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ABSTRACT 

Nowadays, the teaching-learning processes are 
constantly changing, one of the latest 
modifications promises to strengthen the 
development of digital skills and thinking in the 
participants, from an early age. In this sense, the 
present article shows the advances of a study 
oriented to the formation of programming 
abilities, computational thinking and 
collaborative learning in an initial education 
context. As part of the study it was initially 
proposed to conduct a training day for teachers 
who will participate in the experimental phase of 
the research, considering this human resource as 
a link of great importance to achieve maximum 
use of students in the development of curricular 
themes of the level, using ICT resources and 
programmable educational robots. The criterion 
and the positive acceptance expressed by the 
teaching group after the evaluation applied at 
the end of the session, constitute a good starting 
point for the development of the following 
activities that make up the research in progress. 
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1 INTRODUCTION 

The incorporation of information and communication 

technologies (ICT) in the educational field has allowed the 

emergence of an educational technological ecosystem, 

opening with this several opportunities for both teachers and 

students [1]. The new educational scenario is characterized by 

a ubiquitous access to information, learning methods with a 

strong component of collaboration and technology, and some 

participants with a higher level of criticality than the one that 

characterized the classroom in previous times [1],[2]. 

At present society requires individuals who can not only 

use technological tools in their activities, but through their use 

can produce momentous changes in processes and actions 

that are innovative, proactive and leaders with the ability to 

manage the Transformations demanded by the various 

productive sectors of an increasingly technological society [3]. 

The training of individuals with the necessary digital skills 

and competences to achieve an effective and efficient 

performance in this emerging digital society has given way to 

the development of more dynamic and participative 
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techniques, methods and educational strategies [4]. The 

backbone of the transformation of the educational sector is 

the technological resources applied to the teaching-learning 

process. In this sense, Robotic Education (RE) is a 

technological current that is being used with great success in 

several regions, this is due in large part to the capacity of this 

educational technology to develop programming skills and 

computational thinking very necessary today day [3] [5]. 

The use of robotics and programming in the classrooms 

allow the development of meaningful learning in the 

participants, through collaboration and teamwork [6]. In this 

context students take part in work sessions whose objective is 

to solve the challenges and problems that arise, all within a 

playful and gamified environment.  

The research related to this communication is in 

development and is based mainly on the training of 

programming skills and computational thinking in initial 

education students, using ICT resources and programmable 

educational robots. The theoretical foundations on which 

research is based are described in the article in Section II. The 

objectives of the research are presented in section III. The 

methodological approach to be used, the population covered 

by the study are detailed in section IV as well as the 

description of the experience of teacher training included in 

section V. Finally, the conclusions, acknowledgments and 

references used are presented. 

2 CONTEXT 

Nowadays the There are more and more voices within 

governments that propose the inclusion of learning 

programming or coding and computational thinking in the 

curricula of national education systems; this is the case in 

countries such as England which from the academic year 

2014-2015 decided to include them as part of the academic 

curriculum of the primary and secondary education 

curriculum. Other states that have opted to make changes in 

the educational structures to incorporate this initiative are: 

Bulgaria, Cyprus, Denmark, Estonia, Greece, Ireland, Poland, 

Portugal, in Spain we find progress in the community of 

Madrid, Barcelona, Navarre, Galicia, Malaga and others. 

However, an important fact is the little concomitant that exists 

about the way to introduce the codification and the 

computational thinking in the curricular plans [7] [8].  

Conceptually to think that since 2006 Jeanette Wing [9] 

introduced the term computational thinking and that some 

strategies have been developed to achieve optimal use of the 

technologies associated with its implementation as they are: 

the internet, robotics, gamification and others, there is no 

definitive agreement on its conceptualization and even more 

on the characteristics that make it up. Among the arguments 

associated with computational thinking is that it "involves 

solving problems, designing systems and understanding 

human behavior, based on the fundamental concepts of 

computing" [9]. This researcher also considered that the PC 

should be a fundamental skill for all people and not 

exclusively for the computer professionals.  

For the 2008 Wing [10], it expanded the concept, stating 

that this type of thinking should be a basic competence that 

every citizen would have to know to develop in the digital 

society; computational thinking is neither routine nor 

mechanical, it is a way of solving problems intelligently and 

imaginatively [3] [11]. 

For 2011, in the United States, the 'Association of 

Computer Science Teachers' (CSTA) and the 'International 

Society for Technology in Education' (ISTE) developed a 

concept that has been used as a basis for Secondary and pre-

university teachers in this region [3][11]. These organizations 

propose that the PC is a problem-solving process that includes 

a series of characteristics such as: problem formulation, 

logical organization, data analysis, abstraction through models 

and simulations, automate solutions through thought 

algorithm, generalize and transfer this problem-solving 

process to a wide variety of situations.  

In the business sector, we also find some projects that 

have been carried out and that seek to strengthen the 

education sector, the development of algorithmic or 

computational thinking and the skills related to programming 

and coding [12] [13] [14]. One of these is the initiative 

code.org [8] [15], a non-governmental organization based in 

the United States, formed by companies with high technology 

such as Amazon, Apple, Dropbox, Academia Khan, Facebook, 

Google and Microsoft, among others and is currently a great 

reference in the matter of introduction to the world of 

programming and algorithmic or computational thinking. 

In the European region, we find the TACCLE 3 project [7], 

which focuses its support on the teachers of the school, 

developing their confidence and motivation with a series of 

resources and activities that can be used as help in the 

development of the computer curriculum including coding 

and computational thinking. 

In addition, state policies have been created that have 

enabled diverse countries to provide educational centers with 

the necessary technological tools to enable students to 

develop the digital skills necessary for the information and 

knowledge society [16][17]. As an example, we can mention in 

Spain the School 2.0 program [18], which has enabled the 



technological equipping of classrooms in educational centers 

through the incorporation of digital whiteboards, computers 

and educational software. Also, it has been formed in the use 

of TIC's to the teachers what has generated the opening for the 

development of other initiatives in matter of educative 

technology [13][15][16][17]. 

2.1 Related Jobs 

At present, there is a strong development of technologies 
associated with education, educational robotics experiences 
the emergence of a great variety of solutions, both in benefits 
and prices. One of the focuses of greater educational 
orientation are the middle and university levels; however, 
there are more and more developments in robotic technology 
applied to an early school age. 

Some examples are: KIBO which is a robotic kit designed 
specifically for children 4 to 7 years old. It allows designers to 
attract both technical-minded children and those who are 
more connected to the arts and culture or physical activity 

[19][20]. On the other hand, Lego WeDo, a tool designed by 
the renowned brand LEGO; this allows users to build a robot 
according to models and guides, so they learn and develop 

their imagination [11].  

A strong trend is the incorporation of programming 
languages, environments and mobile applications that allow 
the control of robotic devices. One of these programming 
environments that allow participants to enter into this 
fascinating world is the visual programming language 

developed by the MIT Media Lab, known as Scratch [11]. 

For the study to be developed aimed at an early school age 
educational community, the use of the Bee-Bot robotic kit was 
considered as this provides a more practical handling of the 
mechanical parts of the kit as well as a simple and friendly 
functionality, through of colors and an outer shell with a soft 

texture and resistant [11]. 

Figure 1: Bee-Bot 

The Bee-Bot [11] kit is a very colorful and easy-to-use bee-
shaped robot, specially designed for younger children (Fig. 1). 

3 RESEARCH OBJECTIVES 

The general objectives of this research are the following: 
• Design and integrate in educational practice activities 

mediated by ICT resources and programmable educational 
robots for the development of computational thinking 
skills and collaborative learning in elementary school 
students.

• Analyze the impact of the integration of ICT resources and 
programmable educational robots in the development of 
computational thinking skills and collaborative learning in 
an initial education context.

3.1 Specific Research Objectives 

Among the specific objectives to be achieved in the research are: 

• Design educational activities mediated by ICTs and

programmable educational robots for elementary school

students.

• Integrate into the educational practice of elementary school

student’s activities designed with ICT resources and

programmable educational robots.

• To determine the influence of the integration of ICT

resources and programmable educational robots in the

achievement of curricular objectives and collaborative

learning in initial education students.

• To establish that characteristics or domains of Computational

Thinking are strengthened with the incorporation of

educational activities average by ICT's and programmable

educational robots.

• Elaborate a proposal for action for the integration of

educational activities mediated by ICT’s and programmable

educational robots in elementary school students.

4 RESEARCH APPROACH 

This study will use as a research methodology the mixed 

methods approach, with the intention of being able to perform 

a more complete or more holistic analysis and evaluation of 

the subject under investigation; taking full advantage of the 

complementary nature of quantitative and qualitative 

guidance [21][22]. The quantitative orientation of the 

research will be developed in two phases, the first of non-

experimental type, transversal, since the data will be collected 

at a single time or time.  

The second phase of the quantitative orientation will be 

through a non-equivalent control group, including pretest and 

posttest. 



The qualitative approach of the mixed methodology will 

allow to explore the formation of algorithmic, computational 

thinking skills and the development of collaborative learning 

in an open and participatory way, involving students and 

teachers in the process. Additionally, the triangulation of 

methods for data collection will be used, contributing to the 

study a greater variety, richness and depth in the analyzes 

that will be carried out. 

4.1 Population 

The population comprising this study will be made up of 
students with an initial educational level (early childhood 
education) of centers located in urban areas. In this sense and 
thanks to the support received from the management and 
teachers of the Maestro Ávila school, located in Salamanca, 
autonomous community of Castilla y León, Spain, to carry out 
the research in its facilities will work with students and 
teachers belonging to the child education groups. 

In total, there are six groups of students, with a total of 
131 students and 8 teachers distributed in first, second and 
third kindergarten. With the ease of access to groups of 
students and teachers, the total population will be used for the 
study.  

For this communication, we will be based on the day of 
teacher training in which all the teachers who attend the 
children's level and who participate actively in the 
development of the curricular contents belonging to the study 
program have participated. 

5 OVERVIEW OF THE EXPERIENCE: Robotics for 
Teachers 

To achieve the proposed goal of this research by 
developing computational thinking and collaborative learning 
skills in preschool children using ICT resources and 
educational robot programming, it was necessary to have a 
group of teachers motivated and convinced of the potential of 

robotics within the classroom [6].  

Figure 2: Teacher training day 

For this, a training session "My first steps in Robotics" was 
organized in which teachers could learn about the 
characteristics of the robotics kit, experiment with the 
scenarios through the approach of solutions to challenges and 
problems, and then be able to evaluate the possibilities 
educational model presented by the Bee-Bot robotic   
kit (Fig. 2). 

The teachers could see how the Bee-Bot robot was 
constituted, appreciated that it is programmed using the 
buttons that are placed on the top of the robot. Also, as an 
electronic device has buttons on and off and a control for 
sound, which allows to capture the attention of students. It 
was understood that Bee-Bot is a safe material to be used by 
young students.  

The Bee-Bot kit can be purchased individually or with 
other accessories such as exercise mats and specific 
challenges. In the development of the study will use rug 
designed according to the contents of the curriculum that are 
intended to address, for example: sequencing, laterality, 
mathematics, colors. 

In the training received the teachers learned in a similar 
work environment to the one that will be used with the 
students, verified the possible movements of the robot and 
stated that the team remembers up to 40 commands and 
executes scripts moving according to what the programmer 

has indicated [11]. Bee-Bot does not break easily, is easy to 
manipulate and does not require a computer, which allows it 
to be a very attractive option to start small children in the 
programming world. 



Figure 3: Buttons used for programming 
movements with Bee-Bot 

5.1 Description of experiences and resources used 

After knowing the physical characteristics and the operation 
of the robot kit Bee-Bot, the experimental part was realized. In 
this section of the training day, the teachers performed basic 
robot movement exercises using sequential programming 
instructions using the buttons located at the top of the robot 
(Fig. 3).  To facilitate learning, a poster was prepared which 
indicated the movements accepted by the robot. In addition, a 
carpet or stage was designed on which the robot was to move 
(Fig. 4). 

Figure 4: Carpet or stage to carry out movements 
with Bee-Bot -Bot 

Another of the scenarios that were designed for teacher 
training consisted of a labyrinth, through which the robot had 
to move to solve the challenges or problems posed.  

For example, how does Bee-Bot move to reach the 
honeycomb? Using the movement buttons of the robot, the 
script was prepared and the necessary tests and adjustments 
were made, until the appropriate solution was found (Fig. 5). 

Figure 5: Carpet or stage with the labyrinth 
challenge, to make programming sequences with 

Bee-Bot. 

In addition, several types of didactic materials were used 
during this training day: videos, posters, scenarios or mats, 
letters with examples of sequences; all this to facilitate the 
learning of the participants. 

6 CONCLUSIONS 

The development of this training day for teachers of child level 
has generated positive results regarding the acceptance and 
motivation to use educational activities mediated by 
programmable robots in students. By means of an opinion 
scale provided to them, they expressed their agreement that 
educational robotics allows the development of curricular 
objectives.  

Likewise, they agreed that the activities developed 
through this technology allow the integration of students and 
the development of collaborative learning. For the last time 
teachers expressed that they were interested and motivated to 
use this technology as a resource within the classroom of 
children's level. 
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