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Summary / Abstract  
Computer programming is a valuable skill. But learning programming is sometimes difficult, time-consuming, and even 
frustrating.  In this context, there is a need for new approaches to help in the process of learning programming. Here it is 
presented a possible solution. This solution is a progressive system, based on a virtual robot, supported in a generic and 
portable language. Those features allow answering to some needs. First, the virtual robot allows a certain level of result 
tangibility. Then, the use implementation as a progressive system allows for the support of the learning process. Finally, 
use of a generic and portable language allows for the installation of the system on many platforms. 
 

1 Introduction 
Nowadays, there is a growing need for people with 
programming-related skills.  According to the digital 
economy report, only 10%, on average, of the population 
have programming skills, although more than 60% of 
working people say they do not have the sufficient skills to 
apply for new jobs. [17]. Many of the highest paying jobs 
require programming. On the other hand, many skills are 
supported in programming knowledge. For example, data 
science, mobile application development, artificial 
intelligence, machine learning or digital transformation are 
the knowledge that is related to computer programming. 
This situation is associated with the complexity of 
programmable devices, increasing number of devices that 
are programmable, the need for processing large quantities 
of data, the need to extract information from many devices 
or the necessity of developing mobile and web applications 
for the all the purposes. On the other hand, it appears that 
the process of learning programming is time-consuming 
and often painful. Some studies report students’ difficulties 
in programming learning, leading to a need for new 
training techniques that improve the learning process. 
Based on previous research, this topic is not yet fully 
explored. In fact, there is still spacey for the proposal of 
new learning strategies. Therefore, in this context, the goal 
of this study is to reach a solution based on supported 
virtual robots. This study contributes to a new solution to 
enable students with a digital tool, in which learners can 
observe the immediate result of their programming effort, 
with an intuitive interface. 
 
We start by presenting a brief literature review. In the 
following section, we present the solution. Then, we 
describe the implementation of the solution, illustrating for 
specific use cases. 

2 Literature Review 

2.1 Learning Programming - a Problem 
The mismatch between supply and set of people with 
programming skills is a reality. It is estimated that a 
majority of people uses word processors and spreadsheets 
(54%), but only 10% on average have complex computer 
usage, encompassing software development, game 
programming, programming languages, e.g., Java, PHP, 
Pearl, or SQL[16].  This fact makes it very relevant to 
analyse the difficulties experienced by those who begin the 
process of learning programming. Usually, programming 
learning starts with features and variables instead of 
modelling. For modelling, students need to have the big 
picture of the system, and this capability requires 
experience and maturity. Studies demonstrate that the 
combination of syntax and semantics is somewhat tricky in 
initial phases because their mental model influences the 
learning process [11] [17]. Apart from those difficulties, 
students’ cognitive domain is also crucial to the learning 
programming process [14]. Examples of programming 
learning difficulties referred in literature are [19],[20] 
[7][10]: data recall, identification of the problem meaning, 
program design, deciding which language to use, logic 
program translating, algorithm design and application into 
new situations, originality, program structure, variated 
skills and individual abilities, and integrating different 
modules [15]. 

2.2 Learning Programming - Some 
solutions 

Studies demonstrated that visual features helped the 
student to learn programming because these characteristics 
allow students to combine theoretical topics mentally 
[12][13] [21][22] [23]. Apart from these constraints, one 
must not forget that learning process is time-consuming 
and laborious. Those problems are addressed by several 
strategies supported by various tools and methods, for 



instance, gamification, use of physical robots and virtual 
robots, visual languages and simplified languages. 
However, there are often some limitations. For example, 
graphical languages tend to be limited in scope and of 
limited support. Acting like the wheels of the bicycles, in 
fact, end up by itself help little. Physical robots tend to add 
a lot of complexity, especially at the level of electronics 
and mechanics. Virtual robots are usually very simple, or 
they are limited to a relatively complex installation 
environment. The simplified languages suffer from the 
same problem of visual languages. 

2.3 Virtual Robots 
Robots seem to remain an excellent solution to support the 
process of learning computer programming [1] [2] [3] [4]. 
Specifically, the use of virtual robots has some limitation, 
by not having the tangibility of the real robots. 
Nevertheless, it has the power to focusing the study on the 
programming instead of electronics or mechanics’ which 
are complex by themselves [4]. However, they should be 
supported in a language of general use and easy to use. 
JavaScript seems to be a useful and appropriate solution 
(e.g.  [6], [1]). 

2.4 Stages of Programming Learning 
One aspect to keep in mind is the fact that there are several 
stages of the learning process. According to Cazola & 
Olivares [5], may be the following: (1) the expression 
language on numbers; (2) boolean type with boolean and 
relational operators; (3) string type with operators on 
strings; (4) variable declarations and assignments; (5) 
conditional statements; (6) loop statements; (7) code block, 
scope, break and continue statements;(8) functions without 
recursion;(9) recursion;(10) first-class functions;(11) 
objects and methods;(12) exception handling and (13) 
constructors and the prototype model. 
It should also be noted that the level of knowledge is 
cumulative. 

2.5 Components 
One appropriate solution to consider is the existence of 
Components [6]. Those components may be implemented 
through libraries. These libraries typically aid in the 
development process, preventing the programmer from 
worrying with too much about fastidious detail. However, 
these libraries can also help programmers improve their 
skills. 
Libraries should start by supporting a very reduced set of 
functionalities, encapsulating a high level of complexity. 
In practice, it is intended that students with little knowledge 
have interesting and tangible results. 

3 Proposing Solution 
In the following figure, we present a schematic 
representation of the proposed solution. This solution 
merges the solutions previously presented: Virtual Robot, 

Stage programming learning and the use of a library 
encapsulating several components. 
The library is composed of smaller components, 
corresponding to higher difficulty topics and language 
structure. 
The interface allows for the implementation in the virtual 
robot context. The interface is composed of two parts. In 
the top is the “world,” corresponding to the output of the 
code. In the bottom, is where the student writes the code. 
 
 

 
 
Figure 1 Solution proposed 

4 Implementation 
The implementation of the proposed solution is done 
fundamentally using JavaScript, CSS, and HTML. In fact, 
the language used is JavaScript, as suggested by other 
studies (e.g.  [6], [1]). The following figure shows the 
interface of the developed application. 

 

 
Figure 1 – Print screen of the web application. 



This application was designed as web app and as mobile 
application. It was developed to run on Android devices, 
but we may easily port it to iOS as a hybrid app. 
The concept of variable, attribution may be presented using 
a more traditional interface. In fact, it was even decided to 
create a small area where the user may see messages. 
With this feature, the student may explore the use of 
variables. He may experiment the arithmetic operations but 
also operations with strings. On the beginning, it will be 
difficult for the students to manipulate the “world.” 
For example, in order to implement a simple sequence 
structure, the following code may be included in the 
library: 
 
function code(){ 
program=document.getElementById("code"
).value; 
var step =[]; 
var step = program.split(';\n'); 
num=step.length; 
i=0; 
var myVar=setInterval(move,1000); 
function move(){  
   console.log(i+"-"+step[i]); 
   if (step[i]=="down") down(1); 
   if (step[i]=="left") left(1); 
   if (step[i]=="right") right(1); 
   if (step[i]=="up") up(1); 
   if(i>=num) clearInterval(myVar); 
   i++; 
} 
} 
 
Then, the commands “down”, “left”, “right” and “up” can 
be used. By using those simple commands, the student may 
change the position of the character and navigate through 
the “world”. 
The decision control structure may be implemented using 
an if statement. The student may use the decision control 
structure, allowing the character to react to specific 
situation. For example, it is possible, to avoid the end of 
the “world”.  
 A loop is a block or sequence of statements that the system 
may execute several times. The following figure shows the 
implementation of loop control structure. In the first one, 
the “for” statement is used. This implementation of loop is 
the same as the one supplied by JavaScript and is similar 
to many other languages, like C, JAVA or PHP. The 
procedure “show” allows to print information in the screen.  
Another alternative is the “repeat” that works like a 
function. In this case, it repeats the function step as many 
times as presented in the first argument of the command 
repeat. Having the advantage of being different from the 
“for.” It allows the student to develop an abstract way of 
thinking, as long as he may notice that there are several 
specific ways of implementing a particular concept. On the 
other hand, it also allows the student to be introduced to the 
concept of function and code modularity.  
Nowadays, it is essential that the students understand the 
concept of autonomous behaviour. The students must 

know how randomness works. Making them understand 
the usefulness in the development of games or simulation 
systems. 
A possible way may be to make a character move 
randomly. In the following example, the character zero 
moves randomly through the “world.” In fact, the 
“randomMove” command generates two values, 
corresponding to the coordinates (X and Y) of the position 
of the character. 
 It is also possible to make several characters move 
simultaneously and randomly. 
Naturally, all those atomic and straightforward cases may 
be sophisticated. In fact, we may join several situations and 
create more interesting problems. Challenging the students 
and making them gain interest. 
In the context of autonomous behaviour, the robot may 
react to the environment. It is also possible for the student 
implementing several functions related to each character. 
For example, the character 0 is followed by character 1. 
The user, through the buttons, may control the character 0. 

5 Conclusions 
The solution presented here aims to contribute to the 
solution of the problem of learning programming. This 
solution is based on a virtual robot, where the novice 
student may access a simulation of a robot wich is less 
complex. But, it is also an important starting point for 
development in robotics. On the other hand, this solution 
presented a progressive approach, as long as it is supported 
in a set of libraries specially oriented to a specific learning 
stage. This solution is supported in a generic and portable 
language (JavaScript). In fact, instead of supporting the 
solution in a particular language or supporting in visual 
languages, it was decided to support the solution in a 
generic language widely used. The implementation also 
allows tackling the main basic programming scenarios. 
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