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Abstract. In this paper is described the deployment of rigisosystems in education in order to strengtheratore,
learning, design, cooperative, analyses and solpiradplem skills. Also it is presented robotics asraportant method
to learn and verify computational models. It isisiirated some approaches that have been madesimtditer and it is
framed inside them the Educative Platform TBA®I (Technology, Engineering And sCience eduCatiwough
Human-Robot Interaction), which is currently beiteyeloped by the Universidad Nacional de ColombiACH-RI
will be implemented in the Senior High-School stitslef the Colombian educational system level.
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1. INTRODUCTION

Currently the World is going through a crucial perin its history, when it has to face challengdsciv threaten the
welfare of the human beings. Some of them are:ajlelarming, greenhouse effects, epidemic, pandemiatural

resources scarcity, political stability, overpopiaa, pollution, unemployment, besides others (UNévinium, 2005).

Furthermore, the vertiginous technological develeptrobtained in the last years has required ofeskihdividuals to
face the market's demands. The above exposed $aotmose a strong pressure over the educationnsyeste require
it ktclJI evolve. The evolve paradigm must be focusedtoengthening the design, researching, creatanty cooperative
skills.

In the developed countries this concern has bedreased through different approaches, being otieeaiost relevant
the human-robot interaction. It is used in the béag of electronics, mechanics, mathematics, infdits among other
en(];ineering themes. Also, it is implemented torgjtle creativity, cooperative, analyses, solvingbpgms and design
skills in the learners. Although, the efforts mdmjethe Latin American region in this matter areywgsw despite the
fact, that it is one of the most needed regionthese solutions. The roots of this problem are ttwtseconomical
resources, the technological backwardness ancthkxeance assigned to the research (UN Millenniudd52

This paper is organized as follows: Section Il lyieéviews the educational robotics. Section |ksents some efforts
to implement educational robotics in countries waimerging economies. Section IV describes the nietogy
proposed. Finally, section five presents the caichs and future work.

2. EDUCATIONAL ROBOTICS

One of the most important moments in the historyhef education was the XIX century when differeppraaches
proposed the switch from the traditional passiveutoactive educational paradigm. In the traditiomaldel the two
main roles are active and passive which are ar;s.zignme teacher and the learner, respectively.réytiee knowledge
was assumed like a fluid which can be transfe fits source (teacher) to its goal (learner)pé?Pg 1990)

Later, in the XX century, two of the most importapiproaches were the constructivist theory of thes$Spsychologist
Jean Piaget and the constructionism pedagogic ogs@lby the south African mathematician SeymoureRap he
first one, claim that the knowledge is not transmitbut is built, i.e., it is created actively lretlearner's mind (Piaget,
and Inhelder, 1966). The pedagogic of the secomdils upon the previous theory and because ofittelso claimed
that the knowledge is built actively in the minééarner, but it goes far beyond saying that itl$® amecessary that the
individual create something tangible, an elemerisida from his mind which additionally brings himparsonal
meaning. ﬂChiou, 2004). This last pedagogic theavgis the foundation of the most important approadhes
educational robotics.

Some of the most important educational roboticslpets are LEGO Mindstorms, Logo, Fischertechnik (Gh&D04).,

Pioneer, K-Team, IroRobot and Handy Board (Andesstoal., 2007), (Barrera et al., 2005), (Martin, 2D0The first

three not only are used in high school but alse idys. On the other hand, the last five are impleted in the industry,
in high school and in university. They have an ini@oir relevance in computer science but also iretiggneering. It
encourages the verification of algorithms, a deephglerstanding of programming and the developingmeiy

cognitive skills (Blank D., 2006).

In all of the examples presented above, LEGO Minssoand Fischertechnik are the widely used in theld\tue to its
comparative low cost with regard to the other amiand the didactical resources available. Thegtihy of both of
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them is very similar for the numerous constructidocks which being assembly permit to shape varfmasotypes.
One of them, called RoboExplorer, can be seenarfiure 1. It is made by Fischertecnik. It is campd of a NTC
resistor, a photoresistor, an ultrasonic distareres@r, an infrared and color sensor and a spedagloped track
sensor. Two power motors and a crawler drive areharge of the movement. Also, it contains the RGB@rface,
ROBO Pro software and rechargeable battery seath{€itechnik, 2009)

Figure 1. Fischertechnik: Robo Explorer (Fischdrtek, 2009)

3. EDUCATIONAL ROBOTICS IN EMERGING ECONOMIES

Some of the most important approaches in educatiobatics implemented in emerging economies aegalowing.
In Qatar and Ghana the Carnegie Mellon Universiiptjwith some high education institutions from gberegions
imparted a course in autonomous robots. The purpaseto strengthen the creativity and the knowlesiyeomputer
science of the student. The hardware used was thieHsindy Board and the LEGO bricks, while the softwaes the
Interactive C. At the end of the courses the caictuwas that the implementation of robots in Commp&cience
students really fulfilled the desired objectivesd dmesides it, the interest for research and teolgyotopics was
increased. Nevertheless, it was observed thatntieeaiction between the individuals of each groupvofk changes
depending on cultural conditions. This fact muskéget in mind when the course is designed (Diast\dl.e2007).

In Costa Rica the Massachussets Institute of TeoggdlMIT) worked in a rural school. The hardware aoftware
used were the LEGO Mindstorms and the Yellow Brick &.ggr RCX Logo software), respectively. The obtained
results permitted to conclude that the use of ®boprimary school strength creativity, learnimgl roblem solving
skills. (Urrea, 2001).

As was illustrated in the previous paragraphsxigte a lot of educational robotic kits, howevée fact that they where
worked out in countries with socio-economical cletgestics far different from the Latin American ligg made these
tools very unsuitable for this environment. Additidly, its costs are unreachable for the most ef éducational

institutions in these countries. Because of thé itecessary to carry out a deeper assessmeng dfatin American

reality and provide an indigenous solution adapbeithe region necessities (UN Millennium, 2005pmrde education
perspective it is important to mention that thits kiave a limited number of pieces, issue thatestiag@ mind of the
learner to develop some prototypes. In the techfiidd, one of their most important weaknessethésfact that each
brick has a specific equation that can not be nedliby the user (Zuckerman and Resnick, 2003). Tdsis factor

restricts the learning and the creativity improvaime

4. PROPOSED METHOD

On the 2006 the Research and Development Grouprtificial Intelligence (Grupo de Investigacion y §rollo en
Inteligencia Artificial) (GIDIA) of the UniversidadNacional de Colombia built an intelligent swarnsteyn with the
purpose of collaborative navigation through streeduenvironment (figure 2). This project was callBART, i.e.

Multi-Agent Robotic System to the Collaborative Mgation (Sistema Multi-Agente Robdtico para la Nga&on

Colaborativa). After that, it was created the ReseaGroup on Artificial Intelligence in Education ¢fie same
institution. This group is focused on the deploymehtobotics with pedagogic aims. On the 2008, th& group
generated the research project called EducationabtiRs: Intelligent Machine in Education, wherethi constraints
mentioned above were satisfied through the devedopf the Multi-Agent Robotic System TEAG-RI (Technology,
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Engineering And sCience eduCation through Human-Rbtteraction) which is focused to be implementecsenior
High School students of threa Metropolitana de Medellin

*

Fig 2. SMART: Multi-Agent Robotic System to the Gdiorative Navigation in structured environmeneyeloped by
GIDIA: Research and Development Group on Atrtifidigtelligence (Grupo de Investigacion y Desarrelio
Inteligencia Atrtificial) (GIDIA) of the Universidatlacional de Colombia

TEAC?H-RI (Technology, Engineering And sCience eduCatlmough Human-Robot Interaction) is formed by four
robotic agents, i.e. three sons and one motheraltybrid system for its distributed and centedi characteristics. It is
distributed because the son-robots may interachgntizem, and it is centralized because its motherdo the group
leader role (Fong et al., 2003).

It is important to claim that the Human-robot irtetion is also presented when each agent, by ntéddasr LEDs and
one buzzer, produce light and sound signals wimndltate the robot’s state and let to take amendatigns by the user
(Fong et al., 2003).

Every agent navigate the environment and avoid tietacles, but only the mother-agent can send @ivedata
toward or coming from a PC, either by a radio lmka cable. The navigation of the agent could besdanpath
follower or in the obstacles avoidance mode wittl aithout touching them.

This Multi-Agent robotic system will be employed diifferent sessions with the high school studenke Tp limit of
students per session will be 16, uniformly disttéglin four groups, with a robot assigned for egadup. This work
methodology with the kit TEA®-RI promotes in each learner the cooperation wlith other group members, i.e.
everyone in the group will work on the behalf of tthers. Furthermore, each group will work forigst, but also for
the other groups’ welfare. The purpose of these lieloaviours is the teamwork strengthening insigegitoups and
among them and this is the fundamental enterpride@search group model.

4.1. Sensors

Most of the educational robotic systems, used gh lsichool students, are closed i.e. they forbiduesof devices that
not belong to the kit. This fact obstructs the asitjion of replacements and the design of new dsviGm the other
hand, TEACH-RI (Technology, Engineering And sCience eduCationugh Human-Robot Interaction) is compatible
with additional accessories and as a result itasenadaptable to other technologies. The kit coni#s five different
sensors for each agent. Over them many experinagigtsnodifications can be done. Moreover, the kitnits to the
learner the creation of three additional sensong provided sensors let to the robot to avoid abestawith/without
touching them (IR and touch sensor), follow traflis sensor), detect light intensity (photoresis&noavigate based
on claps, sense temperature (NTC resistence) anduneethe distance (ultrasound sensor) (JimenézGamtélez,
2008).
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Figure 3. Second Step in the construction of the THA-RI kit. Base structure assembly.

4.2. Mechanical Design

The chassis of both robots is very similar; its getsynis 23 cm long, 14 cm wide and 10 cm high. Thassis consists
of a first level plate where the motors board id arsecond level where the main board is. The acpjdites of each
level contain Velcro ® in their contour to vary thesition of each sensor and explore its operatiEpending on the
position. The design of the chassis, which candsermable or disassemble, makes it ideal for expetatien and the
understanding of important physics and mathematiogepts. For instance, the distance from the mdtothe center
of mass, the position of the sensors on the platbeospatial distribution of mass in the systemtroduce important
concepts like center of mass, torque, wave intenieg, and others. An additional advantage of TEERARI's pieces is
that they are inexpensive and easy to be purchiast® Colombian and Latin American market, and thet is not
common in the other kits. There are some stegseimssembly in figure 4.

Figure 4. Second step in the construction of the TEA-RI kit. Chassis assembly.
4.3. Programming Language

One of the most important uses of the TEAGRI kit is the education and the validation ofaithms through the
Human-Robot interaction. In the first phase of titeject implementation, will be use the programmlagguage
CodeWarrior® of the Metrowerks Company which isgonped in C. However, is been considering to dgvelanore
user-friendly algorithm does not require knowlediyeC for the kit interaction and also provide atraduction to the
programming world.

4.4, Learning Guide

The learning guide includes topics in physics, matités, electronics, algorithms, and artificiakitigence which can
be learned by the agents. This is one of the masfudgoints of the project, because it requireement with the
appropriate terminology, explicit concepts and @eexamples to capture the attention of the stsd&ome authors
assert that a poor attention to this step can €reatncrease the phobia towards science subj€ti®y, 2004). The
robot assembly process is shown in figures 3-5.
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Figure 5. Third step in the TEAC2H-RI robot assemllyzctromc components.

5. EDUCATIONAL ROBOTICS IN SCHOOLS

In the first stage of implementation of TEAGRI, the project will involve the Senior High Sdistudents of thArea
Metropolitana del Valle de Aburranainly in the schools near facultad de Minas of the Universidad Nacional de
Colombig in the neighborhood dRobledo

Ten TEACH-RI kits, i.e. forty robots, will be shared betwethe ten schools chosen. In order to receivekinathe
school must meet the minimum requirement of a cderpiclassroom; otherwise the university will assagcomputers
classroom for that purpose. The course durati@weeks, with 4 hours per week.

The first workshop will be given to the teachersider to gain their cooperation in this educatiardel. Based on the
market demands and the global challenges thatdheation is facing today, it will be explained &athers the reason
for change the educational paradigm. Then, it valledxposed the Constructivist Philosophy of Piatiet,Meaningful
Learning Theory of Ausubel and the Constructioni§rRapert, in order to demonstrate that the traditigpassive role
of the student has to change into a new active irolehich he builds his own knowledge from the eigrece and
interaction with objects, the learning of signifitanformation and the creation of physical objettster the teachers
will have the opportunity to see the functionastief the prototype in order to change the technbjghor premises
against robotics (Urrea, 2001) Finally, it is shothat the active role of students in their learngmgcess can be done
through the human-robot interaction.

The second workshop will focus on increasing théesttis interest in science themes. This step is wapprtant for
the success of the course. Initially, the studevitlssee an interesting film related to roboticshen, they will be
induced to observe and analyze the kit performaftfter that, groups of four students will be assidra TEACH-RI
robot and a tutor. The interaction with the roheil bring a special meaning to the students (Awdub963) and as a
consequence a better understanding of the lawgjtivatn it.

When the learner as a result of interaction with tbbot has understood the principles and equatiomerning the
system, he can modify it to get new results andetstdnd concepts such as: overlapping lobes, anguementum,
center of mass, friction, electrical resistancel aters. This is the third workshop (Wedeward,1300

In the next workshop, each student will have theediom and the tools to develop new prototypes, etessarily
related with robotics but with the themes addregsdtle workshops in order to furthermore clarifidastrengthen the
learned concepts and the creative skills. The tuitbnot impose his ideas to the learner insteadviiebe a support to
the student learning process, without restrictiisgalutonomy to explore, experiment and create.

During the fifth workshop, the students will be edlkabout how did they feel working in the final idesof the project?
Which are the main attributes of the final desig¥i?at was their level of satisfaction? In which istity the concepts
acquired are applied? Why do they choose that d@send other similar questions, in order to imprake
communication skills in learners (Dias et al., 200he reason for using this method is that theestui interested to
sharing with others that he likes (Acufia, 2006).
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Finally, the groups will be encouraged to constuaty criticize each other, identifying strengthsddimitations of the
prototype, in order to improve the capacity of #tedents to accept different points of view, angstiexpand their
sense of community (Wedeward, 2001).

6. CONCLUSIONS AND FUTURE WORK

The cost of production is around $65US per robottvie very low compared to other alternatives efrarket.
The robotic systems are an excellent tool for thréopmance verification of the computer simulatidrezause they are
evaluated under real environmental conditions.

The employment of educational robotics kits devedopside the Latin American region are better adhfaehe
reality than those imported from developed coustrigecause of that, it is necessary that the usityeprivate sector
and government joint efforts to create new indigenalternatives to fortify the creativity, learnjrigsign and
teamwork skills.

The social group that will be affected by TEAERI is the Senior High School students from Area Metropolitana
del Valle de Aburraalthough, it is also considered the developméntw kits that could be implemented in all
educational levels, i.e. from Elementary Schoolridargraduate studies. But no only in Area Metropolitana del
Valle de Aburrébut also in other regions of the Antioquian departt, the country and the Latin American region. In
particular, it is important to mention that in freuvorks also the urban regions will be addredsedause the desired
result on the educative, productive and socialosecteeds to involve all the productive regions.

It will be sought in future projects to develop npmgramming language for dummies in computer seieh will be
made in order to facilitate the interaction betwtenlearner and the TEAB-RI kit, to increase the interest in these
topics and to introduce the learners to the prograng world.

While the currently kit allow the Human-Robot irdetion, it is consider necessary to embed new sgnsoftware and
new design mechanical models to provide new impreares in this aspect. For example the kit basetti@irearner or
group characteristics will adapt the learning psscéFong et al., 2003)

The technological tool, the TEAB-RI kit in our case, can not be seen as the paniacsolve all the educational
problems in Latin American, because the most impoitsue is the improvement of the joint work betwe
Goverment-High School-University-Private Sector (MNlennium, 2005) (Papert S., 1990). This new maeeuired
a greater effort and commitment but it deservdsetdone because the result will be better.
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