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This paper presents a simple Educational Kit based on the UNO Arduino 

platform. This prototype is intended for the Mechanical Engineering 

Department of Politeknik Mukah’s students. Its main aim is by using the 

developed prototype, the students’ basic knowledge on writing a simple 

Arduino program code will increase thus helping the students to fulfill their 

final year project theme. Along with the prototype, a ready written code will 

be provided, however, the students will be required to manipulate the said 

coding in setting the LED traffic light based on the given sequence. After using 

the suggested prototype, the percentage of students who were having 

difficulties in writing the Arduino program code student decreased by 65%. 
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Introduction  

The Fourth Industrial Revolution also called IR4.0 referred to the latest phase in the Industrial 

Revolution (Schwab, 2016). With this strategic initiative announcement made by the German 

government of this new phase, industries worldwide began to focus on automation, machine 

learning, real-time data, and interconnectivity (Rojko, 2017). According to the report on 

Readiness for the Future of Production Report 2018, published by World Economic Forum 

(WEF) and A.T. Kearney, which has assessed 100 countries, Malaysia is in the “Leader” 

quadrant position, thus naming Malaysia as one of the countries that have a strong current 

manufacturing position which stating Malaysia’s readiness in facing the IR 4.0 (MITI, 2018). 

Therefore, Polytechnic too has begun preparing the students for this challenge.  

 

Based on a survey distributed amongst a group of students, it was found that most of the 

respondents did not understand and were not able to list down all the key components of IR4.0 

concepts. Therefore, to prepare the students, one of the efforts made by Polytechnic’s lecturer 

was to set up an IR4.0 theme for the student’s final year project (FYP). One of the cheapest 

and easiest tools to apply IR4.0 is by using the Arduino platform. However, the syllabus for 

Mechanical Engineering’s program did not cover the learning for Arduino program writing. 

The lecturers and students had to find an alternative to ensure that they are prepared in facing 

this phase. And due to the nature of the learning environment provided by the Polytechnic, a 

practical exercise and demonstrations by using a prototype are the best approach to assist the 

student in applying IR 4.0 concept. Arduino-based traffic light prototype is a project that helps 

the students to understand how to write and manipulate simple programming code for a traffic 

light-based prototype using an Arduino and how it operates. Hence, this project will help the 

students to gain basic knowledge using Arduino as we reach in IR4.0 by programming a traffic 

light prototype as learning equipment. This project aims to develop a prototype to assist the 

Politeknik Mukah’s Mechanical Engineering’s final year students in writing the UNO 

Arduino’s basic coding. 

 

Literature Review 

 

Arduino 

Arduino is an easily programmed, erased ad reprogrammed open-source microcontroller. The 

Arduino platform was introduced in 2005 which offers an inexpensive and easy way to assist 

inexperienced users to control sensors and actuators by constructing and programming 

electronic devices. Table 1 (Arduino, 2011) below has listed a few differences between the top 

three (3) most commonly used Arduino boards in the market (Loius, 2016).  

 

Table 1: Arduino UNO vs Leonardo vs Mega 2560 

Type UNO R3 Leonardo Mega 2560 

Boards ATmega328 ATmega32u4 ATmega2560 

Digital I/O 20 23 54 

Analogue Inputs 6 7 16 

PMW 6 6 15 

Program Interface USB via Atmega16U2 USB via Atmega32U4 USB via Atmega16U2 
Source: Arduino: A Technical Reference by J.M. Hughes. Copyright 2016 by O’Reilly Media, Inc. Adapted. 
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Arduino Language 

Utilizing a software called Integrated Development Environment, IDE, Arduino boards can 

easily be programmed. According to Hernando Barragán, the creator of the language, Arduino 

language is the language abstracted and simple for artists, designers as well as engineers to 

understand and use. Having some similarity with the C++ language, Arduino language is said 

to use C++ as its library (Barragán, 2004). 

 

 
Figure 1: Arduino IDE main Window 

Source: Arduino Cookbook by Michael Margolis. Copyrighted 2011 by O’Reilly Media Inc.  

 

Arduino programming languages are made up of three main parts. The first one is functions 

that allow the user to control the board by analyzing characters, perform mathematical 

operations, and various tasks. For example:  

a) digitalRead() – read a value to a certain pin 

b) digitalWrite() – write a value to a certain pin 

c) setUp() – executes once the board is powered up or reset 

d) loop() – loop the program repeatedly until the board is powered off or reset 

 

The next part of Arduino programming language is value which represents constants and 

variables that is similar to C++ data types such as array, bool, char, float, etc. Last but not least, 

the last part of Arduino programming language is called structure, which often contains small 

code elements such as operators (Margolis, 2011). 
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Methodology 

 

Project Planning 

This project started by identifying the problems faced by the surrounding users. A controlled 

group of 40 students who took up the DJJ6143 Project 2 was asked to answer a few short 

questions on the IR 4.0 concept and Arduino. Based on the obtained result, the flow chart for 

the whole project planning was constructed as shown in Figure 2 (Karl T. Ulrich, 2008) below. 

To counter the said problem, few ideas have been laid out and chosen.  

 

Product specifications then were listed out making sure the product would not stray from the 

main purpose. Multiple concept generations were suggested about the previously established 

elements needed to tackle the lack of basic knowledge for the students in Arduino program 

code writing.  

 

A few concepts were generated by brainstorming components as shown in Table 1 (Cross, 

2008) and the shortlisted concepts were evaluated by using the Pugh method. Based on Table 

2 (Pugh, 1981), Concept 1 was chosen since the components listed in concept 1 are easy to use, 

power-saving, and durable compared to the other two concepts suggested. 

 

 
Figure 2: Project Planning Flowchart 

Source: Product Design and Development, 4th Edition by Karl T. Ulrich. Copyright 2008 by McGraw-Hill 

Companies, Inc. Adapted.  
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Table 1: Concept Generation Based on Morphology Chart 

 
Source: Engineering Design Methods: Strategies for Product Design 4th Edition by Nigel Cross. Copyright 

2008 by Wiley. Adapted. 

 

Table 2: Decision Matrix using Pugh Chart 

 Concept 1 Concept 2 Concept 3 

Cost + + + 

Easy to use + - - 

Power saving + + - 

Durable + + + 

Total (+) 4 3 2 

Total (-) 0 1 2 

Overall 4 2 0 
Source: Concept Selection: A Method That Works by Stuart Pugh. Copyright 1981 by Heurista. Adapted 

 

Arduino Educational Kit 

After much considerations, the final design of the prototype was sketched up and drawn 

using Autodesk Inventor software with the dimension of 1.5 m (L) x 0.42 m (W) x 0.07 m 
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(H) as shown in Figure 3 below. By using the selected concept and the suggested design, the 

prototype was then fabricated. Figure 4 and Figure 5 shown are the finished product of this 

Arduino Based Educational Kit: Traffic Light Prototype and the schematic diagram for its 

main circuit using Arduino UNO itself. 

 

 
Figure 3: Detailed Design of the Prototype 

 

 
Figure 4: Final Design of the Project 
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Figure 5: Schematic Diagram for the Main Circuit of the Prototype 

 

Learning Approach 

The goal of this kit is to assist students in understanding and writing simple coding. The 

medium of the lab sheet, that follows a step-by-step guide that the users may use to refer, 

configure and program the kit with the expected outcome to further understands in writing 

the code. This approach has been documented in a sheet that has been meticulously labeled 

with various explanations to assist the users. The sheet also explains the theory that applies 

to the kit as well as the operating principles of the components used. Table 3 below 

illustrated the structure of combining both theory and practice following the structure of the 

said sheet. The programming exercises performed via this kit as a basic guide in writing the 

program coding. 

 

Table 3: Stepwise Learning Approach 

No. Steps Contents 

1 What to learn? • Educational kit introduction 

2 

What is Arduino? 

• Introduction to Arduino 

• The theory of Arduino and its features 

• Setting up the kit 

3 
Learning the program 

• Introduction to programming 

• The basic language for the programming 

4 Electronic components • Identifying the components involved 

5 Operation • Introduction to traffic lights operations 

6 

Writing the program 

• Sample of labeled program bait. 

• Scenarios and problems will be given to 

help users practice with the expected 

outcome. 
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Finding and Analysis 

At the start of this project, a short survey was distributed on the subject of the final year 

project theme for December 2019’s session. Based on this short survey, it is cleared that the 

final year Politeknik Mukah Mechanical Engineering’s students failed in understanding and 

listing the concept of IR 4.0 thus leading to the discovery of their difficulties using Arduino 

and writing up simple Arduino’s program. Figure 5 below shows the result obtained from 

the short poll.  

 

 
Figure 5: Preliminary Review Poll 

 

 
Figure 6: Percentage of Students on Writing Simple Arduino Programming Code 

Before and After Using the Educational Kit Prototype 

 

Figure 6 above shows that 85% of the responder, answered they have difficulties in writing 

simple Arduino programming code. Stating that Arduino was not a part of their curriculum 

during their studies here in Politeknik Mukah and due to the theme of their FYP which is IR 

4.0. The students choose Arduino as the most affordable and accessible IR 4.0 components 

which fall in the category of automation. With the same targeted responder, 40 FYP students 

were allowed to test run the prototype and observed. After testing ends, the subjects were 

then asked the same question on whether they still faced difficulties in writing a simple 

Arduino coding. As shown in the same Figure 6, below 80% of the students responded as 

they can write a simple Arduino programming code after using the prototype while 15% of 

them responded they could and the remaining 5% responded they still required help.  

 

 

 

 

Before After 
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Conclusion 

At the end of this project, it can be concluded that this prototype can be used as an alternative 

for the lecturers and students to gain basic knowledge in Arduino program code writing. The 

aim for the prototype has been achieved. It was proven that the final year student of 

Politeknik Mukah’s Mechanical Engineering course that used the prototype has shown an 

increase of the basic program code writing. Compared to the preliminary survey, the increase 

of 65% of users managed to overcome their code writing difficulties. The FYP students were 

able to confidently in attempting a far more complicated program writing.  
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