., 2009; Matzembacher et al., 2019). Despite PBL being advocated in Rwanda’s
competence-based curriculum, its implementation in Kayonza remains limited. Several reasons contribute to this situation. First,
many teachers lack sufficient training in PBL methodologies, making it challenging for them to shift from traditional teaching
approaches (REB, 2023). Second, the resource constraints in schools, including inadequate workshop spaces and materials, hinder
effective PBL implementation. Third, the pressure to complete the syllabus within a tight academic calendar often discourages
teachers from adopting time-intensive approaches like PBL.

Project-Based Learning (PBL) has been identified as a promising approach to address these challenges by providing students with
hands-on opportunities to explore and solve real-world problems (Dimmitt, 2017). PBL encourages active learning, critical
thinking, and skill development, making the learning experience more engaging and meaningful (Condliffe, 2017; Makkonen et
al., 2021; Pitterson, 2015).

In Kayonza District of Rwanda, gaps in the curriculum and teaching methods have limited students’ practical competencies and
their ability to bridge theory and practice. The transition to a competence-based curriculum offers a framework for integrating
PBL, emphasizing skill acquisition over rote learning. This research explores how PBL can enhance students’ practical skills in
household electrical installations and improve their perceptions of electricity, ultimately equipping them for real-world challenges
and contributing to Rwanda’s broader economic goals. Alternatively, this study aims to explore the potential of PBL to transform
the teaching of electricity by investigating its impact on students’ practical skills and perceptions. By addressing these critical
gaps, the research seeks to inform innovative teaching practices and support the development of a skilled, motivated workforce in
the region.
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The general objective of this study is to explore the use of PBL to improve learners’ practical skills and perceptions in electricity
and was conducted under two objectives. The first one is, to “investigate the ordinary level students’ practical skills and
perceptions toward learning the electrical installation course”. The second is to “explore the impact of PBL usage on the
students’ practical skills and perceptions in electrical installation course”. This research was conducted to give responses to two
research questions. The first question is “what are the current learners’ practical skills and perceptions in electrical installation
course?”. The second question is “what is the impact of PBL on students’ practical skills and perceptions in the electricity
course?

1.1 Students’ perceptions of learning electricity.

Perception is the awareness of the world through the five senses of sight, touch, smell, taste, and hearing (Crane, 2005). Students’
perceptions are considered as judgments of students of the elements. Understanding students' perceptions of electricity is crucial
because these perceptions can significantly influence their learning outcomes and overall understanding of the subject (Tongsakul
et al., 2011). Students’ conception of simple circuit is influenced by their perceptions, which are the basics for building
knowledge, unreliable and prone to distorting the world around us (Merleau-Ponty, 2004; Setyani et al., 2017). Various studies
have examined the students’ perceptions, like how students perceive the concepts and principles of electricity (Li, 2012). The
factors that affect these perceptions (Jankowiak et al., 2021), and their implications for teaching practices (Mbonyiryivuze et al.,
2019). If the student’s perception is negative, it can cause a misconception. For example, some students mention that a high-
voltage wire can cause an electric shock. This creates fear for making practices where there exist high-voltage wires.

1.2 Students’ practical skills.

Basically, teaching science and related disciplines consists of two parts, namely, theory and practice. Theory develops students’
theoretical knowledge, ideas, and memorization (Gunarathna et al., 2024). While practical “skills” mean the ability to apply
knowledge and use know-how to complete tasks and solve problems (Ornellas et al., 2019). In contrast, practical application
develops critical thinking, problem-solving skills, logic, and skills of implementation, and they are necessary for undertaking a
non-written specific task, hence developing the students’ understanding of the concepts and of the experimental process (Rahman
et al., 2021; Reiss & Abrahams, 2015; Smith, 2012). Hébert & Hauf (2015) added that those practical skills can be learned in a
classroom setting and can be applied in a huge variety of situations. Remember that both male and female students can perform
practical skills, because gender has no significant effect on students’ practical skills in electricity (Ogunleye & Babajide, 2011).

1.3 The impact of PBL on the students’ practical skills and perceptions in electrical installation.

Implementing PBL in technical education significantly improved students’ attitudes and perceptions towards learning, as they felt
more in control of their learning process (Wilson-thomas, 2022). A study by Liu et al. (2023) investigating the role of PBL in
electrical engineering classes observed that students who participated in real-world projects reported increased motivation and a
better appreciation of electrical concepts.

The activities of PBL help in empowering learners to conduct the learning project successfully (Tongsakul et al., 2011). The
application of PBL models can increase students’ activity and engage learners in sustained, co-operative and investigative work
that is based on a driving question (Haryudo et al., 2020; Jafta, 2006). Munje (2022), mentioned that PBL is used in both
classroom and laboratory teaching, individually and in groups (cooperatively) PBL improves students’ learning outcomes. As the
learners gain high results, they gain good perceptions towards the subject to gain more outcomes. (Holubova, 2008) did not
hesitate to conclude in the study that, PBL encourages students to work as researchers, fosters a sense of teamwork and gets them
involved in using a variety of tools. According to Tongsakul et al. (2011), the present study of students’ perceptions shows that
they are empowered in PBL focused on teachers and students in a department in of Education and Technology.

Not only in Africa and Rwanda in particular, PBL is helpful in many countries. Based on research conducted in India, improved
practical abilities positively affected the academic performance (Rahman et al., 2021). Another study conducted in Kenya,
concluded that practical work is an influencing agent in the process of learning electricity in physics and make the students keener
on the content (Musasia et al., 2012). Practical work also is an essential element of the curriculum, in Sub-Saharan Countries
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(Babalola et al., 2020). Like in Ethiopia, Belay et al. (2022) recommended that doing practical work can enhance the learning of
scientific knowledge, motivate and promote good perceptions to the learning of electricity and acquiring laboratory skills.
Practical skills in electricity need the real-life context examples for more impact in teaching and learning physics subject and
teachers must be consistent to support the growth of knowledge and improve both students’ application of electricity in the real
world (Lamanauskas et al., 2016; Nyirantambineza & Minani, 2022).

PBL learning play a great impact on practical skills. For example, it is impactful on psychomotor skills. According to Sumarni et
al. (2016), working practices play an important role in creating links between the subject learnt with everyday life, enabling
students to understand the lessons, embody the knowledge learned and develop cognitive, affective and psychomotor skills
specifically. As practical skills are one of the psychomotor skills, this study contributes by exploring how the PBL technique
might improve electrical installation skills.

As Rwanda need enough professionals in electricity by exploring its solar, wind, thermal and methane gas potential and
decentralized implementation capacity for sustainable energy service delivery (PSF-Rwanda, 2022). To get that knowledge,
Project Based Learning (PBL) which is a project-based approach that helps teachers develop students' critical thinking skills by
exposing them to the process in classroom practice, can be used (Jatmiko et al., 2018; Leasa, 2020; Putri & Istiyono, 2017).

II. THEORETICAL FRAMEWORK

The principal theory underpinning this study is constructivism. This theory is initiated by Jean Piaget (1950-1960s) and is a major
learning theory which is particularly applicable to the teaching and learning of science. This theory best fits with this study to
create the constructivist teacher who encourages students to discover principles and construct knowledge within a given
framework or structure (Norman, H., 2017).

Constructivism theory emphasizes how each person actively creates his or her own worldviews. However, it is commonly known
that learners are not as blank slate, as some people believe, but rather possess knowledge from their surroundings and when
applied, the learning is distinguished by interaction, which promotes collaboration and allows for behavioural change (Piaget,
1955). This shows that practical skills relate to constructivism and while making projects in what is called Project-Based-
Learning, where learners construct skills by using prior knowledge. The Project Based Learning has a long history such as far
back as the early 1900s, as John Dewey supported “learning by doing” (Khatri, 2020).

III. METHODOLOGY
3.1. Research Design

This study was conducted in one of the districts in Rwanda. The study focused on Kayonza District because it represents a rural
context where learners face challenges in practical science education, making it suitable for evaluating PBL. With respect to
complexity of practical skills towards electrical installation, made an in-depth study in one district more feasible than covering
many districts. As a case study, the research aimed for detailed insights rather than broad generalization, serving as a foundation
for future studies. This research was conducted at a selected school in Kayonza district as it has the necessary materials for
implementing PBL, including a room equipped with various electrical components. It also accommodates ordinary-level learners,
some of whom have limited prior knowledge of electricity, as previously observed by the researcher before intervention.
Additionally, the school provides a reliable electricity source essential for data collection. Focusing on a single school allowed for
a more in-depth study, resulting in higher-quality data compared to a broader survey across multiple schools.

The sampled population is census purposive where all 89 senior three students participated in the study, because this is the level
where deep practical related topics in electricity are theoretically studied in the topics titled: “arrangement of resistors in electric
circuit”, as it already has prerequisite introduction in senior two, on “house electric installation”, studied in senior three. Even
though senior one is one of the classes of ordinary level, it is not selected as their competencies are not enough to clearly do basic
practical skills in electricity, as referred to in the curriculum. As described in the research design, this study is action-oriented
research. This calls for educators to involve teachers in research to study different concerns in their own schools or classrooms to
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enhance research as an integral part of daily classes and education (Creswell, 2015). This study covered the whole population of
both classes. The researcher participated in every activity done, and the selected class was the one being taught. The researcher
consulted other teachers who teach physics to act as results assistants, especially during the observation of the project-related
practical activities.

3.2. Research Instrument and Validation

The instruments used in this study are structured questionnaire and participatory activities observation. Both questionnaire and
observation checklist were given to the experts before conducting research for cleared validity to critically analyse the language,
suitability, readability and unambiguity. Some questions were removed from the question after experts, check-up then runt a pilot
study where the calculated Cronbach’s alpha found to be 0.74 confirming internal validity of research instruments.

3.3. Data Collection and Analysis

After obtaining the permit to conduct data collection from the University of Rwanda, the letter was submitted to Kayonza District
for official permission of conduction data collection in the district. The permission letter from the district was submitted to the
Head-teacher of the school where the data were collected. During the observation, the researcher collected the preliminary data
about the number of students, their ages and in which class they attend the physics subject.

The questionnaire and the observation were the data collection tools used in both the pre-intervention and post-intervention
phases of the study. The researcher participated when teaching traditionally, then questionnaires related to the learners’
perceptions were given during cycle one, and for the second time, the researcher observed by using a PBL approach, then gave
questionnaires for the second time during cycle two. After collecting the data, they were first organized using Microsoft Excel for
initial cleaning and arrangement. The dataset was then imported into SPSS (Statistical Package for the Social Sciences) to
facilitate detailed statistical analysis. The Quantitative data were analysed using descriptive statistics including the mean and
standard deviation. Particularly, SPSS was used to perform the Wilcoxon Signed Rank Test for comparing the responses to paired
pre- and post-intervention questions, as well as Cronbach’s Alpha for a reliability test. This test allowed the researcher to
determine whether there were statistically significant changes in learners’ practical skills and perceptions after the intervention.
The reliability of the observation tool was also checked using Inter-Rater Reliability. Qualitatively, observations were focused on
capturing learner behaviours and group dynamics during project work. These qualitative insights were then thematically analysed
to complement the quantitative findings and to provide a more comprehensive understanding of the learners’ practical skill
development throughout the PBL intervention.

Below is the table showing the Wilcoxon signed Rank test.

Table 1: Wilcoxon Signed Ranks Test

Ranks N Mean Rank Sum of Ranks
Negative Ranks 0 0.00 0.00
Positive Ranks 89° 45.00 4005.00
Post Mean - Pre_Mean .
Ties 0
Total 89
a. Post Mean < Pre_Mean b. Post_ Mean > Pre_Mean c. Post Mean = Pre_Mean

Source: Primary data

Based on table above, all the respondents (89) experienced an improvement in performance or perception after the intervention,
and these improvements were strongly ranked. The table below shows the p-value for the data.
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Table 2: p-value for the data

Test Statistics?®

Post test Mean - Pre_ Obs Mean

z -8.204°
Asymp. Sig. (2-tailed) .000 (2.3267E-16)
a. Wilcoxon Signed Ranks Test. b. Based on negative ranks.

Source: Primary data

The Wilcoxon Signed-Rank Test showed a significant improvement in learners’ practical skills and perceptions after applying in
house electrical installation. The test produced a Z-value of -8.204° with a p-value of 0.000 (p < 0.05), demonstrating that the
PBL approach had a positive and meaningful effect on learners’ practical skills and perceptions in house electrical installation.

3.4. Personal identification of respondents

A sample is a subset of the population (Acharya et al., 2013). The senior three classes were chosen because they provided the
appropriate content alignment for implementing the PBL intervention and allowed the researcher to assess its impact on learners’
practical skills development, as they have completed the units of “arrangement of resistors in electric circuit” and “House Electric
Installation”. The participants by age and sex for both classes are shown in the table below.

Table 3: Population by age and sex

CLASS MALE FEMALE TOTAL
Under 16 years 16 years old and Under 16 years 16 years old and
old over old over
S3A 6 19 8 12 45
S3B 2 16 12 14 44
BOTH 8 35 20 26 89
CLASSES
43 46

Source: Primary data

Where S3A: Senior three Class A and S3B: Senior three Class B. The table above presents the distribution of students from two
classes (S3A and S3B) based on gender and age group (under 16 years old vs. 16 years old and over). It shows that the overall
gender distribution is balanced (43 male students and 46 female students), with slightly more females than males. Most students
(around 69%) are aged 16 and over, indicating that the sample is largely composed of older learners at the S3 level.

IV. RESULTS AND DISCUSSION

The findings were grouped into findings from questionnaires before and after the intervention and those from observations before
and after the PBL intervention. The results were presented, discussed and grouped into two parts: perceptions and practical skills,
both before and after intervention.

4.1. Learners’ Perceptions

After collecting and analysing the data from the participants, the learners’ perceptions before and after the intervention were
grouped in the table below. The table presents a comparison of learners’ perceptions, abilities, confidence levels, and practical
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engagement in electricity before and after the implementation of the Problem-Based Learning (PBL) approach. It highlights
changes in attitudes toward the applicability of electricity in daily life, motivation, practical skills, confidence, classroom

participation, and preparedness to apply electrical skills in real-world contexts.

Table 4: The learners' perceptions before and after PBL intervention.

AGREE NEUTRAL DISAGREE
Level BEFORE AFTER BEFORE | AFTER | BEFORE AFTER
Learners agree that studying electricity
is mostly applicable to daily life. 83% 97% 6% 3% 11% 0%
Learners agree that not engaging in
practical activities related to electricity
negatively impacts the understanding
and retention of the subject matter. 63% 79% 6% 8% 31% 13%
Learners agree that understanding
electrical concepts is essential for
safety in everyday life. 83% 97% 3% 2% 13% 1%
How learners feel more motivated to
participate in class activities when they
involve electricity projects. 82% 94% 4% 1% 13% 4%
Ability Able Able Neutral Neutral | Not able Not able
How learners feel able to fix a bulb in a
socket when given a screwdriver. 27% 72% 42% 21% 31% 7%
How learners feel able to fix an electric
wall socket at home when given a
screwdriver. 27% 80% 35% 18% 38% 2%
Confidence Not Not
Confident Confident Neutral Neutral | confident confident
How confident learners were in
completing a task involving basic
electrical wiring safely and correctly. 12% 51% 26% 36% 62% 13%
How confident learners were to
confirm that the practical skills learnt in
electricity class will be useful in real-
world applications. 73% 67% 20% 28% 7% 4%
Not Not
What h d
at happene Happened Happened Neutral Neutral | happened happened
How often learners discuss practical
electrical skills with peers outside of
the classroom. 4% 18% 35% 66% 61% 16%
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How often do learners use electrical
skills outside of the classroom (e.g.,

hobbies, personal projects). 7% 21% 38% 56% 55% 22%
Level of applicability Good Good Neutral Neutral | Poor Poor
How learners rated their prior
knowledge in electricity before using
the PBL approach. 26% 84% 63% 15% 11% 1%
How learners rated their ability to
correctly set up a basic electrical circuit
(series and parallel). 54% 71% 35% 25% 11% 4%
How learners rated their ability to
follow a schematic diagram to build an
electrical circuit. 62% 88% 29% 10% 9% 2%
No No
Comfortabilit
omrortabrity Comfortable Comfortable | Neutral Neutral | comfortable | comfortable
How comfortable learners feel when
performing basic electrical tasks, such
as wiring a plug or replacing a fuse. 20% 67% 26% 30% 54% 2%
Being likely Likely Likely Neutral Neutral | Not likely Not likely
How likely were learners to pursue
further education or a career in an
electrical-related field? 33% 51% 31% 44% 36% 6%
Applicability level Easy Easy Neutral Neutral | Difficult Difficult
How learners perceive the level of
difficulty in learning practical activities
compared to theoretical concepts in an
electricity course. 93% 99% 3% 1% 3% 0%
Satisfaction Not Not
Satisfied Satisfied Neutral Neutral | satisfied satisfied

How learners rated their overall
satisfaction with their current level of
practical electrical skills. 18% 70% 47% 26% 35% 4%
Preparedness Not Not

P Prepared Prepared Neutral Neutral | prepared prepared
How learners were prepared to apply
their electrical skills at home (e.g.,
home wiring, repairing electric circuits
at home, ....). 18% 72% 30% 25% 52% 3%
Source: Primary data (November 2024)
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The data indicate a substantial positive shift in learners’ perceptions and practical competencies after the introduction of PBL.
This solved the problem that was found, that Perception is unreliable and prone to distorting the world around the students at all
(Maurice & Merleau-Ponty, 2004). Similarly, the proportion of learners who believed that a lack of practical engagement
negatively affects understanding rose from 63% to 79%, with disagreement decreasing from 31% to 13%. The study conducted
from a review of literature supports this by finding that PBL indicates that students appreciate the real-world relevance and hands-
on experience that PBL provides, which often results in a deeper understanding of the subject matter (Song et al., 2024).
Agreement that studying electricity is applicable to daily life increased from 83% to 97% (a 14% improvement), while
disagreement dropped from 11% to 0%. Motivation also improved, as those feeling motivated by electricity projects increased
from 82% to 94%. This is in line with (Zhang & Ma, 2023), who found that project-based learning can improve students’ learning
motivation, problem-solving skills, and teamwork. Shana & Abulibdeh (2020) supported this by mentioning that PBL
incorporates practical skills in the classroom, prompts learners’ favourable perceptions toward physics, and enhances learner
motivation for successful learning.

Practical ability showed remarkable growth: Learners feeling able to fix a bulb increased from 27% to 72%, and those able to fix
a wall socket rose from 27% to 80%, while the “not able” category reduced from 31% to 7% and from 38% to 2%, respectively.
This had shown that the perceptions of learners positively increased from thinking of being not able to being able. As lack of
self-confidence can harm students’ learning achievement at school (Safitri et al., 2024). Confidence in completing basic wiring
tasks increased from 12% to 51%, with “not confident” responses falling from 62% to 13%. This promotes self-directed learning
among students (Song et al., 2024). Comfort in performing electrical tasks improved significantly from 20% to 67%, and learners’
feeling prepared to apply skills at home increased from 18% to 72%, while those “not prepared” dropped from 52% to 3%.
Overall satisfaction with practical skills rose dramatically from 18% to 70%. Although confidence in the real-world usefulness of
skills slightly decreased from 73% to 67%, and neutral responses increased in some categories, the general trend demonstrates
that PBL significantly enhanced learners’ understanding, skill acquisition, engagement, and readiness to apply electricity concepts
practically. This is in line with, (Sudarsono et al., 2022) stated that, project-based learning with an industrial partnership strategy
succeeded in increasing the job readiness of students.

By grouping the agreement (agree and strongly agree) and disagreement (disagree and strongly disagree), the histogram below
summarises the results.
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Figure 1:Comparison of learners' perceptions

The histogram above shows how learners perceive their self-efficacy in performing practical skills in electrical installation, and
how these perceptions changed after the PBL intervention.

4.2. Learners’ practical skills

To assess the learners’ practical skills in electricity, the researcher conducted a participatory observation after teaching using the
already existing methods and after using PBL in teaching and learning activities. Using five levels from excellent to poor, the
observer grouped the participants’ skills, and then the numbers were analysed using SPSS. The scales of performance of the
activity were: 5 for Excellent, meaning that the learner demonstrates complete understanding and proficiency in the skill; 4 for
Good, meaning that the learner demonstrates solid understanding with minor errors. 3 for Satisfactory, meaning that the learner
shows basic understanding but needs little guidance, 2 for Needs improvement stands for the learner who shows partial
understanding and requires significant help. Lastly, 1 for Poor, which means that the learner does not demonstrate understanding
and cannot complete the task without assistance. The table below presents the number and percentages of students demonstrating
different levels of practical skills performance before and after the implementation of the Problem-Based Learning (PBL)
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intervention. It compares learners’ proficiency in wiring, fixing wall sockets, fixing bulbs, fixing switches, fixing junction boxes,
and collaboration and teamwork, categorizing their performance into complete understanding, basic understanding, and partial
understanding.

Table 5: Practical skills before and after intervention

Skills Level of Performing a Practical Skill. BEFORE PBL AFTER PBL
Learne.:r demons.trate.s complete understanding and | 1% 68 76%
proficiency but with minor errors.

Wiring (W) Le.arner shows basic understanding but needs few 5 6% 16 18%
guidance.

L.ear.ner shows parti.al understanding and requires %3 93% 5 6%
significant help and assistance.

Learnf:r demons.trate's complete understanding and 5 6% 65 73%
proficiency but with minor errors.

Fixi Wall | L h basi derstanding but d fi

ixing a e.arner shows basic understanding but needs a few | o 9% 16 18%

Sockets (FWS) guidance.

L.ear.ner shows parti.al understanding and requires 76 85% 8 9%
significant help and assistance.

Learne.:r demons.trate.s complete understanding and ) 2% 71 0%
proficiency but with minor errors.

Fixing a Bulb Letarner shows basic understanding but needs few 13 15% 1 12%

(FB) guidance.

L.ear.ner shows parti.al understanding and requires 74 3% - 8%
significant help and assistance.

L trat let tandi

earn<.ar demons. ra e§ complete understanding and 7 8% 71 0%
proficiency but with minor errors.

Fixing a Switch Letarner shows basic understanding but needs few 13 15% 3 15%

(FS) guidance.

L.ear.ner shows parti.al understanding and requires 69 789 5 6%
significant help and assistance.

Learn<.ar demons.trate.s complete understanding and | 1% 38 43%
proficiency but with minor errors.

Fixing a Junction Letarner shows basic understanding but needs few 10 1% 12 13%

Box (FIB) guidance.

L'ear.ner shows parti'al understanding and requires 73 28% 39 44%
significant help and assistance.

Collaboration and Learn<.3r demons.trate.s complete understanding and 55 62% 52 589

Teamwork (CT) proficiency but with minor errors.
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Lejclrner shows basic understanding but needs few 17 19% 2 5%
guidance.

T'he. learner shows p'flrtial understanding and requires 17 19% 15 17%
significant help and assistance.

Source: Primary data.

The findings reveal a remarkable improvement in learners’ technical practical skills after the PBL intervention. In Wiring (W),
students demonstrating complete understanding increased from 1% (1 learner) before PBL to 76% (68 learners) after PBL, while
those requiring significant help dropped from 93% (83 learners) to 6% (5 learners). A similar enhancement is observed in Fixing
Wall Sockets (FWS), where proficiency rose from 6% (5 learners) to 73% (65 learners), and those with partial understanding
decreased from 85% (76 learners) to 9% (8 learners). In Fixing a Bulb (FB), learners showing complete proficiency increased
from 2% (2 learners) to 80% (71 learners), while those needing significant assistance reduced from 83% (74 learners) to 8% (7
learners). Likewise, in Fixing a Switch (FS), complete proficiency rose from 8% (7 learners) to 80% (71 learners), with partial
understanding decreasing from 78% (69 learners) to 6% (5 learners). Although Fixing a Junction Box (FJB) showed
improvement—from 1% (1 learner) to 43% (38 learners) in complete proficiency—the proportion of learners with partial
understanding remained relatively high at 44% (39 learners), suggesting this skill may require more time and practice to master
fully. All of these demonstrate a remarkable impact of PBL on the enhancement of practical skills of learners in electrical
installation. This is in line with Fernandes (2014) who found that, PBL fosters deep-level learning and important skills for
professional practice, which links theory to practice. This means that, the more the learners study using PGL approaches, the more
practical skills’ enhancement.

PBL improves collaboration, develops interpersonal skills and teach the value of teamwork (Krajcik & Czerniak, 2018) and also,
PBL improves learners’ teamwork (Holubova, 2008). This study also that there is a slight variation in Collaboration and
Teamwork (CT) after PBL. This is also in line with Bell (2010) who found that practical skills need collaboration and problem
solving skills. Learners demonstrating complete proficiency slightly decreased from 62% (55 learners) to 58% (52 learners),
while those with basic understanding increased from 19% (17 learners) to 25% (22 learners). This is in line of Jollands &
Parthasarathy (2013), who found that multiple projects are needed to develop student understanding. This study also found an
enhancement in the learners’ understanding by an increase of 5% of the respondents.

The proportion requiring significant assistance slightly declined from 19% (17 learners) to 17% (15 learners). This indicates that
while PBL significantly strengthened technical and hands-on electrical skills, collaboration skills were already relatively strong
before the intervention; the more the students use PBL, the less they need assistance in practical skills, like in house electrical
installation. Overall, the data clearly demonstrated that PBL had a substantial positive impact on learners’ practical electrical
competencies.

The number of learners according to the skills they became able to perform after PBL intervention were compared to the number
of learners who were able to perform skills before the PBL intervention. This is presented using histograms where the symbols
used with their meaning are: W: Wiring, FWS: Fixing Wall Socket, FB: Fixing a Bulb, FS: Fixing a Socket, FIB: Fixing a
Junction Box, and CT: Collaboration and Teamwork.
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Comparison between the number of learners who
performmed skills before and after PBL intervention
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Figure 2: Number of skills and the number of learners who performed a skill.

The findings, as illustrated in the histogram, reveal a substantial improvement in learners’ performance across all assessed
competencies following the intervention. Firstly, the results indicate a marked decline in the number of learners categorized under
Poor and Needs Improvement after the implementation of PBL. Before the intervention, a considerable proportion of learners
demonstrated limited competence in skills such as wiring, fixing wall sockets, fixing switches, and handling safety procedures.
However, after engaging in PBL activities, these lower performance categories significantly decreased. This suggests that PBL
effectively supports struggling learners by providing hands-on experiences and opportunities for active engagement, which are
often lacking in traditional teacher-centered approaches.

Secondly, there is a notable increase in the number of learners achieving Good and Excellent performance levels across all skills.
This improvement reflects the effectiveness of PBL in promoting deeper understanding and mastery of practical tasks. Through
collaborative projects, learners were able to apply theoretical knowledge in real-life contexts, thereby strengthening both their
cognitive and psychomotor skills. This finding is consistent with constructivist learning theory, which emphasizes that knowledge
is best acquired through active participation and experience.

Moreover, the observed improvement in specific skills, such as wiring (W), fixing wall sockets (FWS), fixing switches (FS), and
fixing junction boxes (FJB), highlights the role of PBL in enhancing technical competencies. This is in line of a research
conducted by Owens & Hite (2020), which suggested that global PBL is a meaningful strategy for teachers to develop students’
communication competencies in STEM, and this study found that PBL enhances the technical competencies. These skills require
precision, practice, and confidence, all of which are fostered through repeated hands-on activities embedded in project work. The
increase in performance suggests that learners became more confident and competent in executing electrical installation tasks. In
addition, the results show a moderate increase in the Satisfactory category, indicating a gradual progression of learners from
lower to higher performance levels.
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V. CONCLUSION

The findings of the study conclude that implementing PBL in the physics curriculum, specifically in house electrical installation,
significantly enhanced learners’ practical skills and positively influenced their perceptions. Learners gained confidence,
motivation, and a better understanding of the relevance of electricity in daily life. Skills such as wiring, fixing sockets, bulbs,
switches, and circuit breakers improved notably, and learners became more open to engaging with tools and performing electrical
tasks both in class and at home. Observation data and questionnaires confirmed a marked shift in learners’ attitudes and abilities,
showing that PBL increased their interest and perceived competence in electricity-related activities. The study showed that
learners became more confident, motivated, and interested in physics-related tasks after participating in PBL activities. Practical
abilities such as wiring, fixing sockets, switches, bulbs, and circuit breakers improved significantly. Learners also demonstrated
an increased willingness to use tools and apply their skills at home, showing the real-life applicability of what they had learned.
Despite challenges such as limited resources and delayed permissions, collaborative efforts and group-based approaches ensured
active student participation and the achievement of research objectives.

VI. RECOMMENDATIONS

Based on the research findings, it is recommended that PBL needs to be adopted in teaching electricity, particularly house
electrical installation, due to its effectiveness in enhancing learners’ practical skills and perceptions. Teachers consistently are
recommended to integrate Project-Based Learning (PBL) into practical subjects to strengthen learners’ technical competencies,
particularly in electrical installation. Schools should ensure adequate provision of tools, materials, safety equipment, and
sufficient time allocation to support effective project implementation, alongside continuous professional development for teachers
on PBL design for simplified application in teaching and learning activities. Curriculum developers and policymakers should
formally include PBL within competency-based frameworks and align assessments with practical performance outcomes.

For future studies, it is suggested that researchers explore the broader application of PBL across various science and technical
subjects to examine its overall impact on learners’ academic growth and skill development. Further research could also
investigate how learners transfer practical skills gained through PBL into real-life situations, such as during school breaks or in
home settings. Additionally, future studies should consider addressing challenges encountered in this research, including
equipment shortages, language barriers, and parental consent, to improve the effectiveness and reliability of similar studies.
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