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Abstract. Computational thinking is a fundamental skill since it helps to 
improve analytical ability. Computational thinking involves solving problems, 
designing systems, and understanding human behavior, by drawing on the 
fundamentals of computer science. Literature has shown   different ways to 
bring to classroom computational thinking. Most of the experiences are related 
to programming classes with different kind of software according to the age. 
This paper present and exploratory study that describes our experience related 
to the first programming course at the University level for teaching 
computational thinking for solving problems. The use of Arduino to teach 
computational thinking has been incorporated into the Electronic Engineering 
degree at the Universidad Nacional de San Agustín de Arequipa since 2017. 
Students program components oriented to solve problems related to their 
profession. The first results have shown the effectiveness in the use of Arduino 
to develop computational thinking. This first experience gave us the foundation 
to expand our research to analyze quantitative data regarding to student 
outcomes about solving problems.  We believe that our experience can be 
replicated not only in other Electronic Engineering careers, but in any 
engineering that  have programming courses. We also believe that our 
experience could be replicated at a high school level. 
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1   Introduction 

The main definition of computational thinking is state that “computational thinking 
involves solving problems, designing systems, and understanding human behavior, by 
drawing on the concepts fundamental to computer science” [1]. Another definition is 
presented by García-Peñalvo [2] that refers to the application of high level of 
abstraction and an algorithmic approach to solve any kind of problems. This second 
definition come closer to the diverse kind of implementations related to computational 
thinking [3], to develop students’ problem solving skills throughout programming 
approaches [14]. 
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But when we bring computational thinking to University level, programming courses 
are already designed. Several experiences have been found in the literature that make 
use of Arduino to teach programming. Rubio et al [4] describes a modular course that 
combine Arduino with Lego. The authors highlight the high degree of motivation that 
the students showed. Duch and Jaworski [5] presented the experience of Lodz 
University of Technology (Poland) which, using Arduino, aims to make programming 
learning more attractive by expanding the interaction with devices such as joysticks, 
light emitting elements, keyboards and radio communications. In more specialized 
courses there are four laboratory experiments for automatic control and robotics 
courses at the University of Alicante. The results showed that the proposed 
experiments were attractive to students [6]. Also in the work of Brock, Bruce and 
Reiser [7] it is emphasized that the use of Arduino is an inexpensive way to teach 
embedded system design and introductory programming courses. The work highlights 
the use of simple electronic interfaces used in the real world using LEDs and sensors. 
Titon and Ramirez [13] presented the experience of teaching programming concepts 
using educational robotics  supported by the Arduino. All the described experiences 
mentioned before are related to programming courses.  
 
This papers show our experience in the use or Arduino under a first programming 
course format for teaching computational thinking and solving problem at the 
University Level. We describe the main content of the course. We present the 
sequence of assignments and highlight the prototypes presented by students focused 
on solving real problems. The rest of the paper is organized as follow: section 2 
describes the methodology, section 3  shows our initial results about using Arduino 
and some discussion. Finally we expose our firsts conclusions. 

2 Methodology 

Exploratory studies serve to familiarize researchers with relatively unknown 
phenomena, obtain information on the possibility of carrying out a more complete 
investigation in a particular context, investigate new problems, identify promising 
concepts or variables, establish priorities for future research [11]. Within this 
framework we can say that our work is exploratory and is a first approach to identify 
variables to study in the future about the impact of keep on working with Arduino to 
teach computational thinking to develop students’ problem solving skills throughout 
programming approaches. 
 
2.1 Background 
 
Arduino [8] is an open source microcontroller board with very easy to use hardware 
and software. Arduino handles a series of inputs which can be connected to various 
sensors and thereby control motors, lights, buzzers, etc. The main features are: 
economical, multiplatform, simple programming and Open Source. The 
microcontroller board is programmed using Arduino Programming Language [9].  
 



2.2 Course Description 
 
The Programming for Electronics 2 course is taught in the second semester of the 
Escuela Profesional de Ingeniería Electrónica [10]. It consists of 17 weeks, 4 credits 
with 5 theoretical hours and 2 laboratory hours. Since 2017 the use of Arduino has 
been incorporated.  Based on the recommendations of the IEEE / ACM for careers in 
Electronic Engineering [11], the topics taught in this course are listed in Table 1.  

Table 1.  Topics of the course. 

Topic Week 
Algorithm concepts, basic principles of their development 1,2 
Structures Repetition Defined (Repeat) using all methods 3 
Indefinite Repeat Structures (While) using all methods  4 
Array Structures 5 
Introduction to Arduino as a development tool 6 
Project implementation starting from the medium difficulty level 7-9 
Bluetooth use 10 
Android applications 11 
Implementation of medium-high level projects 12 - 17 

 
The structure of the course has been based on the practical component through 
projects which are detailed in Table 2. Students receive the characteristics of each 
project which are implemented in groups of two students.  

Table 2.  Projects developed in the semester using Arduino 

Week Project Description 
2,3,4 Solar Panel: depending on the light intensity, the generated voltage measurement is carried out. 
5,7 Temperature Sensor: build a temperature measurement system, using the Arduino Uno, as well as 

temperature sensors such as the LM35 or DHT11, or similar ones that allow us to measure the 
temperature or of a particular environment 

9 Motion Sensor and Magnetic Sensor: in this project we use sensors that allow us to create safety 
projects. 

11 LED Matrix or LCD Display: in this project we use either the matrix or the display to be able to 
send previously programmed messages.  

12 Proximity sensor:  It gave us the possibility of defining actions to be performed depending on the 
proximity or remoteness of the objects in relation to the proximity sensor.  

 
Figure 1, Figure 2 and Figure 3 shows some of the implementation made in 2018.  

 
Fig. 1. Temperature Sensor project. In this project students build a temperature measurement 
system, using the Arduino Uno that allow them to measure the temperature or of a particular 
environment 



 
Fig. 2.  Proximity Sensor project. In this project the students used the proximity sensor to 
detect the water level of a container. The signal has been captured by the sensor and according 
to the programming already configured in the Arduino, depending on the distance read a light 
signal was shown to be able to give a first alert and an audible signal to give a final alert 
indicating that the maximum allowed limit was reached. 
 

 
Fig. 3. Labyrinth project. The goal is to have a ball running from the beginning to the end 
without falling into the holes of the path. Students are able to use a joystick or a keyboard 
to perform the movements of a pair of servos or stepper motors which had to move in the 
two axes.   
 

 

Students have developed different kind of projects with Arduino, but the focus was 
the high level of abstraction and an algorithmic approach to solve the different kind of 
projects.  

3.   Results and Discussion 

Since this was an exploratory study, to assess the impact of the use of Arduino 
regarding the perception of students a survey was applied using the Likert scale. Of 
the 75 students who took the course, 57 answered the Survey. Our initial findings 
show us that almost fifty students  have a a favorable opinion about using Arduino 
(Fig. 4). 
 



 
Fig. 4. Results of the perception of using 
Arduino related to motivation  
 

 
Fig. 5. Students' perception regarding the 
difficulty of the projects developed. Slightly 
more than half of the students believe that 
they could develop more complex projects.  
 

 

 
Fig. 6. Students' perception regarding to the importance of algorithms for problem solving  
 
 
Also we found that slightly more than half of the students surveyed believe that they 
could develop more complex projects (Fig. 5). As we can see in Fig. 6, students are 
aware that if they handled algorithm better, it would be easier for them to solve 
problems with Arduino. We can also highlight the importance of algorithms so that 
students can translate into a programming language such as in this case the Arduino 
programming.  

4   Conclusions 

In this work we have describe the experience of the use of Arduino through the 
realization of projects for  teaching computational thinking focus on high level 
abstraction and solving problem thorough algorithms. The initial results demonstrate 
that Arduino plays an important role  in terms of  the motivation and active learning 
of the students. The design of the course supported by Arduino with a projects 



oriented approach focus on the development of real applications is suitable for 
develop high level abstraction skills . Designing a course with a high practical content 
like the one shown in this experience requires a different work than traditional 
pedagogical approaches. The design of the activities focus on the student requires the 
professor additional work in the selection of appropriate materials and especially 
choosing motivating and challenging projects. As a future work, a quantitative 
analysis is sought based on the results of achievements through the students' grades in 
years prior to the use of Arduino. 
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