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Abstract 

The use of robotic platforms is directly linked to the teaching 

processes in the area of Technology and Informatics in the 

Colombian education institutes at the primary and secondary 

school level. This paper focuses on showing the results 

obtained regarding the teaching process of algorithmic logic 

supported on didactic and interactive software tools (S4A) and 

low cost robotic platforms (using Arduino microcontrollers). 

The paper shows the electronic architecture used in the robotic 

platform and makes a comparison about the results obtained 

with two groups of students who were trained in algorithmic 

logic and microcontroller management, taking into account that 

one group used the S4A software and the other one 

programmed on the Arduino C ++ development interface. 

Keywords: Robotic platforms, Scratch for Arduino, 

microcontrollers, algorithmic logic teaching. 

 

INTRODUCTION 

It is important to promote the acquisition of concepts of 

science, technology, engineering and mathematics in the 

training processes of high school students [1-9]; This can be 

achieved through practical activities supported in robotics, 

since it manages to link a series of multiple disciplines that 

foster creativity, innovation and self-learning of students, by 

effectively integrating the use in real environments of sensors, 

actuators, programming languages and mathematical concepts 

in search of the solution to a particular problem [14]. 

It can be found in the market a large number of robotic platform 

kits focused on the teaching and learning process for children, 

however a fundamental factor that must be taken into account 

when acquiring the platform is its price [15]. That is why at this 

moment one of the most used platforms for the construction of 

electronic projects is Arduino [10-11], because its low cost and 

ease to implement, reaching users without experience in 

electronics and microcontroller architecture, to make possible 

the construction of ideas and projects associated with this field 

of action [12-13]. 

Based on the above information, this paper develops a low-cost 

experimental robotic platform, which will be used to analyze 

the learning process associated with the algorithmic logic of 60 

high school students, who will be taught the basic concepts and 

structures of programming. The results obtained will be shown 

when using a didactic software tool such as Scratch for Arduino 

(S4A) versus the native development interface of Arduino, 

which uses C ++ for its programming. The aim is to evaluate 

the performance of students regarding the basic sentences used 

in algorithmic logic: conditional sentences (If, If-Else), 

repetitive For and While sentences, including also the use of 

mathematical operators and Boolean logic. 

 

METHODOLOGY 

The familiarization with basic aspects of the robotics associated 

to venture into the development of algorithmic logic, was 

performed by managing two fundamental components: the first 

was approached with the construction of a low-cost differential 

platform and the second is part of the work of programming 

logic with Arduino cards using scratch (S4A) and the native 

development interface of the microcontroller in C ++. 

Regarding the working groups, 2 groups of 30 students each 

were created, group A worked with S4A and group B worked 

with the structured syntax of C ++. 

 

Robotic platform of low cost 

 

Figure 1: Differential platform model used. 

 

The proposed design is based on a circular differential platform 

composed of the basic elements for programming practices; its 

central processing unit is based on an Arduino UNO card 

adapted with 3 sensors for experimentation, 2 micro-switches 

as devices for the contact detection and an ultrasonic sensor as 
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the main sensor for obstacle detection. The power of this 

platform is taken directly from the USB port of the computer to 

which it is connected. Therefore it does not need to use an 

additional battery. 

 

Scratch for Arduino (S4A) 

This software tool developed by Smalltalk; it allows to program 

Arduino cards in an intuitive and didactic way by means of a 

modified version of Scratch [16]. With this software it can be 

created programs for microcontrollers through a series of 

functional blocks that join together like a puzzle, this allows to 

manipulate the basic functions of the microcontroller: digital 

inputs and outputs, analog inputs and outputs, variable creation, 

PWM modules, etcetera. 

 

Figure 2: S4A main interface 

S4A allows the manipulation of the microcontroller in a limited 

way regarding the electrical connectivity characteristics, 

meaning that it allows working with the following 

configuration: 

• 6 analog input pins 

• 3 analog output pins 

• 2 digital inputs 

• 3 digital outputs 

• 4 PWM output pins for servomotors connection. 

The communication process and transfer of information to and 

from the card is done through USB port, after installation of the 

respective firmware, the data synchronization takes place every 

75 milliseconds, time that must be taken into account to make 

an optimal validation of reading ports in the microcontroller. 

One of the advantages of this software is that it can be validated 

the status of all ports in real time; this indicates that while the 

program is running in the microcontroller it can be seen the 

status of all the outputs and inputs used, see Fig 3. 

 

Figure 3: Monitoring inputs and outputs of the 

microcontroller. 

 

EXPERIMENTAL CONFIGURATION 

When approaching basic robotics practices in secondary 

schools, students' performance should be analyzed related to 

the general concepts of algorithmic logic. At the beginning of 

the process, a tour should be made of the basic operating 

sentences linked to the programming and reinforcement should 

also be made respect to the management of operators and types 

of variables for the computational logic; Table 1 shows the 

topics that were reinforced in a conceptual way before starting 

work on the software tool. 

 

Table 1: List of topics reviewed on logic. 

 

 

Arithmetic 

Mathematical 

Operators. 

Logical operators. 

Relational and 

combinational 

operators. 

 

Types of  

sentences 

If 

If Else 

For 

While 

Do While 

 

 

Types  

of data 

Integer 

Long 

Float 

Char 

String 

Byte 

Arrays 
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Figure 4: Activity for the robotic platform displacement. 

 

 

int ledPin = 13;   

void setup() { 

pinMode(ledPin, OUTPUT);  

}  

void loop() {  

digitalWrite(ledPin, HIGH);  

delay(1000); 

digitalWrite(ledPin, LOW);  

delay(1000);  

} 

 

 

 

Figure 5: comparison of sentences IDE Arduino vs S4A. 

 

In addition to the process described above, a series of 

workshops and tutorials was carried out in order to give 

practical experience to students who were using the tool for the 

first time, familiar users were sought with the new concepts 

associated with interconnection, food and pin identification of 

the microcontroller used (Arduino UNO). 

This recognition of the card was performed through the 

organization of a structural practice that allows the user to 

manage all the basic elements of the microcontroller, 

incorporating the management of all analog and digital ports 

and the generation of delays and implementation of multiple 

logical statements. The flow chart associated with this practice 

can be seen in Fig. 4. 

Regarding the working group which focused directly on the 

Arduino tool (IDE), they were explicitly instructed on the         C 

++ programming language, see Fig. 5. A training process was 

carried out focused directly on the robust syntax of the 

programming language, addressing exactly the same theme as 

the group that works S4A. 
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RESULTS 

For the test analysis, two groups of students of the last grade of 

secondary school were validated. Each group was composed of 

30 students. The analysis showed not only a higher interest on 

the group of the students who worked on S4A, but also that it 

was possible to demonstrate that better results were obtained 

related to the punctual evaluation of the management of 

programming sentences of algorithmic logic focused on solving 

a particular problem, see Fig. 6. 

Similarly, it is noticeable that the students who used this tool 

developed creativity, originality and own ideas, linking the 

robotic platform with elements or animated actions on the S4A 

interface. Some users created animated consoles and even 

generated ideas and concerns about how the robot could be 

manipulated from mobile devices. 

 

 

Figure 6: Algorithmic logic sentence analysis results. 

 

CONCLUSIONS 

The development of activities that link the use of didactic tools 

substantially reinforces the learning processes, specifically 

associated with the areas of science and technology. It should 

be noted that by supporting the theoretical processes with 

motivating and innovative tools, it is possible to substantially 

improve the learning associated with technological processes 

of students belonging to secondary education. Although you 

cannot abandon the foray into programming languages directly 

by using the syntax of a language, if it can begin to reinforce 

this learning from the initial grades of secondary school, this in 

order that at the moment of entering to university studies these 

students will be familiar with this algorithmic logic, in such a 

way that the desertion and loss processes that occur when 

covering said subjects are reduced. 
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