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Abstract. Learning and teaching programming is a hard work with setbacks. 
The solution consists in the use of robotics. In this context, it is presented here a 
course to introduce programming learning supported in open source robotics. In 
order to evaluate this approach, it is described the course objectives, contents 
and implementation. Here it is reported the preliminary results of this course 
implementation. The results indicate that the use of robotics may contribute to 
overcome the problem of programming learning.   
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1   Introduction 

Computer programming is an important skill. However, learning and teaching is a 
very hard task.   The reasons to this situation were found in previous works which 
mentioned the main difficulties identified in programming learning [1], [2]. 
Developing programming learning environments has been a goal for several 
researchers. Most of these applications are for introducing programming to 
youngsters. These environments can be visual languages, virtual robotics, ‘gamified’ 
environments, on-line tools or visual applications. 

Solutions to this problem are also being presented by teachers, professional 
training or researchers. One of the possible solutions consists of using robots. The use 
of robotics is appealing to many young students. Mainly, because students can 
observe the robot´s reactions to their command lines. However, there are some 
complexity imposed by the real world. Therefore, some attempts were made over time 
to develop virtual learning environments. Focusing on supporting the main 
programming tasks, by manipulating objects and data.  

In this context, we propose a solution corresponding to a course of computer 
programming supported in robotics. This paper is structured in five sections. The first 
section presents a problem. The second section describes the course learning 



objectives, the contents and the teaching resources. The third section describes the 
implemented. The fourth section states the students’ opinions about the course. 
Finally, a small discussion of preliminary results as well as the conclusions is 
presented in the last section. 

2   Course Description 

The course corresponds to the first phase of the programming learning. The course 
was composed by small groups of students that had no previous programming skills.  

The course has as the main purpose to provide students with introductory and 
fundamental notions of programming, and practical experience using the 
programming language.   

In order to reach the main objectives, providing students with fundamental notions 
of programming, and practical experience using the programming language. The 
students should be able to: 

- use types of data 
- develop simple programs using conditions and loops 
- use arrays 
- use several types of input and output 
- develop functions 
It is also expected that the student be able to develop a program where she/he will 

apply knowledge of algorithms. 
The syllabus of the course is the following: 
- Introduction to IDE, board and sensors 
- Variable types 
- Control structures (mainly Conditions and Loops) 
- Arrays 
- Functions 
The students must have access to the kit, or several components. In this case, the 

students use a board, two motors with wheels, a sonar and a color sensor.  In order to 
illustrate each one of the items of the syllabus, several challenges, corresponding to a 
set of exercises were developed. The following list exemplifies the main challenges: 

1. Install IDE (Integrated Development Environment); 
2. Understand the board (digital and analog pins, output and input pins); 
3. Read color sensor; 
4. Read sonar sensor; 
5. Control Motor (forward function, all the functions, just one function); 
6. Sonar + motor (How to stop if distance is too close, follow a person like a dog, 

follow the wall). 

3   Course Implementation 

In the beginning, the course was designed by the teachers, considering a standard 
syllabus of introduction to programming learning. Then it was presented to master 



students from computer science (Fig. 1). These master students are specialists in 
several programming languages; these students provide valid feedback on the way 
students would receive better the contents. As they were students, though were near 
the feeling of the students, and as they mastered several programming languages, their 
input and general opinions were taken into account.  
 

 
Fig. 1. Discussion group – Master program students.  

The course corresponds, broadly to one-third of an introduction to programming 
course in a university and a high-school course. The Kit that was used to implement 
the course was an Arduino compatible Kit (Fig. 2). However, other solutions were 
also analyzed. 

          
Fig. 2. Example of hardware kit.  

The course was implemented by following the course description presented in the 
last section, and was developed according to the restrictions related to the solution 
adopted. The related to each challenge, the teacher presents a small program and ask 



the students to copy and test the result. Then, he asks the students to make small 
changes. 

Table 1.  Examples of Exercises and Code used. 

Challenge Code supplied Changes may be used to illustrate 
following subjects 

Read color sensor // setup 
void setup(){ 
  Serial.begin(9600);  
} 
// loop 
void loop(){ 
      int valor; 
      valor=analogRead(5);    
      Serial.println(valor,DEC);        
      delay(100); 
} 

Variables 
Conditions 
 

Read sonar sensor #define trigPin 2 
#define echoPin 3 
// Setup 
void setup() { 
  Serial.begin (9600); 
  pinMode(trigPin, OUTPUT); 
  pinMode(echoPin, INPUT); 
} 
// main loop 
void loop() { 
  int dur, dist; 
  digitalWrite(trigPin, HIGH); 
  delayMicroseconds(1000); 
  digitalWrite(trigPin, LOW); 
  dur = pulseIn(echoPin, HIGH); 
  dist = (dur/2) / 29.1; 
  Serial.print(dist); 
  Serial.println(" cm"); 
  delay(500); 
} 

Variables 
Conditions 
Functions 

In the Table 1, two examples are presented: read color sensor and read sonar 
sensor. Corresponding to each challenge, the teacher supplies a small illustrative 
code. Then, in the third column of table 1, the subjects that may be illustrated in each 
example are shown. In the case of “Read sonar sensor," the teacher will ask to create a 
condition that gives a message if the value of variable dist is too small. Alternatively, 
the teacher may also ask to write a function that returns the value of the distance. 

4   Opinion of the students 

This course was taught (with several adaptations) in the context of several programs 
(professional training, high school, undergraduate, post-graduate and master).  The 
university students are first graders of computer science program and also students of 
a post-graduation program coming from various backgrounds, mainly from 
management, human resources, psychology, design, mathematics, and health fields. 
There were, also a small group of students from a high-school course in sciences. 

Generically, it was asked only to identify which are, according to them, the main 
advantage and limitation of using robotics. 



According to the students, the use of robotics may be useful to learning 
programming because of the following reasons: (1) Results tangibility; (2) Learn 
several technologies and (3) Collaborative skills. 

The main advantage mentioned is the tangibility of the results. Students indicated 
that it “allows development of creativity," “interaction with real world," “agreeable of 
observing in the real world what we may perform with programming," “possibility of 
observing results” or “it is a way of solving real world problems." 

This context also contributes to develop knowledge in several technologies. 
Students referred it “improves skills of relating several types of technologies." 
Related to this is the improvement of group work skills or “improve collaborative 
work." 

Other advantages were mentioned: it is a “motivating way," it “improves capacity 
of abstraction," it is “useful to organize ideas” and it is also an “easy way of testing 
knowledge.” 

The use of robotics also has several limitations to support language learning: (1)  
The use of a single language; (2) Poor support; (3) Electronic related limitations; (4) 
Availability. 

In fact, according to several respondents, the Arduino Robot has the limitation of 
“using only C as programming language." Other responds only say, “languages."  

Some students also referred the “need of tutorials and on-line forums."  
The third main limitation is the “electronics." In fact, some students referred the 

“need of knowledge of electronics," “problems with hardware” or the “need to 
encapsulate specific code for sensors and actuators." 

Finally, some students complained about the fact that “not everybody having an 
Arduino Kit to develop and test." 

5   Discussion of preliminary results 

In the present study, we start with the perception that robotics may be a useful way of 
tackling the problem of computer programming learning and teaching. In this context, 
the presented a course supported in open source robotics. According to the 
preliminary results, the attitude towards robotics is positive. Learners demonstrated a 
good attitude towards robotics, as robotics is a good way to instantiate programming 
in a more tangible way. As the developed exercises showed the coding results 
immediately, students were able to learn in a more intuitive way the main aspects of 
programming, from variables, control structures, arrays and functions. Another useful 
feedback was about the usage of less expensive hardware, in some cases students 
were able to acquire parts in order to practice.  

In order to test and extend our research, the course was prepared to a group of 
students with ages between 7 to 11 (Fig.3). This students followed the protocol 
defined and acquired programming skills using the same platform. This platform was 
then used in Festival Nacional de Robótica in the RoboCupJunior Rescue A 
Competition. 

 



  
Fig. 3. Test with students (Testing and Competition).  

6   Conclusions and Future Work 

The main limitations are related to the use of a single language, weak support, 
electronic related limitations and availability. Those limitations may be useful to 
redesign future courses and improve its implementation.  

In future work, it is also expected to obtain opinions directly from high-school and 
undergraduate novice students, and merge results from a control group. It is also 
expected to analyze the results of the teaching process.   
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