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An Integrated Approach

Javier Ruiz-del-Solar, Senior Member, IEEE

Abstract—Nowadays, universities are making extensive efforts
to attract prospective students to the fields of electrical, elec-
tronic, and computer engineering. Thus, outreach is becoming
increasingly important, and activities with schoolchildren are
being extensively carried out as part of this effort. In this context,
robotics is a very attractive and effective tool for fostering interest
in science and technology among children and young people and
for attracting them toward engineering. In this article, experience
with different robotics-centered outreach activities in the Uni-
versidad de Chile (UCH), Santiago, Chile, will be shared. These
activities include robotics courses for children, social robots as
keynote speakers, mechatronics design courses, and participation
in international robotics competitions, which contribute syner-
gistically to the goal of attracting students to UCH’s Electrical
Engineering (EE) Department. Owing to its novelty, the use
of social robots as keynote speakers for schoolchildren will be
described in detail. Experimental results that demonstrate how
sophisticated social robots can be used to foster the interest of
young people in technology will be shown. Altogether, more than
3000 schoolchildren have participated directly in these outreach
activities here in Chile, creating a sizeable impact in this country.

Index Terms—LEGO Mindstorms, mechatronics, robotics out-
reach, robots, social robots.

I. INTRODUCTION

T HE world needs a growing supply of engineers to solve
the complex problems facing society and to improve the

quality of human life. In the case of electrical, electronic, and
computer engineering, important challenges to be met include
providing elder care, increasing the use of renewable energies,
and developing technologies such as robotics, bioelectronics,
nanotechnology, and more. Nevertheless, the number of stu-
dents enrolling in engineering education programs appears to be
declining, or is at least not growing at the required rate. There are
many reasons for this, among them: 1) a lack of understanding
on the part of many high school students and teachers regarding
what engineering is and what engineers do; 2) a lack of ade-
quate motivation and training of high school students in math-
ematics and science; 3) the association of engineering with dif-
ficult problems such as pollution, global warming, and unem-
ployment; and 4) the availability of easier pathways to other
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high-paying professions. Therefore, extensive efforts are nec-
essary if universities are to attract prospective students to the
field. For this reason, outreach is becoming increasingly impor-
tant, and activities with schoolchildren are being carried out ex-
tensively.

The aim of this article is to share experience derived from
working with robotics as a tool for fostering interest in science
and technology among children and young people and for at-
tracting them toward engineering. Robotics is a highly moti-
vating activity for children and young people. It allows them
to approach technology both intuitively and in an amusing way
while discovering the underlying scientific principles. Indeed,
robotics has emerged as a useful tool in education since, un-
like many other areas, it provides a nexus where the fields or
ideas of science and technology intersect and overlap. From
this starting point, a range of activities have been developed,
largely through practical robotics courses, with the long-term
goal of motivating children to pursue university careers in sci-
ence and technology, to increase their technological literacy, and
to become, at the very least, technology-friendly adults. In ad-
dition, robotics is inherently multidisciplinary, integrating disci-
plines such as electronics, mechanics, computer science, control
theory, signal processing, computational intelligence, and so on.
Therefore, it attracts students specifically to the fields of elec-
trical, electronic, and computer engineering and motivates their
participation in the development of challenging technological
projects.

Robotics-centered outreach activities started at the Univer-
sidad de Chile (UCH), Santiago, Chile, in 1999, and currently
include: 1) robotics courses for schoolchildren; 2) use of
social robots to give motivational talks to schoolchildren;
3) mechatronics design courses for sophomore students; and
4) participation of senior and graduate students in international
robotics competitions. All these activities are complementary,
synergistic, and part of a global strategy that has three main
goals: to motivate the interest of schoolchildren in science
and technology, to attract prospective students to UCH, and
to attract talented students to the Electrical Engineering (EE)
Department when they are ready to specialize after their first
two years of general courses.1 The first two of these activities
foster the interest of young people in technology and moti-
vate them to pursue a career in engineering. The aim of the
mechatronics design courses is to attract sophomore students in
the engineering school to the EE Department and to dissuade
them from leaving the school because of lack of motivation for
learning mathematics and the basic sciences. Finally, participa-
tion in international robotics competitions—mainly RoboCup

1In the UCH’s School of Engineering, the first two years of study are common
to all students.
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soccer and service robotics competitions [1]—serves several
objectives: to attract students to the field, to identify students
who later will participate as monitors in the activities carried
out with schoolchildren, and to establish the EE Department
as a leader in the development of technology in Chile, which,
again, attracts the best students to enter the engineering school.
Naturally, this also requires having a team of professionals
(journalists) who disseminate news of the school’s projects and
achievements to the public.

In this article, some robotics-centered outreach activities are
presented, and the use of social robots as keynote speakers for
schoolchildren is described in detail. The keynote speaker robot
is the focus of this article because of its high potential as a moti-
vational tool, owing to the recent development of sophisticated
social robots.

This paper is organized as follows. Section II describes work
related to the use of robotics in outreach activities. Section III
presents integrated, robotics-centered outreach activities. In
Section IV, the use of social robots as keynote speakers for
schoolchildren is described. Finally, in Section V, some con-
clusions and directions for future work are given.

II. RELATED WORK

Initiatives with the goal of fostering interest in science and
technology among children using robotics as a tool have been
carried out in different countries, including the USA, Canada,
Mexico, England, Germany, France, Japan, Korea, India, Israel,
and Australia. In South America, robotic activities for children
can be found in Brazil [2], Argentina [3], and Peru [4]. Some
global initiatives, such as For Inspiration and Recognition of
Science and Technology (FIRST) [5] and RoboCup Junior [6],
sponsor local, regional, and international robotics events (con-
tests for young students).

Many articles have reported the use of robotics as a tool in
education. While it is beyond the scope of this article to present
an extensive review, some of these articles are cited. Reports that
analyze the use of robotics in education and present the state of
the art in the field can be found in references [7]–[11]. Some
very recent work in this area is reported in [12], an empirical
study about the use of LEGO Mindstorms as an instructional
tool in secondary education, and in [13]–[15], in which practical
robotics courses are proposed, with the aim of using robotics
as a tool that helps students to learn topics such as mechanics,
control, or programming.

III. ROBOTICS-CENTERED OUTREACH ACTIVITIES:
AN INTEGRATED APPROACH

In this section, experience with robotics-centered outreach
activities—namely, robotics courses for children, use of social
robots as keynote speakers, mechatronic design courses, and
participation in international robotics competitions—are de-
scribed. As previously mentioned, these activities contribute
synergistically to the goal of attracting students to the EE
Department. These activities complement each other and are
part of a global strategy that has three main goals: to motivate
the interest of schoolchildren in science and technology, to
attract prospective students to university, and attract talented
students to the EE Department when they are ready to choose a
speciality.

A. Robotics Courses for Schoolchildren

Between 2000 and 2002, different methods for implementing
practical robotics courses for children were explored [16]: first,
courses based on BEAM robotics [17], then courses based on
the use of the Parallax Board of Education [18], and finally
courses based on the LEGO MindStorms set [19]. BEAM-
and Parallax-based courses focus mostly on hardware aspects
of robotics, while LEGO-based courses focus on mechanics,
sensors, and programming. The LEGO-based courses have
several interesting features: 1) they are based on a kit that
can be reused, and therefore the investment in equipment is
shared among several courses; 2) there is a large community
of educators in the world working with this technology,
which facilitates sharing experiences and information; and
3) they enable very young children to participate in the
courses. For all these reasons, this technology was chosen
in 2002 for the courses. A working methodology, based on
the work developed in the Robotics Academy at Carnegie
Mellon University, Pittsburgh, PA [20], was developed for
implementing the courses.

The four-day LEGO courses have the following structure.
The first day consists of an introduction to the materials of the
LEGO kit and the essentials of LEGO programming, using the
Robolab visual programming language. Students work using
the “Tankbot,” a basic robot on which they can add sensors,
modify and debug computer programs, and perform mechanical
improvements. The children can also test platforms different
from the original “Tankbot.” Thus, they are encouraged to
use their imagination. A teachers’ working guide and the
continuous presence of monitors support their efforts. The
second day goes deeper into programming aspects. The third
day focuses on mechanics, emphasizing design aspects and
concepts. The development of a project is the goal of the
fourth day. Children design and mount a project of their
choosing that, later on, they show to family members and
friends they have invited to an open house evening. From
the beginning, the children work in groups of four, and each
child takes a different role that changes every day. The four
roles are project manager, programmer, information specialist,
and materials manager.

It is important to mention that the courses do not have any
prerequisite for attending them. The goal is to motivate chil-
dren. Therefore, children cannot be selected using criteria such
as school grades, previous experience, or degree of motivation.
Even children who are registered by their parents instead of
choosing to attend, and who have low motivation for the course,
are accepted. The main challenge is to ensure that they enjoy the
experience, to hold their interest during the whole week, and at
the end, to change their negative perception, or reinforce their
positive perception, of science and technology. Experience of
several years of giving these courses shows that the important
factors for success with children are the following:

1) The continuous presence of monitors, preferably engi-
neering students, who work very closely with the chil-
dren in the laboratory. In addition to assisting the young-
sters, monitors share their experiences as engineering
students and answer the students’ questions about engi-
neering. A good ratio seems to be one monitor for every
12–15 children.
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2) The courses are given in a laboratory in the engineering
department. This allows the children to become familiar
with an engineering department and some of its activi-
ties.

3) The inclusion of robot competitions between the chil-
dren’s groups increases interest during the course. The
competitions are organized every day, usually in the af-
ternoons. Very often, one of the main driving forces for
solving a problem or for learning some specific con-
cept is to defeat the other teams. Every competition has
a score, and the groups’ scores in the different com-
petitions are cumulated. At the end, the three highest-
scoring groups get a special diploma.

4) Talks about science and technology (on topics such as
artificial life, mobile robotics, or agents) are included to
introduce children to various disciplines, which could be
of interest for them in the future. The 30–40-min talks
are given in the mornings, normally by an expert in the
discipline (for example, a faculty member).

5) Lunch is provided to the children, and during lunchtime,
games are organized, such as soccer. This causes the
children to see the whole experience as very amusing;
they have fun both in and outside of the laboratory.

6) An open house evening encourages family and friends
to visit with the children and see the course’s activities
and projects. During this visit, children are very proud
of their projects, and they show their creations to friends
and younger brothers and sisters. This naturally has a
multiplicative effect in those children; they also get mo-
tivated.

The structure of the courses and assessment data are reported
in [16]. The courses have been very successful, and since 2002,
more than 2000 children have participated in them. About 150
teachers have also been trained in how to use this tool in their
schools. This has already resulted in many schools in Chile cur-
rently replicating these courses. In addition, a LEGO-based labo-
ratory hasbeenset up in a high school located in one of the poorest
areas of Santiago by this group, with the support of the Chilean
Ministry of Education. This laboratory complements other fa-
cilities of the school, and in addition to the school’s own stu-
dents, is also attended by schoolchildren from 12 middle schools
located near the high school. A LEGO-based robotics labora-
tory has also been constructed in the Museo Interactivo Mirador
(MIM) Museum [21], the main Chilean interactive science and
technology museum. School classes that visit the museum can
carry out basic robot-building experiments in the laboratory. This
activitywasstartedin2003wheneightmonitorsfromthemuseum
were trained in the EE Department of the UCH, and it currently
is very popular among schools visiting the museum.

It is important to stress that the last two initiatives (setting up
of robotics laboratories in a deprived high school and in a tech-
nology museum) have an important social component because
schools that do not have the necessary money and expertise to
create their own laboratories use these facilities. The laborato-
ries mentioned provide not only equipment, but also the required
know-how and methodology. The general concept is to install
community robotics laboratories that can be used by underpriv-
ileged schools. This aspect can be of interest for educators in
many developing countries.

B. Social Robots as Keynote Speakers

Outreach is a very relevant activity for a university, but is,
of course, not its main one. The primary drawback of imple-
menting robotics courses for schoolchildren is the large amount
of time that needs to be invested in this activity. Some univer-
sities have special units devoted to outreach (for instance, the
Robotics Academy at Carnegie Mellon University [20]), but this
is not the case here and not the case in many other universities.
However, robotics courses can be complemented with other ex-
tensive outreach activities that can establish a first contact with
the children. Talks about technology are frequently used for this
purpose. Taking this idea one step further is exploring the use
of robots as keynote speakers. The rationale behind this idea is
that a robot giving a talk can have a much stronger impact on
children than a human speaker can have. For some children, es-
pecially the ones that belong to deprived segments of society,
listening to and interacting with a robot could be a very unique
experience.

The development of a social robot was started in July 2006,
and in October 2007, it was used for the first time as the keynote
speaker during the XIII Chilean Week of Science. During that
week, the robot gave talks to 228 schoolchildren coming from
10 different schools. In October 2008, the experience was re-
peated with 300 schoolchildren during the XIV Chilean Week
of Science. The main features of the social robot used in this ac-
tivity, the experience, assessment data, and projections are de-
scribed in Section IV.

C. Mechatronics Design Course for Sophomore Students

Engineering is a six-year-long course in Chile, including
summer internships in industry and a final engineering thesis.
Students earn the title of “engineer” and the equivalent to a
Master’s degree in engineering. In this school of engineering,
the first two years of study are common to all students, fo-
cused on mathematics, applied sciences, and basic engineering
training. After the second year, students are free to select an
engineering specialization (e.g., electrical engineering). They
obtain the Bachelor’s degree after finishing the fourth year of
studies, and the engineer title after the sixth year.

In 1999, a hands-on mechatronics design course was started
with the goals of attracting talented sophomore students to the
EE Department and diminishing the number of students who
leave the school because of a lack of motivation for learning
mathematics and the basic sciences. In this course, students
learn the basic concepts of electricity and electronics and
project-design methodologies. They carry out a mechatronics
project throughout the semester, working in groups of three.
Students can either propose a project or choose one from a list.
To accomplish the project, students have access to a mechanics
workshop, an electronics laboratory, and different kinds of
sensors, actuators, and computing devices.

The main challenge of the course is how to ensure that stu-
dents with almost no previous knowledge and experience in
electronics and mechanics can design and build a mechatronic
device during the course. The methodology used includes:

1) Lecture and laboratory activities. Once a week students
attend a lecture where they learn basic elements of elec-
tronics, mechanics, sensors, actuators, as well as project-
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TABLE I
REASONS REPORTED BY STUDENTS FOR SELECTING THE EE DEPARTMENT (DEPARTMENT’S STUDY PLANS, PRESTIGE, INFRASTRUCTURE, RESEARCH QUALITY,

PROFESSORS, MECHATRONICS COURSE, AND OTHER REASONS). THE RANKING COLUMN SHOWS THE IMPORTANCE GIVEN BY THE STUDENTS

TO THE MECHATRONICS COURSE IN THEIR SELECTION

design methodologies. Twice a week, students carry out
practical activities in the electronics laboratory and/or
in the mechanics workshop, where they design, build,
and integrate the components and subsystems of their
mechatronics devices.

2) The duration of the course is 15 weeks, but it is di-
vided into two parts; three weeks for basic laboratory
training, and 12 weeks to develop the project. During
the first three weeks, students get familiar with the lab-
oratory and workshop elements (measurement instru-
ments, mechanical and CNC machines, etc.) and carry
out three basic laboratory experiments: mounting a basic
electronic circuit (oscillator), interfacing the PC’s USB
ports with an external circuit (LEDs are turned on and off
from a PC), and basic programming and use of a micro-
controller board (based on the Microship’s PIC). In this
last experience, students learn how to use a C cross-com-
piler, how to load a program in the board, and how to use
the microcontroller’s I/O ports.

3) In their projects, students can use sensor, actuator, and
controller boards that had previously been prepared
for them. In this way, they can concentrate on the
mechanical design, the programming of the boards,
and the integration of the electronic and mechanical
components. The boards that are made available to
the students are a PIC-based microcontroller board, an
H-bridge motor controller, a servo motor controller, and
an infrared sensor board. All other circuits are built by
the students.

4) Additional elements to be used in the projects, such as
motors, additional sensors, electronic components, and
covering material (e.g., aluminum) are bought by the
students using a fixed budget provided by the depart-
ment. The idea is to replicate aspects of real project de-
velopment such as budget management and cost/perfor-
mance tradeoff.

5) In their practical activities, students are advised and
guided by an educational team composed of one me-
chanics technician and several laboratory assistants
(one for every 15 students). The mechanics technician
instructs the student in the use of the mechanical and
CNC machines and about typical mechanical transmis-
sion mechanisms. He also acts as a consultant for any
question related to mechanics. The laboratory assis-
tants are electrical engineering students with at least
two years of experience in laboratory activities. They
share all the required know-how related to the design
of electronic circuits. It became apparent that to have
a motivated and well-trained educational team is a key
factor for the success of this kind of course.

The course has been given twice a year since 1999, and more
than 600 students have been trained, with more than 200 mecha-
tronics projects being built. Some examples of projects are a
snake robot, a quadruped robot, an Internet-controlled 3D robot
arm, and a robot walker. Students have given good evaluations
of the course, and the number of students in the department has
increased by more than 50% since this course was started. Polls
were carried out in the years 2005–2007, in which students en-
tering the department were asked the reason for their choice.
Using information obtained in a previous poll, students were
asked to select one of the following seven reasons: the depart-
ment’s 1) study plans, 2) prestige, 3) infrastructure, 4) quality
of research, 5) professors, 6) mechatronics course, and 7) other
factors. Students’ answers were tabulated, and the results ranked
for determining their relative relevance. Table I shows the re-
sults. It can be seen that the mechatronics course is one of the
most important factors considered by students for selecting the
department (the third most important in 2007).

D. Participation in International Robotics Competitions

Promoting the participation of the students in robotics com-
petitions has been going on since 2002, first in Latin Amer-
ican competitions2, then in other scientific competitions such as
RoboCup [1] soccer and @Home (service robotics). The orig-
inal goals were: 1) to stimulate student involvement in the de-
velopment of advanced technologies; and 2) to increase their in-
terest in robotics. However, after a couple of years, it became ob-
vious that this activity was synergistic with other initiatives, and
that it serves the complementary goals of: 3) attracting talented
students to electrical and electronic engineering; 4) identifying
students who later on participated as monitors in the activities
with children; and 5) placing the department in the position of
leader in the development of technology in this country, which,
again, helps to attract the best students to the engineering school.
Naturally, the journalists who disseminate information about the
projects and achievements have contributed to the success of the
programs.

Participation in international robotics competitions requires
the involvement of a large number of students and adequate
organization of the activities. The methodology developed in-
cludes the following elements.

1) Students are organized in teams, and each team has par-
ticipation in a specific competition (e.g., the RoboCup
@Home Competition [22]) as its main goal. Each team
is composed of at least one Ph.D. student and several
Master’s-level and engineering students. One of the
Ph.D. students is in charge of the team, and s/he defines

2The author created the IEEE RAS Latin American Council, whose role is
to promote and organize robotics competitions (see http://ewh.ieee.org/reg/9/
robotica/).
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the goals for the current year’s competition in addition
to guiding, together with the other Ph.D. students,
the activities of the Master’s-level and undergraduate
students. The participation of the Ph.D. students on
the team is a full-time job; his or her thesis is directly
related to the team’s main goal (for example, SLAM in
home environments in the case of the RoboCup @Home
competition).

2) Undergraduate and graduate students have different
levels of involvement in the project. Some students are
developing their theses and spend the whole day in the
laboratory, while others work between 4 and 12 h a
week as research assistants. One of the duties of the
Ph.D. students is to set up different groups within the
team—for instance, vision, self-localization, or manip-
ulation groups. In each group, students with different
levels of expertise work together and learn from each
other. Skills and specific knowledge are shared directly
among the students.

3) Undergraduate students participating in the project are
no only electrical engineering students, but also students
from the first two common years. The participation in
the project motivates sophomore students to enter the
EE Department, and EE students to enter the Master’s
or doctoral programs. Thus, a virtuous cycle is created.

4) The robots that have been built for the competitions (so-
cial robots, teams of robot soccer players) are very at-
tractive to the general public, and the students who par-
ticipate in the project like to show off their creations.
Therefore, the laboratory encourages and facilitates the
involvement of both students and robots in outreach ac-
tivities such as interviews in newspapers and on TV pro-
grams, talks and demonstrations for visitors of the de-
partment, children, and the general public, as well as
robotics courses for children.

One example of the synergistic relationship among the ini-
tiatives is the project involving Bender, a social robot (see de-
scription in Section IV-A). The main motivation behind this
project was to participate in the RoboCup @Home competition
[22]. The robot’s structure and main mechanical components
(head, arm, and body) were created in the mechatronics design
course in 2006. The nine students involved in the project en-
tered the department, and motivated by the RoboCup challenge,
they started working with two Ph.D. students from the robotics
laboratory in the integration of vision, world modeling, naviga-
tion, and decision-making algorithms in the robot. In July 2007,
the team participated in the RoboCup 2007 World Competition
(Atlanta, GA), where the robot won the RoboCup @Home Inno-
vation Award. The students continued working on the improve-
ment of the robot, and one year later, they participated in the
RoboCup 2008 World Competition (Suzhou, China), where the
robot again won the RoboCup @Home Innovation Award. In
the meantime, the team observed that the robot could be used for
educational purposes, and a project for transforming the robot
into a keynote speaker was started. As described in the next sec-
tion, the robot was used for this purpose in 2007 and 2008, and
it has already given talks to more than 500 children. In addition,
the robot’s activities and achievements have been reported in
several forms of Chilean media (newspapers, national journals,

radio, and TV programs), which has served the dual purposes
of disseminating scientific and technology information and po-
sitioning the department as the leader in innovation and tech-
nology development in Chile.

IV. SOCIAL ROBOTS AS A MOTIVATION TOOL

FOR SCHOOLCHILDREN AND STUDENTS

Social robots are becoming of increasing interest in the
robotics community. A social robot is a subclass of a mobile
service robot designed to interact with humans and to behave
as a partner, providing entertainment, companionship, and
communication interfaces. It is expected that the morphology
and dimensions of social robots fit them for operating ade-
quately in human environments. Among other abilities, social
robots should be able to: 1) move in human environments;
2) interact with humans using human-like communication
mechanisms (speech, face, and hand gestures); 3) manipulate
objects; 4) determine the identity of the human user and its
mood to personalize its services; 5) store and reproduce digital
multimedia material (images, videos, music, digitized books);
and 6) connect humans with data or telephone networks. In
addition: 7) they should be empathic (humans should like
them); 8) their usage should be natural without requiring any
technical or computational knowledge; and 9) they should be
robust enough to operate in natural environments. Social robots
with these abilities can assist humans in different environments
such as public spaces, hospitals, home settings, and museums.
Furthermore, social robots can be used for educational pur-
poses.

When using a social robot to interact with children, it is of
paramount importance for the robot to win the children’s ac-
ceptance and for the interaction with the robot to be natural, in-
tuitive, and based primarily on speech and visual cues. This can
be achieved if the robot has a simple and anthropomorphic body
design, has attention mechanisms that allow it to show interest
in a given person or object, is able to express emotions, and has
human-like interaction capabilities, such as speech and face and
hand gesture interaction. The cost of social robots should also
be low so that they can be introduced into natural human en-
vironments where persons or institutions with limited budgets
will use them.

Taking all this into consideration, a general-purpose social
robot that incorporates these characteristics was developed.

A. Bender, a Social Robot

The main idea behind the design of Bender, the social robot,
was to have an open, flexible, and low-cost platform that pro-
vides human-like communication capabilities as well as em-
pathy. Bender has an anthropomorphic upper body (head, arms,
chest), and a differential-drive platform that provides mobility.
The main components of the robot are3:

1) Chest: The robot’s chest incorporates a Tablet PC as
its main processing unit. The screen of the Tablet PC allows:
1) the visualization of relevant information for the user (a
Web browser, images, videos, etc.); and 2) easy entering of
data thanks to the touch-screen capability. The Tablet PC
also provides 802.11bg connectivity. The chest also includes

3See robot pictures at http://bender.li2.uchile.cl/
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TABLE II
BENDER’S MAIN FUNCTIONALITIES

a microphone array that can determine the dominant speech
source direction [23].

2) Head: The robot’s head incorporates two CCD cameras,
two loudspeakers, and one microphone. It has the ability to exe-
cute human-like pan-tilt movements (of the whole head). How-
ever, its most innovative feature is the capability to express emo-
tions. This is achieved using five servomotors that control the
movements of the mouth, eyebrows, and the antenna-like ears,
and 14 RGB LEDs placed around each eye. In addition, it has
RGB LEDs in the forehead to simulate the robot’s breathing.

3) Arm: The arm of the robot is designed to allow for the ma-
nipulation of objects. It is strong enough to manipulate a large
glass of water or a coffee cup. The arm has three degrees of
freedom (DOF), two in the shoulder and one in the elbow, and
is powered with a three-finger hand. Each finger has two DOF.

4) Mobile Platform: The platform provides mobility (differ-
ential drive), sensing skills (16 infrared, 16 ultrasound, and 16
bumpers), and support for the other components.

The robot height is adjustable, having an adaptable mechan-
ical connection between the platform and the chest, but the typ-
ical setting is 1.2 m high. The robot weighs 15 kg and can work
autonomously for about 3.5 h thanks to its internal batteries. A
detailed explanation of the robot’s hardware and mechanics is
presented in [23].

Bender’s most important functionalities are listed in Table II.
All these functionalities have already been successfully tested
as single modules. In [23] and [24], quantitative evaluations of
the human–robot interaction functionalities of the robot, mea-
sured in standard databases, are reported. The evaluations in-
dicate that the robot incorporates state-of-the-art face and hand
gesture recognition systems [25], [26], which allow the anal-
ysis of video sequences coming from dynamic environments ro-
bustly and in real-time.

In [27], the ability of the robot to interact freely with humans
using only speech and visual cues in a public space setting is
evaluated. Experiments were carried out with 83 university stu-
dents, and the main results were: 1) students could recognize
the robot’s facial expression in 70.6% of the cases; 2) 83.9%
of them evaluated the robot’s appearance as excellent or good;
3) 88.5% evaluated the robot’s ability to express emotions as

excellent or good; 4) 80.7% evaluated the robot’s ability to in-
teract with humans as excellent or good; 5) 90% thought that
it was easy to interact with the robot; 6) 84% believed that the
robot is suitable to be used as a receptionist, museum guide, or
butler; and 7) 67% thought that the robot could be used for ed-
ucational purposes with children.

It is worth mentioning that the robot has also received good
evaluations from robotics experts. As mentioned previously,
it won the RoboCup @Home Innovation Awards in 2007 and
2008 as the most innovative robot participating in the RoboCup
@Home competition [22].

B. Preliminary Results and Assessment Data

The social robot was tested as a lecturer of schoolchildren in
a classroom setting during the XIII Chilean Week of Science in
October 2007. The robot gave talks to schoolchildren who were
10–13 years old, in grades 5 to 7. Altogether, 228 schoolchil-
dren participated in this activity, and at each session, one com-
plete class ( 20-25 children) attended the talk in a multimedia
classroom. The robot gave more than 10 talks. The duration of
each talk was 55 min, and it was divided into two parts. In the
first part, the robot presented itself and talked about its experi-
ences as a social robot. In the second part, the robot explained
some basic concepts about renewable energies and about the re-
sponsible use of energy. After the talk, students could interact
freely with the robot. The talk was given using the multimedia
capabilities of the robot: speech and a multimedia presentation,
which was projected by the robot (see pictures in Fig. 1).

After the robot’s lecture, children, without having been given
any previous notice, answered a poll regarding their personal ap-
preciation of the robot and some specific questions on subjects
mentioned by the robot. In the first part of the poll, children eval-
uated the robot, while in the second part, the children answered
five technical content questions about renewable energies.

In the robot evaluation part, the children were asked to give
an overall evaluation of the robot. On a linear scale of grades
going from 1 to 7,4 (7 being the best, 1 the worst), the robot
was given an average score of 6.4, which is about 90%. In the

4This scale of grades is the one used by all schools in Chile.
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Fig. 1. Bender giving talks to schoolchildren in groups of 20–25 children
during the XIII Chilean Week of Science in October 2007.

TABLE III
PERCENTAGE OF CORRECT ANSWERS TO THE

FIVE TECHNICAL CONTENT QUESTIONS

second part, children evaluated the robot’s presentation: 59.6%
rated it as excellent, 28.1% as good, 11.4% as regular, 0.9% as
bad, and 0% as very bad. The third question was, “Do you think
that it is a good idea for robots to teach some specific topics
to schoolchildren in the future?” 92% of the children answered
“yes.”

In the technical content evaluation part, the first three ques-
tions were related to energy sources (classification of different
energy sources as renewable or non renewable, availability of re-
newable sources, and indirect pollution produced by renewable
sources). The fourth question asked about the differences be-
tween rechargeable and nonrechargeable batteries, and the fifth
question asked about the benefits of the efficient use of energy.
The percentage of correct answers to each of the five technical
content questions is shown in Table III. The overall percentage
of correct answers was 55.4%.

In summary, it can be seen that the children who heard the
robot’s lectures gave it a very good evaluation (6.4 out of 7)
and that 87.7% of them evaluated the presentation as excellent
or good. They also had a very positive opinion about the use
of robots as lecturers in a classroom environment (92%). More-
over, the children were able to learn some basic technical con-
cepts, although they just heard them once from a robot. The
main goal of this technical content part of the evaluation was
just to see if the children could learn some basic content from
the robot, not to measure how well they learned it. Therefore,
control experiments with human instructors were not carried,
although this will be part of future work. Finally, it is important

Fig. 2. Bender giving a talk to schoolchildren and interacting with them during
the XIV Chilean Week of Science in October 2008.

to stress that the robot was able to give its talk and to interact
with the children without any human assistance.

After this successful pilot experience, the robot has been
used regularly to give monthly talks to children and high school
students who visit the laboratory. Moreover, during the XIV
Chilean Week of Science in October 2008, a major event with
300 children (13–16 years old) was held that included a 30-min
talk by a human expert in robotics, a 30-min talk by the robot
about renewable energy, an exhibition of humanoid robots,
and interaction time between the social robot and the children.
Fig. 2 shows some pictures of this event. The schoolchildren
gave a very good evaluation of the whole activity, especially
of the social robot. A quantitative evaluation was not obtained
from the students because of their time constraints.

V. CONCLUSION AND FUTURE WORK

This article has presented experiences with robotics-centered
outreach activities. The main initiatives—namely, robotics
courses for children, social robots as keynote speakers, mecha-
tronics design courses, and participation in international
robotics competitions—were described and have been shown
to complement each other in motivating students to further
study electrical and electronic engineering. The main observed
achievements of the described outreach initiatives are the
following.

— The robotics courses for schoolchildren have allowed the
direct training of more than 2000 schoolchildren, the in-
struction of more than 150 teachers who have replicated
the courses in their schools, and the setting up of commu-
nity robotics laboratories that are used by children from
underprivileged segments of society.

— The hands-on mechatronics design course has fulfilled
the goal of attracting students to the EE Department (the
number of students has increased by more than 50%
since 1999) and has fulfilled the students’ aspirations;
they gave positive evaluations of the course. In addition,
three student projects started in this laboratory led to the
construction of a sophisticated social robot.

— The participation in international robotics contests has led
to stimulating student involvement in the development
of advanced technologies, increasing their interest in the
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robotics field, attracting talented students to electrical
and electronic engineering, identifying students who will
later participate as monitors in the training activities with
children, and situating the department as the leader in the
development of technology in this country, which, in turn
helps to attract the best students to enter the engineering
school.

— A social robot as a keynote speaker has been built and fine-
tuned. The robot has given talks to more than 500 students,
and experiments show that the robot has gained a large
acceptance from different groups of human users and is
able to interact successfully with humans using human-like
interaction mechanisms such as speech and visual cues. It
is remarkable that children learned some concepts from the
robot despite its limitations.

In general terms, new technological areas and opportunities
for younger students and their mentors have been established.
The outreach activities will be continued, hopefully with im-
proved synergy. In addition, future work includes the improve-
ment of the teaching abilities of the social robot and the mea-
surement of how this integrated approach serves the goals of
motivating the interest of schoolchildren in science and tech-
nology, attracting prospective students to the university, and at-
tracting talented students to the EE Department. The teaching
abilities of the social robot will be measured with the collabo-
ration of science education experts. Control experiments with
human instructors will be designed and carried out to quantify
the possible added value of using a robot for teaching purposes.

The outreach activities have had an observable impact in
Chile: Schools have already set up their own robotics laborato-
ries following this experience, and some community robotics
laboratories have been established. There is reason to believe
that other engineering schools can reproduce these highly
rewarding experiences and strengthen their communities in
similar ways. The basic elements seem to be motivation, a solid
background in engineering, and the will to learn through the
process of working with children.
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