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Introduction

The advances in science and technology continuously re-shape our daily activities. However, a large part of society remains detached from these changes, thereby excluding individuals in the use of tools that would allow them a full development in today's technological world. Robotics is an area of great potential for the development of modern society. Robots have been used for various purposes, in education, for example, their use promises to encourage the students' creative development in scenarios where robots are applied as tools, tutors, or even pairs [START_REF] Alimisis | Educational robotics: Open questions and new challenges[END_REF], [START_REF] Mubin | A review of the applicability of robots in education[END_REF]. Several countries, conscious of educational robotics potential, have started strategies supported by robotics to enhance education in basic levels. For example, in South Korea a program was developed to produce robotic assistants that support the teaching of English in preschool [START_REF] Yun | Engkey: Teleeducation Robot[END_REF]. Other authors discuss the role of new technologies to achieve sustainable development in developing communities [START_REF] Dias | Robotics, Education, and Sustainable Development[END_REF]. The interest that robotics arouse in both educators and students should be exploited to make it a tool to support the quality and innovation in classrooms. This paper describes the project "A day of science and technology in your school", which consists in visiting elementary schools with a group of university students and professors, exposing ways to use technology for educational purposes to participants. The region where the project was performed belongs to a low-income region in Mexico which has minimum technological infrastructure, most part of the children reached by the project had not seen a physical robot in their life. The following section depicts the theoretical framework on which the performed activities are based. Next, the planning carried out previously to the events held in schools is described. Then the experience and information obtained during the events are presented, and finally, the results, conclusions and future work are discussed.

Educational Robotics

Many efforts have been made to improve the quality of education, one of them is to include technological innovation in education, specifically robotics. According to [START_REF] Stager | A Constructionist Approach to Teaching with Robotics[END_REF] it is possible to include robotics in education as an independent subject; as an aid in the teaching of concepts in science, technology, engineering and mathematics; as thematic units to model machines and systems; as a specific medium to solve a problem related to a formal topic of the Curriculum and finally, as a material that learners can use to express their ideas freely. Critical factors for the success of educational activities with robotics are the following: a good suggestion on how to start the activity, appropriate materials, enough time, and a non-coercive, collaborative and non-competitive atmosphere. Last suggestion seems to contrast with the many robotic contests which seek to spread the use of robots by rewarding the better performance on programming robots for specific tasks. In a classroom, the rewards can result in increased stress and posterior frustration. Educational robots are a subset of educational technology employed to facilitate learning and improve the educational performance of students. Robots add social interaction and perform roles not only as a tool but also as a guardian or as a pair [START_REF] Mubin | A review of the applicability of robots in education[END_REF]. Robots should not be considered as a replacement of teacher but as assistants letting the teacher to focus on high level cognitive tasks of teaching process. It has been reported that the main motivation to include robotics in education comes from the positive role of robots in educational activities, the development of creative thinking and the improvement on problem-solving skills, however, the lack of adequate teacher training is an obstacle [START_REF] Karim | A review: Can robots reshape K-12 STEM education[END_REF]. Closer to the objectives of the present article is the work by [START_REF] Pinto Salamanca | Uso de la robótica educativa como herramienta en los procesos de enseñanza[END_REF], involving preschools and elementary schools. That project employed robots to assist in the areas of math, science, read-write and computer programming, taking advantage of the natural motivation of children towards robots. There were activities such as the layout of plane geometric figures using robots. The teachers from the involved schools expressed a lack of knowledge in recent technological didactic tools and at the same time showed interest in knowing them. Finally, this project concluded that education can be improved if solid foundations for change in teaching methods are proposed and new models that can contribute to changing modern society are created. In Colombia, [START_REF] Jimenez Jojoa | Tool for Experimenting With Concepts of Mobile Robotics as Applied to Children's Education[END_REF] developed a course for children and teenagers based on mobile robotics with the aim of arousing the scientific interest and practicing the problem-based learning. At the end, the participants expressed their interest in studying a career related to engineering. Kathia Pitti et al described a project (Pittí Patiño, y otros, 2012) from the Republic of Panama, involving students and teachers from six middle schools (grades 7, 8 and 9; ages 13-15) in which Robotics was employed as a tool to support the teachinglearning process, focusing on subjects such as mathematics, physics and computer science. During the project there were activities with mazes, missions, competitions with challenges, among others. The authors assert that robotics facilitates and encourages the teaching and learning of sciences and technologies becoming a useful tool to understand complex and abstract concepts. The authors observed that students from schools located in rural areas got a better performance than those located in urban areas. Also, as a tool to implement constructivism and constructionism in the project TERECOP robotics was aimed at the education of future teachers.

Creativity and logical thinking, keys in STEM practice, were approached by TIC TAC project (Muntaner-Perich, y otros, 2013) which was carried out with children of 5th grade of elementary education, in some of the most disadvantaged areas of India. Workshops and activities were designed in which technology was applied in areas such as math, physics and computer science.Teachers reinforced the importance of teamwork, learning through practice and the trial-and-error method. Besides serving as support in the teaching of math and science-related topics, a robot can also be used to learn a second language. In South Korea, authors of (Yun, y otros, 2011) have experimented with a teleoperated robot that helps in English education at preschool. In Taiwan, [START_REF] Chang | Exploring the Possibility of Using Humanoid Robots as Instructional Tools for Teaching a Second Language in Primary School[END_REF]) studied the role of robots as instructional tools in the teaching of a second language in elementary level students and concluded that the use of robots improves the interactivity and motivation of both students and pupils. According to [START_REF] Barranco Candanedo | La robótica educativa, un nuevo reto para la educación panameña[END_REF]) some challenges must be faced. The first of these is the fear of teachers to use educational technology new for them, especially in those that are found in regions away from major cities, who were taught in traditional way and prefer to teach in turn in traditional way. Another major challenge is the lack of infrastructure and robotic equipment as result of elevated costs. In the other side, open source philosophy and the decrease in the price of electronics can help to alleviate the latter. Finally, there is the challenge to generate own robots designed and built in the region which could be adapted more easily to the specific educational needs. In Mexico, there are private schools that include some type of robotics courses in their curricula and promote the participation of students at international competitions. The amendments made to the Law of Science and Technology in Mexico proposed to promote scientific and technological vocations since the first educational cycles and in general they put education as a pillar of sustainable development. In recent years the government has sought to bring science and technology close to children and young people with the incorporation of activities related to the National Week of Science and Technology. In the State of Yucatan, public elementary schools have begun to participate and they do so by putting their best effort, however, the impact is limited since there is no sufficient scientific and technological materials, either because schools are unaware of or do not have the resources to acquire them. The apathy towards mathematics [START_REF] Miguez | El rechazo hacia las matemáticas. Una primera aproximación[END_REF], exists among students from long ago because math and science are seen as boring and difficult to learn which is reflected in the results of national assessments such as ENLACE (Secretaría de Educación Pública, 2013). Most students do not recognize science as a tool to understand their world and the consequences are serious because it means that professional expectances are limited and the number of potential scientists, mathematicians and engineers (STEM) is lower. It lacks both fostering the use of technology or appropriate digital content and studies to assess the impact of technological devices in Mexican schools.

3 Project "A day of science and technology in your school"

The project aimed to promote and encourage the interest in science and technology among the students of elementary education in the East of the State of Yucatán, Mexico. It was based on the spreading of academic topics related to the educational plans for elementary schools, and the installation of six stands denominated: Electronics, Robotics, Animations, Videos, Mathematical Challenges and Origami. In charge of the stands were professors and undergraduate students of computer science.

The overall objective of the stand was to show a set of programmed robots with routines for the explanation of the Cartesian plane, the addition and subtraction of fractions, areas and perimeters, among others. It was used the interactive exhibition, a didactic technique focused on the student, consisting of the oral presentation of a topic to achieve objectives related to the learning of theoretical knowledge or information of various types. The exhibitions were made by university students and their professors, who previously designed a slide presentation. Interactive presentations consisted of a set of activities for each school grade. In all cases, the session begins with the interactive exhibition in which basic concepts about motors, sensors, gears and axes are explained, among others. Then, the academic subject is presented by means of examples and finally the evaluation activities are carried out. The academic topics, activities and materials are shown in Table 1.

Grade

Topic Activity Material

1-6

Introduction Each robot is presented and explained.

Lego NXT Robots with different designs and routines.

1 Counting series (2 by 2 and 3 by

3)

The exhibitor asks children to count with different increments and at every step the robot advances controlled by a child.

Tribot NXT programmed to be controlled remotely via Bluetooth.

2

Number line

Children control the robots making them to move on the number line, adding and subtracting steps.

Robot with wheels (tank) programmed to be controlled remotely via Bluetooth.

3

Geometric shapes

Children put the robots at the asked coordinates making a triangle, then a rectangle. They were requested to find areas of both figures.

Cartesian plane drawn on the floor and four different robots, at least one of them remotely controlled. One robot is required for each point indicated with coordinates.

4

Decimal numbering system

Children are asked to guide the robot towards the sheet printed with the number pronounced. The child must control the robot to guide it towards the right answer. Some questions are done, such as how many units, tens, etc. are in the printed quantities.

Several robots, at least one remotely controlled. Four numbers of 6 or more digits are put on the floor, in a different order.

Fractions

Children are chosen to guide and locate the robot at the coordinates indicated on the Cartesian plane, with fractional quantities.

The children must perform adding and subtraction operations to move the robot to the correct position.

Cartesian plane drawn on the floor and a robot with a Wireless control routine.

6

Coordinates and scales

Children are chosen to locate the robot at the coordinates indicated on the Cartesian plane. An equivalence is established between units and km, and the children are questioned about the distances between pairs of objects.

Cartesian plane drawn on the floor and several robots with Wireless control routines.

1-6 Conclusion

Direct interaction with robots, motors and sensors.

Lego NXT robots with different mechanical designs and routines.

Table 1. Activities at the Stand of Robotics

Fig. 1 shows examples of the activities designed for fifth and sixth grades. The topics presented in each grade were selected after reviewing the contents of the textbooks that are handled in the country's public schools. The main difference in the methodology implemented with respect to traditional teaching is the use of robots to move in a three-dimensional space, instead of just working on the notebook or the board. In addition, the active participation of children is sought during all activities, through interaction with robots.

Fourteen elementary schools were visited over four semesters. About 100 teachers and 2,300 children participated in total. During the presentations two students from the bachelor's degree in Computer Science were helping, who were also in charge of building and programming the robots, as well as to explain and answer questions from children and their teachers. It was decided to work with a maximum of 6 groups and one classroom per session in order to optimize efforts, see Fig. 2.

Analyzing results

A survey was applied at the beginning and another at the end. These surveys included questions related to the topics presented in the stand of Robotics and were applied the day prior to the visits. A sample of students was selected randomly to answer the initial multiple-choice surveys, guided by their At the end of the event, the children of the initial sample were provided with another survey with similar questions but changing some data and possible responses. The final survey was conducted by the presenters of the event, each stand applied it to the group at the end of their presentation. While the children answered their final surveys, the teachers answered an opinion survey about the event, in which they were also asked to suggest topics that they considered relevant.

Once digitized and analyzed the collected information, it was carried out a quantitative analysis with the surveys applied to children and a qualitative analysis based on the opinions of teachers. The children offered effusive and spontaneous signs of gratitude, asking that the event occurs again in their school.

The sample of students surveyed was 300 students, 10 children per group, randomly selected in each of the 5 schools visited during the first stage of the project.

To analyze whether the results obtained in the initial and final tests regardless of grade differ significantly, the T-Student statistic was used for paired samples. The verification of the assumption of normality to the difference of the paired data was carried out with the Shapiro Wilk and Kolmogorov Smirnov test statistics, using a significance level of 5%. To compare whether there is a difference for each academic degree, Z statistics were used for large samples to compare the percentages of the initial and final tests. Eighty percent of the surveyed teachers rated the event as excellent, nine percent as good and eleven percent did not answer the question. Among the positive reviews that the visited teachers expressed about the stand of Robotics, it was mentioned that it arouses the interest of children to learn more about the technology, particularly about robots, their construction and programming, which will be useful in their future. It was also mentioned that the event allows children to have a close encounter with the technology, which may not have at their disposal daily. They thought it was useful the explanation about how the movements of robots are programmed, especially to let them know that mathematical and logical concepts are required to program the desired routines. They expressed that it was very helpful to provide them with new perspectives to develop fun tech toys without resorting to violence.

Regarding the content, they liked the funny way in which technology is applied to teach math, that the different types and characteristics of the robots can be applied also to teach natural sciences, that the logical reasoning of children is stimulated and that the concept of science is expanded to include also robotics. It was also said that it is beneficial to include physical routines as part of the activities of the stand, when referring to the imitation that children made of the movements of a humanoid robot.

Similarly, some comments reflected certain areas of opportunity observed, such as: insufficient time (30 minutes per stand), the large number of children avoided that everyone could participate, and they went out of control sometimes. It was also reported that some explanations were given too fast.

Finally, in terms of attitude and interest observed in children during the event, eighty percent of teachers reported seeing their own students highly participatory and motivated, sixteen percent saw them interested and four percent did not respond to the question. The indifferent, distracted and very distracted options were not selected.

University collaborators and professors expressed that: it is a good experience to publicize and teach technologies related to their area of study; prior knowledge about the covered topics was of great help for the development of activities and to support the exhibitors; it is very nice to provide useful tools to motivate children and teachers to new technologies; the project is of great interest to the collaborators and even influences their personal goals. Besides, the teachers of the visited schools consider important that the university involves more with the surrounding population through projects such as this, in addition to providing them with new techniques applicable to their classroom.

On the other hand, to analyze the academic impact of the event, to the random sample of participating children, an initial diagnostic survey was applied at the beginning of the event and a final survey after the event. Table 1 shows the results obtained as well as the difference between both surveys for each academic grade in elementary education. The first column corresponds to the academic level, the second and third column shows the percentage of correct answers for all the participants that were obtained before and after the event, respectively. The last column shows the differences between these two. The values in Table 2 were obtained as follows: after grading the exercises performed by the students of each grade in both instruments, the success ratio was obtained by dividing the number of correct answers by the number of participants of each grade and each school. Subsequently, the averages by school grade in both instruments were obtained and the difference between both values was obtained, by each grade, as well as the final average of both instruments. As can be seen, in the general average field a decrease of 1% was obtained. However, when performing a T-student statistical test for related samples, this decrease proved to be non-significant with a p-value of 0.4062 and a 95% confidence interval. This indicates that, the difference in the average performance of the students in the initial and final tests is not significant. Besides, in all grades it was noted a decrease in the percentage of correct answers of the earlier to the latter, which could be interpreted as a negative effect in the event. However, it is important to mention that even when it was emphasized to the teachers who applied the initial surveys to their own students that the surveys were not to evaluate them but the project, there were many corrected answers in the initial surveys, which did not happen with the final surveys.

LEVEL

Conclusions and future work

Educational robotics can be a useful tool to teach STEM topics to basic level students as it raises curiosity of children and can be programmed to function in diverse activities and for different education levels. The project "A day of science and technology in your school" got a participation of more than two thousand children attending the six grades of the elementary education in Mexico, and their respective teachers, who number about one hundred. The effort was fruitful because the spread of this new technology between children of basic education had a positive impact on their perception of math and sciences application. We think that a significant learning can be reached because the students can link abstract concepts with concrete objects and activities while they interact with robots. The feedback collected from students and teachers about the robotics session was very encouraging however the quantitative analysis must be improved, first by extending the sessions and its duration and second by focusing on one specific grade and topic. The present project was not designed to train teachers with robotics activities, but we conclude that they must be included on the definition of activities to match the subject they aim to reach with their students according the national plan of education. It was confirmed as many authors declare in the literature that robots are attractive for children to work with mathematics, but it is necessary to design a complete pedagogical initiative in order to keep its usefulness when initial enthusiasm decreases. The design of activities in the present project was inspired by the ideas of Constructionist learning theory by Sigmund Papert, but a more formal development of hands-on exercises must be deployed in order to test and compare learning results.
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 1 Figure 1. Activities for fifth and sixth grades

Table 2 . Academic performance of the participating children
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		INITIAL	FINAL	DIFFERENCE
	1°	40%	59%	11%
	2°	60%	39%	-21%
	3°	59%	53%	-6%
	4°	52%	50%	-2%
	5°	11%	8%	-3%
	6°	58%	30%	-28%
	AVERAGE	58%	46%	12%