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Abstract - This paper describes the implementation of 

Arduino microprocessor platform in High school and College 

education. Here are presented preliminary experiences using 

the Arduino platform in the undergraduate computing 

curricula, at both the high school  and college levels. The goal 

is to enhance student learning by engaging them in a project-

based learning experience and introducing them to 

fundamental computing and engineering concepts in the 

context of a highly visual and easy to use environment. Given 

the really small cost of the Arduino and all of its available 

variants, it is a perfect platform. What we're finding is that 

when students are engaging more of their senses during the 

act of learning, they're more likely to integrate the concepts, 

since the Arduino really connects the physical world to the 

digital world.  
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I. INTRODUCTION 

 

   The Arduino platform is relatively easy to master, from 

beginners, hobbyists, teachers to professional users. Due 

to its relatively large number of components that users can 

connect to it, it is great for almost all projects [1] 

   In education, the Arduino platform is great for any 

student who wants to learn more about electronics, 

electronic components like relays, optoelectronics, 

transistors and various sensors. Also, the Arduino platform 

is a way to get into automation. During workshops on 

Arduino, students learn about the basics of Arduino and 

the microcontroller that is the heart of all Arduino and 

Arduino-like boards. Microcontrollers are not quite new to 

electronics, but beginners sometimes find it difficult to 

understand how they work and how they can be used in all 

sorts of real-world applications to manage devices or 

detect some sensor data [2]. 

   Programming a microcontroller is not easy, developers 

need to know the architecture of the microcontroller and a 

lot of technical information about that specific 

microcontroller they are programming. They also need to 

know assembly language to program it. When the Arduino 

comes into play, these problems are kept to a minimum. 

They still exist, but the Arduino platform solves many 

problems. One of the main reasons is the standardized 

programming environment of a wide range of 

microcontrollers. With Arduino IDE (Integrated 

Development Environment) students can program and use 

the same code for more than one microcontroller just by 

changing a few parameters before uploading the code [3]. 

 

 

II. ARDUINO HARDWARE AND PROGRAMMING 

 

   At the beginning of the workshops, students are 

introduced to the basics of hardware, i.e. some significant 

differences between microcontrollers and different 

arduino boards, which microcontroller family is better for 

some applications and which is better for different uses. 

They learn about the most important specifications of each 

microcontroller and why it is important not to exceed some 

of the parameters, such as maximum voltage or maximum 

current per pin. 

    Arduino products are based on the 8-bit ATmega 

microcontrollers. Boards are equipped with a large number 

of digital and analog IO pins, serial communication 

modules, USB connection, and ICSP capability. Arduino 

boards are easily interfaced with external components for 

data acquisition and control applications [5].  

    Communication between a microcontroller and other 

peripherals is also one of the important keynote for 

students. Not all microcontrollers have the same 

communication ability, and understanding which one is 

better than another is crucial for the better understanding 

and getting a bigger picture. Some of the communication 

protocols have limited speed; some have limitations of the 

maximal distance between two microcontrollers or 

microcontrollers and sensors. 

   After introducing microcontrollers, students learn more 

about different Arduino boards listed in Table 1. Students 

learn which Arduino boards are the most applicable for  

potential use in their project. Some Arduino boards come 

without a programming interface, which is better for some 

projects, because they do not drain unnecessary current if 

battery-powered. But for beginners it is best to use a board 

with a standard USB interface for communication and 

programming the board [4]. With a whole pile of different 

sensors which on first thought do the same thing, students 

must learn about the main difference between analog 

sensors and digital ones. Also, they must learn which 
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sensors  are better for a particular use, what is the range of 

measurement, and what is the difference between two 

sensors of the same vendor. 

    Now with the knowledge of basic hardware, students 

can go to the next phase of learning and use that piece of 

hardware in their hands for everyday use.  First, they know 

how to use Arduino IDE, which is the workspace for 

programming the Arduino microcontrollers.  Due to the 

simple interface, students quickly jump into the Arduino 

world and start writing their first "Hello world" program 

on Arduino. After the first simple program, they learn 

about installing an additional library or support for an 

additional Arduino or Arduino board.  

III. ARDUINO VSITE COLLEGE PROJECTS 

With all that knowledge, students can now approach 

project-based problems e.g. start blinking an LED when 

the temperature sensor detects rising above a given value 

or activate a relay when a button on some Arduino pin is 

pressed.  Temperature measurement is  done using a 

simple NTC sensor, a basic temperature-dependent 

resistor, which means that with temperature change, 

resistance is changing. As seen in Fig.1 and Fig.2 the 

sensor is connected to an analog input on Arduino which 

gives values from 0 to 1023 for a voltage range of 0 to 5V. 

Using an algorithm, that analog value can be displayed. 

 

     

Figure 1. Connecting simple temperature sensor with NTC to Arduino 

   All students choose a project of their interest to complete 

the workshop because they learn much more efficiently if 

they must show some final results from lessons they learn 

in a workshop. 

   Also, some students decide to write their college 

graduating work based on a project from the workshop 

using the knowledge that they have acquainted on 

workshop. They create various automation systems or 

some surveillance system based on simple sensors. Also, 

some students create even more complex systems using all 

kinds of sensors, microcontrollers, and logic to control 

appliances. They present some of the sensor data on 

displays or send data to some web server.  From those 

practical examples, teachers can also see whether they 

successfully transferred knowledge to students, and also 

 
 

TABLE 1.   COMPARISON OF ARDUINO BOARDS 

Name Processor Operating/Input 

Voltage 

CPU 

Speed 

Analog 

In/Out 

Digital 

IO/ 
PWM 

EEPROM  

[kB] 

SRAM  

[kB] 

Flash 

[kB] 

USB UART 

101 Intel® Curie 3.3 V/ 7-12V 32MHz 6/0 14/4 - 24 196 Regular - 

Gemma ATtiny85 3.3 V / 4-16 V 8 MHz 1/0 3/2 0.5 0.5 8 Micro 0 

LilyPad ATmega168V 2.7-5.5 V / 8MHz 6/0 14/6 0.512 1 16 - - 

ATmega328P 2.7-5.5 V 

LilyPad 

USB 

ATmega32U4 3.3 V / 3.8-5 V 8 MHz 4/0 9/4 1 2.5 32 Micro - 

Mega 
2560 

ATmega2560 5 V / 7-12 V 16 
MHz 

16/0 54/15 4 8 256 Regular 4 

Micro ATmega32U4 5 V / 7-12 V 16 

MHz 

12/0 20/7 1 2.5 32 Micro 1 

MKR1000 SAMD21 
Cortex-M0+ 

3.3 V/ 5V 48MHz 7/1 8/4 - 32 256 Micro 1 

Pro ATmega168 3.3 V / 3.35-12 V 8 MHz 6/0 14/6 0.512 1 16 - 1 

ATmega328P 5 V / 5-12 V 16 

MHz 

1 2 32 

Pro Mini ATmega328P 3.3 V / 3.35-12 V 8 MHz 6/0 14/6 1 2 32 - 1 

5 V / 5-12 V 16 

MHz 

Uno ATmega328P 5 V / 7-12 V 16 
MHz 

6/0 14/6 1 2 32 Regular 1 

Zero ATSAMD21G18 3.3 V / 7-12 V 48 

MHz 

43836 14/10 - 32 256 2 Micro 2 

Mega 
ADK 

ATmega2560 5 V / 7-12 V 16 
MHz 

16/0 54/15 4 8 256 Regular 4 

Mini ATmega328P 5 V / 7-9 V 16 

MHz 

8/0 14/6 1 2 32 - - 

Nano ATmega168 5 V / 7-9 V 16 
MHz 

8/0 14/6 0.512 1 16 Mini 1 

ATmega328P 1 2 32  
512 Kbit 
(I2C) 

(ATmega32u4) 
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students realize that this technology is not so hard to learn 

if they are interested and willing to learn more about a 

specific area. Overall, students learn some basics about 

microcontrollers and how to use the simple sensor, such as 

measuring temperature, how to use and interpret other 

sensor data, and what is the area of use of various sensors. 

 

 
 

Figure 2. Arduino board with sensors on VSITE workshop 

After workshops, students mostly give a positive 

feedback to a teacher, because they learn something new 

about technology they already know. Also, they realize 

that programming Arduino is not that complex and not 

very different from programming for other platforms. 

Most of the students, after they finished basic Arduino 

workshop, ask for advanced workshop. This is for the 

teacher great feedback and gives him motivation to 

organize more complex Arduino workshops. 

After introducing students to the Arduino world, almost 

every student come up with some idea of making their own 

project. Now they got all the knowledge and support for 

make their idea come true. Best feedback students can give 

to teacher is by making their project from start to fully 

functional working project and with addition of making 

them more optimized and give more functionality in the 

future. 

For their graduating work some students make their own 

project based on Arduino platform, like a watering system 

for agriculture. Arduino is a base of the system with soil 

humidity sensor and relays for watering the crops. Other 

students developed GPS monitoring system for tracking. 

Base of that system is also Arduino board connected to the 

GPS module with sensor of movement and GSM module 

for sending information to mobile phone. 

 

IV. ARDUINO PROJECTS IN HIGH SCHOOL TESLA 

 

    Here are shown some examples of simple Arduino 

projects for students of High school Tesla. Arduino 

platform is used at laboratory exercise course at the First 

Technical School Tesla, Zagreb, Croatia, in the second 

grade of the electrical and computer technicians program. 

Laboratory  exercises are organized in small groups of 

students (maximum 10 students) [6]. 

 

A. LED flashing 

   In most programming languages the first code that 

students write prints "Hello world" on the screen. The 

Arduino board has no screen. So the first code we will 

write is the code for flashing the LED.  

 

 
void setup() { 

  pinMode( 13, OUTPUT); 

} 

 

void loop() { 

  digitalWrite( 13, HIGH);    

  delay(1000);                        

  digitalWrite( 13, LOW);     

  delay(1000);                        

} 

 

The Arduino board has a built-in LED connected to a pin 

13. as shown in Fig.3  
 

 

Figure 3. Arduino with LED on pin 13 
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B.   Running light 

  

   This is the code for „running light“ . The LEDs should 

light up one after the other in a row. 

 
void setup() {   

  pinMode(7, OUTPUT); 

  pinMode(5, OUTPUT); 

  pinMode(3, OUTPUT); 

} 

void loop() { 

  digitalWrite(7, HIGH);    

  delay(500);                        

  digitalWrite(7, LOW);  

  digitalWrite(5, HIGH);     

  delay(500);  

  digitalWrite(5, LOW);  

  digitalWrite(3, HIGH);  

  delay(500);     

  digitalWrite(3,LOW);                 

} 

 

 

 

The wiring diagram is shown in Fig.4 

 
Figure 4. Arduino with 3 LED on digital pins 

 

The assembly diagram is shown in Fig.5 

 

 
 

Figure 5. Arduino with prototype board assembly for running light 

 

C. LED control with pushbutton 

 

  A pushbutton is an component that give contact only 

while pressed (not a switch). It is used on most of today's 

devices such as mobile phones, tablets, keyboards, remote 

controllers,, alarms, etc. On a mobile phone, we adjust the 

volume with the button, turn it on and off, and some have 

a "home" button. 

    The code is simple. Using the digitalRead () function, 

we read the voltage of the digital pin to which the button 

is connected. The voltage can be either 0V or 5V. 

 

 
int button = 0;          

void setup() {  

  pinMode(7, OUTPUT); 

  pinMode(9, INPUT_PULLUP); 

} 

void loop() { 

  button = digitalRead(9); 

  if (button == HIGH) { 

    digitalWrite(7, LOW);   

  }  

  else { 

    digitalWrite(7, HIGH); 

  } 

} 

 

 

The wiring diagram for a LED control with pushbutton is 

shown in Fig.6 
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Figure 6. Arduino with pushbutton controlling the LED 

 

 

The assembly diagram for a LED control with pushbutton 

is shown in Fig.7 

 

 

 
 
Figure 7. Arduino with prototype board assembly for pushbutton control 

of  LED 

 

D. Construction of a level crossing 

 

   The level crossing, in addition to traffic lights, usually 

has a ramp that rises and falls. We will use a button as a 

sensor for the arrival and passage of the train, and we will 

use a servo motor as a motor for raising and lowering the 

ramp. 

   A servo motor is a device that has an output shaft as seen 

in Fig.8. The shaft can be set to certain angular positions 

by sending a coded signal. As long as the coded signal is 

constant, the servo will maintain the angular position of the 

shaft. If the coded signal changes, the angular position also 

changes. 

   Most commonly, a servo is used to control angular 

motion from 0 to 180 degrees. The angle is determined by 

duration of the pulse that is fed to the input of the device. 

Such a coded signal is called Pulse Width Modulation - 

PWM . 

 
Figure 8.  Servo motor 

The code for level crossing is: 
 

#include <Servo.h> 

int pos = 0; 

int x = 0; 

int y = 1; 

int a = 0; 

int b = 0; 

Servo servo; 

void setup(){ 

  servo.attach(9); 

  pinMode (2, INPUT_PULLUP); 

  pinMode (3, OUTPUT); 

  pinMode (5, OUTPUT);   

} 

void loop(){ 

  int val = digitalRead(2); 

  if (val == 0 && y == 1) x = !x ; 

    y = digitalRead(2);  

  if (x == 1)  pos = pos + 2; 

    if (pos >= 90) pos = 90; 

      if (x == 0)  pos = pos - 2; 

        if ( pos <=0) pos = 0; 

          servo.write(pos); 

  if (pos != 0) { b = a; a = !a; } 

    else { b = 0 ; a = 0; }    

  digitalWrite(3, a); 

  digitalWrite(5, b); 

  delay (300); 

} 

 

By pressing the button (at least 300 ms) we turn on the 

signaling light and lower the ramp. 

Pressing the button again (at least  300 ms) raises the ramp 

and switches off the signaling. 

    The wiring diagram for a control of level crossing is 

shown in Fig.9. 
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Figure 9. Arduino controlling level crossing 

 

The assembly diagram for controlling a level crosing is 

shown in Fig.10. 

 

 
 

Figure 10. Prototype board assembly for  controlling  of  level crossing 

 

V.     CONCLUSION 

 
In this paper it is shown how the idea of using Arduino 
platform is implemented in College for Information 
Technologies and in  the  High school Tesla from Zagreb, 
Croatia. Arduino platform was chosen, which not only 
fulfills the conditions of the curriculum in the area of 
algorithmization and programming but also distributes it to 
other disciplines. Arduino platform has a wide range of 
benefits and is very flexible. The students are taught 
through examples and are encouraged to combine different 
disciplines to successfully solve problems. It can be 
concluded that Arduino platform is an excellent tool for 
students acquiring new knowledge and competences in the 
field of computer science, electronics and many other 
related fields. As students were encouraged to use Arduino 
platform during their schooling and studies, many of them 
wanted  to do their finishing and graduating works in 
projects involving Arduino platform. 
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