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ABSTRACT 

Throughout the year, the implementation of the traditional approach (lecture-based) in the 

teaching and learning process seems to be less effective in increasing the interest among 

students towards the STEM subjects. Conversely, the use of practical learning method 

emphasizes on the psychomotor domain so that readers gain a clearer and more effective 

understanding. Thus, the aim of this project is to develop ten mini projects that related to basic 

science and electrical engineering, to conduct experiments on ten mini electrical projects and 

to investigate the performance of each project based on the output results. These projects are 

developed using low-cost apparatus, a short period of time and easy-to-construct experiment. 

After that, all projects are discussed in detail form the short description, apparatus used, 

simple-to-follow procedures with real coloured images, the technical behind, the further 

investigation which improves the validity in the experiment and the summary of the project. 

From the findings result, the most influential parameters for each project are predicted to 

obtain a good performance of the projects. In conclusion, the impact of the implementation 

from this unique approach, students will increase their understanding towards the fundamental 

of science and electrical engineering using this learning kit. 
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ABSTRAK 

Sepanjang tahun, pendekatan tradisional (berasaskan ceramah) terhadap proses pengajaran 

dan pembelajaran dilihat semakin kurang berkesan dalam meningkatkan minat pelajar 

terhadap mata pelajaran STEM. Sebaliknya, penggunaan kaedah pembelajaran praktikal 

menekankan pada domain psikomotor yang memberi pembaca pemahaman yang lebih jelas 

dan berkesan. Oleh itu, tujuan projek ini adalah untuk menbina sepuluh projek mini yang 

berkaitan dengan sains asas dan kejuruteraan elektrik, untuk menjalankan eksperimen pada 

sepuluh projek mini elektrik dan untuk menyiasat prestasi setiap projek berdasarkan output 

eksperimen. Projek-projek dibangunkan dengan menggunakan alat yang berkos rendah, 

dibuat dalam jangka masa yang pendek, dan eksperimen yang mudah dibina. Selepas itu, 

semua projek dibincangkan secara terperinci dalam bentuk penerangan ringkas, alat yang 

digunakan, prosedur yang mudah diikuti dengan gambar kehidupan sebenar, teknik di 

belakangnya, penyelidikan lebih lanjut yang meningkatkan kesahan eksperimen dan ringkasan 

projek. Melalui hasil kajian, parameter yang paling berpengaruh untuk setiap projek dapat 

diramalkan untuk mencapai prestasi projek yang baik. Kesimpulannya, hasil daripada 

menerapkan pendekatan unik ini, pelajar dapat meningkatkan pemahaman mereka mengenai 

asas sains dan kejuruteraan elektrik menggunakan kit pembelajaran ini. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

This chapter presented the background of the project to get an overview of the project 

title. Then, the objective, scope of work, problem statement and the significant of the project 

also included in this chapter. 

1.2 Background of Project 

Learning kit is very crucial in the process of teaching and learning. It can assist the 

process of sharing knowledge among the students with respect to the subject taught. The use of 

learning kit increases the student’s interest in learning the STEM subjects and assist them to 

learn electrical engineering through a misleading experience at the same time. The main 

purpose of learning kit development is to help student understand the subjects more easily and 

systemically (Che Ghani C. K., 2019). 

The process of teaching and learning in Electrical Engineering topics consists of two 

parts which are theoretical and practical. In order to master the subject, students are encouraged 

to have strong basic knowledge about the related subjects. By doing that, students will be able 

to face more high-level studies in the electrical engineering field. However, the level of 

difficulties in the subjects sometimes makes them study only to pass the exam without truly 

understand the content in the studies. 
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In addition, knowledgeable students somehow rely on the effectiveness of how 

teachers use the appropriate learning kits towards their teaching process. Apart from that, the 

way of how the subject is delivered also affects the students. The failure of delivering the subject 

causes the students to assume the subject to be difficult to understand. 

The project includes five topics covering the electricity, electrical applications, 

magnet, electrical motor and energy. The purposes of the topics are explained in Table 1.1. 

Table 1.1: Purposes of the topics in Electrical Engineering Learning Kit. 

Topic Purposes 

Topic 1: Electricity 

Provide the basic concept of electricity involving electron 

and charge, voltage and current, electrical conductor, 

electrical circuit, switching and battery. 

Topic 2: Electricity Application 

Apply the applied physics concepts such as Newton’s 

First Law of motion and Newton’s Third Law of motion. 

Topic 3: Magnet 

Investigate the effects of magnet’s polarity and apply the 

electromagnet and magnetic field concept. 

Topic 4: Electric Motor 

Explain the basic motor construction and the principle of 

motor and generator which is important in applying the 

concept of Fleming’s Left-Hand rule. 

Topic 5: Energy 

Focuses on generating the electricity via renewable 

energy system with further understanding of the system 

through the study of the energy conversion that occurs in 

the system. 
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Normally teachers used the teaching aids for easier teaching and learning in the 

classroom. Following this matter, the electrical engineering learning kit is developed as it is 

capable to affect the process of teaching and learning (Alias 2013). Alias (2013) also stated that 

the students are most likely to play and not pay attention when the teaching process is delivered 

by a teacher that is not from the electrical field. 

Up to this day, it is quite difficult to find a teaching and learning apparatus for electrical 

engineering subjects and suitable for students in school. In this project, there are ten 

compilations of mini experiments complete with the theoretical explanations with the aid of 

diagrams for each experiment that is suitable for beginners in electrical engineering. 

Figure 1.1: STEM’s logo by Bebarrel (Ref.: https://cutt.ly/kuVtulq) 

The implement of STEM subjects in this project is one of the main parts of the 

development of this project. STEM is a curriculum based on the idea of educating students in 

four specifics disciplines – science, technology, engineering, and mathematics – in an 

interdisciplinary and applied approach. The STEM integrates the four disciplines into a 

cohesive learning paradigm based on real-world applications rather than teaching them as 

separate and discrete subjects. This learning kits is able to provide the STEM understanding 

especially students in primary school. Figure 1.1 below shows the STEM’s logo. 

https://cutt.ly/kuVtulq
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The shift of enrollment from the primary to lower secondary grades 

2015 

95.5% 

2016 

96.1% 

The shift of enrollment from the lower to upper secondary grades 

2015 

93.3% 

2016 

96.4% 

The aim of this study is to develop the electrical engineering learning kit that is suitable 

for students from primary to secondary school. In fact, students and lectures in higher education 

can implement the learning kit through the learning and teaching process whether for formal or 

informal learning. Apart from that, the parametric analysis is included in order to determine and 

evaluate the performance of different parameters towards the project’s outcomes. 

1.3 Problem Statement 

STEM originally called Science, Mathematics, Engineering, and Technology (SMET) 

(David W. White, 2014) introduced by the National Science Foundation (NSF). This mainly 

created to provide all the students with high critical thinking skills which helps them to become 

creative problem solvers and gain good opportunities in the workforce. Figure 1.2 shows the 

shift of enrollment among students in school in 2015 to 2016. 

Figure 1.2: Shift of Enrollment in 2015 and 2016 (Ministry of Education, 2016) 
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A recent report from the Ministry of Education shows that students nowadays are less 

interested in STEM subjects. The ineffective teaching methods are one of the factors that leads 

to this situation. As a result, students most likely being misunderstood the content of the subject 

and drawing them away from choosing STEM as for their choice of study. 

Referring to Figure 1.2 (Ministry of Education, 2016), the percentage of students 

pursuing their studies from primary to secondary school is increasing from year to year. 

Therefore, the big number of students that are not interested in STEM gives gigantic anxiety 

and causes a detrimental effect on the formation of youth capable of competing and leading 

science and technology Malaysia. In addition, there is a lack of learning medium that can assist 

students to learn the basics of science and engineering effectively. 

According to N. Asyikin (2018), Malaysia has been predicted to be short of 236,000 

engineers and technical personnel through the estimating steady declining rate of engineering 

students. Despite various efforts that have been done, it is still unconfirmed whether it helps to 

increase the interest in engineering. 

To date, the scenario of engineering education in Malaysia is still not fully aware the 

implementation impact of the practical learning in teaching and learning process. In fact, some 

of the teachers still apply the traditional approach even in critical topics that are more 

appropriate by conducting an experiment in order to understand the theoretical concepts. 

Therefore, most of the students will not have a solid understanding regarding the subjects. As 

for this matter, an urgent solution is needed because the technology development demanding 

the new engineering model that include the fundamental of science and engineering, technical 

skill, professional practice, and soft skills to face challenges in the future (N. M. Nor, 2010). 
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According to above statement, it has influenced the main objective of this research; to 

develop ten mini experiments based on the basic science and electrical engineering. All these 

ten mini experiments are mostly used low cost and easy to find apparatus. Through this learning 

kit, readers will be more excited to practice the projects with the aid of the diagram and the 

attached video that can be accessed any time through QR code. 

1.4 Objective 

This study embarks on the following objectives: 

❖ To develop ten mini projects related to basic science and electrical engineering.

❖ To conduct experiments on ten mini electrical projects.

❖ To investigate the performance of ten mini electrical projects based on the

experimental results.

1.5 Scope of Project 

The scope of this project is limited to the following items so that the project could 

be focused to achieve the stated objective. The scope of this project is listed below; 

❖ The project focusing on five group of projects including electricity, electrical

applications, magnet, electrical motor, and energy.

❖ The project development limited to ten mini electrical experiments with low cost

and a short period of time.

❖ Conduct parametric analysis results based on the experimental result output of

each experiment.
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1.6 Project Significance 

 

The development of this electrical engineering learning kit will potentially benefit to 

the society considering that it able to enhances the positive attitudes among the students in the 

teaching and learning process especially in STEM education. Besides that, this learning kit can 

be used as a reference for individuals who want to strengthen their understanding through the 

basic concepts in electrical engineering field. 

Apart from that, the actual target of this learning kit is students from primary and 

secondary grades. However, it can be useful for lecturers and technicians who involved in the 

electrical engineering field as well as students in the higher education institutions as it includes 

the basic concepts in electrical engineering which are compulsory subjects in Year 1 and 2. 

Figure 1.3 shows the total number of students in government schools by the education level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3: Students in Government Schools by Education Level 

(Ministry Education of Malaysia, 2016) 
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According to Figure 1.3 statistics from the Ministry of Education in Malaysia as 

shown in Figure 1.3 (Ministry of Education, 2016), there were 2,683,753 primary school 

students and 2,049,030 secondary school students in 2016. This statistic reflects the fact that 

this product has a very extensive buyer and market target. 

From the business perspective, the key target market for this learning kits is for 

secondary and primary school students not only in Malaysia, but all over the world as it 

represents a larger population of students in general. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

The Electrical Engineering Learning Kit for STEM Application consists of ten 

noncomplex electrical projects that able to convey the fundamental of sciences and electrical 

engineering. The purpose of study is to develop the suitable and effective approach towards the 

process of teaching and learning for both teachers and students. 

In this chapter, the summary of studies related to this project is discussed. The studies 

included the topics in sciences and electrical engineering that is compulsory for students in 

schools and universities. Apart from that, the implication of practical learning in the teaching 

and learning process will be compared to the traditional (lecture-based) to observe the 

effectiveness towards the education system. Next, the STEM application also will be discussed 

along with the subject related and the critical topics in Electrical Engineering that affects the 

interests among the students towards the subject. Then, the influence of the coloured image in 

the textbook, the QR code features and the use of video learning in teaching process will be 

elaborated to enhance the quality of the learning and teaching process. 

In conclusions, this chapter elaborated the effects that influenced the process of 

development this learning kit and provided the ideas to build a quality learning kit for students 

who involved in STEM in general and electrical engineering student in particular. 
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2.2 STEM Application 

 

David W. White (2014) mentioned that STEM was primarily used in engineering 

firms in order to generate revolutionary technologies such as light bulbs, machines and 

automobiles. Nowadays, many countries heading towards innovation as they make a lot of 

improvements in their school system by emphasizing the teaching of Science, Technology, 

Engineering and Mathematics more vital (S. Makhmasi, 2012). 

E. Sujarwanto et. al (2019) mentioned that the purpose of STEM is to prepare students 

with the development of science and technology, be ready for the career life and able to solve 

problems. E. Sujarwanto et. al. (2019) also added that in the application of STEM should 

integrate at least two disciplines. For example; i. The application of Science-Technology, ii. 

The application of Science-Engineering, and iii. The application of Science-Mathematics. The 

examples of STEM applications performed are given in Table 2.1; 

 
Table 2.1: STEM Application 

 

Mathematics: 

Learning Field 

Science: 

Subject Field 

Electrical 

Engineering 
Technology Skills 

Conversion 

Geometry 
Wind Energy 

Electrical Motor, 

Energy 

Wind Power 

Generator 

 

Problem 
Chemical 

Reactions 
Electrical power 

Rocket, Rocket 

Launcher 
Cooperation 

Communication 

Creativity 

Critical 

Thinking 

Algebra, 

Geometry, 

Calculus 

Electricity, 

Physics 

Control System, 

Electrical Motor 

 
Robot 

Algebra, 

Geometry, 

Calculus, 

   

 

Physics 
Control Systems Medical 

Machine 
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2.3 Student’s Perspective in Electrical Engineering 

 

The lack of understanding of the fundamental has made the students less interested 

in Electrical Engineering subjects. Aharon G. (2016) stated that most students assume that the 

basic electrical circuits course does not reflect a deep understanding of the discipline of 

electrical engineering. Dianne Q. Nguyen (2007) recognized the lack of appeal of subject 

contents, the method of delivery, passion, and basic knowledge of teachers as one of the 

factors that contribute to the downward trend in the number of engineering students. Figure 

2.1 shows the skill required and the characteristics of ideal engineer based on Nguyen (2003). 
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Code of ethics 

Foreign language 
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Competency 
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thinking 
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Figure 2.1: Skills Required and the Characteristics of Ideal Engineer (Nguyen, 2003) 

 

 
In addition, Tatiana V. Goris (2009) had been surveyed the common 

misunderstandings of basic electricity revealed that student from the first year until last year 

often misunderstood about the difference between the voltage and current, the definition of 

electricity and the concept of ‘dead’ battery. 
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The high-quality graduates in the engineering field is very indispensable due to the 

growth of technology. Siti Hajar H. (2012) found in her research that the requirement of the 

general and specific skills for an ideal engineer as shown in Figure 2.1. 

 
2.4 Critical Topics in Electrical Engineering 

 

Electrical Engineering is a broad field that deals with the technology of electricity 

and often includes electronic engineering. According to Prof. Tom C. (2016), the majority of 

electrical engineering students spend approximately the first two years in developing a strong 

foundation in subjects such as math, physics basic circuit theories for both analog and digital 

domains. Prof. Tom C. (2016) also mentioned that there are three pillars of core competencies 

which are; i. Signal and system, ii. Electronics and iii. Electromagnetic. Figure below are the 

general concepts in Electrical Engineering based on James H. Bently (1984), K. Sahay (2006). 

Figure 2.2 below shows the general concept in electrical engineering. 

 

Electromagnetism Physical Laws Control Engineering 
 

Electronics Power Engineering Electric Vehicles 
 

Signal Processing Instruments Telecommunications 

Figure 2.2: General Concepts in Electrical Engineering 
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2.4.1 Electrical Curriculum in Primary and Secondary Grades 

 
The science curriculum is designed by the Ministry of Education in order to develop 

the opportunity to gain scientific knowledge, increase the ability in critical thinking skills, and 

able to apply the knowledge in daily life based on the Educational Development Plan for 

Malaysia from year 2001 to 2010. According to the Trends in International Mathematics and 

Science Study (TIMSS) 2015, the curriculum is categorized into three domains; 

• Scientific Knowledge: Include the concepts, facts, rules, and principles. 

 

• Skills: Involvement of scientific and critical thinking skills. 

 

• Scientific Attitudes and Values: Development through experiential learning. 

 
The Table 2.2 below shows the syllabus of science curriculum for primary and 

secondary grades based on Ministry of Education; 

 

Table 2.2: Syllabus of the Electrical Curriculum for Primary and Secondary Grades 

adapted from Ministry of Education 

Main topics Grade Year Subject 

 

 
Electricity 

Primary Standard 5 Chapter 7 

Lower Secondary Form 2 Chapter 7 

Lower Secondary Form 3 Chapter 6 

Upper Secondary Form 5 Physics (Chapter 2) 

Energy 
Primary Standard 5 Chapter 5 

Lower Secondary Form 2 Chapter 7 

 

 
Magnet 

Primary Standard 3 Chapter 5 

Lower Secondary Form 2 Chapter 7 

Lower Secondary Form 2 Chapter 6 

Upper Secondary Form 5 Physics (Chapter 2) 
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2.4.2 Topics related to Electrical Engineering for Institutes of Higher Education 

(Diploma and Degree Level) 

The purposes of Electrical Engineering programme is to equip students with a full 

understanding of the fundamental theories along with the concepts in electrical engineering. J. 

M. Jornet (2008) also highlighted the foundation of physical science, mathematics, computing, 

and technology to be added in understanding the subjects. 

Following the aims of Malaysian Technical University Network (MTUN) which to 

educate and train the highly skilled manpower, Universiti Teknikal Malatsia Melaka (UTeM) 

has been provided the suitable subjects for Electrical Engineering programme. The Table 2.3 

below shows the syllabus on engineering topics covered for diploma and degree level in UTeM; 

 

Table 2.3: Syllabus on Engineering Topics for Diploma and Degree Levels in Universiti 

Teknikal Malaysia Melaka (UTeM) 

Main topics Level Year Subject 

 
 

Electricity 

Diploma 1 Electrical Circuit 

Degree in Engineering 1 Electrical Circuit 

Degree in Engineering 2 Electrical Technology 

 
Energy 

Degree in Engineering 2 Electrical Technology 

Degree in Engineering 2 Generation & Distribution 

 
Magnet 

Degree in Engineering 2 Theory of Magnet 

Degree in Engineering 2 Electrical Technology 

 
 

Electrical Motor 

Degree in Engineering 2 Generation & Distribution 

Degree in Engineering 2 Electrical Technology 

Degree in Engineering 3 Motor & Generator 
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2.5 Practical Learning 

Practical learning is a combination of education and work known as cooperate 

education (Shengli C., 2017). Robin M. (2014) in his book defined practical learning or wok 

as any teaching and learning activity that involves the students to observe and manipulate the 

real object and materials. Upon the practical activity, the students will have a discussion of the 

observations whether their activity succeeds or fail. Robin M. (2004) also added that practical 

tasks should act as communication for the students’ scientific knowledge development instead 

of acts as opportunities for inquiry. The illustration in Figure 2.3 shows how learning style 

affects the students understanding. 

Theoretical Learning vs Practical Learning 

Figure 2.3: Theoretical Learning vs Practical Learning 

(Ref.: https://cutt.ly/7uD5HPc) 

As shown in Figure 2.3, the learning styles influences students’ understanding of the 

subject they have learned. Mei Chi Lee (2017) reviewed her findings where the laboratory 

investigation (practical learning) enhances the students’ behaviors such as positive attitudes, 

encouragement, and interest towards learning in related subjects. Conversely, the theoretical 

learning approach affects the interest of students. Thus, they become not excited and finally 

not understand the subjects (Fauziah S., 2017). 

https://cutt.ly/7uD5HPc
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Degang Shi, (2014) analyzed that students that applied practical learning had 

dramatically improved the students’ result in the exam. Traditional education is still considered 

a good system that can be implemented in the education system. However, the rapid growth 

of technology had demanded the people especially graduates to have strong capability skills 

resulting in traditional education to become unsuited to the requirements of modern society. 

In Figure 2.4 below shows the Sustainable Development Goals that have been developed by 

Division for Sustainable Goals (DSDG). 

 

 
 

 
Figure 2.4: Sustainable Development Goals (SDG), based on the Division for 

Sustainable Goals (DSDG) (Ref.: https://sustainabledevelopment.un.org/sdg4) 

 
The United Nations Department of Economic and Social Affairs (UNDSEA) stated 

that the efforts in providing the effective teaching methods is related to the sustainable 

development goals UNESCO specifically in Leading SDG 4: Quality Education. In addition, 

the Inter-Agency and Expert Group on SDG Indicators (IAEG-SDGs) had stated that by the 

https://sustainabledevelopment.un.org/sdg4
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year of 2030, the number of youth and adults that have relevant skills such as technical skill 

increases for employment, eligible jobs and entrepreneurship as one of global target indicators 

of the Leading SDG 4: Quality Education. 

On top of that, different students have their own learning styles. By knowing their 

own learning styles, the process of learning will become easier and successful. Hawkar A.A. 

(2014) in his paper listed the classification of learning styles which are; 

• Visual versus verbal 

 

• Auditory learners 

 

• Kinesthetic or tactile learners 

 

• Intuitive versus sensing 

 

• Global versus analytic 

 

• Individual versus group preferences 

 

The practical learning is being applied among the kinesthetic or tactile learners and 

analytic learners. As for the kinesthetic learners, they prefer to work with touchable objects 

and move around during work while the analytic learners focus on logical analysis and 

thinking as ways to tackle the problems (Hawkar A.A., 2014). 

 
 

2.6 Influences of Coloured Picture in the Textbook 

 
According to Dunlosky et al., (2013), most students often endorse the use of rereading 

and highlighting for study. These two ineffective methods are found to have low utility besides 

not able to retain knowledge for a longer period. Nevertheless, some of the students that applied 

the practice testing methods appear to gain benefit from its use. Those students show better 

performance on a final exam. Following this matter, it is believed students that are being left 



18  

behind by an educational system are in crisis which then makes them not fully understand what 

they have learned. It is even worse when the country will not be able to produce quality 

engineers in the future. 

Dunlosky et al. (2013) also stated that there are five techniques that are considered 

as a low utility assessment; i. The summarization, ii. The highlighting, iii. The keyword 

mnemonic, iv. The imagery uses for text learning and v. The rereading. These techniques may 

find useful in a certain time but still not provide full benefits and ineffective. Therefore, 

improving the teaching and learning methods are very crucial for both teachers and students. 

Figure 2.5 shows six types of colors with their impact to memory; 

 
 

Figure 2.5: Colors Impact on Memory. 
 

(Ref.: https://www.ryman.co.uk/blog/revise-with-colour) 

https://www.ryman.co.uk/blog/revise-with-colour
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Suitability 

Technology Environment 

Nowadays, textbooks are still considered as an important resource in the education 

system. The way how the information is delivered is very crucial to grab students’ attention. 

One of the best ways is by adding images with attractive color in into the textbooks. Certain 

colors have their own impact on memory that can be applied in learning process. 

Referring to Figure 2.5, it can be concluded that by using different colors to different 

topics will improve the availability to recall the topic at any time. However, the evaluator 

more focuses on the content rather than the study of the impact of pictures in the textbooks 

(Sara K., 2015). It is good to note that, pictures capable in encourage students to study the 

related text and increases their attention to detailed processing of textual data that is included 

in illustrations. Moreover, they can explain the content that hard to understand and thus 

increase recovery potential for the picture text content (Sara K., 2015). The Figure 2.6 below 

shows the three elements that influences the quality of the textbook. 

 

 

 

Figure 2.6: Elements of Quality Textbook (Sara K., 2015) 

 

 

As shown in Figure 2.6, Sara K. (2015) suggested that there are three elements that 

make up the quality of the textbook which included; i. Persuade the use of technology, ii. 

Suitability and iii. Environment. These elements are the things that the author should be aware 
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of to motivate students in their studies. Therefore, it is to avoid students become boring even 

the book is incredibly inspiring and informative. 

 
 

2.7 QR Code Feature 

 

Quick Response (QR) code is a 2D barcodes consists of black modules that are 

arranged in a square pattern on a white background. It is developed in 1994 by Denso – Wave 

which is a Japanese automatic data capture equipment company for the Toyota motor 

corporation (Dr. Gurhan D., 2016). It is created as an alternative to the barcodes system (Woof 

D., 2015) and initially used to track the vehicles at the time manufacturing (Deepashree M., 

2017). According to Deepashree M. (2017), people become more interested to use the QR code 

system because it is easy to generate, fast reading, and able to load a lot of information in many 

forms. For instance, information such as the website URL link, contact information, video 

streaming and plain text (So, 2010). Figure 2.7 shows the structure and components in QR 

code. 

 

 
Figure 2.7: Structure and Components of QR code (Wara Aliyu A., 2014) 
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As shown in Figure 2.7, there are three patterns on the QR code which are finder 

patterns, timing patterns and alignment patterns. The finder patterns are used to detect 

position, size and inclination of the QR code. As for timing patterns, it acts as an identifier for 

the central co-ordinate of data cell whenever the QR code is distorted. Next, the alignment 

used as a correction pattern that corrects the distorted data while the quiet zone is a margin 

space that is crucial for reading the QR code. 

It is known that the features in QR code mostly reflect the positive feedback towards 

the users. Therefore, Deepashree M. (2017) mentioned in her paper that the QR code exhibits 

the potential to apply in education system. The use of QR code in the education can be 

categorized in the context of mobile learning (Rikala J., 2012). Thus, it is considered as one 

of the effective medium of learning since the most used device in the world is the mobile 

smartphone (Ivan J., 2013). Figure 2.8 shows the process on how does the QR code work on 

smartphone. 

 

 
Figure 2.8: QR Code Recognition Process 

 

(Ref.: http://blog.escanav.com/2015/04/beware-of-surprises-from-qr-codes/) 

http://blog.escanav.com/2015/04/beware-of-surprises-from-qr-codes/
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Based on Figure 2.8, the QR code recognition process starts when the smartphone scans 

the code. After that, the code will be decoded by the software on the smartphone and converted 

into a string of characters. The commands on the characters determine the type of information 

that appear, for example, web page, location verification as well as access to video link or any 

other information at rapid rate. Following this matter, it can be said that the use of QR code in 

mobile learning is very effective and easy to apply. Apart from that, teachers will become more 

creative in performing the learning session with the student to blend with the development of 

the technology. 

For example, by applying the QR code, it capable in draw the attention of the students 

allowing them to learn effectively. Next, Rikala J. (2012) from her research stated the use of 

QR code able to expand the learning experience and provide the genuine tasks that take place 

in real-world settings. Furthermore, the QR code can be accessed all over the areas as long as 

the users are in the internet coverage area and equipped the mobile phones with a QR code 

scanner. 

2.8 The Implication of Video Learning Among Students 

Following today’s educational trend, teaching material based on video clips is seen 

to have at least as equally efficient as standard teaching lectures. Panagiota N. (2010) 

explained in his paper that by using video as a learning medium, it shows more effective effects 

rather than text. Consequently, it enhances the student’s satisfaction and motivation during the 

learning process. Apart from that, video learning is flexible because it can pause or skip 

throughout the video and able to access in particular areas. 
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Emily C. (2007) mentioned that the ability to communicate with viewers’ emotions 

is one of the greatest strengths of video. Due to this ability, the video may have a strong 

positive effect to develop the motivation and effective learning. Marshall (2002) clarified that 

people will generally remember according to the; 10% of what they read, 20% of what they 

hear, 30% of what they see and 50% of what they hear and see. Figure 2.9 shows how video – 

based learning is conduct. 

 

Figure 2.9: Video – Based Learning (Ref.: https://elearningindustry.com/how-video- 

based-learning-impacts-corporate-training-future) 

 
Guo et al. (2014) analyzed that the duration time of the streaming video affects 

student engagement. As the streaming videos lengthened, student engagement is dropped off 

and decreased. The maximum median engagement time is lasts within six minutes of video 

length. Otherwise, it will be likely wasted effort for making videos longer than six to nine 

minutes. Therefore, it is recommended to create two or more videos depending on the content 

for the topics that require long explanation. 

https://elearningindustry.com/how-video-based-learning-impacts-corporate-training-future
https://elearningindustry.com/how-video-based-learning-impacts-corporate-training-future
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As for that, Cynthia J. Brame (2016) suggested four characteristics to attract students 

which can be applied in video learning are; i. Conversational style, ii. Speak relatively fast 

with passion, iii. Ensure that the materials are for students in this class and iv. Match modality. 

Throughout students’ participation in video learning, they can improve their 

understanding of the subject. Apart from that, the video learning also supports the active 

learning that enhances the students’ performance. N. Sasikumar (2014) listed that, the 

involvement of students more than passive listening, engagement in activities and increase 

motivation to study are the major characteristics that related to active learning strategies. 

 

 

2.9 Comparison of Electrical Engineering Learning Kit products in Market 

 

There are many electrical Engineering Learning Kit that available in the market. Thus, 

find the best learning kit, a comparison should be made in detail. Table 2.4 presents the 

comparisons between three products of learning kits related to electrical engineering. Most of 

the feedback are based on the people’s reviews at online shopping websites such as Amazon, 

Ebay and Lazada. 
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Table 2.4: Comparison of Learning Kit’s Products available in Market 
 

 

 
 

 
 

Product 
Electromagnetism: Electricity & 

Magnetism Kit 
Electricity & Magnetism Ridiculous Inventions 

Price RM 214.00 RM 230.00 RM 300.00 

Age Range 8+ 8 – 15 8+ 

Topics Electricity, Magnetism Electricity, Magnetism 
Science, Technology, Art, 

Engineering 

Total Projects 18 62 26+ 

Kids friendly 
 

 

 

 

 

 

Learn-at-home 

ready 

 

 

 

 

 

 

Theoretical 

Explanation 

 

 

 

 

 

 

Guide-to-do 
 

 

 

 

 

 

Availability of 

material 

 

 

 

 

 

 

Source https://cutt.ly/quDmx7d https://cutt.ly/iuDmTHc https://cutt.ly/cuDmSoM 

*The star symbol represents the rate of customer reviews. 

 

Legend: 

 
Good Very Good Excellent 
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Referring to Table 2.4, the star symbol starts from the Kids friendly element until 

availability material reflects the rate of customers’ reviews. The higher number of stars means 

the user is very satisfied with the product while the least number of stars shows the weakness 

of the products that draw the users’ dissatisfaction. 

The product 1 which is Electromagnetism: Electricity & Kit has a price of RM214.00. 

It is considered expensive since it only contains 18 projects. Some of the review mentioned 

that they have received the some of the defective components’ parts and asked for the 

replacement. Unfortunately, the manufacturer does not sell the parts separately and they must 

buy the new kit. For an expensive kit, it covers only two topics which are electricity and 

magnetism but poor in explanation. Apart from that, one of the reviews claimed that they has 

trouble in understanding the theoretical explanation and need to search for other resources for 

further explanation regarding the projects. However, there are parents that mentioned that their 

kids enjoyed the experiment because the experiments are very interesting and easy to follow. 

Moving to product 2, the Electricity & Magnetism, this product cost RM 230.00 which 

considered expensive. Although there are 62 projects in total, the price is considered 

unreasonable because most of these projects involve the very basic and simple circuits. 

Therefore, some of the users said that the recommended age should not reach until fifteen years 

old. At certain time, the resemble project fail to work even though they follow the given 

instructions. This reflects the poor instructions which needs to be updated for the projects to be 

effective. Still, there are some reviews mentioned they need to find other sources to understand 

the concept in the experiments. The advantage for this product is kids friendly where all the 

components is made form plastics and easy to resemble. 
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For product 3, the Ridiculous Invention costs RM 300.00 which is the most expensive 

form the other products. The components included in the kit are not complete which required 

them search the additional parts that are difficult to find (Reviews adapted from Apart from 

that, this kit covers general topic on science, technology, art, and engineering. Thus, it may be 

found that the kit is not suitable for people in the electrical engineering field because it does 

not focus on electrical engineering topics in particular. 

 

2.10 Points of Departure 

 

Points of departure based on the Dictionary.com is the starting point to begin in 

something (project, discussion, etc). First, the comparisons had been made for the 

improvement of the electrical engineering learning to become the best choice for students in 

their learning process. Apart from that, this learning kit also suitable for people in the electrical 

engineering field including lectures and technicians as a reference in the basic science and 

electrical engineering. The Table 2.5 shows the descriptions and reviews on the electrical 

engineering learning kit. 

 

Table 2.5: Details and Reviews of the Electrical Engineering Learning Kit 
 

Product Electrical Engineering Learning Kit 

Price RM 100.00 

Age Range 7+ 

Topics 
Electricity, Electrical Application, Magnet, Electric 

Motor, Energy 

Total Projects 10 

Kids friendly 
 

 

Learn-at-home ready 
 

 

Theoretical Explanation 
 

 

Guide-to-do 
 

 

Availability of material 
 

 

*The star symbol represents the rate of 50 respondents’ reviews. (Refer legend in Table 2.4.) 
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Table 2.5 presents the descriptions and the reviews from the respondents that already use 

the electrical engineering learning kit. The Electrical Engineering Learning Kit costs only 

RM100.00 which the cheapest among the three kits. Compare with the three products in Table 2.4, 

the total topics covered in electrical engineering learning kit are five topics which are electricity, 

electrical application, magnet, electric motor and energy. The most valuable in this learning kit is in 

the theoretical parts complete with the systematic and structured explanation for further 

understanding about the concept of each projects. Apart from that, this learning kit consist of the 

detailed project making procedure assisted with an eye-catching color image that able to attract the 

interest from the user. However, most of the respondents claimed that there are few projects that 

uses sharp apparatus such as cutter and driller and solder which then made this learning kit lack in 

the Kids Friendly element compared to the other three products in topic 2.9. Thus, guidance from 

an adult is needed while conducting the experiments. 

There are three domains of learning which is the psychomotor domain (knowledge), 

cognitive domain (skills), and affective domain (attitudes). These domains are crucial in 

teaching and learning and become the main reference point for this project. Figure 2.10 shows 

three domains of learning. 

 

Figure 2.10: Three Domains of Learning 

(Ref.: https://cutt.ly/nuFRWSx) 
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Practical 
Learning 
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Unique 

approach 

The relationship between the domains in the learning and this project is presented at 

Figure 2.11. 

 

Psychomotor 
Domain 

 
Cognitive 
Domain 

 Affective 
Domain 

  

 

 

 

 

 

 
Figure 2.11: Implementation of Three Domains of Learning in Electrical Engineering 

Learning Kit 

 
Referring to Figure 2.11, all three domains have been fulfilled to develop the best 

electrical engineering learning kit for teachers and students who involve in STEM in general 

and in the electrical engineering field. Leslie O. W. (2016) stated that all three domains should 

be applied in constructing learning tasks for students. By applying more diversity in the 

teaching process, students will become more creative and help them to revise their lessons. 

The Psychomotor domain (Simpson, 1972) is the domain related to skills, practical 

and practical movements. As for this project, the implementation of this domain can be seen 

through experimentation and practical learning. Based on the topic 2.5, the practical learning 

method is able to improve the students’ understanding especially in science and electrical 

engineering. Apart from that, this method will attract students’ interest in pursuing a career 

related to STEM. 

The second domain is the cognitive domain which is the learning skills related to 

thinking processes. The manual book for this learning kit is an example of the implementation 

of cognitive learning. the manual provides the concept and theoretical explanation for each 
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experiment complete with the aid of diagrams and coloured images to ease the reader to 

understand the content in the manual book. Topic 2.6 mentioned how certain colors stimulate 

the memory to helps the reader recall the subjects that have been learned. Apart from that, this 

manual book also has QR codes feature that allow them to access the video project. 

The video project intends to guide the students as well as shows the result upon 

completing the projects. Because of that, this learning kit is different from the three products 

that have been compared in Table 2.4 in Topic 2.9 with an additional feature which is video 

learning. The topics included in this learning kit also equivalent to the syllabus topic in 

electrical curriculum and electrical engineering listed in Table 2.2 and Table 2.3. 

Lastly, the affective domain is the involvement of elements such as emotion, feelings 

and attitudes included in the learning process. It refers to the way we deal with things 

emotionally, for example, appreciation, motivations, and enthusiasm. Using the unique 

approach to deliver the contents such as in the practical method, video learning and coloured 

images can increase student awareness to adapt with the subject and draw their intentions. Then, 

this unique approach also able to gain satisfaction on topics that they have learned because it is 

hands-on activities that require them to move around and conduct experiments. 
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CHAPTER 3 

METHODOLOGY 

3.1 Introduction 

 

In this chapter, all the method involved in developing the electrical engineering learning 

kit will be discussed. The project workflow and the seven major stages will be elaborated in 

detail. 

 

3.2 Project Workflow 

 

The project starts from investigate the ten mini projects to be included in the electrical 

engineering learning kit project. The projects are selected accordance with the syllabus on the 

electrical curriculum in primary and secondary schools and subjects in electrical engineering 

courses in diploma and degree level. besides that, lot of research had been done to choose the 

suitable projects. After listed out the projects, the apparatus needed for each project is 

identified. There are three parts for the apparatus to be used; i. Electricity, ii. Magnet and iii. 

General. The electricity parts included electrical components such as DC motor, buzzer, 

switch, solar cell, LED and vibration motor. For magnet parts, the magnet that will be used is 

the neodymium magnet in code N42 and N35. Lastly, for the general apparatus, items such as 

wires, recyclable material, and metal keys are used. The total price for all apparatus and 

magnets is calculated and proceed to purchase the things. 

The next process is continued with the development of the ten mini projects. All 

fifteen must be done to move to the next step which is identify the experiment parameter for 

example the current generated. Otherwise, the process will start over from the investigation 

of the ten mini projects. After getting the experimental parameter, the table for data collection 

is prepared to be able recorded the outcome result. 
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Objective 2 

To conduct experiment on 

five 

projects 

mini electrical 

Objective 3 

To investigate the 

performance of ten mini 

electrical project five 

based on the experimental 

results. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 3.1: Flow Chart of Project 

Objective 1 

To develop five mini 

projects related to basic 

science and electrical 

engineering 
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Next, the process is conducting the experiment for the ten mini electrical projects. 

The result from the experiment is collected and recorded in the data collection table to conduct 

the parameter analysis. However, the process will be repeated from the experiment parameter 

identification. Then, the technical discussion is discussed based on the parameter analysis of 

the experiment. 

Upon completing the technical discussion, the process continues to investigate the 

performance on ten mini electrical projects. Then, proceed to the video recording of each 

project complete from the introduction of the title, procedures, and the result. However, the 

process will be repeated from the parameter analysis if the investigation of ten mini electrical 

projects is not succeed. Next, the process will end after all the data regarding the project have 

been recorded and the result have been analyzed in the finding report. 

 

 
3.3 Stages Research of the Project 

 

Table 3.1 below shows the seven major stages of research activities that involved in 

the electrical engineering learning kit project. These seven major stages are crucial to make 

sure the project is complete and successful. 

Table 3.1: Seven Major Stages of Research Activities 

Stages Research Activities Milestone 

Stage 1 Literature review. 1 

Stage 2 Development of ten mini electrical projects. 2 

Stage 3 Conduct experiment on ten mini electrical projects. 3 

Stage 4 
Identify the parametric analysis for ten mini electrical 

projects 
4 

Stage 5 
Investigate the performance on ten mini electrical 

experiments based on the experiment results. 
5 

Stage 6 Video recording of the projects. 5 

Stage 7 Finding report 7 
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3.3.1 Stage 1: Literature Review 

 

The first stage of this project is reviewing lot of research studies and literature review 

to identify the problems encountered among the people in electrical engineering field from 

the students in primary grades level to the educators in institute of higher education. In this 

stages, the best and effective method in teaching and learning processes also have been 

studied. Apart from that, the students’ perspective, and their performance in studies in the 

STEM education are analyzed to investigate the students’ interest in this subject. After going 

through the process of research, five mini electrical projects are listed compatible with the 

syllabus of electrical in schools and universities. 

 
 

3.3.2 Stage 2: Development of Ten Mini Electrical Projects 

 

This stage starts upon the apparatus that is to be used is identified. After that, all ten 

projects are grouped as in Table 3.2 below. 

 
Table 3.2: Five Mini Electrical Projects 

 

Project Subproject Name 

Project A 

Electricity 

 

A1 

 

Magic LED 

Project B 

Electrical Application 

 

B1 

 

Propeller Car 

Project C 

Magnet 

 

C1 

 

On – Off Magnet 

Project D 

Electric Motor 

 

D1 

 

Spinning Coil 

Project E 

Energy 

 

E1 

 

Pico Hydro 
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All projects in the topics required basic apparatus and magnets that inexpensive and 

easy-to-found items in order to develop the projects. Then, the related electrical parameter is 

identified for each project. The projects are developed until it successfully obtains the result. 

Otherwise, the project will be troubleshot or replace with the new project. 

 
3.3.3 Stage 3: Conduct Experiment on Five Mini Electrical Project 

 

The data from the output result will be recorded in the table for the data collection. 

From the data collection, the parametric analysis is constructed to observe the output data for 

each project. The purpose of the parametric analysis is to compare the experimental result and 

the theoretical of the project. 

 
 

3.3.4 Stage 4: Identify the Parametric Analysis for Five Mini Electrical Projects 

 

Parametric analysis is the research activities that study the factors that influences the 

experimental result. Generally, there are two types of parametric in every experiment which 

are fixed Parameter and variable parameter. Fixed parameter will be held fixed along and 

remains the same along the experiment, meanwhile variable parameter will be changed 

through each experiment. 

 
 

3.3.5 Stage 5: Investigate the Performance of Five Mini Electrical Experiments based 

on the Experiment Results 

The performance of the five mini electrical experiments is investigated based on the 

experimental result after conducting the experiment. In this part, the most influence of 

electrical parameter towards the project will be obtained. 
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3.3.6 Stage 6: Video Recording of the Projects 

 

After completing the hardware part, each process of developing the video will be 

recorded including the result from the experiment. The video will start from the introduction 

of the title then going through the step by step in developing the project along with the 

apparatus used, and lastly show the output result. Then, the video project will be stored in the 

QR code. 

 
 

3.3.7 Stage 7: Findings Report 

 

All the data regarding the development of the electrical engineering learning kit will 

be recorded and finalized in the findings report. 

 
 

3.4 Summary 

 

In conclusion, this chapter summarizes all the process and method to be used in 

developing the electrical engineering learning kit. The project starts from the research articles 

and journals regarding the electrical engineering field. All information that has been collected 

is analyzed to list out the five mini electrical projects that are compatible with the STEM and 

electrical engineering education. After that, the hardware of the project is developed using the 

list of apparatus that have been identified. Upon developing the hardware, the results from the 

experiments are studied and the parametric analysis is constructed. 

This is to identify the most influential electrical parameter towards the output of the 

project. Then, the process of the project will be recorded and stored in QR code form. All the 

data information about the project will be recorded and discussed in the finding report. 
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CHAPTER 4 

EXPERIMENTAL SETUP 

4.1 Introduction 

 

In this part, the process of how the development of the Electrical Engineering 

Learning Kit is discussed. The implementation of this project is categorized into three parts 

which are; i. Hardware Development, ii. Interactive Media and iii. Finding Report as shown 

in Figure 4.1 below; On top of that, all concepts and theory regarding the projects will be 

discussed in the finding report. 

 

 
 

 

Hardware 
Development 

Interactive 
Media 

Findings 
Report 

 

Figure 4.1: Implementation of Electrical Engineering Learning Kit Project 

 

 
4.2 Relevant Topics 

 

After going through a lot of research and literature review, the ten mini projects are 

finalized according to the topics covered in the syllabus for science curriculum in primary 

and secondary school as well as topics for diploma and degree level in electrical engineering. 

All projects are suitable for beginners in electrical engineering as it focuses on the basics of 

science and engineering. 
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The subject matter of the learning kit is divided into five group of projecs; i. 

electricity, electrical application, magnet, electrical motor and energy. Figure 4.2 shows the 

topic covered in Electrical Engineering Learning Kit including the electrical laws, the 

fundamental of electrical, physics and sciences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.2: Topics covered in Electrical Engineering Learning Kit 

 

 

4.3 Hardware Development. 

 

The hardware development consists of three parts which are; investigate the topics, 

identify the apparatus, interactive media and final report. The apparatus used for each project 

is identified and divided into two parts; electricity and magnet. Figure 4.3 show types of 

magnet used in the projects; 

• Renewable Energy 

• Power Generation 

• Energy Conversion 

• Turbine and Propeller 

ENERGY 
• Newton’s Third Law of 

motion state 

• Forces 

• Vibration 

• Stabilization and Gravity 

ELECTRICAL 

APPLICATION 

• Fleming’s Right-Hand Rule 

• Fleming’s Left-Hand Rule 

ELECTRIC MOTOR 

• Magnet 

• Magnetic Field and Poles 

• Electromagnet 

• Electric Train 

MAGNET 

• Ohm’s Law 

• Series and Parallel Circuit 

• Electrical Conductor 

• Battery 

• Electrical Switching 

ELECTRICITY 
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DC Motor 

  

Figure 4.3: Type of Magnets to be Used 

 

 
There are two types of magnet that have been for projects in Project C: Magnet and 

Project D: Electrical Motor. The first magnet is Neodymium magnet N42 which is used in 

project C2 Electromagnetic Car. Then, the second magnet is Neodymium magnet N35 used 

in project D1 Spinning Coil. For the electrical parts of apparatus used, there are eight main 

components that have been used. Figure 4.4 shows the list for electrical parts of apparatus 

used; 

 

 

 

 

 
Figure 4.4: Apparatus Used for Electrical Parts 

 

 

 

 

 

 

 

Neodymium magnet N35 

(10mm x 6mm) 

 

 

 

 

 

 

 

Neodymium magnet N42 

(3mm x 3mm x 3mm) 
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In Table 4.1, the apparatus and magnet used is listed along with the total quantity, 

prices per unit for each item and the total price. 

 
Table 4.1: Total Cost of Magnet and Apparatus 

 

ITEMS QUANTITY 
PRICE PER 

UNIT 

TOTAL 

PRICE 

Magnet 

1. Neodymium magnet N42 

(3mm x 3mm x 3mm) 
6 RM 1.00 RM 6.00 

2. Neodymium magnet N35 

(10mm x 6mm) 
4 RM 2.00 RM 8.00 

Apparatus 

1. LED 6 RM 0.30 RM 1.80 

2. Buzzer 1 RM 1.00 RM 1.00 

3. Switch 3 RM 2.50 RM 7.50 

4. Copper Wire 1.5m RM 3.00 / 1m RM 4.50 

5. Solar Cell 1 RM 9.80 RM 9.80 

6. Vibration Motor 1 RM 5.00 RM 5.00 

7. DC Motor 4 RM 1.50 RM 5.50 

 
Apparatus listed in Figure 4.4 used for most of the projects on all topics. Apart from 

that, there are general items such as batteries, wire, recyclable material, aluminum foil, mini 

fan, paper clip, disc and screw that were also used to develop the projects. Then, the process 

of development of the project upon identifying the apparatus to be used in the project. 

 
4.4 Interactive Media - QR code 

 

In this part, interactive media presents the video of the project once the reader scan 

the QR code available in the manual book. Each video of the project will be included in the 

QR code. There are a lot of online QR code generator that can be used to generate the QR 

code. Figure 4.5 below shows one of the online QR code generator named QR code-monkey. 
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Figure 4.5: QR Code Generator using QR Code – Monkey 

(Ref.: https://www.qrcode-monkey.com/) 

 
 

Referring to Figure 4.5, the link URL will be inserted to the box “Enter the 

Content” (Step 1). The link can be all types of information for example video, pictures, text 

or animations. After that, click the “Create QR Code” button to generate the new QR code 

(Step 2). Finally, click the “Download PNG” to get the QR code generated (Step 3). Each 

duration of video project is set to a maximum two minutes only. All information such as 

tittle project, apparatus used, procedures and result are comprised in the video. Figure 4.6 

describes the content available in the video for the Magic LED project. 

Step 1 

Step 2 

Step 3 

https://www.qrcode-monkey.com/
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Figure 4.6: Video Interval of Project 

The video starts with the 

introduction to the project 

title. The introduction will 

take in two seconds only. 

Then, the procedure to 

develop the project will 

happened from the third 

seconds until it reached one 

minute and eleven seconds. 

Next, the output result 

is showed until the end 

of the video project. 
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4.5 Testing Procedures 

 

In the experiments, there are steps by steps project – making procedures that need 

to follow in order to achieve accurate results. In addition, all experiments will highlight the 

parameters that are fixed and variable to observe the performance of each experimental 

result. Basically, the fixed - parameter is held constant throughout the experiment session, 

while the variable changes through each experiment. Both types of parameters influence the 

output or behavior of components that are being measured. 

 
 

4.5.1 Project A: Electricity 

 

Four simple apparatus is required to develop experiment A1 Magic LED which are 

a pencil, a piece of paper, a nine–volt battery and LED. The objective for this experiment is 

to measure the effect of size graphite line towards the brightness of LED. Thus, two 

parameters such as length and width of graphite line are being varied to successfully achieve 

the objective. 

Firstly, draw two lines on a piece of paper using pencil indicating the positive and 

negative terminals. To obtain an equal concentration of pencils on each line, try to shade ten 

times when draw the line. Label positive and negative terminals beside the lines. Thereby, 

an error such as wrong terminal connection can be avoided. The length and width of graphite 

line are changed throughout the experiment. Then, place the positive terminal and negative 

terminal of nine–volt battery onto the graphite line. 
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Length (Varied) 
10mm, 15mm, 20mm, 25mm, 30mm, 

35mm, 40mm, 45 mm, 50mm 

LED 

(Fixed) 

Battery 

(Fixed) 

Width (Varied) 
2mm, 4mm, 6mm, 8mm, 10mm 

 
 

Figure 4.7: Position of Positive Terminal and Negative Terminal of Nine-Volt Battery 

 

 
After that, place the LED’s positive terminal on the positive label and vice versa. 

At this point, observe the brightness of the LED and record the observation. Remember not 

to add more shade on graphite line as this can affect the experimental results. Figure 4.8 

shows the complete setup for Magic LED. 

 

 
 

 

Figure 4.8: Complete Experimental Setup for Magic LED 

 

 
Based on Figure 4.8, the length and width of graphite line is varied for 2cm and 

5mm respectively. Each measurement determines the different value of voltage and current 

flows to LEDs through graphite line. 

Positive 

terminal 

Negative 

terminal 
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Hence, the LEDs will shine according to the voltage and current received from 

battery supply after flow through the graphite line. Measure and record the data for each 

different width of graphite line in Table 4.2 below. 

 
Table 4.2: Experimental Result for Magic LED 

 

Width: 2mm/ 4mm/ 6mm/ 8mm/ 10mm 
 

Length (mm) Voltage (V) Current (A) 

10   

15   

20   

25   

30   

35   

40   

45   

50   

 

 

 

4.5.2 Project B: Electrical Application 

 

Experiment B1 Propeller Car uses electric motor, rocker switch, nine–volt battery, 

propeller, and recycled parts such as drinking straw, wooden chopstick, and bottle caps. The 

objective is to study the relationship between the total of resistance and the speed of propeller 

using two different types of DC motor. 

To begin, make a hole at the center of each part of bottle caps. The diameter of the 

hole should be slightly bigger than the diameter of the chopstick so that it able fit into the 

hole. Then, cut two pieces of chopsticks into 5cm length and glue each chopstick into the 

hole at two bottle caps as shown in Figure 4.9. 
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Figure 4.9: Glue Chopstick into Bottle Cap 

 

 
Figure 4.9 shows on how to build two pairs of car’s wheels using recycled materials. 

The next step is to make a roller to moves the wheels. To do that, cut two pieces of drinking 

straw with 4cm length. Ensure that the length of straw is shorter than the length of chopsticks. 

Then place a straw over the chopstick and glue the end of chopstick into the hole of the other 

bottle caps. Repeat this step to the other pair of wheels. Check if the wheels are able to move in 

back-and-forth motion. 

After that, glue a nine–volt battery on top of the wheels followed by the 1k variable 

resistor, switch and DC motor on top of the battery. Glue the motor with the shaft of the motor 

behind the car. Then, solder all the components to build an electrical connection. Lastly, attach 

a propeller to the motor shaft and turn on the switch to moves the car. The complete setup as 

shown in Figure 4.10. 

   5cm     5cm  
Glue chopstick 

into hole 
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1k Variable Resistor 

(Varied) 
10Ω, 20Ω, 30Ω, 40Ω, 50Ω 

Distance travelled 

- 1m (Fixed) 

 
 

 
 

 

  Propeller (Fixed)   
 

  Battery (Fixed)   
 
 

 

 

Figure 4.10: Complete Experimental Setup for Propeller Car 

 

 
Based on the Figure 4.10, there are two parameters that are varied which are DC motors 

and resistance. Each of a motor resulting in a different rotational speed of the propeller. To 

calculate the speed of propeller, the time taken of each car with different types of motor to reach 

1m destination is measured. Then, calculate the speed of propeller using the speed formula which 

is, speed (m/s) = distance travelled (m) / time (s). Apart from that, the resistance in the circuit 

also varies through each experiment in order to achieve the objective of the experiment. Then, 

the measurement data for each type of motor used is recorded in Table 4.3. 

 
 

Table 4.3: Performance of Car with Variable Resistance using Motor Type A/B 

 

Resistance 

(Ω) 

Time Taken 

(s) 
Speed (m/s) Current (mA) Voltage (mV) 

0     

10     

20     

30     

40     

50     

Type of DC motor (Varied) 
DC Hobby Motors – Type A, 

RF-300CA-11440 – Type B 
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 Sandpaper 

Remove wire 

coat 

4.5.3 Project C Magnet 

The experiment included in Project C Magnet are C1 On – Off. For On – Off Switch, 

three basic apparatus is needed such as AA battery, a long nail and enameled copper wire. The 

objective of this experiment is to investigate the performance of electromagnetic strength when 

the turns of the coil are modified for each different diameter of copper wire. Therefore, two 

parameters that need to vary are the number of turns and the diameter of copper wire used. 

Firstly, wind wire around the nail with both ends of wire are long enough to touch with positive 

and negative terminals of battery. Remove the wire coat by using sandpaper at the ends of wire 

as shown in Figure 4.11. 

Figure 4.11: Removing Coating Wire using Sandpaper 

Literally, there are several ways to remove the wire coat such as scrape off using a sharp 

knife, burn the wire and many more. This is the crucial part because uncoated wire allows electric 

current running through it while coated wire prevents the electric current to pass through it. Then, 

touches the end of the wire to the positive and negative terminals of a battery to build a temporary 

magnet. At this time, the battery will start getting hotter because the current form battery is 

running through the coil. The battery might be worn out if it in contact with the coil for a longer 
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Light metal 

object (Fixed) 

Battery 

(Fixed) 

Diameter of 

wire (Varied) 
0.6mm, 0.8mm, 1.0mm 

Number of turns 

(Varied) 
40 turns, 30 turns, 20 turns 

time. Finally, try to attract any metal object to observe the magnetic strength existed in coil and 

nail. Figure 4.12 shows the complete experimental setup for On – Off Switch. 

 
 

Figure 4.12: Complete Experimental Setup for On – Off Switch 

 

 
Based on Figure 4.12, the nail that is wrapped with coil becomes a temporary magnet 

that is capable to attract small and light metal object as long as the battery is connected to the 

coil. Two parameters are varied to investigate the most effective magnet that can attract high 

number of metal object chosen for this experiment. The measurement data for each experiment 

is recorded in Table 4.4 and presented in experimental graph. 

 
 

Table 4.4: Performance of On – Off Magnet using Different Diameter of Wire 

 

Diameter of Wire: 0.6mm/ 0.8mm/ 1mm 
 

Number of Wire 

Turns 
Current (A) 

Number of Paper Clip 

can it Hold 

10   

20   

30   

40   
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4.5.4 Project D: Electric Motor 

 

Project D introduces the basic concept of the electric motor through experiment D1 

Spinning Coil. For experiment D1 Spinning Coil, there are three simple apparatus that is needed 

to develop the project which are neodymium magnet, AA battery and insulated copper wire. This 

project is conducted to observe the effect of varying the number of turns and the number of 

magnets towards the strength of electromagnetic in the spinning coil. The strength of 

electromagnetic will be observed through the rotational speed of the coil. 

To begin, make a tight coil by wrapping the wire around the battery for about ten turns. 

The number of turns will be decreasing at each experiment which are eight turns, six turns, four 

turns and two turns. Apart from that, the battery is used to fix the diameter of the coil. Then, 

remove the coil from the battery and tie both ends of the wire by winding the excess around the 

coil a couple of times. Figure 4.13 below shows the coil after removed the insulation at both ends 

of the excess wire. 

 

 
 

 

Figure 4.13: Coil from Insulation Copper Wire 

 

 
The insulation at the end of the excess wire is removed to allow the current to flow 

through the coil. Next, in order to build the connection from the coil to the battery, cut two pieces 

of wires for about 15cm and remove the insulations at the ends of the wires. The connection wire 

is used as a medium transmission of voltage source from the battery to the coil. 
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 Tape 

 Base   Tape 

Distance between 

connection wires 

Hooks 

Bend 90˚ 

Then, tape the wires on top of the base or any flat surface for conducting the experiment. 

The distance between both wires should not be too far and suitable for the length of the battery 

used as shown in Figure 4.14 below. 

Figure 4.14: Connection Wires on Base 

Bend about 90 degrees the one side of connection wire and bend the non-insulated 

wires into hooks shaped as shown in Figure 4.15 below. 

Figure 4.15: Hooks at Non-Insulated Connection Wires 

After that, place the coil onto the hooks and the magnets under the coil. The coil and 

magnets should close but not touch each other. This is because the coil will not be able to rotate 

if it touches the magnets. Therefore, adjust the height of the hooks for it compatible with the 

height between magnet and coil. 
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  Battery (Fixed)  

Type of 

Magnets (Fixed) 

Number of 

magnets (Varied) 
5 magnets, 10 magnets 

Diameter of 

wire (Fixed) 

Number of 

turns (Varied) 
2 turns, 4 turns, 6 turns, 

8 turns, 10 turns 

Finally, connect the other ends of the connection wire to the battery to build the 

connection in the system. Figure 4.16 shows the complete experimental setup for Spinning Coil. 

 

 

 
 

Figure 4.16: Complete Experimental Setup for Spinning Coil 

 

 

The electric current from the battery creates an electromagnet when it flows through the 

coil. Meanwhile, the interaction between the motor’s magnetic field (permanent magnet) and 

electromagnet helps to rotate the coil. The speed in rpm of rotational coil per min is measured 

for each number of turns and the number of magnets. The data is tabulated as in Table 4.5 and 

presented in the experimental graph. 

 
Table 4.5: Speed Profile with Various Number of Wire Turns 

 
 

Number of wire turns 
Speed (rpm) 

5 magnets 10 magnets 

2  

4  

6  

8  

10  
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  2     3   
  4   

  1    5   

  8   
  6  

  7   

4.5.5 Project E: Energy 

 

Project E consists of green energy projects which are Pico hydro. The project focuses 

on generating electricity via renewable energy systems such as water and solar. Experiment E1 

Pico Hydro is an experiment that uses the flow of water to light up an LED. The apparatus that 

is required included a cylindrical plastic container, low voltage DC motor, LED and plastic 

bottle. The objective of conducting this experiment is to study the relationship between the 

current generated and the water flow rate. Therefore, two parameters have been varied which are 

the type of motor used and the flow rate of water. 

To construct the water turbine, take the plastic bottle and cut it from the lid until the 

‘shoulder’ part of the bottle. Then, cut the bottle into eight parts and fold each part outward. To 

build the turbine, fold each part to 45 degrees as shown n Figure 4.17 below. 

 
 

Figure 4.17: Construction of Bottle Turbine for Pico Hydro 

 

 
The purpose of folding the bottle turbine is to allow the rotational of turbines when 

water flows from any domestic pipeline. After that, drill a small hole at the center of the botte 

cap. The size of the hole should be matched with the size of the motor shaft. For the body part, 

drill the same size of the hole on the side of the plastic container and insert the shaft motor into 

the hole along with the gear so that it will hold the motor to the plastic container. 
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 Gear  

Glue bottle 

turbine to shaft 

  Hole for LED 

Then, attach the bottle turbine to the shaft motor through the small hole at the center of 

the bottle lid. Secure the bottle turbine by applying adhesive to the bottle lid. Figure 4.18 shows 

the construction of bottle turbines attached to motor shaft. 

Figure 4.18: Attachment of Bottle Turbine to Motor Shaft 

Next, use solder to connect the LED to the DC motor. Drill a second hole at the other 

sides of plastic container as shown in Figure 4.19. 

Figure 4.19: Second Hole for LED 
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Types of motor 

(Varied) 
Type A, Type B, Type C 

Water flow rate 

(Varied) 
Five different water pressure 

Number of 

LED (Fixed) 

Type of turbine 

(Fixed) 

Ensure that the size of the hole is compatible with the size of LED. Use adhesive to 

attach the LED to the hole and close the lid. Lastly, run water onto the bottle turbine. The LED 

starts to lighting up once the turbine starts to rotate. Figure 4.20 shows the complete setup for 

Pico hydro. 

 

Figure 4.20: Complete Experimental Setup for Pico Hydro 

 
The LED starts to light up according to the different water flow rate and the type of 

motor used. This shows the dissimilar of each performance of motor used with different pressure 

of water flows onto the turbine. Measure and record the data according to the Table 4.6 below. 

After that, repeat the experiment with five different water flow rates for Motor A, Motor B and 

Motor C. 

 

Table 4.6: Experiment Data for Pico Hydro 

 

Parameter Motor A Motor B Motor c 

Flow rate (ℓ/s)    

Current (A)    

Voltage (V)    

Power (W)    
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4.6 Summary 

 

In conclusion, the electrical engineering learning kit consists of five mini electrical 

projects covering five groups of projects which are electricity, electrical application, magnet, 

electric motor and energy. All topics are listed based on the research and the syllabus from 

the electrical curriculum in school and electrical subjects for diploma and degree level. After 

listed out the topics selected, the apparatus to be used is identified to develop the hardware 

project. This is to make sure the process of developing the hardware project went smoothly 

and successfully. 

Each of the experiments comes with the objective to be achieved in order to 

understand the basic concepts of the topics related. Apart from that, all the experiments 

emphasize more on psychomotor domains in developing electrical engineering projects 

practically so that students gain clearer and more practical understanding. 

Upon developing the project, the process of recording the procedures and the results 

of the project is recorded in the finding report and by video. The video project will be inserted 

into the QR code generate to generate the new QR code for each project. Therefore, step by 

step will be followed accurately to obtain the experimental result. 
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CHAPTER 5 

RESULT AND ANALYSIS 

5.1 Introduction 

This chapter discusses the project results and gives deeper explanation regarding 

the performance of the ten mini electrical projects based on the experimental results. In 

addition, the analysis of each projects also provided for further understanding. 

Generally, there are two types of parameters that need to emphasize when 

conducting an experiment which are; fixed parameter and variable parameter. The fixed 

parameters are held during the experiment and remain constant until the end of the 

experiment. On the other hand, variable parameters are changed through each experiment. 

Both parameters influence the output or results upon completing the experiments. 

All data from the experiment will be measured and recorded in the table to observe 

the performance of each parameter. Then, the recorded data will be presented in an 

experimental graph for clear understanding. The technical aspect or analysis of each 

experiment will be discussed based on the theory and experimental result. 

5.2 Final Development 

As mentioned, there are five mini electrical projects in total. All the projects 

involved in hardware development with technical discussion. Hence, in this section, the 

analysis results for each project will be elaborated according to the topics related to the 

projects. Each topic consists of two mini electrical projects. Table 5.1 shows the list of 

projects and Table 5.2 consists of QR code for video project. Each project emphasizes more 

on psychomotor domains so that new beginners in the field of electrical engineering, gain 

clear and more practical understanding. 
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Table 5.1: List of Projects 

PROJECT A: ELECTRICITY 

A1 Magic LED 

PROJECT B: ELECTRICAL APPLICATION 

B1 Propeller Car 

PROJECT C: MAGNET 

C1 On-Off Switch 

PROJECT D: ELECTRICAL MOTOR 

D1 Spinning Coil 

PROJECT E: ENERGY 

E1 Pico Hydro 
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Table 5.2: QR Code for Video Project 
 

PROJECT A: ELECTRICITY 
 

 

A1 Magic LED 

 

PROJECT B: ELECTRICITY APPLICATION 
 

 

B1 Propeller Car 

 

PROJECT C: MAGNET 
 

 

C1 On-Off Switch 

 

PROJECT D: ELECTRICAL MOTOR 
 

 

D1 Spinning Coil 

 

PROJECT E: ENERGY 
 

 

E1 Pico Hydro 
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5.3 Project A: Electricity 

 

The electrical project included in this topic is; Magic LED. A short description is 

given to provide an overview of each projects along with the finding results. 

Experiment A1 Magic LED is a project that showed a basic electrical connection 

without using a wire as a transmission medium. The graphite pencil act was used as a 

conductor that enable the electric current from battery to flow through to the LED to light it 

up. 

 
 

5.3.1 Magic LED 

 

A copper wire is normally used as a conductor to connect the components in an 

electrical circuit. Copper wire is a type of metal that has low level of resistivity to electrical 

currents which made it an excellent conductor. Basically, a conductor with lower level of 

resistivity does not need high power source to push the current through. Figure 5.1 shows 

electrical wires inside an electrical cord and pencil lead. 

 

 
 

 

 

 

Figure 5.1: Similarities of Electrical Wires inside an Electrical Cord and 

 

Pencil Lead. 
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Magic LED is a simple project that shows a different way to light up the LED by 

using a pencil, specifically pencil lead. Pencil lead is made of graphite which is a form of 

carbon and in a group of electrical conductors. As a conductor, it allows the electricity to 

pass through it. However, it has a larger resistance than a normal metal wire. Meanwhile, 

materials that does not allow the electricity to pass through it is referred to as insulator. 

In this experiment, there are two parameters that have been varied which are length 

and width of graphite line. Whereas the fixed parameters are graphite grading of pencil – 2B 

grade pencil, battery (voltage supply) and type of LED used. The objectives of this 

experiment are to measure the output voltage and current and observe the effect of size of 

graphite line towards the brightness of LED. Figure 5.2 until 5.6 shows the results of each 

experiment which are according to different width of graphite line. 

Figure 5.2: Magic LED’s Performance during Graphite Line 2mm 
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Figure 5.3: Magic LED’s Performance during Graphite Line 4mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4: Magic LED’s Performance during Graphite Line 6mm 
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Figure 5.5: Magic LED’s Performance during Graphite Line 8mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.6: Magic LED’s Performance during Graphite Line 10mm 

Voltage and Current Profile with Varied Graphite Line 
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Thin graphite line 

ions electrons 

• Less space 

• High resistance 

 
 

Thick graphite line • More space 

• Low resistance 

From the results, we can see that the LED reached the highest voltage and current 

at the thickest and the shortest graphite line. The voltage is decreasing as the graphite line 

becomes thinner. Meanwhile, the current decreases when the length of the graphite line 

increased. Hence, we can conclude from the experimental result that, the LED is brightest 

when the size of graphite line is 1.0 x 0.2 m. In conclusion, the thicker the size of the drawn 

line, the better the conductance of electricity, the brighter the LED will be. While the thinner 

the size of the drawn line, the higher the electrical resistance, the dimmer the LED will be. 

Basically, an electric current flow when the electrons move through a conductor. 

The moving electrons may collide with the ions in the conductor, in this case; graphite line, 

which causes the existence of resistance to the flow of an electrical current. This affects the 

brightness of LED as well as the voltage and current drop across the LED. 

The resistance of a thin graphite line is greater than the resistance of a thick graphite 

line as thin wire has less electrons to carry the current. Thicker graphite line has more 

electrons since the size of the line is bigger and vice versa. Therefore, the relationship 

between resistance and area of the cross section of graphite line is inversely proportional. 

Figure 5.7 illustrates the cross sections of graphite line for further understanding. 
 

 

 

 

 

 

 
 

 

Figure 5.7: Cross Sections of Graphite Line 



65 
 

As for the length of graphite line, the resistance become greater in a long wire 

because electrons collide with more ions when they pass through and vice versa. To sum up, 

the relationship between resistance and length of graphite line is proportional with each 

other. 

 
 

5.4 Project B: Electricity Application 

 

The electrical project included is; Propeller Car. A short description is given to 

provide an overview of each projects along with the finding results. 

Experiment B1 Propeller Car is a D.I.Y. toy car project that uses components such 

as DC motor, switch, battery, and propeller. Once the switch is turned on, the current from 

the battery is supplied to the DC motor and rotates the propeller. The propeller, attached to 

the motor shaft, helps to moves the car as it pushes the air backward. 

 
 

5.4.1 Propeller Car 

 

The propeller car uses components such as 1k variable resistor, electric motor, 

switch and battery, recycled materials, and propeller. The propeller is mounted at the back 

of the car and rotates along with the motor shaft when the switch is turned on. The propeller 

pushes the air and pushing the car forward. As for this project, there are two types of DC 

motors that is used. 

The battery that is connected with DC motor stores chemical energy and converts 

it to electrical energy. The chemical reactions in the battery provide the electric current for 

the DC motor. Then, motor uses the electrical energy and converts to mechanical energy 

which rotates the motor’s shaft and propeller. Once propeller rotate, it will create an artificial 

wind and simultaneously moves the car. 
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It is important to note that, the direction of the wind and the car is not the same. 

This is related to Newton’s third law of motion; every action has an equal and opposite 

reaction. The magnitude of the force for the first object is equal to the magnitude of the 

second object but in different direction. 

As for this project, there are two types of DC motors that is used. The following 

DC motors and its specifications as shown in Table 5.3. 

Table 5.3: Type of DC Motor Used and its Specifications 

Type A Type B 

Photo 

Manufacturer DC Hobby Motors RF-300CA-11440 

Voltage range 3 – 6V 0.7 – 5V 

Loaded Current 250 mA max 55 mA max 

Loaded Speed 4500 ± 1500 rpm 1600 rpm 

This experiment is conducted to measure the time taken for each car to reach the 

destination at 1m distance from initial point. At the same time, the voltage and current drop 

in the circuit also have been measured. Then, the speed of propeller rotates have been 

calculated using formula for speed; speed (s) = distance traveled (d) / time taken (t). The 

units will be in metres per second (m/s). Then, the experimental result when there is no 

resistance is recorded in Table 5.4. 



67 
 

Table 5.4: Performance of Car when No Resistance 
 

 Hobby - Type A Rf1234646 - Type B 

Time taken (s) 2.28 2.73 

Speed (m/s) 0.439 0.366 

Current (mA) 583 187 

Voltage (mV) 7.9 0.1 

 
 

Data collection from Table 5.4 shows that propeller car with motor A is faster than 

motor B. The distance traveled by both cars is the same, but the time taken to reach the 

destination is different. Car with motor A has higher current and voltage drawn from nine- 

volt battery which gives more speed and for the car to reach the destination. 

Next, a 1k variable resistor is added to the car to observe the performance of the 

speed of car using two types of motor. The resistance is varied from 10Ω until 50Ω and the 

measured data is collected and presented in Table 5.5 and Table 5.6 below. Figure 5.8 and 

Figure 5.9 shows the relationship between the time taken for the car to reach 1m destination 

and speed using two different motor. 

 
Table 5.5: Performance of Car with Variable Resistance using Hobby – Type A 

 

Resistance 

(Ω) 

Time Taken 

(m/s) 
Speed (m/s) Current (mA) Voltage (mV) 

0 2.28 0.439 583 7.9 

10 2.43 0.412 569 7.15 

20 3.03 0.33 481 6.43 

30 3.54 0.282 425 6.09 

40 4.1 0.244 339 5.4 

50 4.47 0.224 261 4.15 
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Table 5.6: Performance of Car with Variable Resistance using RF1234646 – Type B 

 

Resistance 

(Ω) 

Time Taken 

(m/s) 
Speed (m/s) Current (mA) Voltage (mV) 

0 2.73 0.366 187 0.1 

10 2.92 0.342 165 0.08 

20 3.34 0.299 152 0.053 

30 3.87 0.258 121 0.032 

40 4.9 0.204 98 0.039 

50 5.67 0.176 76 0.016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.8: Performance of Car using DC Motor Hobby – Type A 
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Figure 5.9: Performance of Car using DC Motor RF1234646 – Type B 

Both motor A and B are permanent magnet DC motor which uses a permanent 

magnet to create field flux. Therefore, it has a wide range of speed and better speed 

regulation. However, what is the reason that makes the motors appears different performance 

even they had received same voltage supply? 

Basically, there are few characteristics that need to emphasize when selecting a DC 

motor and the most crucial are voltage, current and speed (rpm). Voltage helps net current 

flows in one direction and to overcome back current. Motor with high voltage will increase 

the torque which is the turning force that runs the motor. As for current, the operating and 

stall current are important which prevents the damage in motor if there are too much current 

drawn. Loaded current is the maximum value of current that is draws from source. Lastly, 

speed (rpm) will influence the power generated by motor. Normally, motor with highest 

speed is the most efficient. Loaded speed will determine how fast the shaft will turn when 

load is added to the motor. 
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5.5 Project C: Magnet 

 

The electrical project included in this topic is; On-Off Switch. A short description 

is given to provide an overview of each projects along with the finding results. 

The experiment C1 On – Off Magnet is a D.I.Y. temporary magnet powered by 

electricity. This project introduces the concept of electromagnetic, where magnets can be 

made using a coil and allowing a flow of current through it. As long as there is current 

flowing, the coils become a magnet. 

 
 

5.5.1 On – Off Magnet 

 

The On – Off Magnet applies the concept of electromagnetic to develop a device 

that works just like an ordinary magnet. The electromagnet is a temporary magnet that can 

be turned on and off using a switch. The magnetic field is produced by an electric current 

that is passed through a coil of wire wrapped around a metal core. The metal becomes a 

magnet when electricity runs through it. Figure 5.10 shows the illustrations of how current 

flows through coil. 

 

 

 
Figure 5.10: Flow of Current through Coil 
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A wire that has the electrical current running through it creates a magnetic field 

around the wire. The simplest electromagnet is a single wire that is coiled up and an electric 

current running through it. The magnetic field will disappear when the current is 

discontinued. The magnetic field generated by the coil of wire is like a bar magnet. If we put 

an iron rod (nail) through the center of the coil, the nail also becomes the magnet. Figure 

5.11 below shows the direction of electric current flow through the wire. 

Type - A Type - B 

Figure 5.11: Direction of Electric Current 

Figure 5.11 illustrates the direction of electric current. For Type – A, it shows that 

when an electric current flow directly towards you, the magnetic field created by it circles 

around the wire in a counter-clockwise direction. Meanwhile, when the direction of the 

electric current is entering the node (recircle), the magnetic field circles around the wire in 

a clockwise direction. 

As for this experiment, the number of wire turns is varied for a different diameter 

of copper wire such as 0.6mm, 0.8mm and 1.0mm. These two parameters influence the 

strength of magnetic field which measured by the quantity of paper clip attracted to the 

magnet (nail) when battery is connected to coil or how many paper clip that can be hold by 

the magnet. 
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Figure 5.12: Magnet Performance when Diameter of Copper Wire is 0.6mm 

Figure 5.13: Magnet Performance when Diameter of Copper Wire is 0.8mm 
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Figure 5.14: Magnet Performance when Diameter of Copper Wire is 1.0mm 

Based on the graph, it can be seen that the copper wire with diameter 1.0mm have 

the better performance among the copper wire with diameter 0.8mm and 0.6mm. The device 

is capable to hold until seven paper clips at the maximum current 0.199A. Then, the number 

of paper clips it can hold starts to decrease as the number of wire turns decrease until ten 

turns. Besides that, the copper wire with diameter 0.6mm is the lower strength of magnet 

among the other wires because the device not able to hold any paper clip when the current 

at 0.052A and below. Same with that, the copper wire with 0.8mm also uncapable to hold 

any paper clip when the current at 0.046A and below. 

To conclude, the magnetic field can be made stronger by increasing the number of 

wire turns in the coil of the electromagnet or use the thicker copper wire. The other way that 

can be use is increases the amount of electric current going through the wire. 
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5.6 Project D: Electric Motor 

The electrical project included in this topic is; Spinning Coil. A short description is 

given to provide an overview of each projects along with the finding results. 

Experiment D1 Spinning Coil is a simple electric motor. It operates through the 

interaction between the motor's magnetic field (permanent magnet) and electric current in a 

coil (electromagnet). The interaction an alternation of push and pull action. As a result, the 

coil rotates and eventually spins due to entire pushing and pulling activity. 

5.6.1 Spinning Coil 

The Spinning Coil is an electric motor that consists of two types of magnets that are 

permanent and temporary magnets. The temporary magnet also known as an electromagnet 

is produced by when current flows through a coil. The interaction between the magnetic field 

of the permanent magnet and the electromagnet, will cause the coil to spin. 

In this experiment, the types of magnets and wire used in this experiment are fixed 

whereas the number of wire turns and magnet is varied. This experiment is conducted to 

observe how the changes at the number of wire turns and magnet affect the speed of 

rotational coil. Moreover, this project shows the basic construction of an electric motor. The 

motor converts electrical energy into mechanical energy, and it works on the principle of 

Fleming’s Left-Hand Rule. 

Most electric motors operate through the interaction between the motor's magnetic 

field (permanent magnet) and electric current in a coil (electromagnet) to generate force in 

the form of rotation of a shaft. As they interact, they will alternate between "liking" each 

other (pulling together), and "disliking" each other (pushing away from one another). 
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All that pushing and pulling will create some serious spinning and that is precisely 

what a motor is, a spinning axle. The illustrations of Spinning Coil as shown in Figure 5.15. 

Figure 5.15: Illustration of Spinning Coil 

Referring to Figure 5.15, the current from the battery flows through the coil turning 

into an electromagnet. Since the loop is in a magnetic field of permanent magnets, the 

moving charges in the coil wire will be affected by the force of the magnetic field. The 

charges at the top of the coil that is moving to the right will feel a force pushing forward. 

While the charges at the bottom of the coil that is moving to the left will feel a force pushing 

the other way. These forces make the coil turn, and the process continues as long as the 

interaction exists. The pushing and pulling activity between the magnets generate force and 

results in the rotation of a coil. 
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The measurement data is presented in Table 5.7. Then, the measurement data is 

presented in experimental graph to investigate the performance of the spinning coil as shown 

in Figure 5.16. 

Table 5.7: Speed of Rotational Coil for each Number of Turns 

Number of turns 
Speed (rpm) 

5 magnets 10 magnets 

2 10 13 

4 11 15 

6 16 20 

8 9 12 

10 1 4 

Figure 5.16: Speed Profile of Different Number of Magnets with Varied Number of 

Turns 
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Based on Table 5.7 ang Figure 5.16, the coil with eight turns shows the highest 

speed for both five and ten magnets. Meanwhile, the coil with ten turns rotates slowest 

among the other turns. Theoretically, the higher number of turns will increase the rotational 

speed of the spinning coil. However, the additional number of turns will increase the weight 

of the coil. Thus, a higher force is required to lift the coil otherwise more force is needed to 

lift the coil. This is because the lower number of turns has the highest speed. Therefore, the 

coil with six turns is the effective number of turns since it has the highest total rotation per 

minute showing that the coil is in the fastest rotational speed. 

 
 

5.7 Project E: Energy 

 

The electrical project included in this topic is; Pico Hydro. A short description is 

given to provide an overview of each projects along with the finding results. 

Experiment E1 Pico Hydro is a renewable energy project that generates electricity 

using water flow. This system converts potential energy from the flowing water to rotate the 

water turbine and finally producing electricity by the generator. The electricity then is used 

to light up the LED. 

 
5.7.1 Pico Hydro 

 

Pico hydro is a term used for hydro system that capable of generating electrical 

power less than 5kW. It is useful in small, remote communities that require only a small 

amount of electricity. A typical Pico hydro system is setup with a run-of-the-river approach. 

Meaning that dams are not required, only water pipes to divert water flow to hit the water 

turbine before returning it to the water stream. 

Pico Hydro uses the flow of water to light up an LED. This project converts 

potential energy from the flowing water to mechanical energy. The mechanical energy drives 

the water turbine and rotates the shaft generator. 
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The rotation of the shaft generates electrical energy thus lighting up the LED. Figure 

 

5.17 describes the energy conversion in Pico hydro system. 
 

 

Water turbine Generator 
 

  

(potential energy from 

water source) 

(bottle rotates) (LED light up) 

 

Figure 5.17: Energy Conversion in Pico Hydro System 

 

 

In this experiment, there are three different types of motor that have been varied. 

The idea is to investigate the performance of all motors towards the electricity generated 

with different level of water pressure that rotates the turbine attach to motor shaft. Table 5.8 

below shows the type of DC motor used in this experiment. 

 
Table 5.8: Type of Motor Used 

 
  

DC Motor – Type A 

 
DC Motor – Type B 

 
DC Motor – Type C 

 

 
Photo 

 

 

 

 

 

Manufacturer RF-300CA-11440 Electronic Spices DC Hobby Motors 

Voltage 

range 
0.7 – 5V 3 – 5V 3 – 6V 

Loaded 

Current 
55 mA max 200 mA 250 mA max 

Loaded 

Speed 
1600 rpm 2000 rpm 4500 ± 1500 rpm 

Mechanical energy Hydro energy 

 

Electrical energy 
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To begin, the arrangement of Pico hydro system has the same concept and basic 

setup of a hydropower system. The Pico hydro power is harnessed by a water turbine made 

of a plastic bottle. And this water turbine is connected to the motor’s shaft. The water source 

from the domestic pipeline has potential energy that causes the turbine to rotate and at the 

same time turn the shaft of the motor. The rotation of the of motor’s shaft produces 

electricity. In summary, the water turbine converts the kinetic energy of the water source 

into mechanical energy and finally generate electrical energy. And the electricity is capable 

to light up an LED. 

The electricity generated is proportional to the volume of water flow and the 

pressure of water. Higher volume and pressure of water flow hitting the water turbine, the 

faster the turbine rotates. The faster the turbine rotates; the faster the motor’s shaft rotates 

and the higher the electricity is generated. Therefore, in this experiment, the objective is to 

investigate the effect of the volume of water flow and the pressure of water to amount of 

electricity generated using two different types of motor. The measurement of data is recorded 

and presented in graph as shown in Figure 5.18, 5.19 and 5.20. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.18: Current Generated at Five Different Pressure using Motor A 
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Figure 5.19: Current Generated at Five Different Pressure using Motor B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.20: Current Generated at Five Different Pressure using Motor C 
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From the graph above, the increase in flow rate resulting in the amount of current 

generated that used to light up the LED. Motor B generated the highest amount of current 

which makes the LED appears brighter when it reaches flow rate 0.29ℓ/s. However, the LED 

appear dimmer at the lowest flow rate shows that the low pressure of water. In short, the 

LED starts to blinking but still dimmer when the current lower than 1mA. Figure 5.21 shows 

the comparison of power generated using three different types of motor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.21: Power Generated at Five Different Water Flow Rate for Motor A, Motor 

B and Motor C 
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5.8 Summary 

 

In summary, this chapter elaborated the explanation of five topics which are 

electricity, electrical applications, magnet, electrical motor and energy regarding the five 

topics included in this electrical engineering learning kit. The result of each experiment is 

recorded and presented in table and experimental graph. All the data will be observed and 

analyzed to obtain clear understanding on what components or physical parameters that 

influences the performance of the experiment. The analysis is made based on the fixed and 

variable parameter that have been set up. Apart from that, the technical description to clarify 

the basic electrical concepts applied to the experiment are explained. 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

 

This report has discussed the development of the electrical engineering learning kit 

for STEM application. In Chapter 1, the details of the project are introduced including the 

background of the project, problems statement, objectives, scopes of project, and project 

significance. The main goals of this projects are to develop ten mini electrical projects, 

conduct the experiment on the projects and lastly, investigate the performance of the projects 

based on the experiment results. The development of the project is based on the problem 

statement that have been highlighted which are lack of understanding in the STEM subjects 

such as sciences and engineering among the students in school and universities. 

For Chapter 2, this chapter highlighted the research studies and literature studies 

that have been categorized into nine parts including the points of departure of the project. 

The nine parts of the literature review includes; STEM application, students’ perspective in 

electrical engineering, critical topics in electrical engineering, practical learning, influence 

of coloured picture towards the textbook, QR code feature, implication of video learning 

among students, comparison of electrical engineering kit available in market and points of 

departure. All these points influence on how this project is develop, the suitable topics to be 

choose and the effective approaches towards the learning and teaching process. 

Next, in Chapter 3, the process and the method applied for the project is discussed. 

The flowchart of project in Figure 3.1 pictures the flow of the process that have been done 

to produce the electrical engineering learning kit. Seven major stages involved in the projects 

is explained in this chapter. The process starts from the investigation of the ten mini electrical 

projects to be included in learning kit based on the research studies and literature review 



92 
 

from lot of journal. Then, all the information about the result and analysis will be discussed 

and recorded in the finding report. 

Then, for Chapter 4, the details about the experimental setup are discussed. These 

includes the research activities that have been done in order to observe the electrical projects 

that is suitable for the learning kit. The listed of projects according to the topics also is 

presented along with the apparatus to be used. Basically, the apparatus used are mostly low 

– cost and easy to find in local hardware store as well as the magnets used for the projects in 

Project C and Project D. Apart from that, this projects also explained on how to store the 

video project in the QR code. The QR code is used to ease the readers to access the video 

project at anytime to make sure they follow the procedure correctly. The testing procedures 

for each project are explained including the objective and the parametric that have been 

specified. 

In Chapter 5, the results of the projects are discussed. Each of the experimental output 

will be recorded in the data collection table and presented into the experimental graph to 

perform the parametric analysis for each project. The parametric analysis provided the 

information of most influence parameter that can affect the output result. 

Lastly, the electrical engineering learning kit is developed after going through the 

research studies from lot of articles, case studies and journals. This project is expected to 

help students and lectures in the learning and teaching process for basics science and 

electrical engineering and able to attract their interest to pursue studies in electrical 

engineering field. 
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6.2 Recommendations 

 

This project has been achieved the objectives which have been set. However, there 

are several things that need to be improved in the future in order to accomplish better results. 

Firstly, the development of the test rig that will be used for evaluating the performance of 

each experiment that needs to be done. This is because an experiment may lead to 

inconsistent output result when conducting repeatedly without using a proper test rig. 

After that, use the proper equipment such as a function generator for the 

replacement of battery and oscilloscope to replace multimeter. For the reason that a 

component such as a battery will slowly drain when it is used for long and many times. 

Hence, some output results may not be valid fail to achieve the objective of the experiment. 

Similar to that, mini test equipment such as multimeter sometimes have unstable value when 

measured a component in an experiment. Therefore, appropriate test equipment should be 

used when measuring output value to obtain accurate data. 

Last but not least, perform a simulation test before construct the hardware part. The 

advantages are the output simulation results can be used as a reference and avoiding any 

small error before conducting the hardware experiment. For example, imagine that we 

connect a large current supply to a high-risk component that is supposedly not to ause high 

current. Apart from that, an outcome from the simulation is generally accurate compared to 

the analytical model. Therefore, a simulation before conducting the experiment is highly 

recommended. 
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