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Abstract  
Nowadays, the computer and the internet are technological elements of mass and daily use, with their 
arrival they have modified the behaviors of human beings and their societies; the state of the current 
robotics marks the beginning of a new social paradigm of global scope whose impact is still unknown, 
mainly when the robots have begun to be elements or tools of massive use, daily and domestic. 
Educational robotics seeks to arouse interest in students, transforming the learning of traditional 
subjects into more attractive and integrative, fostering the acquisition of productive and creative skills 
in teaching-learning environments; as an alternative to contribute and reinforce the acquisition of 
knowledge in the contents of subjects such as mathematics, physics and computing at different 
educational levels; where the robot is used as a means of learning, focusing the strategy on the 
construction and programming by means of a robot, allowing the student to acquire learning through 
playful and didactic activities that occur through the robot-human interaction. 

This work aims to achieve students of elementary and higher education develop skills that allow them 
to build their own knowledge using the robot NAO, in order to create educational environments where 
the relationship between the object of knowledge and the subject that learns is directly involved, that 
is, robotics is a tool used as an excuse to understand and learn reality through meaningful learning. 

In the present research, we have used a mixed descriptive longitudinal approach. A quasi-
experimental investigation was carried out in order to determine the cause-and-effect relationships 
between two groups: traditional teaching (control group) and the teaching supported by robotic 
technologies using a NAO humanoid robot (experimental group), both group behaviors have been 
compared. This research was conducted at two levels, elementary and higher, where the sample was 
selected for convenience. We use the survey technique as a means of collecting and concentrating 
information; and the instrument is a questionnaire, designed for each educational level, which has 
served to carry out the pre-and posttest, applied before and after the intervention of the NAO 
humanoid robot. 
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1 INTRODUCTION  
In the last decades, there has been a considerable increase in advances and technological 
innovations, allowing the incorporation of new information technologies in education [1]. As a result, 
traditional learning models have been changed allowing learning to be ubiquitous, that is, with the use 
of technology it is possible to be present anywhere, at any time and with free access to information. 
This means that the new teaching models generate new learning environments, where the main 
objective is that the student is always motivated and constantly updated, using innovative instructional 
strategies to identify the necessary skills and improve the cognitive abilities in the training of students 
[2]. 

Currently, we live in a society marked by different technological advances, these advances, not only 
brings repercussions on the society and the economy of the countries that are investing in the 
development of research of this technology; but also, is having a great impact on education. According 
to Balaguer et al. in the White Book on Robotics [3], this is synonymous with progress and 
technological development: "Countries and companies with a strong presence of robots not only 
achieve extraordinary competitiveness and productivity, but also transmit an image of modernity ..." In 
this sense, robotics is one of the most characteristic areas of Artificial Intelligence, due it has had a 
surprising growth from its beginnings to the present, as a result, significant progress has been made in 
the different fields and one of them is focused on education, becoming an essential tool in the 
teaching-learning process of the training of children and young people, through software and 
specialized hardware, for example, robotic prototypes for educational purposes.  
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In the last years, several researches have been focused on education by introducing robots into 
educational environments, in order to enrich the teaching-learning process. In elementary school, Lee 
et al. [4] have designed a course for foreign language learning using educational assistant robots. 
Mazzoni and Benvenuti have presented a study to improvement in the children’s English language 
skills using a humanoid robot (MecWilly) as a partner [5]; in a similar work, they have proposed 
second-language learning through a robot developed as a teaching assistant [6]. In other research, a 
NAO humanoid robot is used to shape modelling of letters, in order to engage the child in a very 
specific social role through the human-robot interaction [7]. Other authors ([8], [9]) mention the 
importance of language in children of elementary education, in this sense, propose the incorporation 
of robots as a partner to increase language skills, through interaction and storytelling games, in order 
to ensure academic success. 

The basic concepts of mathematics, physics, engineer, and computer science can be effectively 
learned in robotic environments [10], according to [11] most of the studies are related to specific 
subject in geometry, physics and foreign language learning. This work aims to achieve students of 
elementary and higher education develop skills that allow them to build their own knowledge using the 
robot NAO, in order to create educational environments where the relationship between the object of 
knowledge and the subject that learns is directly involved, that is, robotics is a tool used as an excuse 
to understand and learn reality through meaningful learning. For this work, the roots of cognitivism and 
constructivism have been studied and integrated, in order to use the NAO robot to teach some 
concepts in both basic and higher education (see Fig. 1). 

 
Figure 1. Conceptual framework. 

2 METHODOLOGY 
All research must follow an order that allows it in an organized way the development of its project, the 
methodological route that was followed for the realization of this research is shown in Figure 2, with 
these systematized steps we had a clearer vision allowing an optimization of the resources. 

Each step of the route to be followed is described below. In the first phase, we have requested 
permission from the authorities of each of the schools where the research was carried out, as well as 
the authorization of the parents of elementary education students and the students involved at higher 
education (Computer science and Gastronomy). In the second phase, the pre-test has been applied in 
both groups, to obtain a clear diagnosis of the knowledge of the students of each level and 
educational program. 
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Figure 2. Methodological route of research. 

In the third phase, the control group students had their first approach to information through a 
traditional class taught by the teacher with support of various didactic materials, such as: blackboard, 
markers, printed exercises in sheets, readings and projections, at the same time, in the experimental 
group the NAO humanoid robot has been used to impart the same themes of the traditional class, but 
in this case, with a different methodology and with the incorporation of robotic technology. In the fourth 
phase, we performed the post-test to the same students with the same conditions to obtain the results 
of the knowledge acquired after the traditional class and using robotic technology. Finally, in the fifth 
phase, once the pre-test and the post-test were applied, we obtained the previous results and the 
critical analysis of the conclusions. 

2.1 The NAO Robot 
There are a large variety of robotic prototypes applied in education, one of them is NAO the first 
humanoid robot, which according to Alive Robot by Robotronica since 2009, there are more than 
8,000 robots in the educational area and 80 percent of them are destined to schools and 400 to 
universities in the world, for the realization of projects and development of robotic applications. 

The NAO robot is developed by the French company Aldebaran Robotics [12]; it is the first humanoid 
capable of interacting naturally with humans in a visual, tactile and verbal way; it has several versions 
and can be adapted to any educational environment. It measures 58 cm in height and has 25 degrees 
of freedom, and multiple sensors, some of them are: two cameras, four microphones, nine touch 
sensors, two ultrasonic sensors, eight pressure sensors, one accelerometer, and one gyroscope. In 
addition, it includes several communication devices such as: 53 RGB LEDs, one speech synthesizer, 
and two loudspeakers (see Fig. 3). 
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The technical specifications of the NAO robot are follow: ATOM Z530 1.6 GHz CPU (in the head) that 
runs a Linux kernel and supports middleware Aldebaran (Naoqi), second CPU (located in the trunk); 1 
gigabytes (GB) RAM, 2 GB Flash memory, 8 GB Micro SDHC, and energy of 48.6 Wh that provides 
the NAO around 60 min (active use) or 90 min (Normal use) of battery life depending on usage. NAO 
is able to use a range of different connection modes (Wi-Fi, Ethernet) to access the Internet 
autonomously. 

 
Figure 3. Current version of the NAO humanoid robot. 

Choregraphe is a multi-platform desktop application used to create and test animations and behaviors, 
trying it on a simulated robot before use the real one. Those behaviors are written in a graphical 
language and NAOqi interprets and execute them. The NAOqi API is currently available in 8 
languages to test, however, only behaviors programmed in language C++ or Python are supported on 
the robot. 

2.2 Research Design 
In the present research, we have used a mixed approach. A quasi-experimental investigation was 
carried out in order to determine the cause-and-effect relationships between two groups: traditional 
teaching (control group) and the teaching supported by robotic technologies using a NAO humanoid 
robot (experimental group), both group behaviors have been compared. This research was conducted 
at two levels, elementary and higher, where the sample was selected for convenience. We use the 
survey technique as a means of collecting and concentrating information; and the instrument is a 
questionnaire, designed for each educational level, which has served to carry out the pre and posttest, 
applied before and after the intervention of the NAO humanoid robot. 

2.3 Participant  
Three teachers have implemented the intervention, where students of different levels and educational 
programs have participated. First, we work with students of third grade of elementary education, and 
then, higher education students of Computer Sciences and Gastronomy. At the basic level, the sample 
consisted of 18 students (7-9 years of age, 8 females and 10 males), of which, nine correspond to the 
control group and nine to the experimental group. At the higher-level, 30 students (18-20 years) of the 
educational program in gastronomy 15 students correspond to the control group and 15 to the 
experimental group, and 40 students (18-20 years of age) of the educational program in computer 
science 20 correspond to the control group and 20 to the experimental group. In Table 1 shows the 
data of the students who participated in this research. 
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Table 1.  Educational level, educational program and number of students participating in this research. 

Educational level Population 
Sample 

Cont. Group Exp. Group 

Elementary education students 3rd year 9 9 

Higher education students 
1st year (Gastronomy) 15 15 

1st year  
(Computer Science) 20 20 

The institutions that supported us and attended this call to work with students of elementary education 
and students of higher education using robotic technology were as follow: 

1 Makarenko College, elementary education, Mazatlan, Sinaloa. 

2 Autonomous University of Sinaloa, higher education, in the Academic Unit of Gastronomy and 
the Faculty of Informatics, Mazatlan, Sinaloa. 

2.4 Instrument 
As a means of collecting and concentrating information, the technique used for the pre-test was the 
survey and the instrument was a questionnaire, prepared one for each educational level, which served 
to perform the pre-test and post-test, these questionnaires were applied before and after the 
intervention of the NAO humanoid robot. 

The questionnaire in elementary education was structured in three section, the first section is about 
the student's profile such as name, sex, age and grade level; in the second section, five questions 
were asked with multiple choice answers related to the topic of healthy habits; finally, the last section, 
five images were presented referring to the food groups where a set of images had to be related to 
another group of image. At the higher level, the pre-test was done online using the Moodle virtual 
platform. The questionnaire was structured by 15 questions divided into 5 exercises, 5 multiple-choice 
questions, and 5 false and true questions. 

2.5 Data Analysis  
We have evaluated specialized software to carry out the data processing. First, the Statistical Package 
for the Social Sciences (SPSS) is a computer statistical program that is used for predictive analysis of 
data, easy to use for business users, analysts and statistical programmers. Second, STATISTICA is a 
statistical software tool normally used for research as it implements the most common statistical 
techniques. Finally, Excel 2013 is a program developed and distributed by Microsoft Office that allows 
analyzing the data by creating tables and graphs. After analyzing the three software mentioned above, 
we used Microsoft Excel 2013 to perform the processing of the data collected, generating different 
tables and graphs for the presentation of the results obtained. 

3 RESULTS 
Taking as reference the proposed objective of this research, the following sections describe the results 
obtained from the data collected, tabulated, and interpreted. 

3.1 Preliminaries  
Currently, both the Makarenko College and the Autonomous University of Sinaloa (UAS) use the 
traditional model to carry out the teaching-learning process, prior to the beginning of this research, 
surveys were carried out at different levels of education to know in general terms: What did they know 
about robotics? And, Are you interested in using robots in any of your subjects? Then, in Figure 4 are 
shown the results of the following questions:  

− Question 1: Do you know: what is a robot? 
− Question 2: Would you like to use a robot in any of your subjects? 
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Figure 4. General knowledge about robotics. 

In general, a positive result was obtained; therefore, it was easier to carry out this research in both 
primary and university students. In Figure 5(a) and (b) shows the presentation of the NAO Robot in 
elementary and higher education respectively.  

     
 (a)  (b) 

Figure 5. Presentation of the NAO humanoid robot in: (a) Elementary education and (b) higher education.  

3.2 Pre-test and post-test results  
Table 2 shows the results of the pre-test and post-test of the control and experimental groups, for 
each level and educational program. The pre-test helped us to evaluate the previous knowledge that 
the students had on the subject, where the ones of Computer science were those that demonstrated 
to have the greater dominion, which is reflected in its average for both the control group as the 
experimental one; followed by the elementary students, and finally, the students of gastronomy with 
the lowest average. It can be observed that there is a similarity of the results obtained from the pre-
test in the control and experimental group in elementary and higher education.  
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Table 2.   Results obtained from the pre-test and post-test for each educational level 
 and for the control and experimental group. 

Educational level 
Control Group Experimental Group 

Pre-test Post-test Pre-test Post-test 

Elementary education Primary 5.5 7.5 4.9 9.2 

Higher education 
Gastronomy 4.8 8 4.7 8.9 

Computer Science 6 7.8 5.5 9.3 

In Figure 6, 7(a), and 7(b) respectively, the average pre-test and post-test scores for both groups 
(control and experimental) are shown. It can be clearly seen that in the control group in both levels 
and educational programs they present an increase in the general average after the traditional class. 
However, in the experimental group a greater increase is seen in teaching supported by robotic 
technologies using a NAO humanoid robot as a technological tool to carry out the teaching-learning 
process. 

 
Figure 6. General averages for the control and experimental group in elementary education.  

     
 (a) Gastronomy  (b) Computer Science 

Figure 7. General averages for the control and experimental group in higher education. 

Figure 8 shows the general concentration of the results obtained in the pre-test and post-test during 
the development of this research, where it can be clearly seen that the academic performance of the 
students have increased favourably. In relation to the students of the basic level, it has had greater 
impact because a greater percentage increase was obtained with respect to the students of higher 
education. According to the results, it can be observed that the increase in the control group after the 
traditional class was 2.0 points, whereas in the experimental group an increase of 4.3 points was 
obtained after using the NAO robot in the class. Likewise, at the higher level it is observed that when 
implementing robotic pedagogy, it has a favourable impact on students' academic performance. 

It is important to mention that in the computer science educational program, when using the NAO 
robot the students obtains a higher general average than the students of gastronomy and the students 
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of elementary education. However, in relation to the percentage increase between the pre-test and 
post-test is the lowest, this is because, computer science students have greater ease to use the 
different technological tools. 

 
Figure 8. General averages for each educational level and for each group (control and experimental). 

4 CONCLUSIONS 
In this research we can conclude that students have a better academic performance when technology 
intervenes in the teaching-learning process, the NAO robot was able to capture the interest of the 
students in both the basic and higher levels, regardless of the theme or the area to which each one 
belongs. At the same time, significant learning attitudes were achieved in the students and important 
levels of motivation were reached in relation to the educational practices that normally develop in a 
monotonous way. 

In addition, with this study we can verify that in the traditional classes students acquire a passive role, 
where the learning is focused exclusively on the teacher; that is, the teacher takes a leading role in the 
classroom and the student becomes an information receiver, where only some of them participate in 
the activities. However, when the NAO robot was used, there was a greater interest and a better 
interaction in the development of the class, obtaining that the students will pass from being a passive 
entity to having an active role in the classroom, in this case, the teacher assumes the role of facilitator 
and instructor of the teaching-learning process. 

Finally, we conclude that robots can offer two new possibilities in the teaching-learning process and 
may improve current instructional tools. That is, the incorporation of educational robots into the 
teaching-learning process allows students to engage knowledge and skills for different disciplines, 
stimulate creativity, acquire a better understanding and assimilation of information to strengthen 
collective work. 
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