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Prologue

It is well known that nowadays we live in a rapidly changing world. The decade of
*‘80s was marked by the transition from the *“industrial society” to the “information
society”, while in the decade of ‘90s we began to talk for the transition to the
“knowledge society”. Nowadays we talk for the “creative society” (Resnick 2008),
which requires from people to develop the ability to think and act creatively in
problem solving everyday situations.

Under the effect that those changes had on education, a series of new educational
tools, based mainly on the use of personal computers, have been invented last two
decades to educate the student generations of the “knowledge” and “creative”
society. Educational robotics is one from these new innovative tools that has
attracted the interest of educational community from kindergarten to universities
during last few years.

Educational robotics is introduced as a powerful, flexible teaching/learning tool
stimulating learners to control the behavior of tangible models using specific
programming languages (graphical or textual) and involving them actively in
authentic problem-solving activities. This is the filed where the European project
“Teacher Education on Robotics-Enhanced Constructivist Pedagogical Methods -
TERECO0P” was activated during the years 2006-2009 with the participation of 8
European educational institutions from 6 European countries (www.terecop.eu).
The TERECOP Project aimed at the development of a design and implementation
framework for activities advisable mainly for secondary school education related to
programmable robotic constructions and based on learning methodologies inspired
from constructivism and constructionism theory.

Believing that the role of teacher is crucial for the successful introduction of
robotics in classrooms, the TERECoP Project focused on the training of
prospective and in-service teachers in the use of robotics technologies
(LegoMindstorms Education NXT) through courses implemented in each of the six
participating countries, the evaluation of the training courses and the dissemination
of the educational results at a European level. Finally the TERECOoP project aspired
to develop a community of practice between researchers, teacher trainers and
teachers that can facilitate and sustain teachers’ professional development in the
use of robotic tools in classrooms.

This book is a collective product coming from the cooperative and shared work
done by the TERECOoP partnership during the 3 years of the project. The book is
addressed mainly to teachers at all school levels who are interested in introducing
robotics in Science, Technology, Mathematics and Informatics classes or in the
frame of interdisciplinary learning activities. In addition to that, the book is
addressed to trainers of teachers offering them a constructivist model for training
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teachers in educational robotics.

The content of the book addresses a wide range of both theoretical and practical
aspects of educational robotics.

Chapter 1 (Constructionism and robotics in education) presents and discusses
some critical pedagogic aspects behind the educational use of robotics with respect
to the potential of control technology to generate costructionist learning processes
in the light of the constructionism theory. A review of research literature in the
field of educational robotics and the evolution of Robotic technologies (from “floor
Logo turtles” to Lego Mindstorms) are presented and commented.

Chapter 2 (robotics as learning object) begins with a Piagetian and Vygostkian
methodological perspective for designing constructivist didactic situations to study
robotics as learning object. The chapter continues with some good reasons to prefer
the Lego Mindstorms NXT system among others, then offers practical knowledge
for using the hardware and the software of the Lego Mindstorms NXT system with
practical examples for constructing robotic vehicles and programming them to
move in straight line, to turn right and left, to communicate with their environment
and to acquire and log data through sensors.

Chapter 3 (robotics as learning tool) presents a constructivist methodology for
designing teaching and learning activities where robotics is used as learning tool
and exemplifies it with a representative example: the bus route project.

Chapter 4 (Teacher Training Course in Introducing Robotics in the Curriculum -
The TERECOP Project Proposal) presents in details the TERECoP methodology
for training teachers in educational robotics. The chapter includes training
curriculum, detailed description of each module, training activities, tools and
materials and tools for the evaluation of the training course. The chapter finishes
with evaluation results, experiences and recommendations from training courses
implemented in Athens and in Prague.

Chapter 5 offers some additional exemplary projects and examples of learning
activities with robotics that teachers can use in their class adapting them both to the
proposed constructivist training methodology and to their students’ cognitive level
taking into account that some of them demand from students a sound background
in mathematics.

Chapter 6 offers useful resources for teachers including books, papers (in journals
and proceedings of conferences) and web resources.

Appendix 1 offers some basic technical knowledge for the LegoMindstorms NXT
system (hardware and software) and Appendix 2 a textual description language
which is equivalent to the NXT-G graphical language and is used just for a
convenient detailed description of some complex NXT graphical programs
appeared in chapters 2 and 5.
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Finally, this book aspires to bring closer researchers, academic and school staff
working in the field of educational robotics and to contribute to the further
development of the dialogue especially under the light of constructionism theory,
not only within the TERECOP project partnership but within the broader European
and international community of educational robotics. This dialogue will hopefully
continue next years and the TERECoP partnership is willing to undertake or
participate in new relevant initiatives in the future.

References

Resnick, M. (2008), ‘Sowing the Seeds for a More Creative Society’. | Learning & Leading
with Technology December/January 2007-08, International Society for Technology in
Education, 18-22.

Dimitris Alimisis, ASPETE, Greece
Patras, 2009






Chapter 1
Constructionism and robotics in education

Authors: Dimitris Alimisis, Chronis Kynigos

1.1. Introduction

Over the last few years, interest in educational utilization of robotics has increased
and several attempts have been made world-wide to introduce robotics in school
education from Kindergarten to high secondary school, mostly in science and
technology subjects. Nowadays, robotics is considered as a flexible medium for
learning, offering opportunities for design and construction against short time and
small funds. The newest version of educational robotic technologies, that is the
programmable bricks, enable students to control the behavior of a tangible model
by means of a virtual environment and make possible new types of science
experiments, in which children investigate everyday phenomena in their lives (both
in and out of the classroom) (Resnick et al, 1996).

However, the successful introduction of an educational innovation in school
settings is not just a matter of access to new technologies. Technology alone cannot
affect students’ minds and cannot act directly on learning. Appropriate educational
philosophy, curriculum and learning environment are some of the important factors
leading any educational innovation to success. In view of the above, before
teachers and educators at all levels rush to exploit robotics in education,
appropriate teaching methods need to be formulated and incorporated in the school
curricula, given that most schools and teachers lack not only experience and
resources, but, also, in most cases, they have to operate under a directive school
curriculum that does not favor educational innovation. As Martaric points out,
although robotics seems to be an excellent tool for teaching and learning and a
compelling topic for students of all ages, the pedagogy of teaching robotics (we
would add the pedagogy of teaching with robotics as well) is still in its infancy
(Mataric, 2004)

1.2 Controlling and constructing robots as a constructionist
environment

Construction and control were the first powerful ideas on the use of computational
media for learning (Papert, 1980). With respect to digital media, this idea involved
the transition from black-box software to the design of transparent (white-box)
digital artifacts where users could construct and deconstruct objects and relations
and have a deep structural access to the artifacts themselves (diSessa, 2000,
Resnick et al, 2000). It also involved the idea of distributed control where multiple
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users worked with the same digital artifact either in presence or remotely from
different computer screens so that they would express their ideas in collectives
rather than work individually (Mor et al, 2006).

However, the existence of such media did not bring about the envisaged radical
changes in learning environments based on their use (Papert, 2002). Students fell
onto ‘plateaus’, unable to progress beyond a certain point and found that they could
not construct something very interesting when starting from scratch every time. To
address this problem, black-and-white-box design perspectives provided users with
generic black box artifacts which they could then use as building blocks for their
constructions with exploratory digital media (Kynigos, 2004).

In the use of robotics, we saw a parallel transition from black box situations of pre-
programmed pre-fabricated robots, aimed for the workplace, to white box designs,
where children can construct and program robots from scratch. However, there has
been little or no attention given to distributed control and black-and-white-box
solutions, where students can start from something complex and interesting and
then move on to learning by constructing robots and programs to control them.

So, what kinds of learning can be nurtured in learning environments based on the
construction, programming and control of robots? What meanings and concepts
can be understood in such environments? Do they afford added value to the
fostering of creative thinking?

The main learning theory, which has been perceived as useful at addressing the
questions, has been that of a special kind of constructivism termed
‘constructionism’ by Papert and his group at the Media Lab (Kafai and Resnick,
1996). Constructivism originated from Piaget and perceives learning as the
generation of meanings from individuals as they eternally strive to bring some
cohesion to the ways in which they see the world (Fosnot, 1997; Brooks and
Brooks, 1993). Tangible concrete experiences with the physical and social
environment are used to create generalizations, discriminate invariants and
construct abstractions.

Constructionism can be seen as a special case of learning in situations where we
make or tinker with an object or an entity. It was seen by Papert as one of the ways
in which thinking can be manifested, made public. Constructing was seen as an
emergent activity, where a lot of back and forth went on, where design is part of
the process of building rather than a pre-requisite and where building involves de-
construction and re-construction rather than just construction (Kynigos, 1995). In
coining the term, Papert wanted to convey a slightly differing perception of
learning than Piaget, i.e. that humans do not necessarily strive for cohesion, but are
by nature engaged in questioning their view of the world.

Constructionism was elaborated in the early eighties at a time when individualistic
cognitive theories were at the forefront and was thus associated with an
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individualistic perception of learning. However, notions of collaborating and
communicating during constructivist activity were firstly articulated as far back as
the mid eighties (-Rogoff and Lave, 1984) and have since become more and more
pertinent as digital technologies have made it possible for more than one students
to have access to the same construction at the same time (Mor et al, 2006). This has
not however happened yet with mechanical technologies and robotics.

In any case, these perceptions of learning seem to fit very well with the activities of
constructing robots and programs to control them. The robotics industry aims at
humans using pre-programmed pre-fabricated robots to do arduous, repetitive,
mundane, fast, precise, dangerous or physically impossible things from them. The
ways in which the robots are made and programmed is a black box for their users.
It is the same paradigm with which many technologies are constructed from
hardware to software and digital tools. It is also compatible with the traditional
educational paradigm of the teacher or the curriculum book revealing and
explaining ready-made, ratified and, thus, unquestioned information.

In the framework of progressive and contemporary educational paradigms,
construction and programming of robots have been made transparent so that
individuals can engage in building and in programming robots themselves. Two
main technologies have been so far designed and built for students to engage in
robotics, the Lego-Mindstorms and the Pico-Crickets kits from the Media Lab at
MIT (Resnick et al, 1996; Resnick et al, 2006). This white-box metaphor for
construction and programming has generated a lot of creative thinking and
involvement in learners, mainly in informal educational settings.

However, as in the case of digital media, there seems to be a plateau which learners
reach with respect to what kind of robots they make and what they can program
them to do. It quickly becomes very difficult for anyone to construct a technically
robust and interesting robot and to program it to do complicated and interesting
things. This was noticed some time ago, as in the case of Pico-crickets, where there
was an expansion of the kinds of sensors and the kinds of constructions students
could make (Martin et al, 2000) in order to enhance, for instance, the interest of
female students.

An important part of learning with robots, apart from constructing and
programming them, is controlling them or their environment in play. This has been
rather under-exploited from an educational point of view precisely because of the
white-box metaphor of starting from scratch with robotics. Controlling robots,
however, can provide an avenue for black-and-white-box perspectives, where
students can have distributed control of specific robots amongst others. This is seen
as part of a complex learning environment likewise embedding the construction of
robots and programs to control them as usually, but different in that there is also
emphasis on interesting learning activity with robot control.
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We consider robot control as an integral part of constructionism. We suggest that
robot control can be perceived as an integral part of constructivist engagement with
robotics and that given devices and setups, where control is designed to be
interesting, students can learn from the kinds of feedback they get from their
activities and intentions to control the robots or their environment and from the
kinds of representations available to them for control.

Robotics is an integral part of control technology. The ways; in which humans
control machines, the semantics of the interfaces through which they control them
and the discrimination of what is what they control in a certain machine behavior
are becoming more and more pertinent for people to understand. The number and
variety of automated machines that we control in our everyday lives is increasing
continually and rapidly. Think of automatic doors, alarms set by motion detectors,
lights put on by clapping. We interact with them all the time but have little idea of
how they work. On the other hand, these are devices designed for our everyday
lives, the workplace, the home, the public places, such as airports etc.

Consider devices set up for humans to learn things as they control them in order to
do something interesting. For instance, the ways in which robots respond to
changes in the environment and those changes to which they respond are very
important concepts. Discriminating the kinds of things we can control robots to do
and, by consequence, gaining insight into the way they are programmed in
situations which are more complex than those in which they can be constructed by
typical construction kits, has also been overlooked. The means by which we can
control robots and the semantics of the devices we use to control them can operate
as mechanisms through which we express our thinking, as expressive media. We
do not need to wait for learners to build their own programmed robots in order to
address these issues.

1.3 Robotic technologies: from floor Logo turtles to Lego
Mindstorms

Research in the field of educational robotics has for years placed emphasis on the
interplay between the invention of new technologies and the development of
innovative ways of learning: new pedagogical ideas can lead to new technologies,
and vice-versa (Martin et al. 2000). Since the late 1960’s, research has been
developed for robotic construction kits for children focusing on the invention of
construction kits and programming tools that children will find easy to understand
and control, thus becoming active participants in their learning and creators of
their own technological artefacts instead of being just users of devices that others
have made for them (Martin et al. 2000).

Early work, led by Seymour Papert, included the development of the Logo
programming language (Papert, 1980). A popular use of Logo involved a “floor
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turtle,” a simple mechanical robot connected to a computer by a log cord. With
pens mounted in their bodies, floor turtles made drawings on paper, commanded by
Logo programs. In the late 1970’s, influenced by the increasing production of
personal computers, the focus was shifted to screen turtles, which were found to be
faster and more accurate than floor ones, while offering opportunities for children
to investigate and solve more complex mathematical problems. In the 1980’s,
Papert’s vision of computing, in which children explore ideas by constructing their
own computer programs (Papert, 1980), came into being as the first
microcomputers entered schools. Many of these activities involved, as a matter of
fact, robotic design activities before a general-purpose robotic construction kit for
children was made available.

In the mid-1980’s, the LEGO/Logo technology, the first true robotic construction
kit ever made available widely, appeared, combining the popular LEGO
construction kit with the Logo programming language. Lego/Logo integrated two
different types of design activities (Resnick & Ocko, 1991; Resnick, 1993).
Children start by building machines out of LEGO pieces, using the traditional
LEGO building bricks and newer pieces like gears, motors, and sensors as well.
Whereas traditional construction kits enable children to construct structures and
mechanisms, LEGO/Logo goes further by enabling children to construct
behaviours for their artefacts connecting their LEGO constructions to a computer
and writing computer programs with a version of Logo (Resnick , 1998).

LEGO/Logo might be seen like a return to the past, since it brings the turtle from
the screen back to the real world. But LEGO/Logo compared with the early Logo
floor turtles offer some key advantages: students can use LEGO/Logo not as ready-
made mechanical turtles but they have to build their own constructions before
programming them; in addition to that, children can use LEGO/Logo to build and
program, not only turtles, but a wide variety of creative machines.

A serious problem encountered with the LEGO/Logo technology was the nuisance
(not only in technical but also in conceptual terms) caused by the wires connecting
the robot to a computer, which made it difficult for children to create autonomous
and mobile robots. Programmable LEGO Bricks, which appeared in late 1980°s,
offered a solution to that problem since they run without wires providing in this
way autonomous function to children’s mechanical constructions. Children can
build Programmable Bricks directly into their LEGO constructions, embedding
accordingly computation directly into their constructions. Programmable LEGO
Bricks expanded significantly the design and learning possibilities for children in
1990’s (Martin, 1996; Resnick et al, 1996).

These first generations of robotic technologies served as the foundation for the
development of the LEGO Mindstorms kits (http://www.legoeducation.com), a line
of Lego sets combining programmable bricks with electric motors, sensors, Lego
bricks, and Lego Technic pieces (a line of Lego interconnecting plastic rods and
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parts, such as gears, axles, and beams). Lego Mindstorms, named after Papert’s
Mindstorms: Children, Computers, and Powerful ldeas (Papert, 1980), are based
on research and ideas from the Lifelong Kindergarten group at the MIT Media Lab
(Resnick, 1998) and are already being used world-wide in both elementary and
secondary education as well as in higher education.

The LEGO RCX Brick, the first retail version of Lego Mindstorms released in
1998 and marketed commercially as the Robotics Invention System (RIS), included
motor outputs, sensor inputs, and an LCD screen. The educational version of the
product, called Lego Mindstorms for Schools, came with ROBOLAB, a graphical
user interface-based programming software developed at Tufts University
(http://www.ceeo.tufts.edu) using the National Instruments Lab VIEW as an
engine. The current version (Lego Mindstorms NXT) was released in 2006 and
comes with servo-motors, new sensors and the NXT-G iconic programming
software but can also be supported by a variety of other programming languages
(such as NXC, NBC, 1eJOS NXJ, and RobotC).

Crickets are another robotic technology, developed in parallel with Lego
Mindstorms, aimed at enabling children to learn important math, science, and
engineering ideas through the creation of musical sculptures, interactive jewelry,
dancing creatures, and other artistic inventions (http://www.picocricket.com/).
Crickets have also been intended to engage children in new ways of learning in
connection with their interests and passions, and to provide a deeper and more
concrete understanding of scientific ideas and a richer sense of the interplay
between science and technology (Resnick, 1998). A plurality of Cricket designs
has been developed (“Display Cricket”, “MIDI Cricket”, “Science Cricket”,
“Cricket Bus system”) that provide true analog-to-digital converters on the sensor
inputs allowing the use of a greater variety of sensor devices, all of which can
communicate with a standard cricket design.

The design of Crickets was heavily influenced by the Beyond Black Boxes (BBB)
project, a science-education initiative (Resnick et al, 2000) which provided a
theoretical framework and a collection of project ideas for a constructionist
approach to science education. Crickets are aimed, among other goals, at enabling
children (and educators) to design their own scientific instruments for
investigations which they personally find meaningful. Through designing their own
instruments, children are expected to gain a deeper appreciation and understanding
of many scientific concepts (Martin et al, 2000)

There have also been interesting explorations with other “digital manipulatives”
(Resnick, 1998), where computation is added to traditional children’s toys
embedding either a Cricket inside of a ball (Bitballs Project) or built-in
microprocessor and LED (Digital Beads Project) or built-in electronics and infrared
communication (Thinking Tags Project). All theses projects are aimed at engaging
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children in new ways of learning in connection with their own interests and
passions: BitBalls can be used mainly in scientific investigations, Digital Beads to
engage children in creating dynamic patterns and Thinking Tags to experiment
with people’s behaviour at social gatherings (Resnick, 1998).

1.4 Robotics in School Settings

Robotics projects and activities in school settings might be classified in two
separate categories, according to the role that robotics play in the learning process:

- Robotics as learning object: This first category includes educational
activities where robotics is being studied as a subject on its own. It includes
educational activities aimed at configuring a learning environment that will
actively involve learners in the solution of authentic problems focusing on
Robotics-related subjects, such as robot construction, robot programming and
artificial intelligence.

- Robotics as learning tool: In the frame of this second category, robotics is
proposed as a tool for teaching and learning other school subjects at different
school levels. Robotics as learning tool is usually seen as an interdisciplinary,
project-based learning activity drawing mostly on Science, Maths, Informatics and
Technology and offering major new benefits to education in general at all levels.

However, this classification is not always easy and clear. Even in the cases, when
robotics is introduced as an autonomous learning object, it covers multiple
educational aspects and serves objectives beyond those stated in the relevant
curriculum extended to the development of problem-solving skills, creativity,
critical thinking, collaborative skills etc. In the process of designing and
programming robots, students learn important engineering, math, and computer
science concepts (Druin and Hendler, 2000, Arlegui et al, 2008a). Robotics can
enhance learners’ research attitudes, allow learners to make assumptions, carry out
experiments and develop their abstracting skills. So, learning constructed through
robotics (seen as learning object) is also valuable for other cognitive areas
belonging to the broader spectrum of the school subjects.

Over the last few years, several educational projects and initiatives have been
developed in the field involving universities, schools or other educational and
research institutions. A typical sample of them is presented shortly in the following
lines just to offer a sense of the pluralism of thematic areas, educational objectives,
learning approaches, topics and diverse audiences involved in past and current
applications of robotics in the broader school settings.

The Lifelong Kindergarten group at the MIT Media Lab (Resnick, 1998 and 2008)
has developed several robotics projects extending from the exploration of the
fundamentals of mechanical motion (Learning About Motion) to a suite of tools
and activities to introduce artists into robotic/electronic media (Robotic Art Studio)
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and to Learning Engineering by Designing Robots (for a full list of projects see
http://llk.media.mit.edu/projects.php)

Fiorini et al. (2008) describe the efforts undertaken by a small community of
teachers concerned with boosting science education in the school district of Verona
(Italy) by promoting constructivism with the help of various configurations of
robotic devices. These efforts have been going on for the last eight years, slowly
gaining momentum and impact. They emphasise that the most striking difficulties
have been encountered with the educational environment rather than with students
themselves.

The network Robot@Scuola of Italian Schools works to gather into a unique
national network schools from Primary to Secondary Professional and Vocational
education, = which use robotics in their educational processes
(http://www.scuoladirobotica.it/progettieng.htm). The Roberta-Goes-EU project
(http://www.iais.fraunhofer.de/3845.html) aspires to encourage young people, and
especially girls, through Robotics to take up engineering studies, providing training
courses and comprehensive teaching materials to teachers and others who wish to
increase students’ enthusiasm for technical professions.

The PIONEER (PledmOnt NEt for Educational Robotics) is an Italian School-Net
for the Educational use of robotics in school classes. Its goal is to promote Papert's
constructionism in a cooperative environment setting up a model of minirobot

programming experiences that can support the standard curricula for school years
K-12 (De Michele et al, 2008).

Bers and Urrea (2000) in the framework of a research program at the MIT Media
Laboratory, called Con-science, attempted to integrate learning about technology
and values in a hands-on way, by involving families, as well as teachers, in the
design and programming of robotic creations that represent their most cherished
values.

Kérné-Lin et al (2006) note that although robotics is used worldwide in education
as a learning tool, surprisingly it happens only rarely in special education. Through
qualitative action research they have identified various advantages that educational
robotics can bring into learning in the field of special education: the robotic
technologies make it possible for students to practice and learn many necessary
skills, such as collaboration, cognitive skills, self-confidence, perception, and
spatial understanding.

Dias et al. (2005) presented the challenges and benefits of three higher education
initiatives in Sri Lanka, Ghana, and the USA that focused on innovating and
implementing robotic technologies for developing communities, examined the
potential intersections of robotic technologies with education and sustainable
development and the factors that contributed to the success of such educational
initiatives designed specially for developing communities.
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Mitnik et al. (2009) describe a robotics-based educational project and compare it
with a similar computer-simulated activity. The project was aimed at developing
graph construction and graph interpretation skills and at reinforcing learning of
kinematics concepts. The activity was carried out by means of a set of handhelds
and a robot wirelessly interconnected. Results showed that students through the
robotic activity achieved a significant increase in their graph interpreting skills that
proved to be almost twice as effective as compared with the computer-simulated
activity. Moreover, the robotic activity proved to be highly motivating for the
students and fostered collaboration among them.

The Science, Engineering, NASA Site Of Remote Sensing (SENSORS) project
(Portsmore et al. 2004) was intended to help bring remote sensing and tele-robotics
to upper elementary and middle school audiences. Via the web, users remotely
control LEGO RCX - based rovers by submitting programs that instruct the
creation to complete a or collect data.

Other research efforts have focused on the integration of Robotics in Early
Childhood Education developing attractive activities and effective practice for
learning with digital technologies at preschool age (Bers et al,. 2002; Pekarova,
2008), while others focus on technical and vocational school students engaging
them in designing, building and programming a robotic device that allowed them to
explore phenomena of mechanics like the gear-aided transmission of motion
(Alimisis et al, 2005) or the gear function and mechanical advantage (Chambers
and Carbonaro, 2008). Carbonaro et al. (2004) describe a project-based learning
environment in which various robotic construction tasks based on LEGO
Mindstorms have been undertaken by middle-school students and highlight some
sample products of their work.

1.5 Educational Robotics beyond School Settings:
Competitions and other Events

In addition to the activities that take place in school settings, many other robotic
events run in informal education contexts, structured as competitions or
exhibitions. Each year, several robotics-related associations announce challenges
with certain rules, and thousands of teams of young (and older!) people compete in
national and international events. The mission of the competitions is usually to
engage young people in exciting mentor-based training that builds science,
engineering and technology skills, inspire innovation, and foster self-confidence
and communication skills. Robotics contests and the relevant project work appear
as a very suitable platform to support team-based learning, which is often
undervalued in the current school systems (Petrovi¢ and Balogh 2008).

Robotics competitions are growing rapidly in size and popularity and have proven
to be very motivating for young people (Sklar et al, 2003). For example, the FIRST
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(For Inspiration and Recognition of Science and Technology) LEGO League robot
challenge, open to student ages 9-14, grew from 200 student teams in the US in
1998 to more than 4,600 student teams in the US in 2006 and more than 2,800
student teams elsewhere in the world (http://www.usfirst.org). RoboCup and
RoboCup Junior contest (http://www.robocup.org/) is another international event.
Its goal is to foster artificial intelligence and robotics research by providing a
standard problem where a wide range of technologies can be examined and
integrated (Sklar et al. 2003).

Some of the many other local, national or international competitions carried out
across Europe are listed below:

- RoboParty by the Robotics Group at University of Minho (Guimaraes,
Portugal) (http://www.robotica.dei.uminho.pt), where participants build robots
from scratch

- CEABOT (http://www.robot.uji.es/research/events/ceabot08), a nationwide
little humanoid robots competition by the RoboticsLab, University Carlos III de
Madrid—Spain

- RobotChallenge (http://www.robotchallenge.at) for self-made, autonomous,
and mobile robots, hosted in Vienna by the Austrian Society for Innovative
Computer Science

- Istrobot held at the Slovak Technical University (http://www.robotika.sk) by
the association Robotika.SK

A series of interactive exhibits, designed for learners to control in interesting game
situations, have recently been made available at a special informal serious games
centre in Athens called ‘Polymechanon’, which runs in informal education contexts
without the constraints of the schooling system (Kynigos 2008). In Polymechanon,
visitors can be directly immersed in collaborative games, where the more they
understand what they control and how the robots respond to environmental change
the better players they become. The concepts behind the games are robot’s
behaviors and aspects of the robot’s environment that the human can control, the
kind of control they have on these behaviors, the robot’s responses to aspects of its
environment and the consistent or changing roles of robots in the game at hand.

1.6 Competitions or Exhibitions?

Although competitions are motivating and beneficial in many aspects for students,
exhibitions are suggested as an alternative approach that can support more
collaboration and less antagonism. Exhibitions offer young people the opportunity
to display their work to the public without the need to compete their schoolmates.
If students are deeply involved in the design of their robotic projects, as well as in
the design of the exhibition event itself, exhibitions can provide the same level of
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motivation and engagement, as compared with competitions (Rusk et al. 2007).
Students and school community members of all ages can be invited in an exhibition
to informally join and interact with each project and its creators. The open-ended
nature of an exhibition format, while maintaining the motivational benefits of a
public display of student projects, accommodates a wider range of abilities and
offers room for a greater variety of creative expression (Turbak and Berg 2002).

1.7 The role of teachers and the TERECoP project

Athough the role of teachers in the effective introduction and use of robotics in the
educational process is particularly important, only few projects have tackled the
problem of teacher training in designing and implementing robotics in classroom
settings. For example, Bers et al. (2002) present a methodology for teaching pre-
service teachers to integrate technology in classroom following a constructionist
approach. They describe experiences in which pre-service teachers design robotic
projects to engage their students in exploring and learning new concepts and ways
of thinking. The Student Teacher Outreach Mentorship Program (STOMP) at Tufts
University (Portsmore et al. 2003) brought engineering students to educational
settings as a support mechanism for teachers who were not familiar with robotics
and engineering concepts, helping students with hands-on projects, resolving
technical issues with equipment etc. Chambers and Carbonaro (2003) report a case
study of a pilot teacher education course in robotic technology intended to design
and develop a course that provides teachers with a solid understanding of robot
design, construction, and programming, as well as of teaching using constructionist
pedagogical strategies.

The TERECOP project (Teacher Education on Robotics-Enhanced Constructivist
Pedagogical Methods, www.terecop.eu), involving 8 educational institutions from
6 European countries, is being activated in the field of teacher training in
educational robotics. In the framework of the TERECoP project, a constructivist
methodology meant to enable teachers to introduce robotics into their classrooms
as learning tool in a constructivist context, was designed, implemented and
evaluated in pilot training courses held in each of the 6 participating European
countries (Alimisis et al, 2007; Alimisis, 2008; Papanikolaou et al, 2008; Arlegui et
al, 2008b; Fava et al 2009).

Based on the premise that the use of robotics as learning tool requires from
teachers a conceptual change from the idea of learning from technology,
predominant in traditional computer-assisted instructional models, towards learning
with technology in project-based learning environments (Carbonaro et al. 2004)
and believing in the educator’s axiom ““teachers teach as they are taught, not as
they are told to teach”,
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we designed a training methodology for future and in-service teachers aimed at
engaging them in robotic activities that they could implement in a creative way
with their own students. Pursuing the constructivist professional development of
teachers, our course curriculum is inspired by the same constructivist spirit that we
would like our trainees to foster in their school classes. Keeping line with the
proposed use of robotics as a tool of constructivist learning, our course curriculum
is meant to train teachers in the very way in which they are expected to educate
their school students.

The idea of “learning by design” is central in our pedagogy supported by a project-
based learning approach. The learning tasks of the course are organized as small or
large scale robotics projects encouraging trainees to design and develop their own
products. As Rusk et al (2008) point out, the way robotics is currently introduced in
educational settings is unnecessarily narrow and they suggest that designing
activities, focused on themes and not just on challenges, helps to engage wide and
diverse audiences in robotics. In accordance with this idea, the projects proposed
in our methodology focus on themes broad enough to give everyone freedom to
work on a project according to their interests and are developed around open-ended
problems engaging participants not only in “problem solving” but also in “problem
finding” (Rusk et al, 2008).

The knowledge and the experiences gained, as well as the lessons learnt during the
joint action of the TERECoP partnership lasted three years (2006-2009), are
presented in the next chapters of this book, including valuable feedback from the
teachers actively involved as trainees in our training courses. The authors’
aspiration is to contribute to the progress of the relevant dialogue among the
research community in the field and, more importantly, to convince teachers and
teachers’ trainers about the pedagogical potential of robotics and to provide them
with training and learning methodologies, tools, examples, ideas and resources that
they will, hopefully, find useful, when introducing robotics in a constructivist way
in their school classes.
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Chapter 2

Robotics as learning object

Authors: Javier Arlegui, Nello Fava, Emanuele Menegatti,
Stefano Monfalcon, Michele Moro, Alfredo Pina

2.1 Methodological Aspects for a Constructivist Teaching and
Learning of Robotics

What are the main aspects to focus on when robotics activities are developed in the
classroom and how? From a constructivist point of view there are two main
subjects for discussion: which “learning objects” should be built and how to carry
out this constructive activity, always in relation to educational robotics?

2.1.1 Which Knowledge Has to Be Built into Robotics Education?
In this section the key focus points will be on the following questions:

- What have students to learn through robotics activities?

- Which are the “learning objects” in educational robotics?

We have to conduct at least one elementary didactic transposition exercise, this
identifies what to retain from the scientific, technical and social knowledge of the
robots. This keeps it as the “school-teaching-robotics” knowledge which is the
“didactic” knowledge.

Robots as physical systems to be programmed

A robot is defined as an “intelligent machine” implemented as an electrical and
mechanical system that can be programmed to emulate human actions.

“We build machines that perceive, understand language, have common sense,
learn, and act in the world...and our hypothesis is that humanoid intelligence
requires humanoid interactions with the world." (Adams et al. 2000)

The traditional interaction abilities of robots were related once to the physical
world, but an interaction with the social world had to be developed as well.

“A sociable robot will be able to understand us, to communicate and interact with
us, to learn from us and grow with us. It will be socially intelligent in a humanlike
way. Eventually, sociable robots will assist us in our daily lives, as collaborators
and companions. Because the most successful sociable robots will share our social
characteristics, the effort to make sociable robots is also a means for exploring
human social intelligence and even what it means to be human.” (Breazeal, 2002).
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In conclusion, a “school-robot” should have the following features:

1. A robot must act in the physical environment and perform sequences of actions
to achieve some preset objectives.

2. A robot must interact with the physical environment and take decisions about the
way in which to perform its tasks, based on the perceived properties of such
environments.

3. A robot must communicate with other robots to exchange basic information that
gives it a “formal knowledge” of the environment.

4. A robot must have some knowledge to act and obey a structured and functional
computer program, which describes and guides its behaviour, actions, interactions
and communications.

All these four characteristics should be taken into account when discussing a
constructivist way of teaching and learning school-robotics.

Actions, States and Behaviour

The acting in the physical environment is related to three basic characteristics of a
“school-robot”: the states, the actions and the behaviours.

At a given t instant, a robot is in a definite state, which is characterized by the
values of its “state-variables”, i.e. the Kinematics variables. These values specify
the “properties” of the state (the robot properties) at that time.

The actions are aimed at changing the state of the robot causing a progression of

9

the states which can be best described by verbs such as “turning”, “rising” etc.

Robots” behaviour can be seen as the whole sequence of states, from the initial to
the final objective state, caused by one or more actions (see figure 1).

/Initial State =) State =) State =) oo o[@) Final State
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Figure 2.1.1: Actions, States and Behaviour

The possible actions of a robot are restricted to the physical environments and their
laws. Robots do not necessarily do what students want them to do, but what they
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can do in interaction with the environment. Robots can “resist” the student’s task-
formulations, forcing them to enter a phase of exploration. This constructivist
learning is based on the student’s cognitive imbalance provoked by such
“resistance”.

Physical Environment Interaction and Conditional Formulations

In human language, as well as in formal robot language, actions are always context
dependent. In pre-established contexts, a robot’s task stands as an “imperative text”
which is made up of a linear sequence of commanding instructions. This will be
referred to as an “action text”. For example: In LOGO language, the task to tell the
robot to walk along a square is: REPEAT 4 [GO FORWARD :length
TURN_RIGHT 90]

When the context is not predefined, we must provide all the possible contextual
conditions and find suitable tasks for the robot to achieve its behaviour. We have to
make a hypothetical-deductive reasoning which has to be written as a “true-false

conditional text” which controls the contextualized action texts (see figure 2).
Conditional text

o

Task text A Task text B

Task text C Task text D

Conditional text

Figure 2.1.2: a hypothetical-deductive reasoning

Therefore, a conditional task stands as a two-level hierarchical text program, which
has control instructions such as if, then, else, when, until...when the selected
specific command instructions are to be executed. The conditional text constitutes a
meta-text of the action text and imposes a no linear linguistic structure to the global
text, with a hyper-textual or hierarchical character and a higher level of complexity.
Robots must be prepared to do tasks with a flexible and context-adapted behaviour,
thus robot programming must include these conditional properties as an intrinsic
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aspect. This will also require a new level of constructivist activity by the students,
which will be shown below.

Communication amongst Robots and Levels of Communication

Although this is not a primary goal of the project, social robots are an extension of
individual physical robots, creating bigger potential for teaching and learning
situations in Primary and Secondary schools with the use of constructivist methods.

Any system of multiple robots is characterized by robots that operate in the same
environment in a cooperative way with a view to achieving a global goal. This
cooperation consists in the exchange of significative information among robots,
whereupon their individual behaviour is regulated.

As Jiménez, Ovalle and Branch say (Jiménez et al. 2008), in a multiple-robot
system there can be two kinds of communication.

A non intentional or indirect communication is either where information is
transmitted by modifications of the environment made by the robots, or by
modifications of the robots. In this kind of communication, messages are not
received specifically and, therefore, there is no guarantee of reception. For
example, in a "sumo" competition, a robot must try to “communicate” with the
other robot, looking for where it is through distance or contact sensors.

At this level, there is no established channel; instead, there is just communication
by external symbols produced by the robots. Robots must be fully capable to
distinguish each other. This kind of communication is only useful in solving
problems that do not require intentional coordination. However, it is very important
that robots do not interfere with each other.

An intentional or direct communication is the second type. Robots use specific
communication channels to communicate effectively. Messages have well-defined
transmitters and receivers, which can be differentiated at two levels, depending on
the complexity of the communication.

Communication based on states: the values of the robot internal state-variables
constitute the important information. These values can, in turn, be obtained from
the environment and can be used to “teach” other robots about them. For example:
A robot adapted to locating seats of fire along its linear path can send a message to
another robot telling it the position and the temperature of several fire seats,
encoding this information as a list of sequential two values positions, one for the X
position of the robot (in cm) and the other for the T temperature (in °C) given by a
sensor (when the temperature values are greater than 70 °C ). Within this protocol,
the message [ [110 80] [ 165 75] [240 85] ] means that there are three fire seats
(with 80, 75 and 85 °C) at distances of 110, 165 and 240 cm from the origin.
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Communication based on shared objectives: the information is made up of more
complex texts that try to emulate the communicative roles, the typologies and
textual functions of natural languages._For instance: The communication between
the “She-Duck” robot and her three “Ducklings” robots could be, with a previous
known protocol with acknowledge, as follows:

BROADCAST MESSAGE [FROM She-Duck TO [Ducklingl Duckling 2 Duckling 3]
FOLLOW_ME]

MESSAGE [FROM Duckling 1 TO She-Duck OK]

MESSAGE [FROM Duckling 2 TO She-Duck OK]

MESSAGE [FROM Duckling 3 TO She-Duck OK]

The present school robots (as the ones used in the TERECoP project) are able to set
up intercommunication possibilities amongst themselves. There are university
projects with an advanced development on this subject’ . The latest developments
are those referring to a constructivist methodology about “social robots” in Primary
and Secondary schools (Picard et al. 2004).

Knowledge, Task formulation and Programming

The students can not directly act on a robot. They act on a representational space;
they build a text, and this text controls the behaviour of the robot. In a computer
environment, “writing is acting”. We label the text as “tasks” that command robots”
behaviour. A task is written as an instruction (or a sequence of instructions) in a
computer program. One task creates a particular kind of behaviour (see figure 3).

In turn, the specific tasks come from “generic tasks” that command ‘“generic
behaviours” (or class-behaviours). These generic tasks are implemented as
procedures in a computer language and become the real robot “knowledge”.
Teaching and learning to build up these procedures will be the main objective of
our constructivist approach.

The Nature of the Formal Objects that are built in the Programming for Robots

As we have seen above, the school exploration with robots is the formal
exploration carried out by students to construct "good programs”. But, what are the
formal objects that the students build when they program? And what is their
nature? We are going to approach this from a didactic point of view, which is
particularly interesting and well adapted to our objectives. This is the theory of
"praxeological organizations» (Chevallard, 1999).

Behaviours: The framework of the Teaching Anthropological Theory (TAD)
postulates that human intervention (and robot intervention) in the environment is
achieved through the implementation of specific actions aimed at a particular target
in a given context. We call these specific actions “behaviour”. For instance,
drawing a square of 20 cm per side by a pupil is a concrete behaviour.
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Tasks: The behaviour can be strictly private, but often the behaviour is culturally
pre-established and can be formulated and communicated. The formulation of a
particular behaviour aimed at a specific goal is what we call a “task”. The teacher’s

request “draw a square of 20 cm per side on the board” would be the task, in the
above example.

Formulation / Action \

K Behaviour /

Figure 2.1. 3: Praxeological Organizations

Class of tasksl I Class of tasks2 I

Figure 2.1.4: Praxeological Organizations

Classes of tasks: The social experience of human beings groups together cognitive
and linguistic tasks into “classes of tasks”. One class of tasks brings together tasks
that are “similar” in the sense that they have similarities and differences. They have
the same values for certain properties (the identifying variables) and different
values for others (the discriminatory variables or state-variables). “Draw a square”
is a class of tasks. The length of the square is the discriminatory variable (with
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different values for each square), and the number of sides and the angle are the
identifying variables (always number of sides = 4, and angle = 90).

Techniques: The texts describing how to resolve a class of tasks are called texts of
technical know-how, or simply “techniques”. In the above example: “Repeat four
times [go forward a D distance and then turn right 90°]” is a technique.

Technologies and Theories: We can think of a meta-text on techniques, that is, a
text that expresses “know-how” about a class of techniques. We refer to this text by
the term “technology”. In the above example, once the techniques to draw squares,
rectangles, diamonds... are known, we can build up the technique to draw regular
polygons. In the process of making meta-texts more and more inclusive and
abstract, we can formulate more academic texts. We refer to this whole text
structure by the term “theories”. In our project, it is enough to think about the
elementary levels of the theories: techniques and technologies.

Implications of the Praxeological Analysis

In the framework of the praxeological organizations, we will say that a human
being and, by extension, a robot, performs a socially "intelligent" action, when it
corresponds to a task that has been formulated and specified on the basis of a
technique.

When one learns and uses a technique, the tasks associated with it are no longer
"problematic” to solve, but simply “tasks” to accomplish. They give rise to the
“intelligent” behaviour, as opposed to the stuttering actions corresponding to
unspecified "trial and error" techniques. Learning to solve a problematic situation
means moving from a problem-situation to a task-situation and needs the previous
acquisition of the proper technique, that is, the building-up of a know-how text.

If we get this generic knowledge, if the technique is understood, it can be used to
write the “formulated-action” adapted to the problem (the written task) that will
originate, finally, the “physical-action” (the behaviour). Thus, constructivist
learning in robotics is basically the pupils” construction of robot techniques, the
construction of techniques related to class-tasks (generic solving methods).

Textual Aspects of Techniques and Tasks

Techniques are written as “general propositions” and must be expressed in terms of
generic class with state variables representing the formal parameters of the

technique. Techniques are sentences such as Turn “g”” degrees; Lift up the arm “y”
cm; Forward ““Xx meters with “v’” meters per second...
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Tasks, by contrast, are “local propositions” that instance a technique for a
particular case by specifying the actual parameters. Tasks are sentences like: Turn
360 degrees; Forward ““2”” meters with 0.5 metres per second ...

Generic Concrete / Action \
knowledgee formulation

to ray :length
pd forward
:length pu
back :length
end

to star :num
:radio

Techniaue

Figure 2.1.5: from techniques to behaviours
Summarizing...

- Robots” knowledge is implemented as a computational technique (The
LEGO NXT blocks are excellent examples of techniques).

- A robot can have “knowledge for action” implemented as computational
command techniques.

- A robot can also have “knowledge for decision-making” implemented as
computational logical techniques.

- A task is implemented as a computational instruction.

- A task causes a robot’s behaviour. A simple task causes basic computer
behaviour and a computational program with a sequence of instructions causes a
more complex behaviour.

- The invocation of procedures within the new procedures allows a
hierarchical -“praxeological-like” structured knowledge.

- It can be seen that the capacity and interest of a language like LEGO NXT
expresses techniques and tasks which build up praxeological structures. These are
well adapted to a constructivist teaching and learning process of problem-solving.

2.1.2 How to Carry out Constructivist Learning and Teaching on School
Robotics?

Constructivism as a Learning Process
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The expertise in commanding tasks for robots is such that they have certain
behaviours with a goal in mind and can be the object of constructivist education on
the teacher’s side and learning on the student’s side. It is necessary to select and
adapt to our objective the most pertinent characteristics of the theories of Piaget
and Vygotsky, known as cognitive reconstruction theories and assuming
constructivist teaching and learning.

Remembering Piaget...

The Piaget theory is a theory of the dynamic construction of knowledge. Piaget
bases this construction on the process of “improving” adaptation that is formulated
as the tendency to a growing equilibrium (balance) between the processes of
assimilation and accommodation gets under way.

Assimilation: Accommodation:

The process by which people The process of modification
interpret the information coming of conceptual structures by
from the environment, people, when they try to
depending on their available assimilate new

conceptual structures characteristics of the
scheschemes available™ environment

The assimilation suggests that “we see” all things not as they are, but as “we are”,
according to our available patterns of understanding. We only incorporate from
reality those inclusive elements that can be recognized by our previous schemes. If
only assimilation was there, much of our knowledge would be unreal fantasy and
would lead to constant mistakes.

The accommodation explains the tendency of our schemes of assimilation to adapt
themselves to reality, becoming more "consistent" (or balanced) with it. If these
schemes are insufficient to assimilate a given situation, they will probably require
future modification to interpret additional characteristics of the situation. The
accommodation supposes not only a modification of the previous schemes based
on the assimilated information, but also a new assimilation or reinterpretation of
the previous knowledge based on the new constructed schemes. It is what we call
“reconstruction” and is the most important effect of the constructivist process.

Teaching and Learning as a Process of Successive Re-equilibration

When students first start contact with new knowledge, they are generally
imbalanced. They apply their previous cognitive schemes and usually assimilate
only part of the aspects of the object. To develop a progressive adaptation, the
student has to do a double work: a direct empirical interaction with the object and
a linguistic interaction with a teacher (in reference to the object). This will
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facilitate the student to have a progressive adaptation both to the understanding of
the actions of this object and to the understanding of the terms of the language with
which we describe these actions.

This will take students to a first re-equilibration stage, but a further interaction
with the object and / or a new problematic question of the teacher regarding the
object will lead students to a new situation of disequilibrium that must be
overcome through the same procedure to reach a new state of equilibrium (see
figure 6).

The teacher's role is to trigger successive "controlled” imbalances to the students
through "controlled” questions, being careful in order not to introduce too many
new features in each question, and then helping them to reach a new re-
equilibration stage with "demonstrations" in the Vygotskian way, showing “well
realized” actions on the object, and “well formulated” linguistic expressions
referring to the object.

Formulation Action
G
== Unequilibrium
L) | S —
_:..: [ =] Reequilibrium

Behaviour

Figure 2.1.6: the interplay between disequilibrium and equilibrium

The role of the student is essentially to be intellectually "active" in the process,
striving to identify new “inclusors” (new cues of reference) in the previous
schemes and trying to give significance to the “demonstrations” of the teacher.

We must emphasize that when the students have to deal with “linguistic objects”,
for instance, to construct adequate programming “techniques”, the individual
constructivism of the student does not fit. On the contrary, it is necessary for a
student to engage with "guided" constructivism and act for a “double”
reequilibration: the student interacting with the object for a “semantic” feedback
while talking with the teacher for a “syntactic” feedback.
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Levels of Complexity of the Re-equilibration

Piaget elaborated on several models of the equilibrium process (Pozo 1989). In the
latest of them, he says that the equilibrium between assimilation and
accommodation takes place at three levels of increasing complexity:

- The first level is equilibrium with the facts. The initial schemes must reach a
balance with the new objects to assimilate.

- The second level equilibrium with the schemes is a balance between old and
new schemes that have to be reached in order to be assimilated and accommodated
to each other.

-  The third level equilibrium with the hierarchic structure of schemes, where
new re-equilibration of the schemes hierarchical structure should be achieved.

Class Problems for a Constructivist Teaching and Learning Process in Robotics

The robotic education should proceed with the formulation of successive problems
grouped as class-problems:

a. Problems on the same class of behaviours (robot actions), which must give
origin to the same class of programming tasks, from which “the best” technical
programming procedure (a “technique”) must arise. For instance, to instruct the
robot to walk along a square of 20, 30, 40, ... cm per side is a class of tasks.

b. Problems on a new class of behaviours, close to the previous one, but slightly
different, from which a new technical procedure, different from the previous one,
(a new “technique”) must arise. The comparison and contrast between those two
techniques should create a “technological” piece of knowledge. A contrast between
the technical procedures to build up squares, rectangles, diamonds,... could be lead
to the construction of a more general procedure to move a robot along a generic
parallelogram (having the length, the width and the two angles as parameters),
which is a technological procedure.

@ a -

GO- TURN_RIGHT 45°
MAKE A SQUARE WITH L=2*R
STOP

Figure 2.1.7: a conditional procedure
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c. Problems on a conditional (context adapted) behaviour for a class of contexts,
from which a conditional procedure should arise to control the conditional tasks to
be done, building the "knowledge for decision-making" mentioned above. For
example, making a robot move along a square circumscribed on a circumference of
radius R, starting the robot initially at an external point Py, is a conditional
problem. To solve it we have to write a conditional procedure (see figure 7): While
the robot is approaching the circumference from P, (measuring its distance D with
an infrared sensor) we have to decide if it has already reached the P, point to start
then the square route.

2.1.3 Designing Didactic Situations in a “Constructivist” Robotic Course
in the Classroom

The Curricular Dimension of Constructivism

For strict consistency, a course that focuses on constructivist learning should lead a
constructivist methodology. This methodology, as we shall see, should be focused
on learning based on problems and projects. What does a "constructivist course"
mean? A "constructivist" model usually emphasizes the learning process and thus
the role of the learner. Learning must be active, meaningful, through inquiry, and
the students are seen as the builders of their own autonomous learning.

Student

Teacher Content

Figure 2.1.8: student's relationship with teacher and content

Often, little is said of the teaching process and the teacher's role, which is regarded
as that of a mere facilitator of the above process (“...It's enough to provide the
students with rich environments” in order to ensure their constructivist activity).
Also, little is said about the role of content (curricular subjects), as if "anything
goes" if multiple learning activities can be designed around it.

This expression of constructivism is primarily a psychological proposal on the
methodology of the student learning. This is especially true in "natural" contexts
(pupils learn from the environment without a teacher), more than in school
contexts. It is not a curriculum proposal because it focuses on the student
autonomous work and neglects the student's relationship with the teacher and the
content (see figure 8), relationships that inevitably exist in school education.
Constructivism in school is not only a matter of the student (or the social group of
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students) but a matter of the students in relation to the teacher and the content.
These relations are to be made explicit in a curricular design (deciding what and
how to teach, and how to learn).

The Importance of Formulating the ""Problem*:The problem is at the core of the
constructivist activity

One must question the role of teachers in this type of course. As we deepen in the
root of the child constructivist process, we see that Piaget identified it with the
process of “unbalancing” and “rebalancing”, associated with any new adaptation.
The child constructs rebalanced new schemes with an environment that previously
had changed and had become problematic. The construction process is the gradual
process of "re-equilibration”.

“Didactical situation”

e 1

Problem + Environment

Figure 2.1. 9: a specific exploratory interaction triggered by the problem

In science and technology in school, how is the "environment” presented to
students? It is a "pack" of two elements: a physical environment and a problematic
question concerning it. It is not merely an environment that allows the student to
make random interactions, but an environment that is offered for (see figure 9).
This pair (problem and environment) is known as "didactical situation" and is the
teachers” duty to design and present it to pupils. Sometimes we refer to it simply as
the "P problem."

Hence, the importance of this problem, which will guide the student exploratory-
constructive activity, should be carefully planned by the teacher taking into account
the following aspects:

- Any problem formulation should refer to aspects already known by the students
and must contain one or more elements of novelty that cause an imbalance
(disequilibrium) in the students. Any new problem should start below the last
problem knowledge level so that the "cognitive distance" between problems (A, B,
C ...) is small.

- Although in many cases it is difficult to predict the quantity of novelty the
problem has, it should be just enough to allow a resolution by independent
exploration on the part of the student (enquiring work). In most cases it should
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allow a resolution by working in Vygotsky’s "zone of proximal development" with
the help of the teacher, for example by developing activities undertaken jointly
with the teacher, in which the teacher progressively transfers responsibilities to
students helping them to solve the problem. In most cases teachers should play an
active part in solving the problem.

In the diagram of figure 2.1.10:

- The student is initially at level A, equilibrated with a particular environment
located at an A level of understanding in front of a given phenomenon. For
example, a student can understand and skilfully use the “move” block (in Lego
Mindstorms NXT-G programming language) to have the robot following different
linear routes with different values of power and time.

- At the moment t;, the teacher suggests the problem (P1), which requires the
student to understand the environment from a new point of view (level B), in which
the student does not fit. At this moment we say that the student is in a new didactic
situation where he is imbalanced. For example, the teacher can ask the student how
to reformulate the primitive “move” block to make a “my_move” block with only
two parameters (power and time). This is a problematic task for the student that has
no idea how to generate this new user block...

- From t; to t, the student initiates an active process of re-equilibration
(assimilation and accommodation) that progresses to a new level of understanding,
where the problem P1 leaves gradually the status of a "problem" and is becoming a
"task". For example, the student may start to look for help on the NXT-G
environment, reading about “my blocks and how to create them or starts to imitate
the way the teacher acts when he shows him how to generate a “my move”
block...

- At the moment t,, the student recognizes and solves the problem (P1) in a
consistent manner. We say that he has achieved a re-equilibration with the
environment at level B or simply that he has learned to solve the problem P. For
example, the student finally generalizes the technique of how to generate a user
block from pieces of previous blocks. Gradually the student becomes skilful in this
technique using it in a class of programming situations. How to generate user
blocks is no longer a problem for him, but a task to accomplish.

The Class-problems and the Generic Techniques

It should be remembered that, although for simplicity reasons we have talked about
“problems” in the previous paragraph, we should always speak of "classes of
problems."_A “unit of learning” is built only when students give solutions to a set
of problems of the same class. We say that we have found a technique (technical
knowledge) to solve such class of problems.
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It is, therefore, the teacher’s responsibility to ask questions that are "class
problems” of some generality, the answer to which requires the resolution of
several "punctual problems” (P1, P2, P3 ...) of the same class. When the problem
concerns an "artificial" environment linguistically controlled, such as a robot,
writing new “techniques” for the robot requires a dual activity on the part of the
student:

- An initial deductive enquiry activity explores (from the existing procedures) the
instructions 11, 12...to solve the punctual problems P1, P2, (from the same class).

- A final inductive enquiry activity showing findings from I1, 12...and a general
formulation to solve the class-problem P (integrating P1, P2...).

Building a technical knowledge to solve a class-problem involves for the students a
process of successive approximations. These contribute to the improvement of the
global adaptation from level A to level B, which is achieved when students
construct a generic technique that allows them to solve any problem associated
with the class problem.

Learning Objects and Tools for Learning
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Figure 2.1.10: an active process of re-equilibration to a new level of
understanding

-
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Any object has potentially a double status: it may be taken as a "knowledge
object", when we are studying and learning about it, and can be taken as a
"knowledge tool", when we use the object (making it part of the interactive
environment) to learn about something else. In the case of the robotics-based
learning, the dual role the robot plays in the learning process seems clear:

- The robot as a learning object (building knowledge about the robot):
The robot, as a physical and programmed object, should be the focus point of
knowledge. Therefore, in a training course we will find class-problems related to
the characteristics of robots. They will be sequenced gradually in topics depending
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on the increasing complexity of the robots movements and functions and their
diverse sensors.

— The robot as a learning tool (building knowledge with robots): On the other
hand, robots can be used to gain knowledge of certain characteristics of the
physical environment.

The stages in a constructivist learning process

From the above we can afford to separate the process of building a constructive
course in two components:

The task of the teacher: The teacher is responsible for
- the formulation and proposition of the problems
- the “Vygotskian” help to the students’ learning

- the institutionalisation of knowledge emerging from the students

The task of the students:

- the “enquiry effort” to build up a piece of knowledge from a “didactical
situation”

- the search for meaning with the building of “learning skills” ( “know-how”
learning),

Thus, a basic minimum teaching unit in this constructivist process should be able to
show the following steps:

-Formulation of a class-problem by the teacher, referring to a class-behaviour of
the robot.

Constructing particular solutions by the students, writing different tasks to
accomplish different behaviours.

Generalizing the solutions: building up a procedure.
Empirical validation: getting evidence of good “behaviour” of the procedure.
Using the procedure: to solve new problems of the same class.

Looking for the limits of the procedure and adapting it to new-type problems.

An Example

a. Formulation of a Class-problem by the Teacher
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Modern automatic trains (without drivers) stop after precise distances between
stations... We could build a robot that acts like an “intelligent” train. To do so:

How can we make a robot travel distances D pre-established...?

b. Constructing Particular Solutions

distance AB N
task | (cm) degrees g% N
0 0 22 e
1 50 1033 % o
15
2 100 2070 6 e
"?"0 /
S e 3106 T L w5
4 200 4138 B gist?nce AB - "

Figure 2.1.11: table and diagram of four tasks drawing linear routes with different
distances

A group of pupils (Primary school) tentatively propose to use the primitive "motor"
instruction, implemented in NXT-G, and initially decide to change the "degrees"
(leaving the "power" with a fixed value).

They prepare a series of four tasks (of the same type), drawing four linear routes on
the ground with different distances each: distance 1 = 50 c¢cm; distance 2 = 100 cm;
distance 3 = 150 cm; distance 4 = 200 cm. Students begin planning, by trial and
error, various trips for each robot with different values of the "degrees" parameter
until they get a trip with the desired distance.

They obtain finally the data shown in the figure 11 and draw their graphic
representation. From the four “local” solutions the students can generalize that:
"the robot requires a value of 2070 degrees per hundred centimetres it progresses”
or, proportionally: "the robot requires a value of 20.7 degrees per one centimetre it
progresses™ and as a result: degrees num. = distance in cm. x 20.7

c. Generalization of Solutions: Development of a Procedure

With this "knowledge" students can now program the robot in a general way. They
write the procedure called "move_a _distance", which takes as parameter the value
of the variable "distance."



44 Chap. 2 — Robotics as learning object

g &=
disltanl:e o _JE

) dstaree
Figure 2.1.12: Development of a Procedure

d. Empirical Validation

The students program a move_a _distance instruction with the value 40 as the
distance parameter. They check the behaviour of the robot and measure the
distance it travels and confirm that it travels 40 cm with high precision. They
program different move_a _distance instructions with different distance values,
confirming the good robot behaviour in any case.

e. Using the Procedure

From now, the students can use this procedure “as a tool” to make the robot move
over specified distances, integrating it in other problems and projects.

f. Generalization of the Procedure to new Class-problems

What happens if we change the wheels of the robot? What happens if we
simultaneously change the value of "Power" on the engine? These are examples of
new class-problems that lead, by a similar sequence of steps, to construct a "second
level” (based on two parameters) more general procedures.

References

Adams, B., Cynthia Breazeal, Rodney A. Brooks, Brian Scassellati (2000), "Humanoid
Robots: A New Kind of Tool", IEEE Intelligent Systems and Their Applications:
Special Issue on Humanoid Robotics, Vol. 15, No. 4, pp. 25—31.

Breazeal, C.L. (2002), Designing Sociable Robots (Intelligent Robotics and Autonomous
Agents), Ed. Massachussets Institute of Technology. Boston.



Teacher Education on Robaotics-enhanced Costructivist Pedagogical Methods 45

Chevallard, Y. (1999), Teachers training in the Didactic antropological theory analysis (El
analisis de las practicas docentes en la teoria antropoldgica de lo didactico), Recherches
en Didactique des Mathématiques, Vol 19, n° 2, pp. 221-266.

Jiménez Builes, J. A. Ovalle Carranza, D.A. Branch Bedoya, J. W. (2008), Comunicacion
en sistemas de miultiples robots desde la metodologia MAD-Smart, REVISTA
INGENIERIA E INVESTIGACION, vol. 28, num. 2, pp 59-65.

Picard, R. W., Papert, S., Bender, W., Blumberg, B., Breazeal, C., Cavallo, D., Machover,
T., Resnick, M., Roy, D., and Strohecker, C. (2004). Affective Learning — A
Manifesto. BT Technology Journal 22, 4, pp 253-269.

Pozo, J.1., Cognitive learning theories, Ed. Morata, Madrid, 1989.




46 Chap. 2 - Robotics as learning object

2.2 Some reasons to use Lego Mindstorms NXT

2.2.1 Introduction

The choice of an appropriate platform whereupon to develop educational robotics
activities is very important and should be carefully planned by the instructors. In
the TERECop project, different robotics platforms have been considered. What was
sought was a general platform not tailored on specific activities or educational
disciplines. The following requirements for the robotics platform mentioned above
have been identified:

* It should be programmable at different complexity levels and should support
different programming paradigms;

» It should be exploitable at many levels of complexity in order to be usable at
different educational levels (i.e. at different ages);

» It should have simple, but significant possibilities of expansion. This could be
achieved by plugging-in additional sensors or by interfacing that robotics platform
with other devices to allow remote processing or remote control;

The ultimate choice was the LEGO MINDSTORMS NXT kit (in short NXT)
(website: mindstorms.lego.com/). NXT fulfills the above requirements and has
several other advantages. In our experience the most important advantages are:

o the start-up time for working with NXT is very short;

« the assembly of the robot is very intuitive and no electrical wiring is necessary.
No workshop tools are needed, not even a screwdriver or a solder.

e NXT is very familiar to students. Almost all of them played with LEGO bricks.
This motivates them. It reminds them of their toys rather than of their
assignments.

NXT complies very well with the constructionist learning approach. First of all, a
robot is a “public entity” in the Papert's sense_(Harel and Papert 1991). NXT comes
straight from Papert's experience and works. NXT is the last evolution of the work
Papert started with Logo and continued with Dacta. NXT is modular and
incremental. It leads to a bottom-up oriented development. Starting from the basic
bricks, which define the fundamental standard for all the other elements of the
Lego kits, you can build more and more complex architectures by combining
simpler, already built parts.

NXT complies very well also with the TERECop philosophy of approaching
initially the robot as a “learning object” to be investigated in order to understand
how it works and how to control it, but then to use (or better to “exploit™) the robot
as a “learning tool” whereby to study curricular disciplines. From that point of
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view, one of the advantages of NXT is that the students achieve very quickly the
first step in which the robot is seen as a “learning object”. With NXT it is easy to
learn how to build and how to program a robot. Thus, the students can move very
fast to the second step in which the robot is seen as a “learning tool” to be
accordingly utilized.

The modularity of NXT makes it very flexible and expandable as well. From a
hardware point of view, beside the sensor and the motors provided by LEGO,
several third part sensors and actuators are available whereby to enlarge
experimenting  possibilities.  For instance, companies like Hitechnic
(http://mww.hitechnic.com/). and Mindsensors (http://www.mindsensors.com/)
produce several sensors that can be directly read and logged by the NXT, while
other companies, such as Vernier, (www.vernier.com/nxt/) produce NXT adaptors
to connect their sensors for the most disparate scientific experiments.

NXT can be controlled and programmed via different programming languages and
different programming environments. One can use the graphical programming
environment NXT-G, developed by LEGO and National Instruments
(www.ni.com/) or the C-like NBC and NXC or the Java-based LeJOS-NXJ. Next
Byte Codes (NBC) (http://bricxcc.sourceforge.net/nbc/)_is a simple open-source
language with an assembly language syntax that can be used to program the NXT
brick. Not eXactly C (NXC) (http://bricxcc.sourceforge.net/nxc/).is a high level
open-source language, similar to C, built on top of the NBC compiler. It can also be
used to program the NXT brick. NXC is basically Not Quite C (NQC) for the NXT.
1eJOS NXJ is a high level open-source language based on Java that uses custom
firmware developed by the 1eJOS team (http://lejos.sourceforge.net/)_

Moreover, one has the possibility to use several operating systems and/or platforms
(URBI, Universal Real-time Behavior Interface_ (http://www.gostai.com/) for
Windows, Mac OS X, Linux or NXT-Symbian running on Symbian 6.0 Java-
enabled mobile phones (http://sourceforge.net/projects/nxt-symbian/).

In conclusion, the use of the NXT in the TERECop project was chosen because
NXT is a good tradeoff between complexity and expansion possibilities. Last, but
not least, cost was taken into consideration as well: the kit's cost allows the
students (and the teachers, as well) to buy their own personal Kits to continue
experimenting at home.

2.2.2 Advantages of Lego Mindstorms (from teacher perspective)

From a teacher perspective, there are other advantages in using NXT in the class.
NXT is a widely used platform and there are several resources on the web, ranging
from discussion groups to several collections of lab activities at different
educational levels. Being adopted worldwide, the teacher is not alone, but part of a
large community, which provides technical support and many ready-to-use
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examples in the web (even if most of them do not have an appropriate
methodological and/or didactical background).

Teachers willing to promote open-source philosophy among their students will find
extremely valuable the LEGO choice of going open-source with the NXT
firmware. Most of the software projects to fully exploit NXT capabilities are open-
source projects and this allows teaching students how complex projects and
innovative solutions can be built exploiting the open-source philosophy.

The Mindstorms NXT-G graphical interface is built on National Instruments
LabView (www.ni.com/labview/). National Instruments and LEGO are
collaborating since 1998 with the development of ROBOLAB, the programming
software created for the original RCX LEGO MINDSTORMS. LabVIEW
substituted the text-based programming approach for a graphical programming
environment. It is used for automated measurement and control systems in many
industrial test facilities. LabVIEW is used in several didactical laboratories
(especially in technical schools) because of the ease with which it is used and the
wide diffusion in the industries. There are many similarities between LEGO
MINDSTORMS NXT-G software and LabVIEW. NXT-G retain all of the core of
the LabVIEW graphical programming elements, while optimizing the user
interface for novice computer users.

There is also a LabVIEW Toolkit for LEGO MINDSTORMS which is used to
create and download files to operate and control NXT. Additionally, that toolkit
makes it possible to create native blocks for MINDSTORMS NXT software. This
allows a step-by-step migration from programming a NXT robot to programming
an industrial test facility in LabView. The students will start programming their
robots using NXT-G, then they can learn how to program NXT robots in LabVIEW,
and, in the end, they will smoothly learn how to program and control real industrial
measurement instruments and actuators with the full LabVIEW potentialities.

Similarly, one can use NXT robots to teach MATLAB.and Simulink
(www.mathworks.com/)_programming. MATLAB is a high-level programming
language for numerical computing, data acquisition and analysis. It can be used to
control LEGO NXT robots over a Bluetooth serial port (serial port communication
is part of the base functionality of MATLAB). Simulink is a MATLAB-based
environment for modeling and simulating dynamic systems. Using Simulink, a user
can design control algorithms, automatically generate C code for those algorithms
and download the compiled code onto the LEGO NXT. Several examples of use of
NXT programming to introduce MATLAB scientific programming capabilities
have been developed, one example being the work developed by Prof. T. Aach at
the  RWTH  Aachen University,  which  can be found at
http://www.mindstorms.rwth-aachen.de/._
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However, there is a major disadvantage with NXT: being so general and easy to
use, it is somehow limited in its expansion capabilities. Indeed, once the students
work with it for a year or more, they can easily reach the hardware limits of the
NXT computer brick in terms of both, computational power and hardware
expansion capabilities. At this stage, the student is mature to move on to more
powerful, more flexible robotics kits. However, when moving to more advanced
kits, the teacher should not loose the focus on the didactical and methodological
aspects. In order to simplify that transition, examples of TERECop laboratory
activities are provided, as implemented on small humanoid robots (see Chapter 5).
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2.3  Straight-line robots

2.3.1 Introduction

In this section, we will introduce the reader into the “designing-building-
programming robots” loop process necessary to address the problem of “Robotics
as learning object”. We need to acquire all the skills necessary for designing, con-
structing and programming robots. From a methodological point of view we sug-
gest that the proposed activities in the study of “Robotics as learning object”
should be based on the constructivist educational methodology explained in other
sections of this book. The format is, therefore, a progressive sequence of problems
that can synthesize the constructivist path towards the “robot designing-building-
programming” process. In this section, we start with the simplest possible robot i.e.
a robot moving along a straight line.

The main objectives (competences or skills to be acquired) behind the problems
presented here are:

- To design and build “good” straight line robots
- To know how the actuators (motors) work
- To know how to write, download and execute a NXT-G program

- To know how to create and manage variables and blocks (necessary for
abstractions from NXT-G in order to construct primitives oriented to the user
and/or to the problem)

2.3.2 Necessary features from NXT-language

Using arithmetic & logic operators: Data group blocks

This group of icons allows the user to make any arithmetic or logic operation. The
use of variables (explained later on) is also available here.
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Using Control Structures: The Flow group is represented by three main different
icons.




Teacher Education on Robotics-enhanced Costructivist Pedagogical Methods

51

8 Wait: Waiting for an amount of time or waiting for a specific sensor event

@ Loop: Loop control structure (inclusive of either time or sensor events)

o @ Switch: This block allows the use of either If statements or Case state-

(B Edit Variables @

ments.

Creating and using Variables: To use a vari-
able with LEGO Mindstorms, we need first
to create it; to do so, we define the type, we
write the name and then we click the “cre-
ate” button.

Creating and using User Blocks: User blocks
are for the user (robot programmer) the
means whereby to define procedures; from a
didactical point of view, this can, also, be
seen as a tool for abstraction on the part of
the user (as we will explain it later on). Let
us see how we can create a user block with
an example. We have written a program that
tells to our robot to go forward with a con-
stant acceleration. The following NXT-G
program has a loop where a variable is in-
creasing at every step that produces a con-
stant acceleration:

If we wish to transform this program into a
new User Block: We select the entire
program, and then we click “New My
Block”: we follow the instructions giving a

Create, delete, or change variables:

st [ ame Type -]
[ Create ] [ Delete ]

1% Name: My\ariable_1 |
-8| Datatype: Logic .|T--

name and assigning an icon to the new block. These “created blocks” are, in fact,
procedures and can be defined both without and with parameters or arguments.
Here is another example where a new block is defined with one input parameter
and one output value (it is a block to convert numerical values into text values for

displaying purposes):
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(& My Block Builder
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My Block

Block Name:

% Block Desaription: ~

2

The new block can be used within a NXT-G program.
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The problem 0 will focus on designing and building robots. The problems 1 to 6
will focus on the use of the Move blocks; the main interest is in understanding the
relation between the 2 main parameters, i.e. power and duration (degrees/rotations
or time) of this block and the speed (v), time (t) and displacement (x) of the robot
(for example in cm/s and in cm):

2.3.3 Problem 0: How to assemble “good” straight line robots

a. Objectives/ Aims: Pupils should be able to

- Assemble simple straight line robots (with one or two Motors) using the educa-
tional Lego Mindstorms kits.

- “Copy” some of the models shown as examples and designed with LEGO
DIGITAL DESIGNER

- Compare and asses the different robots built in the classroom by others from
other projects. Criteria such as stiffness, stability, simplicity and aesthetics should
be applied.

b. Previous knowledge required:
- Basic techniques/skills to assemble LEGO Mindstorms pieces:
O Girders / beams assembly in parallel with pegs/ dowels

0 Girders/ beams cross assembly
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0 Axles /axis of symmetry, friction rings, wheels
- Basic mechanical rules about:

0 Rigidity/ stiffness

0 Stability

0 Friction and adherence
- Simplicity and aesthetics criteria

- Basic wuser knowledge of LEGO DIGITAL DESIGNER software
(http://1dd.lego.com)

Some basic skills are required to assemble the pieces and a previous recognition of
the different kinds of pieces is, likewise, required. An initial step could be to take a
robot, dismantle it and classify its different pieces.

c. The teacher formulates a problem: Are students able to build a simple straight
line robot after observing the examples of the LEGO DIGITAL DESIGNER (LDD)
application? Conditions: a simple, stiff stable robot with one or two motors.

d. Students will build their own robots with the teacher’s help. Most students will
have their first contact with Lego Mindstorms kit, so the teacher will have to teach
the basic assembly skills:

- Longitudinal assembly with pegs / dowels
- Girders cross assembly
- Axles assembly with rings and wheels

Next, students will build a complete robot, while teachers should stimulate them to
build their personal robot, to obtain a certain variety and, then, analyse the different
criteria of rigidity, stability etc.

Students can build robots as shown in the next images.
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e. generalisations of local solution

Teachers will propose to students to test the quality of the robots, taking into ac-
count different aspects. The activity consists of testing the robots and discussing in
groups what characteristics an ideal robot should have.

Some examples follow:

Stability: Every car will be pulled with a dynamometer from the height it corre-
sponds to the top of it and, then, the force necessary to knock it over will be ob-
served. The next image represents forces F1 and F2.

Fl=>F2 F2
. L
M a N
n'\-r' H
F1 f
Fl r Rl Fl RE
E 2 | & i |
+ Mg
Mg

Both robots are of the same weight but of different dimensions (robot 1 is short and
wide and robot 2 is high and narrow). It can be observed that both robots are of the
same weigh, but robot 1 needs more force than robot 2 to be knocked down.

Rigidity / stiffness: the higher the tension of the pieces (axles/axes and pegs/ dow-
els), the less the rigidity of the robot. This is due to external forces like gravity and
weights to be lifted by the robots.

The following image shows the different tensions in dowels/pegs assembling an
arm, when they are exerted in contiguous or alternate holes. In the first case the
tension is higher.
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It is enough for rigidity testing to apply an external force on the robot (pushing
down with a finger, for instance) and to observe if the structure gives way or gets
loose.

2.3.4 Problem 1: How to teach a simple robot to do a forward movement
Jor a given interval t of time with a given Power P?

a. Aims: The pupils should learn how to write and use a procedure (my block) that
allows the robot to make a lineal displacement for a given time t and with a given
power P.

b. Previous knowledge required:
- To know how to build a simple robot.

- To know the basic features of NXT-G: to write a program and to download it
to the robot.

c. Constructing the procedure Move_PT (power, time):
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We construct one user block with 2 parameters: time and power. This means that
we have one block with only 2 parameters, easier to use than the normal “Motor

block”. With the new block we only have to define the power and the time (in sec-
onds).
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2.3.5 Problem 2: How to teach a simple robot to make a forward move-
ment with a given power for a given angular distance ¢ (of the wheels)

a. Aims: The pupils should be able to write and use a procedure to make a lineal
displacement of the robot for a given value of ¢ degrees (of the wheels) of the Mo-
tor and a given Power P.

b. Previous knowledge required:
- Problem 1
- To know how to build a simple robot.

- To know the basic features of NXT-G: to write a program, to download it to
the robot.

¢. The procedure Move_PD (power, degrees):

deqgrees : ’i’
A

LE o Os Me ®@c W) Powert I e |— [ 75 |
S Diedion: O O4L 0@ 4 Duration: | 360 | [Cegress =J
&) Stesring: 1 e rent actions (2 bl Brake O b Coant

4 0 ¥

We construct one user block with 2 parameters: angle and power. This means that
we have one block with only 2 parameters, easier to use than the normal “Motor
block”. With the new block we have only to define the power and the number of
degrees (it means how long we rotate the wheels/motors of the robot); the result is
to move forward (or backward) a given distance depending on the given angle.
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2.3.6 Problem 3: How to teach a simple robot to make a forward move-
ment movement with a given power for a given distance X?

a. Aims: The pupils should

- learn how to create a procedure to convert a value X of distance in cm into the
equivalent parameter “degrees” of the Motor block (angular distance)

- Dbe able to create a user block Move_PX (power,x), where the distance is given
in cm.

b. To do so, we could use the already constructed block Move_PD(power, de-
grees). We need to make the following transformation: OPERATION
(x)>degrees, transforming angular distance into linear distance.

We should know that there is a relation between the radius R of the wheels/motors,
the angular distance (rotation in degrees of the wheels/motor) and the linear dis-
tance (X). In the following figure we see that for 360 degrees of rotation, the linear
distance X is given by the expression: 2*I1*R.
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Degrees = 360
/—b Nn=3,1428 /—>
[ N

-
-

X=2*MN*R

This means that we have the following relation: Angle/x = 360/2*IT*R and then we
can deduce that Angle = (360*X)/( 2*I1*R). The relation between angle and x (an-
gular and linear distance, what we need to find) is: angle = (360/(2*I1*R)) X or an-
gle = K*X where K = 360/2*IT*R = 14 (for R=4,08). Then we can make the fol-
lowing explorations:

rotation (260 degrees) experimental distance theor distance Radius= 4,08 |
a 0,0 0,0
1 24,0 23,0
2 22,0 51,3
3 7.3 76,9
< 102,5 1025
S 123, 7 1232
G 153,8 1538

o

. Previous Knowledge required:
Problems 1, 2 and 3

- Experimental knowledge: X =2*mn*R* degrees/360
- Programming previous knowledge

d. The procedure Move_PX (power, X)
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2.3.7 Problem 4: How to teach a simple robot to make a forward move-
ment with a given speed V for a given interval t of time?

a. Aims: The pupils should learn

- To create a procedure to convert a value V, cm/s, into the equivalent of Power
P (as it is defined in the Motor block).

- To create a block “Move_VT (V, time)”’, where the velocity is given in cm/sec
and time in seconds.

We can use the already constructed block Move_PT (power, time) and for that we
need to make the following transformation: OPERATION V - power (transform-
ing velocity into power values)

b. We do several experiments where we measure the distance travelled for 10 sec-
onds with different power values. Doing so, we obtain the experimental speed. We
observe in the following data table and graph that there is a relation (K) between
Power and Speed:

V = 0,42*Power and Power = V/0,42 or Power =2,38 * V
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POWER |DISTANCE |TIME | SPEED | THEORETICAL
(%) (cm) (S) | (cm/sec) | SPEED (=k * Po-
wer)
0 0 10 0 0
10 35 10 3,5 / 4,2 \
20 82 10 8,2 / 8,4 \
30 126 10 12,6 12,6
40 174 10 17,4 16,8
50 217 10 21,7 21
(el \\ //

25

speed = f (power)

20

15

SPEED (m/sec)

10

10

20
POWER

30

40

50

THEORETICAL
SPEED (=k *
power)

c. Previous Knowledge required:

o

Problems 1 and 2

Experimental knowledge: V = 0,42 * Power

Procedure Move_PT(power, time)

. So the procedure “Move_VT (v, time)” is the following:
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2.3.8 Problems 5 and 6: How to teach a simple robot to make a forward
movement with a given speed for a given distance X? How to teach a sim-
ple robot to make a forward movement for a given distance X during a
given time t?
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After all we have already done it is straightforward to “construct” the procedures
Move_VX (v, x) and Move_XT (x, time) using the known relation V= X/T and the
already developed procedure Move_VT (v, time).
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We have now completed all the possible combinations of V, X and T to address the
motion for a “straight line robot” constructing different procedures or blocks that
realise these possibilities and solve all the sequence of relevant problems.

After solving these problems, we can discuss the following further questions
(mostly to introduce the use of loops with the blocks):

- How to make a “long” forward displacement as a sequence of short forward
displacements?

- How to make different successive short displacements for a given time and
continuously longer every time?
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2.4 Sensorized robots

2.4.1 Introduction

The main objectives (competences or skills to be acquired) behind the problems
presented in this section are:

- The students have to know the features of the Lego Mindstorms NXT sensors
(measured magnitudes, calibration, programming blocks, etc)

- The students should be able to design and build “good” robots, where the
sensors are used and placed in the best possible places

- The students should be able to combine appropriately different programming
techniques (Loops, If’s, variables, user blocks, etc....) with the use of one or more
Sensors.

— The students should be able to decide which sensors to use and how to program
them in order to convert their robot into a reactive robot (as adaptive and autono-
mous as possible)

2.4.2 NXT-G necessary programming Features

To work on the proposed problems, we will use the following NXT-G features:
Loops , if, variables, Myblocks, Miscellaneous blocks (arithmetical, logic opera-
tions, time etc). But first of all, let us see the different possibilities of the sensor
blocks and the programming options.

el g
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Figure 2.4.1: The Sensor group of blocks

The sensor group (fig 2.4.1) has several blocks (one for each sensor). These blocks
allow the user (the programmer) to measure the sensor value and, for example, to
write it into a variable (fig 2.4.2):
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read_light @I

Figure 2.4.2: Reading and Storing sensor values: Reading the sensor value of port
1 and storing it into the variable read_light.

We can use also the sensors within a loop, as it is shown in the next figures:

| read_light %l
= a 7
L pan: @1 02 o) 4
% Until O D 550
Light

ﬁ Furnction: O *& Generate light

Figure 2.4.3: Reading the sensor value of port 1 and storing it into the variable
“read_light” until the read value of the light sensor (intensity) is higher than 50
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Figure 2.4.4: Counting the number of times that the sensor touch is pressed

2.4.3 The Tunnel problem

These problems aim at learning to work with the light sensor and to write a normal
program (normally an infinite loop). The main motivation for the student is to pro-
pose to him/her to try to construct a mechanism for cars that make them possible to
detect whether they need to switch lights on and whether they must switch lights
off.

We propose the following sequence of steps:

a. To use the light sensor as a “photometer”, just to get to know how the sensor
works.

b. To design a program which detects when the light is needed or not (depending
on the light sensor values received) and switch the light on or off correspondingly.

For the first problem, we are going to use the Try Me option of the NXT brick with
one light sensor directly connected with it. Then, we need to use one robot with 2
motors and the already acquired competencies about using the motors for straight-
line motion and steering purposes. We will use a bulb actuator, conditional state-
ments (if) and loops. We could formulate our problem as follows: “How can we
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construct an automatic device that could automatically switch on-off the light of
our robot?”

The students should:

a. Try to understand how to interpret the light sensor values (intensity, reflected
light, ambient light, etc)

b. Do that with the Try Me process, but also with a NXT-G program that can write
the results on the display.

c. Understand the following combinations of blocks:
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Figure 2.4.5: NXT-G features needed to solve the problem

The conclusion should be that it is possible to solve the problem for a given context
as it is shown in the following figure, where the car/robot has to cross a tunnel and
the goal is just to cross it turning the light on or off whenever needed. In order to
generalize the use of such “security devices for cars/robots” we should integrate
this “gadget” with others related to mobility (straight-line and turning motion) or to
integrate other sensors in order to avoid obstacles and to be able to follow a path
(surrounded by walls, for example).
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Figure 2.4.6: a solution to the Tunnel Problem
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2.4.4 Counting black Lines on white background with a Light Sensor

The main objective is to use the light sensor to distinguish between black and white
lines; this is an important feature in order to follow lines, or to keep the robot
within a ring (a white one limited for example by a black line). In this case, we
have to use a light sensor able to “read” light floor values and to react correspond-

ingly.
We will use a mobile robot, for example the robot used for the tunnel problem. We
need to place the new light sensor in the right position in order to read reflected

light values from the floor. In fact the problem can be formulated as it follows:
“How to count black stripes onto a white floor?”

We could undertake, for example, the following explorations: Calibrating our light
sensor, counting one line, counting 2 lines, counting n lines, counting lines until
some final condition is reached. We have to deal with the entire program setting in
order to use the sensor, but, also, we need to store the “counting”. We still need, as
well, a kind of loop to “include” all our counting readings.

In the next figure we see one example of one program that counts n black stripes.
This version of the program counts 3 black stripes (the external loop verifies this
end condition). The robots go forward until he detects (with the light sensor) a
black stripe. At this point it produces a sound and increments the value of a vari-
able which is counting the number of black stripes and is directly linked with the
loop.

Figure 2.4.7: a program counting a finite number of black stripes

We can generalize this kind of programs: either finding an ending condition (for
counting) or, maybe, making a “MyBlock” that counts a stripe every time it en-
counters one.

In any case, our robot is able to “read” black lines, which means it is able to de-
tect if it goes out of or into a part of a circuit or similar, while, at the same time,
this kind of behaviour (detection of black stripes) could be used to construct some
kind of “language” (black on white) to tell the robot to do something special.
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2.4.5 Detecting obstacles “My robot does not hit any obstacle”

In order to enable our robot to detect any obstacle before hitting it, we have to use
either the ultra sonic sensor and/or the touch sensor. In the following examples, we
suggest to use the commands “loop” and *“switch”, even if the “wait” command
might also be used.

To solve this problem, students could use a touch sensor placed in the front part of
the robot, which, when it is pressed, makes the robot stop. As you can see in the
figure 2.6.a, the program could be realized with two instructions:

- Feed the motor connected with port A
- Go on until the sensor connected with port 1 is pressed.
- After the last operation, stop the execution of the program

As you can observe in the figure 2.4.8 the command “move” is not posed inside the
loop. We adopted this solution because, the command “move”, if is posed in the
loop, causes a discontinuity in feeding the motor every time the loop starts and the
motor is turned on again. If the command “move” is outside the loop, the motor is
turned on only once and then it is powered by the same value of power.

Motor (Port=A, Dir=FD, Pwr=75, PwrCtrl=OFF, Dur=FOREVER)
LP1:Loop(CtrI=SENSOR, Sensor=TOUCH, Dis=OFF, Port=1,Act=PRESS) [ LP1]

] O RIND URM d

Eile Edit Tools Help

DD 3 DO ||T@|o|§| o=
Complete 0 || untitled-1
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Feed the
motor Repeat until the touch

B— in port A sensor is pressed

Figure 2.4.8: “My robot does not hit any obstacle program
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The problem could be solved also by using an ultra sonic sensor and defining a
threshold. The robot feeds the motor until the distance value is less than the thresh-
old and then the execution of the program stops. The use of the light sensor is also
interesting. In fact, this sensor can measure the light reflected by a surface. So stu-
dents can use the sensor to “see” the light reflected by an obstacle.

The next step is to add another sensor to the robot, thus enabling it to reverse the
sense of motion when it encounters an obstacle. In this way we can solve the fol-
lowing problem: “a robot moving between two fixed points”. To solve this prob-
lem, students can use different kinds of sensors attached to different points of the
robotic trolley. They can choose, for example, an ultra sonic sensor for the front
side and a touch sensor for the backside of the robot, thus enabling it to move for-
ward until the distance is lower than a fixed threshold, to reverse the motion and to
go back until the touch sensor is pressed.

After solving the problem with the two sensors, the students should think about a
solution of the same problem using only one distance sensor or a light sensor. The
distance sensor could be placed in the front part of the robot, thus enabling it to
move forward until the distance is lower than a fixed threshold, and then reverse
the motor and go back until the distance exceeds another fixed value.

[] (" MINDSTORM d X

File Edit Tools Help

DBE a E:IEEIQJ/ IT@ Q E.F‘ User Prafile: E
Complete m baokzh b

———

N—

Lo

———

S C S, A N | 4 S, A / |
P | Do SN SRSl N 8
O e 5 e |15

S ——

.. Forward until Reverse and
.. the distance is forward until the
less than 25 cm distance is more
than 75 cm

Figure 2.6.9 Using only one distance sensor
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In figure 2.6.10 you can see a program for a robot moving on a white surface be-
tween two black lines. Note that, when the motor is reversed, the robot has to pro-
ceed for a brief step without interrogating the light sensor; in fact, because of its
inertia, the trolley doesn’t stop immediately, when it detects the change of light. So
during the backward motion, it has to keep moving until it has moved away from
the black line and then to start again detecting the light reflected by the surface be-
hind it. Without the “blind” phase, the robot would detect immediately the same
black line and remain on it. This is an example of another way to solve the same
problem of the robot moving between two lines.

Another example of sensorized robot is the one which can change direction when it
meets an obstacle. We can attach a distance or a touch sensor in the frontal part and
program the robot to power the two motors at the same time on the same verse until
the distance is lower than a fixed threshold or the touch sensor is pressed. Then the
motors are reversed backwards for a short time, they are reversed forwards again
with two different values of power for a second short time so that the robot moves
avoiding the obstacle and finally it starts again the straight motion.

An interesting evolution of this problem is to program the robot to do “slalom” be-
tween some obstacles. It has to alternate turning right with turning left. The sim-
plest solution is to add to the program an equal sequence of instructions and just
change the turning direction in the last one.
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Figure 2.6.10 A program for a robot moving between two black lines
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2.4.6 The Bee Problem

A particular example of complex turning robot is the “Bee robot”. The goal is to
create a robot based on a strategy used by animals looking for food. The example
was developed by the educational section of the Town Museum of Rovereto (ltaly).
Some researchers at the museum are interested in the behavior of insects. So, they
projected an educational activity to study the bees simulating them by robots. The
adopted strategy consists of tracking circular paths increasing periodically the ra-
dius until a flower is found.

In our activity the flowers are black spots fixed on white floor. We propose that
students build the simplest robot they can imagine. So, the final model may be a
robot with two-motorized wheels and a half sphere as a third touch with the floor.
The most important problem is to translate the strategy in a program for robots. We
can divide the problem in sub-problems:

» The robot has to move in circular motion

* The robot has to increase the radius of the circle

» The increasing of the radius must be a periodical action
* The robot has to be able to recognize a flower

We can solve the first problem feeding the motors in the same verse with different
values of power. We can increase the radius increasing the power of the slower
motor.

B LEGO MINDS TONMS Education HXT

= A5 e k022 [T ey

o i i D At T @ oo Moomowe

Figure 2.6.11 A solution for the bee- problem
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The most intuitive method to make this change periodical is to wait until a period is
over and then to increase the value of the power for a constant quantity each pe-
riod. So we have to save the actual value of the power on a variable which is in-
creased every period. In order to “look for “the flowers, the robot can use a re-
flected light sensor pointed to the floor.

In the program shown in figure 2.6.11, the two starting values for power are 80 and
40 percent. The robot moves, every 5 seconds the lower power is increased by 5
units and the process is repeated until the light sensor measures a value under the
threshold of 40% of the saturation.

We can observe that the problem of tracking circles with regularly increased power
could be an interesting topic for maths activities; in fact, it might be useful to study
methods to approximate the spiral by circular arches of increasing radius. Conse-
quentially, this kind of robot-enhanced activities might be useful to study general
methods whereby to approximate mathematical curves.
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2.5 Turning robots

2.5.1 Introduction

Linear robots are the simplest constructions that permit the analysis of basic rules
of motion, fundamental control commands and how to integrate sensors to make
the robot able to react to stimuli coming from the environment. In spite of their
simplicity, they offer a didactic platform to investigate many fundamental concepts
and relations, such as space, time, rotation, linear and angular velocity, accelera-
tion, direct and inverse proportionality and others. But robots exploit all their flexi-
bility when moving on a 2-D plane: pupils can design interesting strategies for
avoiding obstacles and reaching target positions, use effectively all the information
coming from the environment through sensors, reproduce behaviours more similar
to those of the every day life. Therefore, the following step of development regards
turning robots. With this term we speak about robots able both to move on a
straight line and to perform nonlinear trajectories.

The first idea could be to build robots similar to cars or similar to live beings. Un-
fortunately these types of robots are excessively complex. Cars require critical me-
chanical subsystems to turn the steering wheels (steering-gear) and to reduce the
lateral friction of the non-steering wheels (differential-gear): both such subsystems
are very complex and do not add any interesting educational aspects, apart from
their mechanical properties. Robots that emulate natural behaviours require several
degrees of freedom, that is, several joints and motors, a structure hard enough to be
made stable and very complex motions. If this last type of robots is of interest, it is
advisable to use already built robots or kits specifically designed for it (‘ani-
maloids’ or ‘humanoids’).

With Lego Mindstorms NXT, a turning robot can be more easily built by connect-
ing one motor to each one of a couple of independent wheels and adding one or
two free wheels to the robot to obtain a sufficient stability and to permit simultane-
ous application of different powers to the two motors. This produces different an-
gular speeds for the two drive-wheels and, therefore, the robot can follow non-
linear trajectories with a limited friction (similarly to trolleys used in supermar-
kets). A free wheel can be also substituted by a sphere free to rotate in any direc-
tion within its seat (think of an old computer mouse).

2.5.2 General remarks and theory

Like in the case of linear robots, we are interested in the general potentialities of
the class of robots that we call ‘turning robots’. As mentioned previously, we con-
sider the most significant aspects of the robots of this class to have two independ-
ently motorized wheels and the possibility to turn. Several constructions could ex-
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hibit these properties (fig. 2.5.1). In the following text, we will focus attention only
on the motorized wheels.

Fig. 2.5.1 — Turning robots

Considering positive a clockwise rotation of the wheels and supposing that this ro-
tation makes the robot move forward, if wheel, has an angular speed w; and wheel,
has an angular speed w,, with w, > @; measured in rad/s, it can be easily verified
that the robot turns right and the two wheels draw two concentric circular trajecto-
ries (fig. 2.5.2). Let » be the common radius of the wheels, d the (fixed) distance
between the two wheels, in a short motion of Af time units the two wheels track an
arc of circle long respectively A4,=w, r At and A4d,=w, r At. Let R be the distance
from wheel; and the hypothetic centre of the two arcs of circle, and A® the angle
corresponding to the two arcs, it results in:

AA1=c01rAt=rA61=RA® (251)
AA; = w1t At =1 AD, = (R+d) A® (2.5.2)
and therefore:

A®=wm;rAt/R=w,r At/ (R+d) (2.5.3)
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Q= AO / At = (the ‘angular speed’ of the robot) =

= r/R=w,r/(R+d) (2.5.4)
o1/ R=0wm,/(R+d) (2.5.5)
R=d o,/ (0, — w) (2.5.6)

) m2rAt
®1
w1rAt

Fig. 2.5.2 — Turning motion

Therefore, the radius R does not depend on the radius r of the wheels, but only on
the angular speeds and the inter-wheel distance. When w, — @, , then R —oo, the
motion is straight and the equation (2.5.1) becomes simply 44 = w r At = r A6.
When ;=0 then R=0 and the robot pivots around wheel; that is not moving. When
w;=—w; (w;>0), it results in:

R=-d2 (2.5.7)

and the robot pivots around the middle point between the two wheels, regardless of
the value of the applied power. The angular speed of and the angle performed by
the robot (ignoring the sign) are in this case:

Q=2or/d (2.5.8)
©=10)r/R=210,r/d (2.5.9)

Now the problem is to provide suitable commands to impose the two w; and w,
angular speeds required by the desirable trajectory. First of all, we recall that, for a
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straight motion with one motor, the NXT-G Motor command actually provides a
speed control, when the ‘Motor power control’ option is active (fig. 2.5.3).

Motor power
/ control option

LE Ppon: @A B Oc 15 Contral: () 241 Mator Powwer

‘'S

%13;’5, - Direction: of O O9 54 Duration: | 1 | [Seconds |
.’_'r Action: Canstant _‘J Wait: ﬁ] Wit For Completion

1}
Reset £} Power: A _O— - ;'r Mext Action: 0] /J Brake ) Bk Coast

¥

Fig. 2.5.3 — The Motor block

Power control

Empirically, it is easily possible to determine the relation between speed and
power. We did this with a program that samples many times the rotation sensor in-
tegrated in the motor applying different powers with the 7.5 V rechargeable battery
(for a description of this technique see section 2.5.7.1). Supposing that a negligible
load is applied to the motor, this relation appears linear (fig. 2.5.4).

Speed control (deg/s)

Degrees/s
N3
o O
o o

0 20 40 60 80 100 120

Power

Fig. 2.5.4 — Angular speed versus Power

Let w = k,p P be the relation with P the applied power in percentage, as usually in-
dicated: the constant of proportionality k,p has been determined as about 8.15 de-
grees/s, in the following formula:
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o=k, P=28.15P deg/s

Given that 1 deg =2n/360 rad and 1 deg/s = 1/6 rpm,

it results in @ = 0.1422 P rad/s = 1.36 P rpm (2.5.10)
From (2.5.6) we obtain also:

R=do;/(0;—w))=dP,/(P,-Py) (2.5.11)

With a 9V battery k,p > 9.5 degrees/s: thus, the actual constant depends heavily on
the battery charge: it is advisable to replicate the analysis with the suggested
method so that the teacher (and the students) can evaluate this constant with their
own robots. With a significant load, the linearity in the relation speed-power is lim-
ited to the lower powers, whereas for higher powers and high load the control satu-
rates and from one point to the maximum of power the speed remains almost con-
stant.

With two motors, the first possibility is to provide separate commands to them with
two successive Motor blocks, the first one necessarily not waiting for completion,
in order to leave a very short (and negligible) time separation between the two
commands.

Just to have a quantitative idea of the turning motion, taking from equation (2.5.10)
0.1422*P rad/s as the valid formula giving the angular speed with a rechargeable
battery, mounting the standard intermediate size wheels of the NXT kit which have
a diameter of 2=56 mm, and supposing to want to turn right with a radius R=100
mm and a distance d=70 mm, every second the robot performs:

e An internal arc of radius 100 mm and length of 6, = 28 ®; mm (angular speed
in rad/s) = 3.98*P; mm

e An external arc of radius 170 mm and length of 0, = 28 ®, mm (angular speed
in rad/s) = 3.98*P, mm

e It must hold: P,/ (P,-P))=R/d=10/7 = P,=1.7P

Setting for example P; = 30 and P, = 1.7 P; = 51, in 3 seconds the robot draws two
arcs with:

A, =3.98%30*3 = 358.2 mm A, =3.98%51*3 = 608.9 mm

There is a second possibility integrated in the NXT-G Move block (fig. 2.5.5): this
block permits to control concurrently two motors with a further parameter called
‘steering’ that you can set through a specific slider or, as usual, connecting an input
data wire. This parameter controls the ratio between the angular speeds of the two
motors, but unfortunately such relation is not well documented and it must be ana-
lyzed empirically. Let us assume that, when the Direction parameter in the Move
block is set to straight forward, i.e. up arrow, in case of a straight motion the angu-
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lar speed of the motors is positive. It is known that the steering parameter can vary
from -100 and +100: O corresponds to a straight motion (®o; = ®,>0), negative val-
ues are set to steer towards left motor (m; > ®,), positive values to steer towards
right motor (; < ®,). With the extreme values the robot pivots around the middle
point (0, = -o;, ®;>0 with steering=-100, ©,<0 with steering=+100).

/— Direction

[& Port: M A OB M [;) Power: @)—0— e) ®

[;Tjg Diirection: O O g, O @ @ Curation: [ 1 | [Seconds El]

ﬁ Steeting: fIf F‘g}‘ Mext Action: ® 9“ Brake o] ;9 Coast
§—0— %

¥ Steering

Fig. 2.5.5 — The Move block

To study the intermediate values, we initially prepared an observation experiment
with a robot provided with a pen to draw on a paper sheet during the motion (fig.
2.5.6). Then we measured the radius of the drawn circles with different steering
values, obtaining the results in fig. 2.5.7.

Fig. 2.5.6 — The steering parameter

The imprecision of this first approach counseled us to prepare an experiment simi-
lar to the previous one, used to measure the speed-power relation, to evaluate the
average angular speed obtained with a fixed power (P=70) and a steering value
varying from 0 to +100 (see section 2.5.7.2). The result is summarized in fig. 2.5.8.

As you can see in fig. 2.5.8, increasing the steering maintains almost constant w;
and decreases linearly w; untill w; = - w,. The ratio R/d = w; / (w; — w;) decreases
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apparently in inverse proportion in respect of the steering value, as shown in fig.
2.5.9.

Steering | Diameter | Radius )

44 70 35 Radius

42 95| 475 500
40 100 50 r
38 115] 575 _ [
36 135 67,5 £ / 400
34 155 77,5 ® 300
32 175] 875 g ~ 200
30 200] 100 e et o0
28 240 120 JPUSSe o0l ":
;2 i’ig i 22 -50 -40 -30 -20 -10 0
22 365| 1825 Steering

20 410] 205

18 470] 235

16 540 270

14 680 340

12 750 375

10 1140] 570

Fig. 2.5.7 — Relation between Steering and Radius

o/ (-st+40)
Steer. | o, o) (0 - ) | /st

0]564,7239| 564,2873| -1293,5
10]419,4042 | 555,563 3,080258 3
201283,9617| 554,582 1,0493 1
30| 141,6721 | 554,0275]0,343568 | 0,333333
401 4,354432 | 552,7787| 0,00794 0
50| -122,522 | 552,9425| -0,18139 -0,2

60| -277,014 | 552,4995] -0,33395| -0,33333
70| -414,975| 551,408 -0,42941 | -0,42857
80| -551,589| 551,1325] -0,50021 -0,5
90| -574,262| 550,4984 | -0,51056 | -0,55556
100 | -573,674 | 550,3165]| -0,51039 -0,6
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Fig. 2.5.8 — Relation between angular speeds and steering

Ratio R/d =om1/(om2-om1)
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05 9 Mo 150

Steering

Ratio

Fig. 2.5.9 — Relation between R/d and steering

In fact, assuming the following (S=steering):

o=k S+k (2.5.12)
0 =ks (2.5.13)
Rid=w,/(0-0)=(kiS+ky)/(ks-ki S-ky) =
=(S+ka)/(-S +kp) (2.5.14)
The estimation of these coefficients from the experimental data gives:
®; =-13.9 S+ 558 (2.5.15)
o, =552 (2.5.16)

ka=k»/k; = (558 /-13.9)=-40 (2.5.17)
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kp = (ks - ko) / k; = ((552 — 558)/-13.9)~ 0 (2.5.18)
R/d = (-S+40)/8 (2.5.19)

and the plot is an arc of an hyperbola with the vertical asymptote S=0 and the hori-
zontal asymptote R/d=-1. To confirm the last result, in fig. 2.5.9 the obtained func-
tion is plotted together with the experimental data.

To conclude, even though the presented inspection made possible to evaluate the
trajectory performed using a Move block with a given steering, it is even simpler to
control the turning robot with two Motor blocks.

2.5.3 Didactical consideration

The following table summarizes the main problems that can be put when analyzing
a turning robot.

Problem Pseudo-code of the action Comments

1 How to build a
robust turning ro-
bot?

2 How to make the | GoForward (speed, time) Just as for linear ro-
robot move for- bots, the linear speed
ward with a given depends on the radius
speed for a certain of the wheels. The
time? power to be applied to

the motors (i.e. the an-
gular speed of the two
wheels) is the same

3 How to make the | MakeStep (distance, speed) Just as for linear ro-
robot move for- bots, from the given
ward for a given parameters you should
distance with a calculate the angle to
given speed? be performed by both

motors and the power
to be applied to them.
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4 | How to make the | Pivot((, t) We know that for the
robot pivot with a robot angular speed it
given angular holds
speed Q for a time Q=2 or/d=
t?

o=Qd/(2r)
P=w/ kmp =
=Qd/(2rke)

5 | How to make the | Pivot(®, Q) We know that for the
robot pivot for a angle made by the ro-
given angle © bot it holds:
with a given an-
gular speed QQ? ©=208r/d=

0=0d/(2r)
0 = motor angleP = ® /
ka =
=Qd/(2rke)
6 | How to make the | Turn(®, R, QQ) It is necessary to use

robot follow with
its inner wheel
(see fig. 2.5.2) an
arc of circle of a
given angle ©, ra-
dius R and angu-
lar speed Q?

the general formulas
calculated in the pre-
vious section. The du-
ration of the motion
can be calculated in
terms of O (motor an-

gle).

In the problems shown above, the wheel radius r and distance d have been concep-
tually considered constant parameters instead of function parameters because they
are related to the building details. Their values will obviously influence the calcula-

tions internal to the functions to be realized.

There is a very general problem that might be mentioned at this point. The current
standard NXT firmware does not support calculation and variables for fractional
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numbers (neither fixed nor floating point). It supports only 32-bit signed integer
that can contain values between -2°' = -2147483648 and +2°'-1 = +2147483647.
This must be seriously considered, when you make complex calculations. Two
general rules addressing this problem are:

e Scale the constants to obtain numbers not too large (to avoid overflow the ca-
pacity of an integer) and without significant fractional digits.

e Leave an operation that implies truncation (the division and, if installed as an
extension block, the square root) as the latest operation, when possible.

For example, if you have to calculate the following expression (in general, some
values of the expression could be in variables):

124 *13.2/(5.7-2.5)

do actually the following (Lx/ stands for floor(x), i.e. the greatest integer < X):
57-25 =32 ->varl

L (124 * 132) / varl] = 511

whereas | 124 /32 * 132 results in = 3 * 132 = 396

As a further example, let us now propose the general solution for the problem 6
above. We would realize the function turn(®, R, £2) with:

® robot angle in degrees
R motion radius in mm
Q robot angular speed in degrees/s

We must now calculate the requested powers P; and P, to be respectively applied

to the motors and the wheel angles 0, and 6, to be performed. We use now formu-
las (2.5.4) and (2.5.10):

Pi=w;/kep= QR / (r kop) (2.5.20)
Py =/ kop = Q (R+d) / (1 Kop) (2.5.21)
0,=OR/r (2.5.22)
0,=0 (R+d) /r (2.5.23)

If d=80 mm, =28 mm, k,p = 8.15 degrees/s, and you want @=40 degrees, R=200
mm, (2=20 degrees/s we obtain:

P, =QR/ (28 *8.15)=20 *200/228.2 = 17.52
P, = Q (R+80) /(28 * 8.15) = 20 * 280 / 228.2 = 24.54
0,=0© R /28 =40 *200/28 = 285.71 degrees
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0, =0 (R+80) /28 =40 * 280 / 28 = 400 degrees
We can check that:

P,/ (P,-P))=17.52/(24.54-17.52)=2.495= 2.5
and

R/d =200/80=2.5

Now, if we take into account the imprecision due to the integer calculations, we ob-
tain:

P, =L QR 10/2282]=120*200 * 10 /2282] = 40000 / 2282 =17

P, =LQ (R+80) 10/ 2282 ] =120 * 280 * 10/ 2282 = [ 56000 / 2282 ] = 24
0, =L@ R/28]=[8000/28] =285 degrees

0, =10 (R+80)/28]=11200/28]= 400 degrees

Therefore, in addition to the intrinsic imprecision of the rotation sensor of the mo-
tor, the calculation causes a further error:

o) =keyp Py =8.15* 17 =138.55 Q=m, r/R=138.55*28/200=19.397
0y =kep P, =8.15*24=195.6 Q=0,r/ (R+d) = 195.6 * 28 / 280 =
19.56

©®=06,r/R=285%28/200=39.9
©®=0,r/(R+d) =400 * 28 /280 =40

So we can conclude that the introduced errors are negligible. As a final remark, let
us take into account also the imprecision in determining the two ‘intrinsic’ parame-
ters  and above all d with a direct measure: it is advisable to use a first estimation
of the two parameters for the calculations and then validate the parameters through
a direct experience with the robot, tuning the initial estimation accordingly to the
obtained motion. In particular, we can suggest to make the robot to pivot for a
given angle (e.g. 360 degrees) with a simple program and to tune the factor d/2r
that multiplies the motor angle £in order to obtain the desired result.

2.5.4 Building Instructions for the Tiny Turtle

We now present a very simple instance of the turning robot class, initially not pro-
vided with sensors (apart from, obviously, the integrated rotational sensor), for
which we will define 4 basic motion commands as in the case of the well known
Logo turtle (fig. 2.5.10). For this reason we call it tiny turtle. Actually, the pre-
sented layout is not mandatory: any instance of the class could be easily adapted to
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this use, being based on two separately controlled motors. So, the building instruc-
tions are quite generic and aim at providing the simplest necessary robot.

Fig. 2.5.10 — The Tiny Turtle

2.5.5 Programming the Basic Commands for the Tiny Turtle

We must prepare 4 basic commands (forward, backward, left and right) in terms of
building blocks to permit the user to define in NXT-G the equivalent of a (simpli-
fied) Logo program. Therefore, we use the ‘My block’ technique of NXT-G to de-
fine such commands. Forward (Fd) and Backward (Bk) commands are straight mo-
tions and request a parameter specifying a distance measured in conventional units
called ‘steps’. Left (Lt) and Right (Rt) commands make the robot pivot respec-
tively counterclockwise and clockwise for an angle usually measured in degrees
and specified by a command parameter. The duration of each movement is not
relevant for a simple Logo-like turtle: thus, we could accept a standard speed pro-
file and use an arbitrary power value even though we suggest to choose an inter-
mediate value producing not too fast but also not too slow movements.

Recalling the formulas obtained in section 2.5.3 for Fd(distance) and Bk(distance)
commands, we must apply the same power to two successive Motor blocks or use
one Move block with the steering set to 0. Apart from an initial and a final very
short transition, the robot moves with a rather constant speed; from (2.5.1) we
know that the common motor angle & should be set to kp*distance (distance meas-
ured in steps) with a reasonable constant k. If there is no other specific reason to
force this constant to some value, we suggest to set k=1, i.e. 1 step=r2 w /360
mm with r the radius of the wheels in mm, corresponding to the minimum measur-
able rotation of the wheels of 1 degree.
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The commands Lt(angle) and Rt(angle) must make the robot pivot for an angle
O=ang. Because in this case from (2.5.9) it holds:

O®=210r/d

we must impose:

|61, =angd/2r

with d the distance between the two wheels.

Now, the description of the Lt block follows in the usual graphical form and then
with the textual pseudo-code NXT-GTD. The other command blocks can be simi-
larly programmed.

In a new (sub) program we add a numeric Variable block (the name for the mo-
ment is irrelevant, it is just a placeholder), representing the angle input parameter
(fig. 2.5.11). Then, we must multiply for 4 and divide for 27: it is very probable
that these two values are integers with sufficient precision if measured in mm. Fig.
2.5.12 shows these operations with d=124 mm and 2»=56 mm. Notice the data
wires necessary to connect the inserted blocks with each other.

=

A ) B = @ 0

Yariable

e
D
L J
g3

9IS

Yariable

) s Mame Type =] 5 Action: 5 Read O i e
= Logic 1 Logic 1
=8l \alus: 0
Text 1 Text

Fig. 2.5.11 — The Lt block (I)
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e ) operation: fi] operanon: Diviion =

= ofe = E

Fig. 2.5.12 — The Lt block (II) (11D

If either of the two is not an integer value, it is necessary to scale such values with
the same constant K>1 for maintaining a sufficient precision:

D=[dK] R=[2rK/

and then calculate | angle*D/R . For example, if angle=45, d=83.5 mm. and r = 28
mm:

|45 83.5]/56]=13735/561=66
With K=10:
| 45%835/560]=] 37575 /560]= 67

Now, if we decide to control the motors with two distinct Motor blocks, with an
intermediate power of 50(%) and assuming A and C the two respective control
ports, the two new blocks have the same calculated absolute value in degrees for
the Duration parameter but opposite Direction, and only the first one does not wait
for completion (fig. 2.5.13).

To define this ‘code’ as a new block using the ‘My block’ feature of NXT-G, select
the last 4 blocks (Multiply, Division, MotorA and MotorC) and click on the ‘Create
My Block’ button (or choose the equivalent menu item), assign the name Lt to the
new user block (fig. 2.5.14 a) and a representative icon (fig. 2.5.14 b).
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Fig. 2.5.13 — The Lt block (IV) (V)

Fig. 2.5.14 — The Lt block a (VI) b (Vi)

By double-clicking the Lt block, you can edit its definition and, specifically, the
name of the input parameter, which appears now as an input connection ‘angle’ on
which you can attach a data wire to provide the angle of rotation (fig. 2.5.15).

Fig. 2.5.15 — The Lt block (VIII)
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This program expressed in NXT-GTD is as follows.
Lt(angle:degrees) : []

Mull: MathOp(Type=MUL, A=Lt.angle, B=124)
Divl: MathOp(Type=DIV, A=Mull.Res, B=56)

Mtl: Motor(Port=A, Dir=BK, Act=CONST, Pwr=50, PwrCtrl=ON,
Dur=Div1.Res.DEG, Wait=0OFF)

Mt2: Motor(Port=C, Dir=FD, Act=CONST, Pwr=50, PwrCtrI=0ON,
Dur=Mt1.Dur.DEG, Wait=ON, Next=BRK)

Once the 4 basic turtle commands are programmed, we can define a piece of code
equivalent to some Logo code. For example, to make the turtle ‘draw’ a regular
polygon of n edges each long 1 steps, in Logo we would say:

repeat n [ fd 1 right 360 / n]

(in the turtle geometry, we know that 360/n is the amount of degrees the turtle must
turn to have an internal angle of (n-2)*180/n degrees, which is required for a regu-
lar polygon).

In NXT-G the equivalent is shown in fig. 2.5.16, whereas the NXT-GTD version
follows:

Fig. 2.5.16 — Logo-equivalent code example

VarDecl(Name=n, Type=NUM)
VarDecl(Name=Il, Type=NUM)
Var(Name=n.NUM, Act=WR, Val=5) -- n=5 pentagon
Var(Name=I.NUM, Act=WR, Val=300) -- I=300 steps
Loopl: Loop(Ctrl=LOGIC, Until=Cmp1.Res, ShowCnt=ON) [

VI: Var(Name=I.NUM, Act=RD)

Fd(Vl.val)

Vn: Var(Name=n.NUM, Act=RD)



Teacher Education on Robotics-enhanced Costructivist Pedagogical Methods 93

D1: MathOp(Type=DIV, A=360, B=Vn.Val)

Rt(D1.Res)

S1:MathOp(Type=SUB, A=Vn.Val, B=1)

CL1L:CmpOp(Type=EQ, A=Loopl.Cnt, B=S1.Res)
Loop1l]

2.5.6 Some didactical Issues for the Tiny Turtle example

This example offers several ‘foods for thought’ that the teacher can exploit. First of
all, the geometrical theory, which is on the basis of the definition of the 4 funda-
mental motion commands, is present in this section. Other interesting issues come
from the ‘turtle geometry’ and regard the drawing of known figure (like the n-edge
regular polygon described above), the simulation of physical phenomena, and oth-
ers. Unfortunately, one of the most interesting aspects in Logo, the recursion, is
(apparently) not supported by the NXT firmware.

During a preparatory stage, the teacher can propose the general problem of turning
robots to the students and discuss with them if the building of a car with a steering
sub-system is realizable. The teacher should help the students to identify the sim-
plest two-motorized solution, also on the basis of real experiences (supermarket
trolleys, agricultural machines, segways, etc.). A further investigation can make the
student discover some general relations based on geometry and trigonometry.
Then, the teacher suggests the realization of the turtle as an example of un-
sensorized turning robots. The discussion goes on about how to realize the 4 basic
commands. After the actual realization of the turtle, the teacher suggests to prepare
some Logo-style demo programs (for example, to verify that the turtle can follow a
polygon already drawn on the plane). Finally, the students can discuss the corre-
spondence between the theory and the practical realization. Some suggestions
could be stimulated to add useful sensors to the turtle and to provide a reasonable
way to use them.

2.5.7 Appendix

2.5.7.1  Investigation of'the relation power - @

The program to evaluate the relation between the power (0 .. 100) applied to both
motors (steering=0) and the common angular speed obtained is based on the data
logger schemata of section 2.7 and presented in fig. 2.5.17.

The equivalent NXT-GTD description follows.
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Fig. 2.5.17 — wvs. P ‘plotting’ program
File(Act=DL, Name=omega)
Lol: Loop(Ctrl=COUNT, Until=11, Dis=ON) [
Mul: MathOp(Type=MUL, A=Lo1.Cnt, B=10)

Mv1: Move(Ports=AC, Dir=FD, StLt=A, StRt=C, Steer=0, Pwr=Mul.Res,
Dur=FOREVER)

F1: File(Act=WR, Name=omega, Type=NUM, Val=Mv1.Pwr)
Ntl: N2Txt(Num=F1.Num)

Display(Type=TXT, CIr=ON, Txt=Nt1.Txt, PosX=8, PosY=32,
Line=4)

Wait(CtrI=TIME, Until=2) -- wait for motion stabilization
RotSens(Port=C, Act=RESET, Cmp=?7?)
Timer(Num=1, Act=RESET, Cmp=?7?)
Wait(CtrI=TIME, Until=2) -- wait for motion stabilization
Lo2: Loop(Ctrl=COUNT, Until=10, Dis=OFF) [
Til:  Timer(Num=1, Act=READ, Cmp=?7?)
F2: File(Act=WR, Name=omega, Type=NUM, Val=Til.Val)
Rol: RotSens(Port=C, Act=READ, Cmp=?7?)
F3: File(Act=WR, Name=omega, Type=NUM, Val=Ro1.Val)
Walit(CtrlI=TIME, Until=0,5) -- wait for next sample time

Lo2]

Lo1]

File(Act=CL, Name=omega)
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The program repeats 11 times, applying orderly powers 0, 10, 20, . . ., 100, the ac-
quisition of 10 samples of the motor angular position through its integrated rotation
sensor. In the internal file “omega” such data appear as follows:

20 -- power applied
2002  -- sample time 1
293  -- sample value 1
2514  -- sample time 2

366  -- sample value 3

6606 -- sample time 10
963  -- sample value 10
30 -- power applied

The ® angular speed for a certain power is estimated as the average value of the 9
ratios:

Vi - Vi / ti -t with 1<i<10

2.5.7.2  Investigation of the relation steering - ratio ®;/ (w2-®p)

Similarly, as with the previous relation, we prepared a sampling program evaluat-
ing both average angular speeds at a sequence of different steering values (fig.
2.5.18).

gl

Fig. 2.5.18 — wvs. P ‘plotting’ program
The equivalent NXT-GTD description is as follows:

File(Act=DL, Name=steer)
Lol: Loop(Ctrl=COUNT, Until=11, Dis=ON) [
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Mul:
Mv1:

F1:
Nt1:

Lo2:

Lo1]

MathOp(Type=MUL, A=Lo1.Cnt, B=10)

Move(Ports=AC, Dir=FD, StLt=A, StRt=C,
Steer=Mul.Res, Pwr=70, Dur=FOREVER)

File(Act=WR, Name=steer, Type=NUM, Val=Mv1.Steer)
N2Txt(Num=F1.Num)

Display(Type=TXT, CIr=0ON, Txt=Ntl.Txt, PosX=8, PosY=32,
Line=4)

Wait(CtrI=TIME, Until=2) -- wait for motion stabilization

RotSens(Port=A, Act=RESET, Cmp=2?7?)

RotSens(Port=C, Act=RESET, Cmp=7??)

Wait(CtrI=TIME, Until=4) -- wait for motion stabilization

Timer(Num=1, Act=RESET, Cmp=2??)

Loop(Ctrl=COUNT, Until=10, Dis=0OFF) [

Til:  Timer(Num=1, Act=READ, Cmp=2??)

F2: File(Act=WR, Name=steer, Type=NUM, Val=Til.Vval)

Rol: RotSens(Port=C, Act=READ, Cmp=??)

F3: File(Act=WR, Name=steer, Type=NUM, Val=Ro1.Val)

Ro2: RotSens(Port=A, Act=READ, Cmp=??)

F4: File(Act=WR, Name=steer, Type=NUM, Val=Ro2.Val)
Walit(CtrlI=TIME, Until=0,5) -- wait for next sample time

Lo2]

File(Act=CL, Name=steer)
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2.6 Data Logger

2.6.1 Introduction

When the main objective of a project-based activity is to discover or verify a gen-
eral law that controls a phenomenon, or to make some statistics on the experiment,
one usually needs to collect lots of data from the real world. The manual acquisi-
tion of experimental data, though interesting from an educational point of view, is
subjected to unavoidable inaccuracies that can compromise the subsequent analy-
sis. Even when acquiring data from the environment was not initially thought as
necessary, this need may arise successively, when, for example, the behaviour of
the robot does not adhere perfectly to what is expected, when any aspect of the en-
vironment is worth being more deeply and quantitatively analyzed and when it is
interesting to study the time profile of a motion in detail.

The Lego Mindstorms NXT firmware permits us to use sensors not only for robot
controlling purposes, but, also, to get samples from such inputs and to store them
onto an internal file that can be subsequently uploaded on a PC for post-
elaborations. The integration of data analysis in a project is a substantial way to or-
ganize the development of its stages, particularly during the investigation stage. To
describe this feature through a simple but effective example, we prepared an ex-
periment that we called “‘data logger’ (DL). In this experiment the goal is to study
the uniformly accelerated motion and to deduce from the acquired data its funda-
mental quadratic law between space and time.

2.6.2 Building instructions

Because, as we have seen, the NXT servo-motors are speed-controlled devices, it is
much simpler to use the natural gravity acceleration in order to impose a constant
acceleration to a vehicle instead of forcing a linear increasing profile to its speed
that would mean to increase correspondingly the applied power during the motion.
Therefore, we built a very simple car on four free-to-rotate wheels without motors
(fig. 2.6.1); the car is equipped with a sonar sensor to get space data. Left to move
freely on a slope with a constant inclination & (fig. 2.6.2), the car is subjected to an
acceleration, which is the component of the g gravity acceleration parallel to the
slope, whose absolute constant value is g sin @ (whereas the orthogonal component
g cos @is compensated by the static reaction of the plane).

2.6.3 Programming the data logging

The data acquisition regards the distance measured by the sonar sensor in respect
of a fixed obstacle put on the starting side of the slope. Starting the acquisition be-
fore leaving the vehicle free to move down the slope under the influence of the
constant acceleration lets the program store in a file the entire sequence of sampled
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values of the increasing distance during the motion. In order to analyze the motion,
the teacher/student must reconstruct the relation between this sequence of samples
and the time. To reduce the influence of the unavoidable delays introduced by the
execution of the command blocks in the program, we suggest storing each sample
value together with its sampling time with immediately successive commands.

Fig. 2.6.1 — The simple car Fig. 2.6.2 — The slope and the
acceleration

The NXT-G code of the program is shown in fig. 2.6.3 and corresponds to the fol-

lowing NXT-GTD description:
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Fig. 2.6.3 — The Data Logger NXT-G program

Timer(Num=1, Act=RESET, Cmp=??)
File(Act=DL, Name=dldata)

Lol: Loop(CtrI=SENSOR, Sensor=SONAR, Dis=OFF, Port=3, Until=GT 110,
Show=CM) [

Til: Timer(Num=1, Act=READ, Cmp=??)
F2:  File(Act=WR, Name=dldata, Type=NUM, Val=Til.Val)
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Sol: SonarSens(Port=3, Cmp=??, Show=CM)
F1: File(Act=WR, Name=dldata, Type=NUM, Val=So1l.Dist)
Wait(Ctrl=TIME, Until=0.2) -- wait for next sample time
Lol]
File(Act=CL, Name=dldata)

The first block resets the timer, whereas the second block deletes the file possibly
produced in a previous session, to avoid new data being appended to the old ones.
In the loop, the program with a period of (about) 0.2 s, samples the measure given
by the sonar sensor and writes the value of the timer and the sample in the file. The
two readings, that of the timer and that of the sensor, must be done with the mini-
mum possible time separation. The loop ends when the distance reaches a maxi-
mum (the end of the straight path of the car) and the last block of the program
closes the file. The recorded ASCII file with the acquired data can be uploaded
onto the PC with the use of a specific NXT-G function (fig. 2.6.4). Time samples
are given in millisecond unit, distances in centimetres.

UUUUUU

nnnnn

|| Iy
[€lick_a category name ta see files of that type

Fig. 2.6.4 — How to upload the data file

The acquired data can be more effectively analyzed if reported in a spreadsheet and
then plotted: in fig. 2.6.5 you can see the sequences of samples for 6 different repe-
titions of the experiment. The samples, connected by means of interpolation curves,
are shown in the plotting (fig. 2.6.6) together with a fitting quadratic function
f(t):so+vo*t+a*t2/2 with a the assumed constant acceleration, and sq and v, chosen
to make good enough the approximation with respect to the sequence of samples
calculated as the average of the 6 corresponding measured samples. One of the
most interesting findings that students should “discover” is that a physical phe-
nomenon is only partially perfectly repeatable, due to noise errors and other physi-
cal inaccuracies (e.g. irregular friction, limited sensor precision, etc.). The plotting
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of the results of the repetition of the DL experiment can convince them, particu-
larly when compared with the theory (fig. 2.6.7).

The Slope

Set only alpha(degrees) as the angle of the slope, s0 and vO for the fitting curve
Alpha Alpha

(degs) (rads) Accel. s0 v0
5 0,044 42,8 55 11

Measuring distance to a wallin cm fitting curve=s0+v0*t+acc™t*t/Z

Time sample1 sample2 sample3 sample4 sample5 sample6 average fitting error (%)

0 6 6 5 5 6 5 5,50 5,50 0,00

0,2 10 11 8 6 11 8 9,00 8,56 5,19

0,4 16 17 13 10 16 13 14,17 13,32 6,33

0,6 23 24 20 16 23 20 21,00 19,80 6,05

0,8 3 32 26 23 3 27 28,33 27,99 1,22

1 42 41 34 30 41 37 37,50 37,90 1,04

1,2 52 53 45 39 53 46 48,00 49,51 3,05

14 66 67 57 51 67 60 61,33 62,83 2,39

1,6 80 82 72 65 82 74 75,83 77,87 2,62

1,8 96 98 88 80 98 90 91,67 94,62 3,12

average error(%) 3,10

Fig. 2.6.5 — Experimental data on a spreadsheet

Uniformly accelerated motion
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Fig. 2.6.6 — The DL data plotting
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Fig. 2.6.7 — The uniformly accelerated motion theory

The accuracy of the acquisition could be improved by storing the sampling time
and the associated sample value into two variables before copying them into the
file in order to reduce the time separation of the two readings. Another possibility
is to correct the stored sampling time of an amount calculated from an estimation
of the delays introduced by the execution of the program blocks.

A variant of the presented DL experiment could use a rotational sensor instead of
the sonar to provide the measure of the travelled space. In this case, you should use
an external rotational sensor (not provided in the standard kit, for instance the old
RCX sensor) because, if you connect the wheel to a NXT motor, the motor offers a
great resistance when it is not executing a motion command, and therefore it does
not leave the wheel free. Moreover, the student would be asked to deduce the linear
space from the angle performed by the wheel.

2.6.4 Didactical Issues

After the experiment, the acquired data can be suitably displayed and used for a
discussion among the students and the teacher:

e to discuss the evidence of the data in respect of the expected behaviour, trying
to find reasonable justifications for possible deviations;

e to deduce laws, constraints, proofs and intuitions from the shared analysis;
e to acquire a deeper insight in the physical phenomenon under experimentation;

e to provide a new awareness, which is the basic condition whereupon new
knowledge can be built with a constructivist teaching/learning approach.

The DL example can be used as a prototype to realize attractive, rather complex
data acquisition experiments with one sensor and also with more than one sensor.
In the latter case the reading of samples might be done as much synchronously as
possible to permit correct correlations among the different sensor data. For in-
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stance, one could study the correspondence between the rotation of a motor, meas-
ured through its internal sensor and the motion of the whole vehicle, measured with
the sonar in case of a linear motion, like in the DL example, or with a gyroscope or
a compass sensor in case of a rotational motion.



Chapter 3

Robotics as Learning Tool

3.1 A methodology for designing robotics - enhanced
activities

Authors: Kyparisia Papanikolaou, StassiniFrangou

During the last few years, robotics is being introduced in school education, from
kindergarten to high secondary school, either as an interdisciplinary, project-based
learning activity or as a learning activity focused on school subjects, such as Sci-
ence, Maths, Informatics and Technology. The use of robotics in education ensures
a learning environment that enables learners to control the behavior of a tangible
model by means of a virtual environment, which actively involves learners in prob-
lem-solving and encourages them to carry out experiments and create their own
programmable artefacts (Resnick et al. 1996).

In this chapter, we propose a methodology for designing robotics-enhnaced pro-
ject-based activities for students. The aim is to provide teachers with an operational
framework for structuring students’ work in the process of building and guiding a
robotic construction in order to enable students to develop specific competencies
and attain learning outcomes.

3.1.1 Project-Based Learning

Project-Based Learning is a comprehensive teaching and learning approach meant
to engage learners in sustained, cooperative investigation (Bransford & Stein,
1993). Projects focus on the creation of a product or performance, and generally
call upon learners to choose and organize their activities, conduct research, and
synthesize information. According to current research (Thomas, Mergendoller, &
Michaelson, 1999; Brown & Campione, 1994), projects are complex tasks, based
on challenging questions that serve to organize and drive activities, which, taken as
a whole, amount to a meaningful project. They give learners the opportunity to
work relatively autonomously over extended periods of time and culminate in real-
istic products. PBL environments involve authentic assessment tasks, teacher sup-
port but not direction, collaborative work, and reflection at individual and group
level (Han and Bhattacharya, 2001).

Project-based learning as a method of teaching and learning is mainly based on
contemporary learning theories, which argue that knowledge, thinking, doing and
the contexts for learning are inextricably tied. We know now that learning is partly
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a social activity, taking place within the context of culture, community, and real
life experiences. Knowledge construction has become a key term in describing a
more active students' role in developing and creating their own knowledge (see for
example McCormick & Paechter, 1999). It is central in describing the process of
learning within problem-based and project-based learning.

Project-based learning (PBL) is also a model for classroom activity that shifts away
from the classroom practices of short, isolated, teacher-centered lessons and, in-
stead, emphasizes learning activities that are long-term, interdisciplinary, student-
centered, and integrated with real world issues and practices.

PBL helps make learning relevant and useful to students by establishing connec-
tions to life outside the classroom, addressing real world concerns, and developing
real world skills. PBL supports learners to develop a variety of skills including the
ability to work well with others, make thoughtful decisions, undertake initiatives,
and solve complex problems.

In the classroom, PBL provides many unique opportunities for teachers to build
relationships with students. Teachers may fill the varied roles of coach, facilitator,
and co-learner. Finished products, plans, drafts, and prototypes all make excellent
"conversation pieces" around which teachers and students can discuss the learning
that is taking place.

Components of Project-Based Learning. Key components of Project-Based
Learning that should be considered in describing, assessing, and planning for pro-
jects, are (Han and Bhattacharya, 2001): Learner-centered environment, Collabora-
tion, Authentic tasks, Multiple-presentation modes, Emphasis on time manage-
ment, Innovative assessment.

Learner-centered environment: PBL should be designed to maximize student deci-
sion-making and initiative throughout the course of the project by involving learn-
ers in topic selection and, throughout the course of the project, by providing them
with control over the production and presentation of artefacts. Additionally, pro-
jects should include adequate structure and feedback to help learners make
thoughtful decisions and revisions. Learners should document their decisions, revi-
sions, and initiatives, with the aim to enhance reflections on their learning process
and acquire valuable data for assessing their work and growth.

Collaboration: PBL is aimed at the development of communication and collabo-
rative skills, enhancing group decision-making, interdependence, integration of
peer and mentor feedback by providing thoughtful feedback to peer and working
with others as learners/ researchers.

Authentic tasks: PBL should relate to the real world stimulating learners to address
real world issues that are relevant to their lives or communities.
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Multiple presentation modes: It is important to support and prompt learners, in the
course of the project, to effectively use various technologies as tools in the plan-
ning, development or presentation of their projects.

Time management: Learners should have control of their learning through the
course of the project, planning, revising and reflecting on their learning. Given the
time frame and scope of a project, all projects should provide adequate time and
materials to support meaningful doing and learning.

Innovative assessment: Assessment should be an ongoing process of documenting
learning through the course of the project. PBL requires varied and frequent as-
sessment, including teacher assessment, peer assessment, self-assessment, and re-
flection. Assessment practices should involve learners through consistent docu-
mentation of the process and results of their work enhancing reflection and self-
assessment throughout the project.

3.1.2 Designing projects for learning

Constructionism (Harel and Papert 1991) is reflected in PBL by the emphasis on
(Han and Bhattacharya, 2001): (a) the design of a student-centered learning envi-
ronment; (b) artefact creation as part of the learning outcome based on authentic
and real life experiences with multiple perspectives.

In this context, learners are promoted to become ‘active builders of knowledge’
while working on a project, exprimenting, investigating concepts, confronting mis-
conceptions. Especially, Learning by Design emerges from the constructionist the-
ory (Gagnon and Collay, 2001) that emphasizes the value of learning through cre-
ating, programming, or participating in other forms of designing. The design proc-
ess creates a rich context for learning. Learning by Design values both the process
of learning and its outcomes or products. The essence of Learning by Design is in
the construction of meaning. Designers (learners) create objects or artefacts repre-
senting a learning outcome that is meaningful to them.

Specific guidelines for effective Learning-by-designing provided by Resnick are:
(see http://lIk.media.mit.edu/projects/clubhouse/research/handouts/)

- Design projects that engage kids as active participants, giving them a greater
sense of control and responsibility for the learning process.

- Design projects that encourage creative problem-solving.

- Design projects that are interdisciplinary, bringing together ideas from art,
technology, maths, and sciences.

- Design projects that help kids learn to put themselves in the minds of others,
since they need to consider how others will use the things they create.
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- Design projects that provide opportunities for reflection and collaboration.

- Design projects that set up a positive-feedback loop of learning: when kids
design things, they get new ideas, leading them to design new things, from
which they get even more ideas, leading them to design yet more things, and so
on.

Learning by Design strongly suggests that tasks should be based on hands-on ex-
perience in real-world contexts. The designers/participants should be given the
option of multiple contexts so that they can devise multiple strategies when they
get involved in a problem-solving process. Because the learning process is open
and varied according to the student individual characteristics, learning preferences,
skills, and knowledge, it is important that there is a balance among guided tasks,
challenges, discussions and reflections. Collaborative work allows the learners to
obtain feedback from both, peers and the instructor, who primarily plays the role of
facilitator (Han and Bhattacharya, 2001).

In summary, the essence of Learning by Design lies in the experience of the learner
as a designer and creator of an external, shareable artefact. Learners become more
responsible for their learning through designing, sharing, piloting, evaluating,
modifying their work, and reflecting on the process. The instructor acts as a facili-
tator and motivator by creating an open-ended learning environment and by chal-
lenging and scaffolding the learners in a balanced manner, while providing options
with rich and varied feedback. Through this experience, learners are expected to
construct meaning and internalize the learning process (Han and Bhattacharya,
2001).

3.1.3 Designing robotics-enhanced constructivist learning environments

The methodology that we use for designing and implementing robotics-enhanced
projects integrates the main principles of constructivism, constructionism and prob-
lem-based learning. The main aim is to propose a ‘tool’ for designing robotics-
enhanced learning activities that promote:

- authentic learning (using resources of real-life, occupational situations, or
simulations of the everyday phenomena).

- social learning (technology supports the process of joint knowledge develop-
ment. The available e-learning environments can support collaboration be-
tween fellow students, who can be at different schools, at home or abroad).

- meaningful-active-reflective learning (students work on experiments or prob-
lem-solving, using available resources selectively according to their own inter-
ests, search and learning strategies).
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- problem-based learning (a method that challenges students to "learn to learn™;
student groups are seeking solutions to real world problems, which are based
on a technology-based framework used to engage students' curiosity and initi-
ate motivation, leading so to critical and analytical thinking).

Designing a robot to do even a simple task can place extensive demands on stu-
dents' creativity and problem-solving ability (Druin & Hendler, 2000; Erstad, 2002;
Carbonaro, Rex & Chambers, 2004). Building and programming autonomous ro-
bots is an ideal context in which to situate a project-based learning experience,
where learners work collaboratively to understand the problem, propose viable
solutions and construct their artefacts. It is quite important a driving question or
problem to set the stage and the project context to allow for a multitude of design
paths. Then, students should collaborate over an extended period of time during a
problem-solving activity. The result of this collaboration is the construction of an
artefact that will be presented to a wider classroom audience. The production of an
artefact, which is readily sharable with a larger community of learners, encourages
students to make their ideas explicit, whilst it allows them to experience science
concepts in a meaningful, personalized context (Penner, 2001).

Robotics-enhanced projects should encourage learners to engage in complex and
ill-defined contexts. From the beginning, learners identify their topics and prob-
lems and, then, seek possible solutions. By participating in both, independent work
and collaboration, learners improve their problem-solving skills, thereby develop-
ing their critical thinking skills. However, one of the problems that learners face in
such learning environments is what strategies to employ, how to start and proceed
with the problem they have to address. To this end, different approaches have been
suggested (Han & Bhattacharya, 2001; Houghton Mifflin, 2007).

Generally, three phases are suggested in conducting Project-Based Learning: plan-
ning, creating and implementing, processing (Han & Bhattacharya, 2001):

1. in the "planning"” phase, the learner chooses the project, locates the required
resources and organizes the collaborative work. Through these activities, the
learner identifies and represents a topic, gathers relevant information and gen-
erates a potential solution.

2. the "creating or implementing” phase: This phase includes activities such as
developing and documentating, coordinating and blending member contribu-
tions, and presenting to class members. In this stage, learners are expected to
build a product that can be shared with others.

3. the activities of the "processing” phase, include reflection and follow-up on the
projects. In this stage, the learners share their artefacts, obtain feedback, and
reflect on the learning process and the project.
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Moreover, specific features that need to be considered in organising the above
phases are as follows:

- A "driving question or problem", which is anchored in a real-world problem
and ideally uses multiple content areas, should serve to organize and drive ac-
tivities

- Opportunities for students to make active investigations, which enable them to
learn concepts, apply information, and represent their knowledge in a variety of
ways

- Collaboration among students, teachers, and others in the community so that
knowledge can be shared and distributed between the members of the "learning
community”

- The use of technology as cognitive tool in learning environments that support
students in the representation of their ideas: cognitive tools such as robotic Kits,
computer-based environment guiding the robots, graphing and presentation ap-
plications, web-based resources.

Especially for organizing students’ activity in robotics-enhanced projects, we fol-
low the above three phases of project-based learning and we further extend the
model proposed by Carbonaro et al. (2004) with processes & tasks that take place
within a robotic project (see Table 3.1.1) organised in stages:

- Engagement stage: students are provided with an open-ended problem and get
involved in defining the project. This stage requires the identification and rep-
resentation of a scientific problem. Students work as a class putting their ideas
into a question format. As they are doing so, they are identifying and represent-
ing a problem and different issues involved (e.g. brainstorming at class level).

- Exploration stage: students get familiar with LegoLogo, controlling devices
and software, make hypotheses and test their validity in real conditions, pro-
vide initial ideas. Students are divided in groups in order to answer to simple
questions and study specific cases in order to get familiar with the controlling
devices and software (e.g. work in groups with worksheets — structured activ-

ity).

- Investigation stage: students search for resources and investigate alternative
solutions. Students reconsider the problem and the different issues raised dur-
ing the engagement stage, based on the experience they have gained through
the exploration stage. At this stage, students in collaboration with the teacher,
formulate the driving questions/problems which link with the learning goals of
the project. The student groups undertake to solve the particular problems, in-
vestigate alternative solutions and provide arguments on their final proposals
concerning the artefact and the software they have developed (e.g. they work in
groups with worksheets, keep diary — open activity).
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- Creation stage: students share and combine their artefacts, synthesize ‘solu-
tions’ to the project reflect on their initial ideas. Students present their work in
class and then each group works on the synthesis of a final ‘product’, including
the artefact and the software (e.g. they work in groups with worksheets, keep
diary — result in a product). This work may lead to similar solutions but also to
innovative proposals.

- Evaluation stage: students share their ideas, products at class level, provide
arguments on their final proposals and evaluate them. Alternative solutions are
presented at class level and evaluated on the basis of the driving ques-
tions/criteria posed at previous stages of the project (stages of engagement, in-
vestigation). At this stage, students should critically judge their work, express
their opinions, compare their works and reach a common proposal for the pro-
ject (e.g. make presentations, discuss, peer evaluation). Students should also
reflect on and evaluate their collaboration.

The above stages are not linear, but, in many cases, highly iterative, e.g. the crea-
tion stage may include investigation or the investigation stage may include crea-
tion. The main aim of the various stages and the supportive content provided at
each one of them (such as worksheets, resources) is to engage learners in meaning-
ful design experiences. To this end, we should design for designers — that is, to
design things that will enable learners to design things (Resnick & Silverman,
2005). Thus, what is important in designing a project and the appropriate work-
sheets at each stage of the framework is to drive students to imagine, realize, cri-
tique, reflect, iterate (Maeda, 2000), and according to Resnick & Silverman (2005)
“encourage students to design and redesign their artefacts, to mess with the materi-
als, to try out multiple alternatives, to shift directions in the middle of the process,
to take things apart and create new versions”.

In the following table 3.1.1 the title of each stage, a short description, resources
provided to students, results/products and tasks that students might perform or par-
ticipate in, are presented for each stage.
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Table 3.1.1 - Stages of students’ activities while working on robotics-enhanced projects.

real conditions

Stage Description Resources Result Proposed Tasks
Engagement | Students may be An open-ended | Project de- Study of raw mate-
stage provided with an problem scription rial

open-ended prob- raw materials: Open issues Discuss

lem and get in- sites, newspa- Express opin-

volved in defining | pers, videos, ions/ideas

the project and magazines, Pose questions

main issues in- stories, cases Negotiate

volved Brainstorming
Exploration Students get famil- | Representative | Artefacts Study samples of
stage iar with controlling | examples, with specific | representative con-

devices and soft- general guide- | functionality | structions/programs

ware, make hy- lines, educa- Diary Observe

potheses and test tional materi- Gather informa-

their validity in als, software tion/Searching

Experiment
Collaborate / Nego-
tiate / Argumentation

size the final prod-
uct

Investigation | Students formulate | General guide- | Driving Reflect on previ-
stage the driving ques- lines that or- questions / ously defined open
tions / problems, ganize stu- problems issues
investigate alterna- | dents’ investi- | Artefacts Make hypotheses
tive solutions gation / diary. addressing that they can test
Educational the driving Plan
content questions Collect evidence
Diary Interpret
Evaluate
Keep diary
Collaborate / Nego-
tiate / Argumentation
Creation stage| Students share and | Guidelines for | Group prod- | Evaluate previous
combine their keeping diaries | ucts/ solu- work
artefacts, synthe- tions to the Share ideas
size ‘solutions’ to initial prob- Synthesize a product
the initial problem lem Keep diary
Diary Collaborate / Nego-
tiate / Argumentation
Evaluation Students share Guidelines for | Common Present their prod-
stage ideas & products at | peer evaluation | accepted ucts
class level, evalu- and synthesis product Discus
ate final group of a final prod- Peer evaluation
proposals, synthe- | uct Interviews
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3.2 A representative example: “The BusRoute” project

Author: Stassini Frangou

In this section, we will present “The BusRoute” project. It is a project developed
according to the model presented in the section 3.1. The project consists of five
stages: Engagement stage, Exploration stage, Investigation stage, Creation stage,
Evaluation stage. The presentation of this project is organized in two parts:

- Part 1: Description of the project (Teacher’s guide)
- Part 2: Students’ worksheets

3.2.1 “The BusRoute”: Description of the project (Teacher’s guide)

During this project, students construct a bus with the use of Lego building
materials and program its run along a pre-defined route with the use of appropriate
software. This project mostly addresses students without previous experience in the
use of educational robotics.

Goals: This project may meet learning goals in the fields of Physics, Mathematics,
Technology and Informatics, while fostering, at the same time, skills and attitudes.
Learners, upon completion of this project, will be able:

Knowledge:

- to describe the basic characteristics of a robot (Technology);

- to describe and explain the operation of simple construction (gears, axles,
blocks, transfer of motion) (Technology);

- to design and construct a moving vehicle with the use of all the appropriate
materials (wheels, axles, motors) (Technology);

- to use suitable software and programming structures in order to set in motion
and control that vehicle with the use of motors and sensors (use of icon
commands, control commands, repeat commands) (Informatics);

- to calculate physical quantities affecting the design and operation of a bus,
such as speed, distance, sense of direction (Physics, Mathematics).

- to compare and evaluate proposed solutions in both, the construction and the
programming of the models.

Skills:

to solve problems;

to formulate assumptions and check their soundness;

- to express and evaluate arguments based on the data they have collected;
- to organize their work and keep the course of their project under control
Attitudes:
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- to acknowledge and appreciate the contribution of science and technology to
modern man’s welfare.

- to realize the value of the group work and collaboration showing respect to
everybody’s individuality.

Duration: The overall project may cover 12-14 teaching periods, if wholly
developed. However, a teacher may choose to cover only a few of the activities
and, in such a case, its duration will be shorter.

Age group and prerequisites: This project is meant for Secondary School
students (12-15 years old) who have a basic knowledge on computer functions
(familiarity with an operating system, with saving and retrieving files). Lastly, it is
assumed that the learners concerned have very little experience or none at all in
robotics.

Table 3.2.1: The BusRoute- Duration of each stage

Stage Duration Worksheets
Engagement stage 2 hours Worksheet 1
Worksheet 2
Exploration stage 4-5 hours Worksheet 3
Worksheet 4
Worksheet 5
Worksheet 6
Investigation stage 2-3 hours Worksheet 7
Worksheet 8
Creation stage 1-2 hours Worksheet 9
Evaluation stage 1-2 hours

Inclusion in the school curriculum: The project is interdisciplinary and may,
depending on the way it is introduced and the emphasis given to its development,
be included in the Technology course of Secondary School, in the Informatics
course or in the Physics course (topic: speed measurement) and in the Mathematics
course (topic: circle perimeter, ratios) of Secondary School.

Software/Materials: Educational robotics requires both, the use of suitable
building materials for the construction of robot models and the use of suitable
software for their programming. For such kind of activities, the structural materials
proposed is that of Lego Mindstorms NXT kit. The robot model programming may
be done with Lego MINDSTRORMS Education NXT.

Proposed application in class: The following description concerns a proposed
application course in class. Its goal is to display tools and methods that can be
utilized within the framework of educational robotics by means of current trends
about teaching and learning. Therefore, in no way are teachers prompted to
faithfully follow the course, but rather to modify it with a view to serving the
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requirements arising from each learner group and to meeting the teacher goals and
the goals of the broader social group they belong to.

The project includes five development stages, which are not always clearly distinct,
but constitute a wider developmental framework.

Engagement Stage (2 teaching periods)

The inclusion of this project in the rest of the curriculum may be done through the
general issue of Public Transport. Public Transport, a subject matter of the
Technology course, may become a study topic within an environmental program or
an interdisciplinary activity within the frameworks of Physics, Mathematics and
Technology. Upon the end of this unit, learners will be able:

- to state advantages from using Public Transport;
- to describe the characteristics of a robot structure,

- to specify desirable characteristics that a robot bus should combine in order to
meet the requirements of transportation in city center

A starting point of the introduction may be a photograph or a short video with a
relevant topic arising from a real story. Within the framework of the discussion,
which will follow, students may refer to their own experiences and discuss
questions such as:

- In which cases have they themselves or their family used a bus or a train?
- Who normally use Public Transport on a daily basis?

- In what respect does Public Transport have advantages as compared with a
private means of transport?

- In what respect does Public Transport have disadvantages as compared with a
private means of transport?

- What is the action taken by the State or local authorities in order to encourage
the use of Public Transport?

- Is Public Transport friendlier to the environment?
First Teaching period

In Worksheet 1 (presented in Part 2 of this section), 5 pictures are given, each one
of which can give rise to discussion on various issues.

Picture 1: Morning traffic in Washington. 98% of the Americans think that Public
Transport must be used. (http://www.theonion.com/content/node/38644). This may
well give rise to a discussion about the traffic problem, pollution, over-
consumption of fuel, waste of time in traveling from place to place.
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Picture 2: Modern electric trains in the USA. These trains serve commuters (living
20-30 km away from town), thus mitigating traffic problems on motorways and
shortening the time needed to get to a town. These trains have amenities serving
people with special needs. It may give rise to a discussion on issues concerning the
convenience of passengers (air-conditioning, special groups, children, mothers,
elderly people) (http://www.movingtoportland.net/public_transportation.htm)

Picture 3: Tramway in Budapest. Budapest has a good Public Transport system,
operating from 4:30 to 23:00. Selectively, certain lines provide night services. This
may give rise to a discussion on transport service frequency.
(www.budapesthotels.com/touristguide/bkv.asp)

Picture 4: Line buses in Guatemala. They are regional buses manufactured as
school vehicles. Now, in the seat that was meant for two children, two to three
adults are squeezed in, together with their luggage. Of course, failures and
accidents are expected (antiguadailyphoto.com/2006/08/01/).

Picture 5: Map of the London Underground railway system. The London
Underground system has 12 lines, which, in combination with the bus services and
the surface trains, serve a very large area. The London underground system became
target of terrorists in 2005. This last item may give rise to discussion on safety
matters(http://www.propertyinvesting.net/cgi-

script/csNews/image upload/specialreports 2edb.London%20 Tube%20Map.gif).

At the end of this initial teaching period, students may draw up a list of arguments
supporting the use of Public Transport (section 3.2.2, Worksheet 1).

Second Teaching period

In the second teaching period, students are introduced into the scenario of the
following project: the construction of a robot bus moving along a specified route.
This route may be proposed by the teacher or may be planned in cooperation with
the students. This task may be related to the stories studied already by the students
in the previous teaching period, as well as to the students’ own experiences. In the
case of the urban centers, a good proposal is a robot bus serving a neighborhood
and linked with different means of transport, such as a train. Alternative proposal is
a robot train running within a park. In any case, the route covered should provide
the students with opportunities and challenges for research and exploration
(experimentation). At the end of this teaching period, the functions that we want
the robot bus to perform and the route we want it to cover are expected to have
been clearly described.

As an example, Worksheet 2 (Part 2) presents a scenario, where the learners are
asked to design a robot bus to serve a downtown area restricted to pedestrians.
Positive points, as well as concerns arising from the use of such a solution are:
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Positive Points Concerns

Easy downtown access within a short | Difficult access of all the residents to
time (traffic problem avoided) the bus terminus and stops. Need for
development of intermediate private car
parking areas.

Reduced need for downtown car | Delays caused to timetables and
parking areas and, as a result, | problems referring to transfers to and
increased areas of green. from other means of transport (train).

Less downtown air and noise | Difficult access by special groups of
pollution. people (elderly people, mothers with
young children, disabled).

More consumers and increased
downtown commercial growth.

At this point, we propose a discussion on the basic characteristics of a robot
structure. A robot is a structure which has a physical entity, can carry out actions,
i.e. has a behavior, but what makes it different from any ordinary mechanical
structure is that it contains within it the ‘control’ element. In other words, a robot
structure may collect data from the environment, decides, depending on those data,
upon the actions to be taken and performs those actions (data as input, instructions-
program, action-behavior as output).

At this point, we can continue with the description of the route. The bus can have a
terminus and bus stops in an area easily accessible to residents, e.g. near a public
car park, near the inter-city bus station, near the train station. Along its route, it will
have to stop at bus stops, where there are passengers and wait while passengers get
on and off the bus. For the convenience of blind people, it would be advisable to
provide sound signals during the time passengers get on and off the bus. It is
expected to develop a different speed at points where the road is not particularly
safe, as well as to spot any obstacles and get immobilized. It is, finally, expected to
be in a position to follow a pre-set route and park in a specific place.

Exploration Stage (3-4 teaching periods)

At the exploration stage, students become familiar with the materials that they are
going to use (construction materials and software). Through their actions at this
stage, they acquire the necessary experience which will enable them, at the
subsequent stages, to develop independently their ideas. The activities at this stage
are structured in such a way as to display the aspects that can be utilized in the
solution of the problem they are asked to address. At the end of this unit, learners
will be able:

- to recognize and name the basic categories of building materials;
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- to combine materials in simple working structures;
- to observe and explain the operation of simple machines;

- to state characteristics of simple machines (e.g. relationships between motor
rotations and vehicle displacement);

- to make use of the basic icon-commands in order to program their models;
- to investigate and compare;

- to draw conclusions.

Third Teaching period

Learners recognize and name the given materials and relate them to the functions
of a robot. The materials that can be utilized are gears, pulleys, beams, blocks and
different kinds of sensors. The Try Me menu of the NXT brick can be tested in
order to illustrate the function of sensors within NXT programs. The activities of
Worksheet 3 may be carried out in small groups.

Fourth Teaching period

The students continue their exploration activity with simple structures aimed at the
construction of a small bus capable of moving forward and backward (Worksheet
4). Typical car structures can be found in Lego Mindstorms Edu software: Lego
Manual (pages 8-14) or Lego Mindstorms Edu NXT Software (Common palette/
03 Drive Forward/ Building Guide)

The buses that are to be constructed will be able to move if:

- the motors are connected by a cable to Port A, B or C,

— the micro-processors NXT is switched on by pressing the orange button,
- My files/software files/Demo is selected by pressing the orange button.

The learners will have already been familiar with the construction of the model. It
is very possible that they will have already begun to compare the bus models they
have constructed, drawing conclusions in respect of speed, stability and functional
capacity of each model.

Fifth Teaching period

During the fifth teaching period, learners can deal with their programming part. A
brief introduction regarding the micro-processor operation may take place and,
once the right connections of touch and light sensors and those of the motor have
been made, learners can proceed with the programming environment (Worksheet
5).

Once the construction of the model is complete, the learners can proceed with
programming. In Worksheet 5 the students are asked to develop two programs,
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which drive and stop the bus with the use of clock and touch sensors. Learners are
also asked to compare those two programs, which solve the same “problem”, so
that the advantages and disadvantages of each solution may be discussed.

Sixth Teaching period

During the sixth teaching period, the students will be exploring the light sensor
(Worksheet 6). This activity aims at the learners’ understanding of the sensor
operation enabling them to utilize it when carrying out their programming work at
the subsequent steps. They connect the light sensor to the microprocessor and
move with the sensor in space. They record the readings given by the sensor in the
room’s various areas: in front of the open window, on the floor, on the table, in the
black color area near the window, in the black color area at a darker point of the
room.

Investigation Stage (3-4 teaching periods)

At this stage, the learners are asked to determine anew the problem which they
worked on during the second teaching period in the light of the experience they
gained with the materials and the software and to formulate a solution. After the
end of this unit, the students will be able:

- to express questions and direct their research independently;
- to design, realize and evaluate a structural work;

- to design, realize and evaluate a programming solution.
Seventh Teaching period

In the seventh teaching period learners will be re-examining their original problem
on the basis of the scenario presented during the second teaching period
(Worksheet 7).

They will have to determine the structural characteristics which the bus model they
will construct must have, as well as the functions it must fulfil. A route upon which
testing by the teams will be performed is essential to be constructed in the area
where the students will be working.

The teacher may discuss with the learners the criteria whereupon they will evaluate
their structural work. These may be:
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Criterion 4 3 2 1

Does it work as I originally planned?

Does it always work?

Can it be reused many times?

Is it easy to use?

Is it easy to construct?

Is it safe to use?

(1= low, 2= moderate, 3= very good, 4 exceptional)

The list will be completed by the class. This list must stay within the class on a
notice board so that everyone can consult it.

Eighth — Tenth Teaching periods

Each group of students selects a question/subject from the list of bus’ functions the
have already create during the previous teaching period. They will research this
question and they will propose an appropriate solution to the rest of the class

Examples of questions/ subjects for research can be:
- A study on the way in which the bus can turn.

- A study on stopping and waiting for passengers, as well as on selective
stopping, depending on whether there are waiting passengers at a stop.

- Means by which it can serve disabled people while in the process of stopping
etc. (e.g. sound signal)

- How it parks and how it starts off at the terminus.
- How it will be moving on a pre-defined track.
- How will it deal with situations of danger/obstruction?

The learners are guided in their exploration work through Worksheet 8. At the end
of each teaching period, the learners are asked to record, for five to seven minutes,
important events that occurred during the course of their lesson. They are asked to
record the individual problems which they faced, what they tried, how they
evaluate the results. The learners, at the end of this teaching period, are asked to
present the results of their work, in other words, their suggested solutions to their
peers. Their programs can be printed out alongside interpretative comments and be
mounted on the notice board of the classroom.
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Creation Stage (1-2 teaching periods)

At this stage, the students will be asked to put together in a creative manner all the
parts they have constructed so far. The purposes served by those activities are:

- Formulation of questions and exploration (experimentation);
- Testing and evaluating the results of exploration;

- Combine software programs in a coherent final solution;

- Justification of their choices.

The students will be recording useful ideas, which were suggested by their peers
during the exploration at both, the construction and the programming stages.
Afterwards, they will be asked to put together a complete suggestion for the robot
bus which will be moving on a specific route. The course of their project is
recorded in the diary just as it was at the previous stage. When their project is
complete, they must draft a report in which they will:

- Describe the structural characteristics of the robot bus.

- Describe the functions which it can fulfil.

- Support their choices with arguments.

- Record the advantages and disadvantages of their proposal.
Evaluation Stage (1-2 teaching periods)

At the evaluation stage the learners are asked:

- to present the results of their project;

- to justify their choices to the rest of the class;

- to utilize evaluation criteria.

Each team is asked to present its project and participate in the discussion which
will be developed within the class. Suggested topics/questions which can be
discussed in the class are:

Regarding the suggested solution:
- Effectiveness of the solution

- Stability during testing

- Originality

- Simplicity

- Safety

Regarding the procedure followed:
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- Did you ask questions?

- Did you try more than one solution?

- Did you support your solutions with arguments?

- Did you make good use of the new information which was given to you?
Regarding cooperation (team work):

- Did you express your ideas, opinions to the team?

- Did the contribution of the rest of the team help in the completion of the
project?

- Were there situations where your opinion differed?

In a similar way we can give feedback to the learners that took part in the activity.

An evaluation worksheet can first be completed by the learners and, subsequently,
by the teacher in a different color.



122 Chap. 3- Robotics as learning tool

3.2.2 Part 2: Students” Worksheets
The Bus Route Project

Worksheet 1: Public Transport

1. In your team, study the following pictures. Give a title to each one of them and
write it down in the following table.

Picture 3 Picture 4
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Picture 5

Title

Picture 1

Picture 2

Picture 3

Picture 4

Picture 5

2. Write two reasons for which you would use the bus rather than the train. Share

them with the rest of your team and complete your list.

I will use the bus/ train because...
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The Bus Route project

Worksheet 2:A robot bus

1. Scenario: You work for your municipality in the transport sector. The
downtown area is facing very serious traffic problems, especially when the shops
are open. There is a proposal to pedestrianize the downtown area and to ban private
cars in it during shopping hours. In this case, the development of a reliable
transport system to and from the downtown for the residents is necessary.

Write down at least three positive points and three concerns that you see in this
decision.

Positive points Concerns

2. The Municipality proposes to get a supply of buses which will be programmed
by means of computer systems and will run without a driver. How would you
describe such a robot bus? Which is the particular characteristic that distinguishes a
robot from other machines?

3. Describe clearly the route that the above robot bus will be following and the
functions expected to perform.
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The Bus Route project

Worksheet 3: Getting to know the structural materials

1. Match the names found in the list on your right hand side with the respective
items on the left hand side.

gear

pulley

tire

(i
axle
' beam
block

connector
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2. Name the sensors, NXT brick and motors in the following picture. Please notice
in which port each of these objects is connected.
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3. Connect the light sensor, the touch sensor, the ultrasonic sensor, the sound
sensor and a motor to the NXT brick Open the NXT brick and use the TRY MENU.
Test the Try-Light, Try-Touch, Try-Sound, Try —Ultrasonic, Try-Motor functions.
Observe the behavior of the robot in each case.

Program States of sensor Actions

Try-Touch Press of touch sensor Display of a smiling face

Try-Light

Try-Sound

Try—
Ultrasonic

Try-Motor
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4. A “robot” is a structure that can:

Collect data from
the environment
INPUT

Process those data
and make
decisions

PROCESSING

Execute those
decisions having a
behaviour
OUTPUT

According to the above definition, match the following items with the functions
they serve.

I oy _-1;” —
o ¢ W, 43
nxy | i ’
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The Bus Route project

Worksheet 4: Construction of a robot bus

1. In order to construct a robot bus it is necessary to use a NXT brick, motors and
sensors, together with other structural materials. You may try to construct a small
bus model like the following.

2. How many motors will be needed to make your bus?

to move forward:

backward:

to turn left and right:

3. Use additional materials to construct a small bus capable to move freely to all
directions. How will you transfer motion from the motor to the wheels? Draft a
sketch.
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The Bus Route project

Worksheet 5: Programming a robot

1. The NXT brick can
communicate with the computer
through a USB cable or a
Bluetooth connection.

2. On the NXT brick, sensors,
motors, lights are connected with
cables. Study the following picture.

Output ports A, B, C:
Motors and lights can be
connected here.

Connection with

Monitor window. Here the . PC
actions of the microprocessor g,
are shown. R
Enter button.
Input ports 1,2,3,4: Q L 4
touch sensors, light -»

sensors, temperature
sensors etc. can be
connected here.

We use these arrows to
move through menus.

Use the gray button to
turn off the NXT or to
move from a submenu to
the main menu.

Connect a motor, a light sensor and a touch sensor to the appropriate ports.
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3. Open the LEGO MINDSTRORMS Education NXT software. In this program,
the commands are symbolized by icons. What follows is a series of commands.
What do you think is going to happen if NXT executes this program?

4. Create this program with the LEGO MINDSTRORMS Education NXT
software. You will find all the icons in the Common Palette.

- Open the NXT brick.

- Connect the NXT with the PC through USB cable and [ [
download the program. ' QJ 3

- Run the program by pressing the Enter button (orange ;l
button) 4 times.

5. Create on your computer a program which can stop the bus by means of a touch

sensor. Run it.

f]

>

6. Compare the use of the block wait for time (question 3) with the block wait for
touch sensor (question 4) in the control of the bus’s running interruption.

Interruption by clock Interruption by touch sensor
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The Bus Route project

Worksheet 6: Use of light sensor

1. The Light Sensor enables your robot to distinguish between
light and dark. It can read the light intensity in a room and
measure the light intensity of coloured surfaces. Which port
should the light sensor be connected with?

2. Connect a light sensor with the Port 3 of the NXT brick. Open
Lego Mindstrorms Education NXT software and create a program
with a light sensor only. Download and run the program.

Wail . - - - -
21 80 Control: Sensor LB Port: O Gz oF] o4
. 53 Sensor 4 Light o7 Unil Ve oo
& =l=| Sensor: __,Q}' g)-i il 2nsor - it L. el
21 ligh
1] ;-" Function: ] ";+f# Generate light

The value shown here is the reading of the sensor

3. Move the sensor in space and observe its reading changes taking place.
Complete the following table:

Position Value of Sensor

In front of the window

Towards a lit lamp

On black color

4., Construct and test a program which can stop the bus by means of a light sensor.
Run it.
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The Bus Route project

Worksheet 7:Reconstruction of the bus
In the light of the experience acquired, study again the scenario:

You work for your Municipality in the transport sector. The downtown area is
facing very serious traffic problems, especially when the shops are open. The
downtown area is going to be pedestrianized and private cars are to be banned
during shopping hours. The transportation of the residents will be effected by
programmed buses which will be run without a driver.

As a team, you are asked to write down in the following list the structural features
that such a bus should have or the functions that it should perform in order to be in
a position to serve the needs of the residents. Bear in mind that your town is to
become famous by this original means of transport!

Subsequently, share your thoughts with the rest of the class and complete your list
if necessary.

Structural features Behaviour
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Which are the criteria whereby you would evaluate a structure? Write down your
criteria in the table given below. Then, configure a criteria list working jointly with
the rest of the class.

Criteria

Based on the structural features that you have defined above, construct a bus in the
light of what you have so far learned.

Describe the bus that you have constructed.
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The Bus Route project

Worksheet 8: Suggest a solution
1. State clearly the problem which you will be trying to solve.

3. Use your personal computer in keeping a diary of your project. Indicate :

Date:
Which problem you have tried to address?

4. For the presentation of your work in class, prepare four slides. The first will
present the problem/question that you researched, the second one will present the
structural and functional requirements that your model had. The third slide will
present the program you have created and the fourth slide will present your
reflections. All the best to your presentation!!
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The Bus Route project

Worksheet 9: Synthesize and create

1. Create and program a robot bus which will be serving your municipality
residents in accordance with the features and functions that you have written down
(consult your class notice board).

2. Write down questions and ideas regarding their solutions, utilizing, probably, the
proposals put forward by the other teams as well. You may also consult the class
notice board.

Questions Proposed Solutions
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3

5

. Use your computer in order to continue your project diary. Indicate:
Date:
Which problem you tried to solve?
What did you try?
How did it go?
Have you accepted or not that solution and why?
. Draft a text supporting the solution you have proposed.
Describe the construction work.
Describe the functional capabilities that it has.
Support with arguments your choices.

Write down the advantages and disadvantages of your proposal, as well as your
proposals for future improvement.

. Prepare the presentation of your project.

In order to organize effectively your research work being with:

Define the problem

Search for information and give ideas that will lead to the solution
Evaluate the ideas and select the most suitable

Plan the solution on paper

Implement, test and correct

Evaluate based on specific criteria

Describe the solution, argue for your choices

Presentation

Keep in mind:

When we do not know how to go on, we state clearly the question/problem that
we are faced with.

When something works then we deserve acknowledgement.
We get to learn something new when something does not work.
It is worth choosing the simplest way in doing something.

If something makes sense to us, then it may make sense to other people as well.






Chapter 4

Teacher Training Course in Introducing Robotics in
the Curriculum - The TERECoP Project Proposal

4.1 The training methodology
Authors: Kyparisia Papanikolaou, Stassini Frangou

Introduction

In this chapter we present the training methodology that we adopted through the
training courses implemented in the TERECOP project and the training and evalua-
tion materials used in the courses. In particular, the training methodology is con-
structivist in the sense that it is focused on learning experiences enabling trainees
to build their own understanding of the technological and pedagogical perspectives
of educational robotics. As far as the implementation of the courses is concerned,
we adopted a combination of face-to-face meetings with online learning in order to
enhance communication and collaboration among the course participants. How-
ever, each national team decided on specific aspects of the training context, such as
the schedule, the trainee’s profiles, and the activities developed through the course.

Research on the implementation of innovations show that it is not easy to change
teacher behaviour (Fullan, 1991). When designing a teacher training course, it is
useful to remember the educator's maxim “teachers teach as they were taught, not
as they are told to teach”. Thus, trainers in constructivist professional development
sessions should better configure learning activities that teachers can apply in their
own classrooms. It is not enough for trainers to describe new ways of teaching and
expect teachers to translate from talk to action; it is more effective to engage teach-
ers in activities that will lead to new actions in classrooms.

The training methodology that we adopted cite a constructivist precept: learning
takes place as people build their own understanding of a subject or set of skills; the
act of building understanding is more meaningful to learners than the memorization
of facts or procedures. The training course is constructivistic in the sense that we
provide experiences that enable the teachers to build their own understanding of the
technological and educational perspectives of educational robotics and the design
of robotics-enhanced activities (Papanikolaou, Frangou, Alimisis, 2008).
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4.1.1 Design characteristics of the teacher training course

Constructivist professional development gives teachers time to make explicit their
perceptions of learning (e.g. is learning a constructive process?), teaching (e.g. is a
teacher an orator or a facilitator, and what is the teacher's understanding of con-
tent?), and professional development (e.g. is a teacher's own learning best ap-
proached through a constructivist orientation?). Furthermore, such professional
development provides opportunities for teachers to test their perceptions and build
new ones.

Based on the above ideas, we developed a constructivist teacher training course,
during which teachers work on projects in order to build their own understanding
of the technological and educational perspectives of educational robotics. In our
case, teachers are trained based on the methodology for designing robotics-
enhanced activities (see Chapter 3, Section 3.1.3), which is also the main focus of
the training course. The particular course integrates the main principles of construc-
tivism, constructionism and project-based learning aiming to create a powerful learn-
ing environment with a balanced whole of cooperative, learning- and teaching-
focused approaches.

Learning tasks of the course were organized as small or large scale projects that
encouraged trainees to design and develop their own products. Themes of the pro-
jects were either ill-defined by the trainer or freely chosen by the trainees. In that
way, trainees had the opportunity to express their own ideas and to select themes
close to their professional needs and personal interests. Therefore, trainees were
‘personally connected’ with their projects, a fact that forms an additional require-
ment for invaluable creative work and effective learning (Resnick, 1991).

The active involvement of the trainees in all the parts of the course was of high
importance. A teacher training course can contribute to the professional develop-
ment of teachers by forming relations between teachers’ existing experiences and
the proposed new educational technologies. So, from the beginning of the course,
trainees were encouraged to express themselves and to participate in all activities
of the course through work and discussions in small groups, presentations in ple-
nary sessions and publications on the e-environment. In this way, current ideas,
beliefs and attitudes of the participants were made explicit and evaluated within the
constructivist approach.

Throughout the course, all trainees were working autonomously. The role of the
trainer was to facilitate the learning process by creating an interesting and stimulat-
ing learning environment: giving feedback at regular intervals, raising interesting
questions, guiding the research concerned and synthesizing ideas. Trainees, on the
other hand, were responsible for their work, they could follow their own path in
their exploration and could develop their own ideas. They were supported in their
work by appropriate resources, such as worksheets, representative examples and
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user guides. Diaries were kept where the activities of each session were recorded
with a view to addressing the most important issues.

Finally, a constructivist learning environment is based on cooperation. Social in-
teraction within small groups generates a fruitful learning environment, where
ideas are expressed, discussed and developed. So, most of the learning tasks were
performed by trainees working in small groups.

To enhance the sense of community and promote collaboration through the course
an e-workspace was also maintained. Through this e-workspace, teachers are able
to ask questions easily and efficiently outside the classroom, contact and ask train-
ers/peers to clarify doubts and problems, exchange ideas and share resources.
Moreover, trainers are able to make announcements to the class and provide re-
sources and support in a more efficient way. Finally, the e-workspace was used as a
common ‘meeting’ space that promotes a sense of community among the teachers
and of contiguity after the completion of the training course.

4.1.2 Constructivist views of learning and teaching

The main principles of constructivism, constructionism and project-based learning
are building elements of the training course. These principles and their implications
to teaching are briefly introduced in this section.

Constructivism. Central idea of constructivism is that human learning is con-
structed, that learners build new knowledge upon the foundation of previous learn-
ing. This view of learning sharply contrasts with one in which learning is the pas-
sive transmission of information from one individual to another, a view in which
reception, not construction, is the key. Constructivism has roots in philosophy,
psychology, sociology, and education. But while it is important for educators to
understand constructivism, it is equally important for them to understand the impli-
cations this view of learning has for teaching and teacher professional develop-
ment.

Two important notions orbit around the simple idea of constructed knowledge
(Hoover, 1996). The first is that learners construct new understandings using what
they already know. Learners come to learning situations with knowledge gained
from previous experience, and prior knowledge influences what new or modified
knowledge they will construct from new learning experiences. The second notion is
that learning is active rather than passive. Learners confront their understanding in
light of what they encounter in the new learning situation. If what learners encoun-
ter is inconsistent with their current understanding, their understanding can change
to accommodate new experience. Learners remain active throughout this process:
they apply current understandings, note relevant elements in new learning experi-
ences, judge the consistency of prior and emerging knowledge, and based on that
judgment, they can modify knowledge.



142 Chap. 4 —Teacher Training Course on Educational Robotics

Key assumptions of the constructivist perspective are summarised below (Driver
and Bell, 1985):

- What the students currently believe, whether correct or incorrect, is important;

- Despite having the same learning experience, each individual constructs on
individual meaning;

- Understanding or constructing a meaning is an active and continuous process;
- Learning may well involve some conceptual changes;

- Learning is not a passive process, but active and depends upon the students
taking responsibility to learn.

Constructivism has important implications for teaching that should be carefully
considered when designing teaching and learning (Hoover, 1996):

- Teaching cannot be viewed as the transmission of knowledge from enlightened
to unenlightened; constructivist teachers do not assume the role of the "sage on
the stage" but rather "guides on the side™ who provide students with opportuni-
ties to test the adequacy of their current perceptions;

- If learning is based on prior knowledge, then teachers must notice that knowl-
edge and provide learning environments that exploit inconsistencies between
learners' current perceptions and the new experiences. This challenges teachers
for they cannot assume that all children understand something in the same way.
Further, children may need different experiences to advance to different levels
of understanding.

- If students must apply their current perceptions in new situations in order to
build new knowledge, then teachers must engage students in learning, bringing
students' current perceptions to the forefront. Teachers can ensure that learning
experiences incorporate problems that are meaningful for students, not those
that are primarily important to teachers and the educational system. Teachers
can also encourage group interaction, where the interplay among participants
helps individual students become explicit about their own understanding by
comparing it to that of their peers.

- If new knowledge is actively built, then time is needed to build it. Ample time
facilitates student reflection about new experiences, how those experiences line
up against current perceptions, and how a different understanding might pro-
vide students with an improved (not "correct") view of the world.

This constructivist view of learning also influences the role of teachers. The main
task that teachers are assumed to perform, according to constructivism, is no longer
the transmission of knowledge, but the facilitation and coaching of learning
(Korthagen, Klaassen, & Russell, 2000).
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Constructionism. What is the difference between Piaget's constructivism and Pa-
pert’s “constructionism”? As Ackermann (2001) suggests “Beyond the mere play
on the words, | think the distinction holds and that integrating both views can en-
rich our understanding of how people learn and grow. Piaget’s constructivism of-
fers a window into what children are interested in and able to achieve, at different
stages of their development. Piaget suggests that children have very good reasons
not to abandon their worldviews just because someone else, be it an expert, tells
them they are wrong.

Papert’s constructionism, in contrast, focuses more on the art of learning or ‘learn-
ing to learn’ and on the significance of making things in learning. Papert is inter-
ested in how learners engage in a conversation with [their own or other people’s]
artifacts, and how these conversations boost self-directed learning and, ultimately,
facilitate the construction of new knowledge. He stresses the importance of tools,
media, and context in human development. Integrating both perspectives illumi-
nates the processes by which individuals come to make sense of their experience,
gradually optimizing their interactions with the world.”

Moreover, Papert also approaches the issue of relevance and emotional attachment
with an observation that by adding new objects such as “cybernetic construction
kits” for LEGO/Logo, children might “want to learn it because they would use it in
building” (Harel and Papert, 1991).

Papert (1980) and later Resnick (1994) lay out a vision for learning-by-design
which enables students to learn by participating in the design of digital environ-
ments, such as Digital Manipulatives (Resnick, 1994) and Logo (Papert, 1980).
Within the constructionist framework, the learner is not a passive recipient of in-
formation; rather s/he is an active participant in the learning process, working to
construct knowledge through experience, thus shifting the control of digital learn-
ing into the hands of learners. Papert (1980) describes four learning-by-design
principles:

1. Individuals are active learners and control their own learning process;

2. Individuals create concrete, tangible evidence (artefacts) that reflect their un-
derstanding;

3. Artefacts are shared collectively as well as reflected upon individually to ex-
tend one’s understanding;

4. The learning problems and contexts are authentic, that is, they focus on solving
a practical problem.

As an extension of constructivism, the constructionist approach involves learners
building knowledge and meaning through the construction of something external or
shareable (Papert, 1991). Furthermore, such a process also provides a motivating
context for students to learn the subject matter and content and test their knowl-
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edge. Just as maintained by Puntambekar and Kolodner (2005) that when students
are engaged in cycles of designing, evaluating, and redesigning, they have also the
opportunity to confront their understanding and misunderstanding of concepts (p.
185). This means that the learner is a designer, rather than just the receiver of de-
signed materials. The teacher is thus charged with designing/creating a learning
environment within which the learner can explore and create. Facilitators later
serve as advisors to learners, who are dealing with their own needs within the envi-
ronment (Hannafin & Hill, 2002).

Papert (1991) described the value of construction as actively engaging participants
in creating something that is meaningful to themselves or to others around them.
Constructionism urges learners to build a context for learning through community-
supported collaborative construction (Bruckman, 1998). In this way, a construc-
tionist learning environment can provide learners a self-motivated and peer-
supported environment

Educational robotics. Some general principles may be derived about how con-
structionism may be applied to educational robotics and the role of teacher in this
context:

- Educational Robotics is not taught to add new competences to traditional cur-
ricula; actually, it is not taught at all. It acts as a problematic challenge to both,
teachers and students, to address practical problems, where other competences
can be exploited to find effective solutions that are hereafter used as argument
of discussions and as source of new problems.

- Guidelines on using educational robotics can refer to specific (programming)
languages and robotic architectures (Kkits), but they should not strictly depend
on them. The goal should be how to instil a ‘Logo spirit’ when constructing,
programming and moving robots: experimentations with different languages
and robots could result in much more methodological validity. Moreover, sug-
gestions (and not compulsory recipes) on how conducting discussions and on
possible improving the given solutions must be supplied together with basic
materials, such as constructing instructions, program skeletons etc.

- Even in robotics there is no “right/wrong” dilemma: the learning activity pro-
ceeds step by step refining the problem specs and improving the more or less
acceptable found solutions. It will be very common that the teacher has to af-
ford unpredictable or at least unknown situations during which he/she is co-
learner with his/her students. These situations will spontaneously arise during
the lab activities because of the nature of robotics itself, and they give new op-
portunity to teachers and students to try out their skills and eventually their ‘be-
lieved’ limits.

- If we want to emphasize the “constructional side” of digital technology in spite
of its “informational side”, educational robotics is a perfectly balanced synthe-
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sis of “material” (the robot) and “immaterial” (the program) construction. In
this sense, other activities, such as exchange of experiences and guidelines
through the Internet, can be allowed without the risk of becoming prevailent
over the mainstream activity.

Self-awareness, self-efficiency, self-regard, self-assessment, self-rewarding should
be the focus in designing experiences with educational robotics. The role of the
mediator is important as a co-learner during the developing and problem-solving
phases.

4.1.3 The e-workspace

In order to enhance class communication and cooperation during and beyond the
face-to-face meetings, we developed an e-workspace that we maintained through-
out the course. To this end, we used the open source e-class platform offered by the
Greek Universities Network and the University of Athens (http://eclass.gunet.gr).

Trainers used the ‘virtual class’

- to provide trainees with resources (course content, worksheets, presentations)
and support such as timely information about the course content & scheduling,
useful resources and links, on-time support through the public areas of ‘an-
nouncements’ and ‘forums’,

- to promote a sense of community among the members of the class (trainers and
trainees) providing opportunities for communication/collaboration and sharing
of resources during and beyond the face-to-face meetings.

The e-class was organized to support communication and collaboration at two lev-
els: at class and group levels. To this end, we used public areas for all the mem-
bers of the class with different rights for trainers and trainees, like the *Announce-
ments’ area that permits trainees to make announcements to the class, the ‘Docu-
ments’ area that allows the trainers to upload content, whilst trainees can only
download the available files, the ‘Agenda’ area that allows the trainers to describe
the course structure with time and session information, the ‘Links’ area where the
trainers may suggest interesting Internet sites to the trainees, the ‘Forums’ area for
discussing topics, where trainers and trainees are allowed to create discussion top-
ics and submit messages.

We also arranged private areas for each group, where trainees could upload their
products when working with activities (such as programs or texts, the group diary
kept at the end of each session, the materials of their own project), discuss topics,
and exchange e-mails. This area was also accessible to trainers. In several cases,
the trainees could share their group products if these were copied in the public area.
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During the course, we used the public areas as tools for administration purposes,
for example, for providing the course content and worksheets before each session
and timely information about the course organization or each session, as well as the
public and private areas for teaching purposes, promoting reflection and social
interaction. For example, we used the public forum to organize a *helpdesk’ where
everyone could submit a problem or provide a solution, to stimulate trainees intro-
duce themselves and share their expectations, to make trainees express themselves
in specific discussion topics, share and reflect on their peers’ ideas, experiences,
and perspectives - e.g. trainees at the end of each session submit a comment on
their learning experiences of the day or suggest interesting and useful links on the
Internet.
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4.2 Course curriculum outline
Authors: Stassini Frangou, Kyparisia Papanikolaou, Dimitris Alimisis

In this section, we present a pilot training course for teachers, developed according
to the methodology described in section 4.1. Firstly, we present the overall aims
and objectives of this course, then we give a brief outline of the course curriculum
and, lastly, we give a detailed description of the proposed teaching activities.
Worksheets and other training materials can be found in the next section 4.3.

4.2.1 Overall aims and objectives

The overall aim of the course is to provide opportunities for teachers to examine
how robotics technologies can be used to promote a constructivist-constructionist
approach to learning under a co-operative and collaborative frame of work. The
implementation of robotics-enhanced constructivist teaching and learning practices
demands that teachers assume a new role. This means that opportunities, such as
exposure to a number of critical examples, experience in designing computer-based
robotics activities and integrating same in their classroom practice in constructivist
ways, are of great priority. The goal is teachers to be convinced by their own per-
sonal experience about the potential of robotics technology as a learning tool.

In this course, we assume that technology alone cannot affect teaching practices.
Our curriculum design follows an innovative constructivist perspective with an
emphasis on aligning computer and robotics technology with subject matter and
learners’ needs for the purpose of constructing meaning in social learning envi-
ronments. In such learning environments, the focus is not on the individual, but on
interactive systems that include individuals interacting with each other, instruc-
tional materials, subject matter, and tools. Computer-based robotics is an innova-
tive technology that can create a rich interactive environment encouraging con-
structivist learning.

Specific objectives: More specifically, our objectives are:

- to familiarise trainees with an appropriate robotics-based learning environments
(Lego Mindstorms system) and a set of critical examples and activities that can
support constructivist teaching and learning in science and technology subjects,

- to enable trainees to use robotics technology in a way that can contribute to the
realisation of:
» meaningful learning based on students’ own team work with teaching
materials,
e authentic learning using learning resources of real-life, occupational
situations or simulations of the every day phenomena,
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» social learning through the use of e-learning classes,

» active-reflective learning, working on experiments or problem-solving
and using available resources selectively, according to their own inter-
ests, search and learning strategies,

» project-based learning seeking solutions to real world problems, which
are based on a technology-based framework,

- To create a community of practice between educators and teachers with a view
to making easy and sustaining teachers’ professional development in using ro-
botics tools to support their students’ learning by active exploration and social
construction of new knowledge.

The expected impact is teachers to be trained in a way that robotics technology-
enhanced learning will play an important part in their future work as teachers or
professional educators. Trainees are expected:

- to develop innovative collaborative strategies in their classes and promote the
development of e-learning communities,

- to select exploratory learning activities that can support social constructivist
teaching and learning,

- to use the proposed tools in real classroom situations,

- to design, build and program their own robotic models and develop their own
projects for their students.

4.2.2 Outline of the training course curriculum

The pilot training course is organized in six modules and its total duration is 36
teaching periods (of 45 minutes). It provides an initial training (2) in constructing
and programming a robot and (b) in developing robotics projects for students. In
particular, the six modules are:

1. Introduction to the course.

2. Building a ‘Didactic contract’ aimed at presenting to trainees the rationale and
the means which are going to be used during the course in question.

3. Robotics as learning object aimed at introducing basic constructing and pro-
gramming features of robotics technology

4. Theoretical framework embracing learning theories and the appropriate back-
ground for designing robotics-enhanced projects.

5. Introduction to the methodology for developing robotics projects and design-
ing such projects.
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6. Evaluation of the course based on semi-structured interviews and question-
naires.

An outline of the course and the estimated duration of each module can be found in
table 4.2.1.

Table 4.2.1 Course outline

Training Course Curriculum QOutline

module title Duration
(teaching
periods)

C1 Introduction 1

C.2 ‘Didactic contract’ 1

C.3 Robotics as learning object 13

(GRS Introduction to LEGO NXT and sensors 2

C3.2 A first approach to construction of robots 3

C.33 A first approach to programming robots 3

C.34 “The cat, the mouse and the master” project 3

C.35 The “data logger” project 2

C4 Theoretical framework 4

C41 Constructivism and Constructionism 2

C.4.2 Why robotics in education? 1

C43 Project-based learning 1

C5 Methodology for developing robotics projects 14

Ch51 Model for organizing robotics projects 1

Cbh.2 An example of a robotics project: “BusRoute” | 3

Cb5.3 Working on a new robotics-enhanced project 7

C54 Presentation and evaluation of the trainess’ | 3

projects
C.6 Evaluation of the course 3

The exact timetable of the course can be formed according to the needs of the
trainees. It can be taught over a period of 4 weeks (9 teaching periods per week) or



Teacher Education on Robaotics-enhanced Costructivist Pedagogical Methods 151

over 3 weekends (12 teaching periods every weekend) - one weekend per month. In
order to enhance class communication during and beyond the face-to-face meet-
ings, we suggest maintaining through the course an e-workspace (find a description
of the e- space at section 4.1). A useful tool in collecting information about the
work done by trainees during the meeting, their thoughts or other issues concerning
the implementation of the course is the diary. Each group spends a few minutes at
the end of each session to write a few lines on an electronic diary. Suggested ques-
tions to be included in their diaries are:

What did you do during this session?

What was the best thing that happened to you during this meeting?
What was the worst thing that happened to you during this meeting?
What are you thinking to change next time?

Other Comments

Finally, most of the activities of the course are carried out in small groups. In order
to ensure that groups can work independently we provide worksheets and other
resources which can be found in section 4.3.

4.2.3 Proposed way of course implementation
C.1 Introduction (1 teaching period)

This teaching period aims at ‘breaking the ice’ between trainees and trainers, at
helping trainees relax and get to know each other's names and per-
sonal/professional information and at identifying individual learning needs and
goals, expectations and possible learning difficulties.

In particular, the trainer(s) introduce(s) himself/themselves. Then, the trainees are
asked to form groups of 4-5 people and each one to introduce himself/ herself to
the rest of the group in 2-3 minutes. Additionally, trainees are asked to provide
personal/professional information, to express individual learning needs and goals,
expectations and possible learning difficulties. Lastly, one representative from each
group briefly introduces the members of his/her group to the plenary. Also, trainees
and trainers are asked to post a message on a relevant topic at the discussion forum
of the e-class briefly introducing themselves (forum-topic “Class members”).

Alternatively, after this introduction, the trainees in groups of two interview each
other for 5 minutes and then introduce themselves in 2 minutes to the whole class.

C.2 Didactic contract (1 teaching period)
The aim of this module is:

- to ensure a consensus between trainer and trainees on the training objectives,
content and methods
- to generate interest in the topic of the training
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- to make arrangements necessary for the smooth running of the course
- to give a few key ideas on pedagogical issues

The trainer presents the overall aim, the specific objectives of the course, the train-
ing methodology and the expected training results. The trainees are asked to ex-
press their own expectations, opinions, suggestions and ideas. This module finishes
with an agreement between trainer and trainees on the aforementioned issues (and
on everything else that may emerge in the training class) leading to the formulation
of a "didactic contract”. This “didactic contract” is uploaded by the trainer in the
Documents area of e-class. Some relevant papers become available for trainees
through the e-class and are suggested for reading.

C.3 Robotics as learning object

This module is focused on the introduction of the materials included in the Lego
Mindstorms Education NXT Kkit, and the Lego Mindstrorms Edu NXT software. It
is organized in five parts. In the first part, trainees are familiarized with the materi-
als which they are going to use in the construction of their model. In the second
part, they get involved in constructing a robot car. The remaining parts of this
module are introducing the basic programming feature of the software.

C.3.1 Introduction to Lego Mindstorms NXT brick and sensors (2 teaching
periods)

Trainees form small groups of 3 or 4 members and one Lego Mindstorms Educa-
tion NXT Kit is given to each group. They are working in groups and they identify
the sensors, the motors and the construction parts, such as blocks, axles etc. of their
kit. The trainer makes a brief introduction to NXT brick functions and then the
groups are asked to experiment with the touch sensor, light sensor and servomotor
in order to become familiarized with them and their parameters by carrying out the
activities of the Worksheet C.3.1. At the end of this section, a discussion about the
technical characteristics of each sensor takes place in plenary.

C.3.2 Afirst approach to construction (3 teaching periods)

During the second part, trainees in groups construct a car- robot with two motors.
To this end, they use instructions included in the official guide and the Lego Mind-
storms Edu NXT software. They are also introduced to the Lego Digital Designer
software(http://Idd.lego.com/). At the end of this part, a discussion-evaluation of
their experiences through the construction of the robot-car takes place. The trainers
and trainees agree on a set of criteria for evaluating robotic constructions.

C.3.3 Afirst approach to programming: Moving around (3 teaching periods)

The third part is focused on the Lego NXT programming environment and the de-
velopment of virtual models that guide robots with varying configurations, i.e.
motors’ activation using basic programming blocks within the NXT software.
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The trainees, working in groups, undertake specific introductory activities to the
programming environment of Lego Mindstorms Education NXT. The initial project
is to design a program that moves a robot along the sides of a square. To this end,
an appropriate worksheet is given with specific instructions (Worksheet C.3.3).

Then, the trainees develop their first program and investigate the relation between
power of motor and speed of the car robot they have already constructed. The fac-
tors which influence the final speed of the car robot is discussed in plenary. Then,
they are asked to investigate left and right turns with both, ‘move’ and ‘motor’
blocks and, finally, they develop their own blocks for left turn of 90° and right turn
of 90°. Each group upload the blocks they develop through this activity on the pri-
vate documents’ area of the group in the e-class. Then, the groups are asked to
make their robot move on a square path (final programs are also uploaded).

Additional experimentation can be conducted by the trainees in order to make the
robot car turn left or right at an angle. During these activities all groups will create
programs with blocks such as ‘move’, ‘motor’, ‘record’, ‘loop’, while they will
have also defined their own blocks. Advanced functions like ‘record/play’ can be
also introduced to trainees.

C.3.4 The “cat, the mouse and the master” project (3 teaching periods)

The “cat, the mouse and the master” project is an activity introducing basic pro-
gramming structures and statements of the Lego Mindstorms Education NXT pro-
gramming environment. Initially, a mock up with black spots is put on the ground
simulating the area where the cat is moving - each black spot corresponds to a
mouse!. The groups should adapt their robotic construction in order to make it
work on the mock up as a cat running after a mouse. Three activities that gradually
introduce trainees to different programming concepts of varying difficulty and
complexity are performed. Each activity sets a specific challenge-problem to the
trainees:

- At first, they should make the cat run after the mouse and stop when it reaches
a black area (the mouse!) using a light sensor, the loop block, and developing
their own blocks (Worksheet C.3.4.1),

- Then, the cat’s behaviour should be ‘extended’ to be able to stop for a while
and make a sound when the master touches her. To this end, the cat robot
should be equipped with a touch sensor. Trainees should also extend the pro-
gram using condition blocks, and blocks like Display, Sound, Wait For (Work-
sheet C.3.4.1),

- Lastly, they should use variables in order to make the cat move on a spiral path
(Worksheet C.3.4.2, Appendix 4).
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At the end of each activity, trainees are invited to present their work and discuss
with others their ideas. Different solutions are compared.

C.3.5 The ‘data logger’ (2 teaching periods)

This part is aimed at enabling trainees to use the data logging functions of the
software. These functions are very useful in all science projects. Trainees are asked
to study a ready-made program, to collect time and distance data from a moving
robot and, finally, to design a graphical representation of the corresponding data
that give information about the motion of the robot (Worksheet C.3.5, ).

The Lego Mindstorms Education NXT v2.0 has an extra feature for real time and
remote data logging.

C.4 Theoretical framework
C.4.1 Constructivism and Constructionism (2 teaching periods)

The first activity of this module is to discuss the question “How the use of: robotics
technology in school class could change the traditional teacher-centred teaching
model?”

The question can be discussed through a brainstorming activity where the trainer
encourage trainees to express freely believes and attitudes on that issue and utilizes
the experience and creativity of all participants. The trainer summarizes all the
ideas which emerge from the brainstorming.

Then, the trainees are separated in groups of 3-4 people and they are asked to dis-
cuss issues concerning constructivism and constructionism through Ackermann’s
paper “Piaget’s constructivism, Papert’s constructionism: What’s the difference?”
Each group presents a part of the paper to the plenary session and the trainer makes
a synthesis of trainees’ answers and presents his/her own ones (if they are different
from those presented by the trainees) focusing on principles such as :

- the knowledge background and culture of the learner plays an important role in
learning,

- learners construct their own understanding and do not simply mirror and reflect
what they read,

- learning is an active, social process,

- the necessity for collaboration among learners, in direct contradiction to
traditional competitive approaches,

- learning is most effective when part of an activity the learner experiences as
constructing a meaningful product,

- constructionist learning involves students in drawing their own conclusions
through creative experimentation and making social objects,
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- teachers have to adapt to the role of facilitators and not transmitters of subject
matter. The constructionist teacher takes on a mediational role rather than
adopting an instructionist one. Teaching "at" students is replaced by assisting
them to understand problems in a hands-on way.

After that discussion, the trainees are encouraged to write their opinion on the same
topic in the forum of their e-class.

C.4.2 Why robotics in education? (1 teaching period)

The trainees are separated in groups of 4-5 persons (the synthesis of the groups
might be different from the previous one). Each group is asked to read a part of the
article: Resnick M (2002). Rethinking Learning in the Digital Age. In The Global
Information Technology Report: Readiness for the Networked World, edited by G.
Kirkman. Oxford University Press, which bas been available to the trainees
through the e-class. Then, they are asked to upload a summary of this paper and
their comments in the forum of e-class. A presentation of their opinions is also
made to the plenary session. The trainer synthesizes and summarizes all relevant
ideas and adds his own comments on the educational value of robotics.

C.4.3 Project-based learning (1 teaching period)

The trainees are separated in groups of 4-5 people (the synthesis of the groups
might be different from the previous ones). They are invited to study the paper
Carbonaro M., Rex, M. & Chambers, J. (2004). Using LEGO Robotics in a Project-
Based Learning Environment. The Interactive Multimedia Electronic Journal of
Computer-Enhanced Learning, 6(1). Retrieved 22/9/2008, from
http://imej.wfu.edu/articles/index.asp and then to write down and present three
main advantages of the project-based learning against the traditional teacher-
centered teaching model.

The trainer makes a synthesis of trainees’ answers and presents his/her own ones
(if they are different from those presented by the trainees) focusing on helping
trainees to recognise the educational advantages of project-based learning as a
model for classroom activities that shifts away from the classroom practices of
short, isolated, teacher-centered lessons and, instead, emphasizes learning activities
that are long-term, interdisciplinary, student-centered, and integrated with real
world issues and practices.
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C.5 Methodology for developing robotics projects

Projects are long term activities that bring together ideas and principles from dif-
ferent subject areas. Teaching and learning through projects seems to be a complex
and demanding activity for teachers and students. As a part of this training course
this module aims to provide the trainees with “a hands on” experience in designing
robotics projects. In particular, during this module the trainees will:

- Reflect upon basic features of a robotics project which is developed according
to constructivist and constructionist principles,

- Study an example of a project developed according to the theoretical frame-
work proposed in previous lessons (five stages),

- Analyze each stage of the project according to the type of activities performed
by teacher and student,

- Apply the same model to a subject of their interest and develop their own pro-
ject.

The module ‘Methodology for developing robotics projects’ may cover 14 teaching
periods.

C.5.1 Model for organizing a robotics project (1 teaching period)

During this teaching period trainees are working in small groups (4-5 people) on
Activity 1 of the worksheet C.5.1 for 20 minutes.

Activity 1 20 minutes
(Working in groups of 4)

In previous sessions of this course, we have discussed thoroughly the constructivist
learning approach and its implications in teaching. Concerning Robotics in Educa-
tion, we have illustrated features of learning by constructing artifacts and we have
discussed the constructionist approach in teaching and learning.

1. Make a list of seven features that a robotics project should have in order to serve
constructivism and constructionism perspectives of teaching and learning.

2. Be prepared to present your list to the rest of the class.

After the end of this activity, trainees present their list to the rest of the class and
the trainer summarizes their answers (20 minutes). If necessary, the trainer can add
more features in the list. (Additional information can be found in Appendix 2 Pro-
ject —Based learning: Important features, section 4.3).

Then, the trainer presents, with a slide show, the five stages of a project. This pres-
entation can be enriched with a short description of each stage. Trainees can also
be asked to combine the list of features they created during Activity 1 with the five
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stages mentioned above. Stages and their description can be found in Chapter 3.1
and in Appendix 3 of section 4.3.

C.5.2 An example of a robotics project: “The BusRoute” (3 teaching periods)

At this stage, trainees are going to work on a project example in order to explore
and elaborate on its main stages through an authentic experience. As a project ex-
ample, we use here the project “The BusRoute” that we present in section 3.2. A
brief outline of “The BusRoute” project can be seen in table 4.2.2

Table 4.2.2. Outline of ““The BusRoute™” project

Duration Teaching Theme Worksheets
Stage (teaching
periods)
Engagement | 2 Public Transport Worksheet 1
stage A robot bus Worksheet 2
4-5 Getting to know the structural | Worksheet 3,
Exploration materials Worksheet 4,
stage Construction of a robot car Worksheet 5,
Programming a robot Worksheet 6
Use of light sensor
Investigation | 2-3 Construction of the bus Worksheet 7
stage Suggest a solution Worksheet 8
Creation 1-2 Synthesize and Create Worksheet 9
stage
Evaluation 1-2 Presentations & Discussion
stage

Trainees, in small groups, may go through the “The BusRoute” project stage by
stage (or alternatively, each group undertakes one stage). They study the descrip-
tion of each stage and they carry out the activities of the relevant worksheets (rele-
vant materials can be found at section 3.2). Then they complete the activity 2 of the
worksheet C.5.2. In particular they complete the following table with ideas, inter-
esting elements they found in the project and new ideas that they think as impor-
tant.

Stage | Teaching Strategies-tools | Students activities Teacher activi-
ties
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Table 4.2.3 Strategies, tools and activities in each stage of the project.
Stage Teaching Strategies - Students’ activities Teacher activi-
tools ties
Engagement | Stimulate interest with Share experiences with | Provide open
stage pictures, videos or news- | peers and teacher. ended activities.
paper articles. Provide ideas for crea- | Facilitate discus-
Make real world connec- | tion of questions and sions.
tions. artifacts. Summarize.
Discussions in plenary Define the project.
session. Determine collabora-
Discussions in small tively evaluation crite-
groups. ria.
Handoults.
Exploration | Guided explorations. Follow instructions. Create a learning
stage Introduction of new Experimenting. environment.

tools, skills and materi-

Observe.

Give assignments.

als. Gather information. Provide structured
Handouts. Conclude. set of inquiry
Compare. steps for learner
to follow.
Reinforce learn-
ing.
Investigation | Formulate the problem Ask and refine ques- Challenge stu-
stage and analyze it. tions. dents by asking
Choose one problem to Refine evaluation crite- | questions.
investigate (one for each | ria. Mediate group
group). Select appropriate work.
Diary. tools.

Planning.
Experimenting.
Apply knowledge in
new situation.
Evaluate.
Communicate ideas
and findings to others.

Creation Select resources. Synthesize. Ensure individual
stage Create final artifacts. Collaborate and nego- | and group learn-
Diary. tiate. ing.
Evaluate.
Draw conclusions.
Evaluation Presentation. Present final product. Facilitate group
stage Peer evaluation. Evaluate. evaluation and

Evaluation Rubrics.

Compare.
Give and take feed-
back.

self- evaluation.
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Finally, they share their thoughts in a plenary session. The trainer synthesizes all
ideas in a common table and uploads this file to the documents area of the e-class.
This table may look like Table 4.2.3.

C.5.3 Working on a new robotics-enhanced project (7 teaching periods)

During this session, trainees are expected to use the methodology for designing
robotics-enhanced projects in order to develop a new project. Trainees, working in
groups, are encouraged to use materials created and experiences gained during the
previous sessions of the course in order to develop a new project.

This session is the “creation stage” of the pilot course, so trainees should be gradu-
ally become capable, through the course, of contributing to the work at this stage.
To that direction, a very helpful activity that can be carried out at any session of
this course is to ask trainees to search the web for interesting robotic constructions
and share their findings with other members of the class through the e-class space.

As an introduction to the work of this section, trainees in groups are asked to write
and upload an idea (or ideas) of a project they would like to develop further. The
ideas of each group are presented to plenary sessions and all participants can con-
tribute with useful comments.

The trainer keeps giving the trainees some general guidelines helping them to de-
scribe the work expected from them (worksheet C.5.3). Then, the trainees are asked
to agree on a set of criteria/rubrics according to which their projects are going to be
evaluated. An example of rubrics can be found in worksheet C.5.4.

Finally, each group takes the responsibility to organize its work in the laboratory or
at home and submit their projects on time.

C.5.4 Presentation and evaluation of the projects (3 teaching periods)

During this session, trainees present their work to the rest of the classroom. Presen-
tations consist of: (a) demonstration of the function of the robot involved, (b) de-
scription of the project with emphases on the exploration and investigation activi-
ties expected to be preformed by students.

The work of each group is commented and evaluated by (a) the group (self evalua-
tion),(b) any other group of trainees (peer evaluation), (c) the trainer (or trainers).
The evaluation can be done by the rubrics agreed on at previous stages or in any
other way.
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C.6 Evaluation of the course (3 teaching periods)
The evaluation of the course can be based on:

- Group diaries: After the end of each session, each group keeps notes in a text
file. In this diary, we expect to find information about: activities carried out
during the session, time taken for each activity, the results of each activity, the
collaboration among trainees, the robots they created and the proposed pro-
gramming features.

- Electronic portfolios of the works produced by each group through the pilot
course.

- Structured interviews conducted in groups at the last meeting of the course
(Worksheet C.6.2),

- Individual questionnaires (Worksheet C.6.1)
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4.3 Training materials

Authors: Stassini Frangou, Kyparisia Papanikolaou, Dimitris Alimisis

Introduction

In this section you can find all the worksheets used during pilot training courses.
Each worksheet can be identified by the number of the module that belongs
(C.3.1). The way to use each worksheet is described at the corresponding module
of section 4.2.

Table 4.3.1. Course outline

Training Course Curriculum Outline

Module | Title Hours | Materials

C.1 Introduction 1

C.2 ‘Didactic contract’ 1 Appendix 1

C3 Robotics as learning object 13

C3.1 Introduction to LEGO NXT and sensors 2 Worksheet
C3.1

C3.2 A first approach to construction of robots 3

C33 A first approach to programming robots 3 Worksheet
C33

C34 “The cat, the mouse and the master” project 3 Worksheet
C34.1,
Worksheet
C34.2,
Appendix
4,

C3.5 The ‘data logger’ 2 Worksheet
C35

C4 Theoretical framework 4

C4.1 Constructivism and Constructionism 2 Worksheet
C4.l

C4.2 Why robotics in education? 1 Worksheet
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Cc4.2

Cc43 Project-based learning 1 Worksheet
Cc43

C5 Methodology for developing robotic projects 14

Cs.1 Model for organizing robotics projects 1 Worksheet
C.s.1,
Appendix 2

CS5.2 An example of a robotics project: “BusRoute” | 3 Worksheet
C5.2,
section 3.2

C53 Working on a new robotics-enhanced project 7 Worksheet
Cs53

Cs5.4 Presentation and evaluation of the trainess’ | 3 Worksheet

projects CS54

C.6 Evaluation of the course 2 Worksheet
c.6.1,
Worksheet
C.6.2




Teacher Education on Robotics-enhanced Costructivist Pedagogical Methods

Worksheet C.3.1: Introduction to NXT brick and sensors

NXT brick and sensors-LEGO MINDSTRORMS NXT Edu Software

1. A “robot” is a structure that can:

Collect data
from the
environment
INPUT

According to the above, characterize the following items according to their

function.

—

Process those
data and make
decisions
PROCESSING

Execute those
decisions
having a
behavior
OUTPUT

Item

Function

Light sensor

NXT display

Play of sound

NXT brick

Servomotor

Touch sensor
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2. The NXT brick can communicate with the computer through a USB cable or a
Bluetooth connection. On the NXT brick, sensors, motors, lights are connected
with cables. Name the sensors, and motors in the following picture. Please notice to
which port each of these objects is connected.




Teacher Education on Robotics-enhanced Costructivist Pedagogical Methods 165

3. Parts of the NXT: On the NXT brick, sensors, motors, lights are connected with
cables. Study the following picture.

Output ports A, B, C:
Motors and lights can be
connected here.

Connection with

. . PC
Monitor window. Here the
actions of the microprocessor gy
are shown. *y,

Enter button.

Input ports 1,2,3,4: Q
touch sensors, light -3
sensors, temperature

sensors etc. can be
connected here.

We use these arrows to
move through menus.

Use the gray button to
turn off the NXT or to
move from a submenu to
the main menu.

4. Menu My Files: Open the NXT brick and explore the NXT menu. Remember:
Orange button: On/Off, Enter

Light Grey arrows: navigation left and right

Bark grey: Clear, go back

Select My Files folder. Which subfolders can you find?

Open subfolder Sound Files and run the file Startup.
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5. Menu View: The behaviour of a robot is usually based on the values of its
sensors (e.g. light sensor). We can see the values of each sensor connected to our
NXT by the View menu.

5.0 Measurement of Reflected Light: The Light Sensor enables the robot to read
the light intensity in a room, and to measure the light intensity on colored surfaces.
You can test the Light Sensor in different ways using View.

Step 1: Connect the Light Sensor to the NXT (port 3). Select View in the NXT
display.

Step 2: Select Reflected light

Step 3: Select the right port (port 3) and see the value of the light sensor on your
NXT display.

Hold the Light Sensor close to the different colours in your surrounding and see the
different readings. Write your observation in the following table.

Colour Value
White
Green
Blue
Light grey
Black
In front of the window
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5.b Touch sensor: The Touch Sensor is a switch: it can be pressed or released.

pressed released bumped

{ — d ‘ — q ‘ { - d
See the current Touch Sensor value on the display using View menu.

Step 1: Connect the Touch Sensor to NXT (port 1). Select View in the NXT
display.

Step 2: Select the Touch icon.

Step 3: Select the right port (port 1) and see the value on your NXT display. Press
and release the button of the sensor.

Condition Value

Button Pressed

Button released

5.c Interactive Servo Motor: The Interactive Servo Motors have a built-in
Rotation Sensor. The rotational feedback allows the NXT to control movements
very precisely. The built-in Rotation Sensor measures the Motor rotations in
degrees or full rotations. To test the rotation sensor connect the servomotor to NXT

Step 1: Select View in the NXT display.
Step 2: Select Motor degrees.

Step 3: Select the right port (port A or B or C). Now try to attach a wheel to the
Motor and measure the degrees by pushing the wheel over the floor.

| 2 - a 4 .
dEby - G dEb
- -
¥

Can the robot distinguish the direction of rotation?

fok g

Test the option Motor rotation...
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Worksheet C.3.3 A first approach to programming

Moving Around

1. Moving forward: For programming the behavior of a robot we may use the
Lego Mindstorms Edu NXT software. This is a graphical programming
environment. All available blocks (commands) can be found on the left hand side
of the screen.

1.a. Open the Lego Mindstorms Edu
NXT software and drag a Move block
from the Common Palette on the
workspace. Move Block can set our
robot to go forwards in a straight line,
backwards or to turn by following a
curve. Duration (5), power (4),
direction (2) of the motion can be
defined by the properties of the block
(configuration panel, lower part of the screen). Set the parameters of the
configuration panel as below. (For more information on the properties of any block
you can use the Help menu of the software).

HATS: Frn ()08 @8 B¢ B Foner: (1) B e — @3 75 |
T pOmain: OF 08 082 [ oo (3)) t | [Rotations [+
) Stesrng i P Nert acton: (6) 0 pllerske 0O coan
OF 0 5

1.b. You have already made your first program.
You can save it as move_fd.rbt. Can you guess
what is going to happen if you run this program?

1.c In order to test this program connect your
NXT to you computer and open it. Press the
Download button of the Controller (on the right
side of your screen). You can run the program
from the software (press the Rum button) or from = -
the NXT  buttons (Files/Software files -1[:‘:'””'5'::' and
/move_fd/run). (Make sure that the motors are
connected to the right ports)

a
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2. Speed and Power: The power of motors defines the speed of your robot. Make
measurements of the distance traveled by your robot in a specific time interval for
different values of motor’s power. Fill the following table with your measurments.

Time | Distance | Speed
(sec) (cm) (cm/sec)

POWER

Use the grid to construct a power-speed graph. Can you figure out the exact
formula for speed?

3. Turn Left: The Motor block allows for precise control
of one motor’s speed. You can find it at the Complete
Palette/Action/Motor. (For more information on the
properties of any block you can use the Help menu of the
software).

3.a Write a program which changes the direction of your robot by 90 degrees to the
right. Test your program. Save it as right_turn.rbt.

3.b. Sketch your program below making some notes on the appropriate properties
of each block (duration, power etc.)
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3.c. You can make a new command block which turns your robot to the right and
save it for later use.

Step 1: Select the blocks of your right_turn program by your mouse.

Step 2: With the blocks selected, choose the Make a New My Block command from
the Edit menu at the top of the NXT software interface. This will open the first
screen of the My Block Builder wizard.

Step 3: Give the name Right_turn to your new My Block. Then clik Next.

Step 4: Use your mouse to drag an icon representing turn into the editing box.
Click Finish when you are done. Your new Right_turn block will appear in your
current program and in the Custom palette, which is accessible by clicking the
right-most tab at the bottom of the programming palette.

Now if you need to make your robot to turn right you can use this block.

3.d Use the Move or Motor blocks, the Right_turn block and a
Loop block to program your robot to move on a square path. Save
your program as square.rbt. Upload your file to eclass at the area
of your group.

4. Make an investigation and propose a program that changes the direction of your
robot by any angle. Upload your work at your group area of e-workspace.

5. Use a few minutes to complete your diary. Write your ideas, thoughts or
comments and upload it at your group area.
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Worksheet C.3.4.1: The Cat, the Mouse and the Master (I )

When a robot acquires senses and control...

In this activity, you will progressively construct a ‘cat-robot’ simulating the
movement of a cat chasing mice. You will also need a mock up with small black
areas around to put the robot move.

1.A Cat chasing a Mouse: block, loop structure, light sensor

1.a The cat-robot should make use of the C, B motors and should, also, include a
light sensor, which provides input to port 3. Note that in order to connect the light
sensor, follow the building instructions provided in the Lego Mindstrorms Edu
NXT software, area of the Robot Educator/Common palette/16.Detect Dark Line
/Building Instructions / Light Module Down).

Open the Lego Mindstorms Edu NXT software. Develop the following program
that simulates the movement of a ‘cat-robot’ that chases mice and name it as “cat-
robot.rbt”! The program may have the following form and is based on the ‘Wait
Light’ block.

1.b Make the cat-robot move: Let us suppose that your robot is a cat chasing a
mouse (black spot on the floor)! Which are the individual steps that make up the
cat’s behavior? State them one after the other:
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State the cat’s behaviours, as recorded during the preceding step, in
correspondence with the commands included in the program and the necessary
settings for each command.

Behaviour Commands Conditions / Settings

Run the program. In order to achieve the desired behavior, most probably you will
need to make some changes to the control condition of the Wait Light block.

1.c Develop your first procedure or block (My Block). Store the above program in
a block (My Block) and name it ‘mouse-stop’. By creating a ‘MyBlock’ command
in your program, you may re-use the particular series of commands whenever you
wish, provided that each time you call the block with that name!

Tip: Use the following commands: Menu selection: Edit - Make A New My Block.

1.d Use the block ‘mouse-stop’ and develop a program that makes the cat stop for
a while, when encountering a dark area, and then, change direction and continue to
chase mice, i.e. looking for black areas on the white mock-up. Put below a
screenshot of your program (use Alt - PrintScreen to save the current screenshot)

1.e Loop construct: Modify the above program so that the cat should look for mice
for 30 seconds!

Tip: In order to form the loop structure, select from the left hand side menu the
Common palette, the Loop block (attention with the control condition that
terminates the Loop Block!).

Put below the screenshot of your program (use Alt — PrintScreen to save the current
screenshot)

Save the final version of the program as cat mouse groupxxx.rbt (where xxx
represents the number of your team) at your group area of e-workspace.

1.f State in which ways you can terminate the loop structure:
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2. The Cat encounters its Master: Selection structure, Touch sensor, Display,
Sound, Wait For

What is going to happen if the cat’s Master appears? At his/her touch, it will,
probably, miaow, smile, stop for 3 sec and, then, will continue undeterred © its
chasing effort. In that case, the cat’s behavior changes depending on the context.
This behavior can be programmed using the Switch Block.

2.a You need a Touch Sensor in your robot (port 1).

In order to connect the sensor follow the building instructions provided in the Lego
Mindstrorms Edu NXT software, area of the Robot Educator/Common palette/
18.Detect Touch /Building Instructions / Touch Module Front.

2.b Develop and test a program that simulates the cat’s behavior when chasing
mice and it suddenly meets its master.

State the behavior that you want the cat-robot to have when its master touches it.

If [the cat gets a touch] then

Enter the above functions in your program “cat mouse groupxxx.rbt”. Make use
of the blocks Switch, Display, Sound.

Tip: The Switch block is located at the left hand side menu Common palette
(attention to the condition that controls the touch sensor!). Find there, also, the
block Display (appearance of icon, text, or sensor values on the NXT display),
Sound (sound production) and Wait For (stops the motion). Consult, also, the Brief
Guide at the end of this worksheet.

Save the program as ‘cat-mouse-man_groupxxx.rbt’.
Save the worksheet as ‘Worksheet 3.4.1 _groupxxx.rbt’
Brief Guide

‘Display’ Block: This block is used in order to display an icon, a text or
to draft something on the NXT brick monitor. |
‘Sound’ Block: This block is used in order to produce a sound. The

sound files are saved separately in the NXT in a special folder. ;’:JJ

e
9

‘Loop’ block: All of the blocks that are placed within a Loop are
repeated for a specific number of times (count), for a specific time
period (time), or until a certain condition is met (sensor) / forever
(unlimited) according to the control condition which is selected.

=~
N

==

‘Switch’ block: When the sensor condition is set ‘true’, the program
performs the command set No. 1; otherwise, it performs the
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command set No. 2. This command may take more than one conditions.

mands 1st set

- ~Comi
=
Sensor Condition 91@
=]
—_— Commands 2nd set
O
p— —
‘Wait for’ block: delays the performance of the next block -
for the time defined in the appropriate parameter. In this - | i i e
case: wait for 1 second. =
1,000
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Worksheet C.3.4.2 The Cat, the Mouse and the Master (1)
Selection construct, Variables and Data Input
In this activity, you will progressively make the ‘cat-robot’ move in a spiral route.

1. Open the Lego Mindstorms Edu NXT software. Search for the file
spiral_display.rbt. You may ask your trainer for help. Study this program and try to
describe the kind of behavior that you expect your robot to execute once it has run
that program.

Comment on the actions performed by each of the blocks of the program
“spiral display.rbt”. You can add comments above each block by using the tool
Comment tool of the tool bar.

2. Run the program: What kind of actions does your robot perform?

After the observation of the cat’s behavior add or modify the comments on the
actions performed by each block of the program “spiral display.rbt”. This time use
CAPITAL (upper case) letters.

Save your program as “cat_spiral move groupxxx.rbt” at your group area of e-
workspace.

3. What is the name of the variable that controls the distance run by your robot
before turning?

Save your worksheet as “Worksheet4-3-2-groupxxx.rbt” at your group area of e-
workspace .

Brief Guide

Variable: The definition and use of variables in the Lego Mindstrorms Edu NXT
environment is carried out in 3 steps.

Step 1: Variable definition: Select from the Edit menu / the Define variables
option. Define the name and the type of the variable (numeral, logic, text).
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Step 2: Variable initialisation: Select 1 —y |
from the Complete palette the command (]| & =4
“Variable”. You can see the settings of 5 I
this block at the following picture: —
@ ALHERBD
“ Variabin
L)
50
o] ST
e [ T O mem e ok
[ras -
|
Parameters of the variable block - - 5|
¥kl [:} List: é) Marne | Twpe | Action: EJ [EAE_":.;?Read "‘J[E})Write
o Murnber 1 MHurnber | alus: ~‘_3J # True # False

Text 1 Teit

1. Select from the list the name of the variable you want to use in your program
(variable definition is described in Step 1).

2. Select the action that the Variable block will perform. By selecting the Write
command, the variable acquires a value. With the Read option, the value of the
variable becomes available in the program.

3. Area wherein the value of the variable is defined.

Step 3. We recall the value of the command and we can use it as input in other
commands (option Read).

Math Command: It allows the execution of arithmetic operations. It can take
input values from other variables.

Number to Text Command: It accepts as input a numerical value
which it converts into a text and can display it, on the NXT display.
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Worksheet C.3.5 The “data logger”

Linear motion

1. The NXT through the File Access Blocks can collect, save and
retrieve data from timers or sensors.

To collect and save the data you need three Access blocks. These
three blocks could be positioned right next to each other or could
be spaced throughout your program.

The first File Access block (with “Delete” selected in its configuration panel)
would clear content of the file.

The second (with “Write” selected in its configuration panel) would write data to a
file.

The third File Access block (with “Close” selected in its
configuration panel) positioned somewhere later in the
program would close the file.

To retrieve the data you should access NXT memory through
NXT Window button (on the Controller: NXT window/Memory/Others) and
Upload the *.txt file to your computer).

2. A simple data logging program that collects data from a timer and the ultrasonic
sensor is shown at the following picture (comments in brackets [ ]| are the
parameters of each block). Try to make this program on your computer.

[[sensor, ultrasonic Sensor, counter, 3, > 110, centimeters]|

e
Ol -~ I

0,200

ary [ time, 0.2]
g gl af} 3, <127, centimeters,
[L,Reset, >10] “_rg {1, Read, 10] [ =/ ] o
a o 38 a %
[Delete, walldist_b] —a [Close, walldist_b]

Lotk
s
s
i 1

felte: braldit: b Mombies] [write, walldist_b, number]

2.a Please identify: The timer block, the ultrasonic block, the three File Access
block and their functions.

2.b. What is the name of the data file created by this program?
2.c Which is the condition that terminates the loop?

2.d What kind of data is going to be collected if you run this program?
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3.a Create a parallel sequence beam by moving the mouse pointer over the starting
point and pressing and holding your mouse button while you move it. Double click
to finch this action. And blocks in order to make your robot moving forward with
steady speed. Save your program as walldistance.rbt at your group area.

3.b Add an ultrasonic sensor (find instructions in Lego Mindstrorms Edu NXT
Robot Educator/Common palette/ 14.Detect distance/Building Instructions /
Ultrasonic Module). You are ready to test your program. Make all necessary
arraignments in your workspace and test it.

3.c Download and run it. Retrieve the data file.

4. Propose at least two activities, suitable for students who have already been
introduced to linear motion with constant velocity, which will make use of this set
of data.

T2 ACHVILY .ottt

5. Suggest a program which can collect data for uniform accelerated motion.
Upload your program.

6. Find more information about the functions of timer, ultrasonic, file access block
at the Help menu of the software.

7. Take a few minutes to complete your diary. Write your ideas, thoughts or
comments and upload it at your group area.
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Worksheet C.4.1 Constructivism and Constructionism

1. Read the main points of the following paper with the members of your group (20
min).

Ackermann E., (2001) Piaget’s constructivism, Papert’s constructionism: What’s
the difference? Future of Learning Group Publication

2. Discuss and write down the main similarities and differences between
constructivism and constructionism (20 min).

3. Choose one representative from your group to present to the whole class your
work (5 min)

Worksheet C.4.2 Why robotics in education?
1. Read a part from the article (20 min):

Resnick M (2002). Rethinking Learning in the Digital Age. In The Global
Information Technology Report: Readiness for the Networked World, edited by G.
Kirkman. Oxford University Press.

2. Discuss in your group the ideas presented by the author. Point out three reasons
you consider as important for the introduction of robotics in school education. (20
min)

3. Upload in the forum area of the e-workspace a summary of what you have
discussed (5 min).

4. Choose one representative from your group to present to the whole class your
work (5 min).

Worksheet C.4.3 Project based learning
1. Read the main points of the article (20 min):

Mike Carbonaro, Marion Rex, Joan Chambers (2004) Using LEGO Robotics in a
Project-Based Learning Environment, The Interactive Multimedia Electronic
Journal of Computer-Enhanced Learning 6 (1) 2004

2. Discuss in your group and point out three main advantages of the project-based
learning against the traditional teacher-centered teaching model. (20 min)

3. Upload in the forum area of the e-workspace a summary of what you have
discussed (5 min).

4. Choose one representative from your group to present to the whole class your
work (5 min).
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Worksheet C.5.1 Model for organizing a robotic project

Activity 1 (20 minutes, work in groups of 4 trainees)

In previous sessions of this course we have discussed thoroughly constructivism
learning approach and its implications in teaching. Concerning Robotics in
Education we have illustrated interesting features of learning by constructing
artifacts and we have discussed the constructionist approach in teaching and
learning.

1. Make a list of seven features that a robotic project should have in order to serve
constructivist and constructionism perspectives of teaching and learning.

2. Be prepared to present your list to the whole class.

Worksheet C.5.2 An example of a project: “The BusRoute”

Activity 1 (35 minutes)

“The BusRoute” is a robotic project designed for students of secondary education.
Its duration is 12-14 teaching periods (45 minutes). The project follows the project
model presented in previous sessions and it is developed in five stages:
Engagement stage, Exploration stage, Investigation stage, Creation stage,
Evaluation stage.

Stage hours Teaching Theme Worksheets
Engagement 2 Public Transport Worksheet 1
stage A robot bus Worksheet 2

4-5 | Getting to know the structural | Worksheet 3,
Exploration materials Worksheet 4,
stage Construction of a robot car Worksheet 5,
Programming a robot Worksheet 6
Use of light sensor
Investigation 2-3 | Construction of the bus Worksheet 7
stage Suggest a solution Worksheet 8
Creation 1-2 | Synthesize and Create Worksheet 9
stage
Evaluation 1-2 | Presentations & Discussion
stage
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We suggest you to select one of the above stages and study with your colleagues
the description of this stage and the relevant worksheets. The materials are
available through e-workspace (each group must select a different stage to study)

Activity 2 (10 minutes)
After the end of the Activity 1 discuss in your group the following issues:

1. What kind of difficulties may a teacher face during the implementation of this
stage?
2. What kind of difficulties may the students face during the implementation of this
stage?

3. Complete the following table with activities that may be included in the stage
you have studied.

Stage Teaching Student activities Teacher activities
Strategies-Tools

4. Be prepared to share your thoughts with the rest of your class.
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Worksheet C.5.3 Working on a new robotics-enhanced project

Developing a robotics-enhanced project: specifications

We propose that your work includes either an activity or a project. Both cases
should include actions involving students, promoting experimentation, exploration,
open problems and self-evaluation.

Follow the following pattern for the description of your work by answering each
question included in each stage.

Expected Results: What learning outcomes are expected (outcomes may be
classified in knowledge, skills, attitudes and values)?

Describe the stages of the project and develop the appropriate materials by
answering the questions of each stage.

Engagement Stage: What is the real problem set by this project? How are you
going to involve your pupils in its formation?

Exploration Stage: Which are the materials that students will use in their work?
Which of the basic software functions will they utilize? How are the pupils going
to be organized?

Investigation Stage: Which of the open problems you would like your pupils to
investigate? How are the pupils going to be organized in relation to the open
questions that they will investigate?

Creation Stage: How should the diary of the pupils be structured in order to reflect
their actions and thoughts?

Evaluation Stage: What kind of evaluation are you going to use: self evaluation,
peer evaluation teacher evaluation? Select criteria and formulate rubrics.

Description Resources Expected Actions of

Stage Objectives Products students

Engagement
Exploration
Investigation
Creation
Evaluation

Brief Description of the project: Upload in the e-workspace a brief description of
your project and other materials that may support your proposal.
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Worksheet C.5.4 Presentation and evaluation of the projects

Rubrics for assessing a robotics project

and scope in the
curriculum.

Novice Apprentice Practitioner Expert
Content or Content and skills | Content and skills
Content and . )
. skills are are clearly are highly
skills are .
. somewhat connected to life | relevant by
IAuthenticity | connected to . .
later use in connected to outside of school, | connecting to
life outside of | such as the work students’ lives
school only. .
school. world. right now.
Task allows for Task allows
Task allows different students to choose
Task has only . .
Open- one corect limited room approaches based | different
Ended reSPONSe for different on the same assessment
P ' approaches. content/skills measures for the
base. task
Task contains
many different
. skills and content,
. . Task contains . . .
Task contains | Task contains . including higher-
. . many different 2
. different many different . level thinking.
Complexity . . skills and content, .
skills, most skills and . . . Task contains
including higher ..
lower order. content. 2 opportunities for
level thinking.
students to choose
some of the skills
and content.
Task is connected
to key skills and
Task is loosely | Task is clearly | content in All tasks are
. connected to connected to curriculum. clearly connected
Curricular . . . )
. key skills and | key skills and | time frame and to national
Connection . . .
content in content in scope of task curricular
curriculum. curriculum. match time frame | standards.
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Appendix 1 . “Didactic Contract”

During the module 2 (Agreeing on a "didactic contract”) trainers and trainees
discuss the overall aim, the specific objectives of the course, the training
methodology and the expected training results. This discussion is expected to result
in a “didactic contract” that will offer a better adjustment of the course to the
trainees’ needs and interests. What follows is the “didactic contract” agreed with
the trainees in the pilot TERECoP training course held in ASPETE, Athens (April-
May 2008).

The overall aim of the course is to provide opportunities for teachers to examine
how robotic technologies can be used to promote a constructivist-constructionist
approach to learning under a co-operative and collaborative frame of work. The
implementation of robotics-enhanced constructivist teaching and learning practices
demands that teachers play a new role. This means that opportunities, like exposure
to a number of critical examples and experience in designing computer-based
robotic activities and integrating them in their classroom practice in constructivist
ways, are of great priority. The goal is teachers to be convinced by their own
personal experience for the potentiality of robotic technology as learning tool.

In this course we regard that technology alone cannot affect minds. The curriculum
design will follow an innovative constructivist perspective with emphasis on
aligning computer and robotic technology with subject matter and learners’ needs
for the purpose of constructing meaning in social learning environments. In such
learning environments the focus is not on the individual but on interactive systems
that include individuals interacting with each other, instructional materials, subject
matter, and tools. Computer-based robotics is an innovative technology that can
create a rich interactive environment encouraging constructivist learning.

The specific objectives are

- to familiarise trainees with appropriate robotics-based learning environments
including Lego Mindstorms NXT system and a set of critical examples and
activities that can support constructivist teaching and learning in science and
technology subjects

- to enable trainees to use robotics technology in a way that can contribute to the
realisation of

* meaningful learning based on students’ own team work with teaching
materials

* authentic learning using learning resources of real-life, occupational
situations, or simulations of the every day phenomena,

» social learning though the use of e-learning classes

» active-reflective learning working on experiments or problem-solving and
using available resources selectively according to their own interests,
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search and learning strategies
* project-based learning seeking solutions to real world problems, which are
based on a technology-based framework
- to create a community of practice between trainers and teachers for facilitating
and sustaining teachers’ professional development in using robotic tools to
support their students’ learning by active exploration and social construction of
new knowledge.

Pedagogical and didactical approach: Constructivist-constructionist pedagogy and
a learner-centered didactical approach will be applied taking into consideration
learner’s characteristics for an effective technology-enhanced learning design. A
collaborative e-learning environment will support the course based on the belief that
the inherent dynamics of a necessary mutual process are likely to be more conducive
to meaningful transformation, carrying so a sense of greater potential for
development.

The expected impact on trainees is to be trained in a way that robotic technology-
based learning will play an important aspect of their future work as teachers or
professional educators. Trainees are expected to be able to

- develop innovative collaborative strategies in their classes supported by the
development of e-learning communities

- select exploratory learning activities that can support social constructivist
teaching and learning.

- use the proposed tools in real classrooms situation.

- design, build and program their own robotic models.
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Appendix 2. Project —Based learning: Important features

In previous sessions of this course the constructivism approach and its implications
in teaching has been thoroughly presented. Concerning Robotics in Education
interesting features of learning by constructing artefacts have been illustrated.
Finally constructionist approach in teaching and learning has been discussed. At
that point we suggested that the appropriate way to implementing robotics in a
learning process is through projects. A robotic project with the following features
may serve constructivism and constuctionism approach to teaching and learning.

A robotics-enhanced project may focuses on creation of a product (artifact) that
reflects learners’ abilities and learners’ understanding. Therefore project activities
should be organized around a question (driven question) or a theme which can
guide learners progressively through the learning process. The driven question or
theme of the project should be open ended in order to serve different learning goals
and different learning styles. It is also very important for a successful project, that
the theme of the project is significant and meaningful for the learners. For example,
projects which deal with real life problems provoke students’ interest and
motivation.

In a project learners are actively involved in the formation of the driven question
and in the description of the final product. Clarification of the goals of the project
and the criteria for assessment of the final product (rubrics) are collaboratively
agreed by student and teachers in the beginning of the project. Learners organize
their work by themselves and they work autonomously over extended periods of
time.

Teacher is a facilitator /mediator of the learning process. S/he creates a learning
environment and provides support for the learners. S/he allows them to take as
much responsibility for their own learning as they can. Teacher keeps the balance
between guiding his/hers students through learning activities and challenging them
with interesting questions for further investigation.

Communication in group level and in the classroom is an important element of a
project. Learners express their ideas and test their understanding through their
collaboration in small group or in the classroom. Feedback from each other and the
teacher give learners the opportunity to improve their work and meet the learning
goals of the project.
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Appendix 3. Methodology for organizing robotics-enhanced projects

Engagement
stage:

Students are provided with an open-ended problem and get involved
in defining the project. This stage requires the identification and
representation of a scientific problem. Students work as a class
putting their ideas into a question format. As they are doing so, they
are identifying and representing a problem and different issues
involved (e.g. brainstorming at class level).

Exploration
stage:

Students get familiar with LegoLogo, controlling devices and
software, make hypothesis and test their validity in real conditions,
provide initial ideas. Students are divided in groups in order to
answer to simple questions and study specific cases in order to get
familiar with the controlling devices and software (e.g. work in
groups with worksheets — structured activity).

Investigation
stage:

Students search for resources and investigate alternative solutions.
Students reconsider the problem and the different issues rose during
the engagement stage based on their experience gained through the
exploration stage. At this stage students in collaboration with the
teacher formulate the driving questions/problems which link with
the learning goals of the project. The student groups undertake to
solve the particular problems, investigate alternative solutions and
argument on their final proposals concerning the artifact and the
software the developed (e.g. work in groups with worksheets, keep
diary — open activity).

Creation
stage:

Students share and combine their artefacts, synthesize ‘solutions’ to
the project reflect on their initial ideas. Students present their work
in class and then each group work on the synthesis of a final
‘product’ including the artifact and the software (e.g. work in
groups with worksheets, keep diary — result in a product). This work
may lead to similar solutions but also to innovative proposals.

Evaluation
stage:

Students share their ideas, products at class level, argument on their
final proposals and evaluate them. Alternative solutions are
presented at class level and evaluated based on the driving
questions/criteria posed in previous stages of the project (stages of
engagement, investigation). At this stage students should critically
judge their work, express their opinions, compare their works, and
reach a common proposal to the project (e.g. make presentations,
discuss, peer evaluation). Students should also reflect on and
evaluate their collaboration.
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Appendix 4

Description of the spiral display.rbt (to be used with worksheet 3.4.2)

Part: B, C, Direction:*
Power:30, Duration: 1sec

ontrol:time
kil 15 sec

Hame:side,
Tupe:number
Actioniread

Ditection:stop,
Brake

Direction:™
Action:Constant
Power:30

Control

Duration: 360 degrees

Mame:side
Type:number
Action:read

Hame:side

Type:number

Action:write

Value:d
Operation: addition

Bi500 Action: Text

Display:clear

Text Mindstrorm MXT
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4.4 Monitoring and Evaluation of the Training Course

Authors: Dimitris Alimisis, Stassini Frangou, Kyparisia Papanikolaou

4.4.1 Introduction

For the evaluation of the training course the following methods are proposed for
use during the training activities and at the end of the course:

e Monitoring and personal notes by the trainer: recording the trainees’ work and
commenting thereon

e Keeping a written personal or team diary by trainees themselves upon the end
of each meeting: the trainer studies the diaries on each occasion and provides feed-
back at the next meeting

e Video-recording of trainees’ work (at least of the most significant phases)
o Evaluation of trainees’ worksheets

o Evaluation of the e-class forum

o Evaluation of trainees’ products

e Team interview of trainees at the end of the course.

o Filling a written questionnaire by trainees at the end of the course.

Some evaluation tools appropriate for the implementation of the above mentioned
methods are presented in the next lines.

4.4.1 Trainees’ (personal or team) Diary
Date:
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B - 1] ] G
The work of team ................. today...
1. robot construction

* has not been attempted

* has been unsuccessfully attempted (description)

® has been attempted with partial success (description....)

* has been completed without assistance from the teacher (description....)

® has been successfully completed with assistance from the teacher (what
kind of assistance?....)

2. in constructing the robot the team used ...
® insufficient pieces
® just the basics
* variety of materials
* variety of materials in creative fashions

® great variety of materials with high creativity which added functionality to
the robot

3. experimented and tried varied work designs
*  many

e (uite afew

e some
e minimal
* none

4. constructed a program on the PC aimed at controlling the robot’s behavior
e not attempted
» unsuccessfully attempted (explain)
» attempted with partial success (explain)

» completed without assistance from the trainer
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» successfully attempted with assistance from the trainer (what kind of assis-
tance?)

5. the work of team ... today
» exceeded to a great extent my expectations
» exceeded my expectations
e met my expectations
» did not meet my expectations

» did not meet at all my expectations

4.4.3 Questionnaire (for trainees)

This questionnaire has been designed in such a way as to give us the necessary
feedback on your part and help us to improve the TERECOP training course in
which you have participated.

Name:

A. Evaluation of Training Method

1. How do you evaluate the participation/involvement of the trainees in the training
course activities?

e Very active

e Quite active

e Moderately active

e Barely active
Please explain....

2. What do you think of the balance that existed between the practical activities (on
the part of the trainees) and the presentations (on the part of the trainers)?

e There has been proper balance
o | would like more practical activities
o | would like more presentations
Please explain...
3. What do you think of the support provided by the trainers?

e Very satisfactory
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e Quite satisfactory
e Moderately satisfactory
e Unsatisfactory
Please explain...
4. What do you think of the duration of the course?
e Satisfactory
o | would like longer duration
e | would like shorter duration
Please explain...
5. Mention any difficulties that you came across during the course...
B. Evaluation of Training Materials

What do you think of the training materials (worksheets, examples by means of
software, presentations etc.)

o Very useful
e Quite useful
e Moderately useful
e Barely useful
Please explain...
C. Evaluation of the e-class

1. What actions do you think the e-class has supported within the framework of the
01010 7l

2. State a positive experience from your communication via the e-class .............:
3. State a negative experience from your communication via the e-class .............

4., Comment on the e-class tools in terms of their usefulness in the activities that
they incited or supported and the services that they offered. ...

e-class tools comments

Agenda

Area of Plenary Sessions

Areas of Team Discus-
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Documents

Announcements

Links

D. Learning Experience and Incorporation in School Reality

1. Have you found in this course anything interesting that you could implement as
a teacher in school class with your students?

2. in your opinion, in which of your school courses that you teach (or that you will
teach in the future) you feel that the robotics training activities, can be utilized?

3. How do you assess the learning value that robotics training activities can add to
teaching school lessons of your specialty?

e Very important

e  Quite important

e Somewhat important

e Not important at all
Please explain...

E. Evaluate each one of the course’s constituent parts, as mentioned below, with a
mark from the following scale:

6 = excellent, 5 = very good, 4 = satisfactory, 3 = moderately good, 2 = deficient 1
= very deficient

Parts of the Course 6 |5 |4 |3 |2 1

a. Training content

b. Training method

c. Support provided by the trainers

d. Training materials

e. Training results

f. Electronic class

F. What would you propose for the improvement of this training course? ........

Please add any other comments that you think they could be useful in evaluating
TN COUISE .t e e e e e e e e e e e e
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4. 4. 4 Semi-structured interview

Trainees discuss the following questions in teams for 30 minutes and, then, share
their ideas with trainer in a plenary session.

1.Which of the tools/ techniques/ actions used in this course you think that they
have followed the constructive teaching and learning approach? What would you
propose towards that direCtion? ..........oooiie i e e

2.Which of the experiences /knowledge/ skills that you have acquired from that
seminar you think you can implement in your class or anywhere else? ...............

3.How can robotics (hardware and software) be incorporated in your school class?

4.What benefits do you expect for your students? ...........ccovviiiiiiiiiin i
5.What difficulties do you expect that you might encounter? .........................
6. What kind of support you would need? ...........ccoviiiiiiiii e
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4.5 Experiences and recommendations from the training
course implemented in Athens

Authors: Dimitris Alimisis, Stassini Frangou, Kyparisia Papanikolaou

4.5.1 Introduction

The training course implemented in Greece was held at the premises of the School
of Pedagogical and Technological Education (ASPETE) in Athens, and was organ-
ized in 5 face-to-face meetings that each one lasted for 6 teaching periods of 45
minutes, during 3 Fridays/Saturdays afternoons.

20 of the 23 trainees participated in the final evaluation at the end of the training
course. As to their specialization, there were 2 Mathematicians, 1 Physicist, 5 En-
gineers, 8 Informatics teachers and 4 Primary School teachers (10 males, 10 fe-
males). The trainees were volunteers in the course (some of them work as teacher
trainers) and only 2 of them had a previous experience in educational robotics.

For the evaluation of the course, a series of tools were used. This section presents
and discusses some of the evaluations made by the trainees themselves regarding
the educational methodology applied in the course, as recorded in the diaries that
they kept on the e-class right after the end of each meeting and their responses to
the written questionnaire which was given to them at the end of the course.

4.5.2 The diaries

A selection of typical statements from the diaries of the groups of trainees con-
cerning the course training methodology is shown in table 4.5.1.

Table 4.5.1. Typical Statements from the Diaries of the Trainees written at the
end of the meetings

Group | “What was the best thing that hap-| “What was the worst thing that hap-

pened to you today?” pened to you today?”’

A We experienced the joy of crea- Very little practical application,
tion, we built it up and it proved quite a lot of writing on the Word.
operational.

We managed to complete an ex-
ercise and to park the bus.

B The whole process of the robot We did not manage to make our
construction and its ensuing pro- | robot move along a square ...
gramiming was very pleasant and We ran out of time for experimenta-
creative

tion with all the activities proposed
The construction process and that | in the work sheets. There should
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of experimentation with the sce-
nario of coil.

have been more time available for
experimentation and testing.

The creation of the robot and the
implementation of the initial pro-
grams. When, ultimately, the
robot moved along a square on
the floor we rejoiced like young
children!

The activity where we tried to
discover the function of the vari-
ables within a program ...

The fact that our group managed
to propose a number of ideas for
implementation in class.

The activity at the project’s assem-
bly stage “The bus running”. The
assembly stage was impossible to
be implemented and we were com-
pelled to talk theoretically.

The success with the cat robot
which proved able to catch the
mouse and turn tail at full
speed...

The exploration of the robot. It
was great fun!...

The collective effort (one section
by each group) in constructing the
bus. It was a very interesting and
very well organized approach.

The discussion of the construction
ideas and the experiment with the
power-speed.

The result of the commands given
to the cat robot to miaow

The discussion about construction
ideas.

Little time available for practical
work ...

The hurried process regarding pro-
posals for teaching strategies. The
activity did not convince us as to its
targets and what is looking for.
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F When we collectively constructed | When the lesson was over!
the NXT, set it in operation and

. N Difficulty in the exploration and
carried out the activities

understanding of the variables.
Out contact with the NXT has
begun to attract our attention and
we are already anticipating the
learning scenarios to be included
in classes The seminar should have lasted
longer.

If there is not adequate time avail-
able for the completion of the ac-
tivities, learning is senseless.

The use of robot construction
based on projects (collective work
— development stages)

When we readily completed the
program whereby the bus-robot
stopped when it encountered any
obstacle

4.5.3 The questionnaire

The responses of the trainees to a selection of questions included in the question-
naire are presented in the following lines.

A. What do you think of the participation / involvement of the trainees in the pro-
gram’s activities?

The trainees, overall, describe their participation / involvement in the program as
very or quite active. Their responses focus on their active involvement in the activi-
ties concerning robotic constructions and their programming, on team works, as
well as on the debates that took place during the program in the classroom and via
the e-class. The appraisal of their participation in the “theoretical” part of the pro-
gram was, likewise, positive. (“We took an active part even in the theoretical part,
where our active involvement was encouraged”).

B. What do you think of the proportion that existed between practical activities (by
the trainees) and the presentations (by the trainers)?

75 % think that there had been proper balance between practical activities (by the
trainees) and presentations (by the trainers). They think that the presentations were
necessary for the support of the practical activities (“The presentations had appro-
priate duration at critical points in the progress of works and their completion”; I
think that there was a kind of concordance, where the trainers showed us certain
basic things and we developed same through our activities™.).

25% ask for more practical activities: “A greater involvement in activities and
their exploration would have generated great interest”; “In general terms, there
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had been balance, but | would have liked more weight to have been given to the
practical activities, since they are more attractive. Besides, we are “full”” of theo-
retical presentations”.

C. What do you think of the support provided by the trainers?

The trainees describe the support provided by the trainers as very (95%) or quite
(5%) satisfactory: “They supported ideas, encouraged efforts, proposed solutions”.
They describe their support as “discrete and when there was need for it”. They de-
scribe, likewise, the support provided via the e-class as satisfactory.

D. What do you think of the duration of the program?

30% consider the program’s duration as satisfactory, while 70% would have liked
more hours spent on it. Some of them explain that it was their first contact with
the programmable robotic constructions and needed more time to become more
familiar with them (“In quite a few of cases | felt that time was against me and |
think that | needed more time available™), others would have liked more time as
they wanted to do more things (“to swim in deeper water”, “there were things we
did not have time to do, although they were interesting, e.g. collection of data from
the environment”). Others think that they needed more time for the preparation of
their assembly works and that through longer engagement in the subject matter in
the classroom, they could have produced better projects.

E. State any difficulties that you encountered during the program

They mention difficulties in respect of programming activities (“certain Switches
seemed too heavy for me”, “I would have liked more engagement and experimenta-
tion activity in the programming field for the development of the necessary skills™),
difficulties in respect of cooperation between teams outside seminar when dealing
with the assembly side of their group project, difficulties with the material avail-
able: they would have liked more Lego blocks available and one set per each
trainee.

F. What do you think of the training materials (work sheets, software examples,
presentations et al.)

75% consider as very useful and 25% as quite useful the training material given to
them. They explain that the material “gave ideas and outlets regarding the peda-
gogical approach, as well as regarding the educational utilization...”; “with effec-
tive subject sequence...”; “it succeeded in involving us under normal conditions in
the rationale and philosophy of both, Lego Mindstorms and the logic of robotics in
education”. They considered as positive the fact that “there had been presentation
of a comprehensive work, which enabled them to study all its stages”. Some of
them would have liked more material “for additional stimuli...” or for “home-
work”.
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G. What in the program seemed interesting to you and worth-while using in class,
as a teacher, with your pupils?

They mention the teaching means used, such as the e-class and the work sheets, the
training method and the teaching approach based on the cooperation of teams. Es-
pecially appreciated was the cooperation between teams in processing the theoreti-
cal texts, which took place at the first meeting; it was found useful for their own
work in their capacity as trainers of other teachers.

H. Evaluate each one of the parts of the program, stated in the table shown below,
by marking them as follows: 6= excellent, 5= very good, 4=satisfactory, 3= mod-
erate, 2= inefficient 1= very inefficient

The average marking was as follows:

Table 4.5.2. Evaluation marks for each one of the parts of the course

mark
Educational content 5.60
Educational method 5.45
Support by the trainers 5.80
Educational material 5.40
Educational results 5.25
Electronic class 5.00

4.5.3 The trainees’ products

During the course, the trainees had to design their own projects based on the pro-
posed methodology. Six of the seven groups of trainees developed and submitted
interesting projects. All the groups worked with the Lego Mindstorms kit and pro-
grammed the robotic construction with the Lego Mindstorms Education NXT ver-
sion 1.0. Below we provide brief presentations of the six projects.

Project 1: selector of recycled garbage

This group consisted of two mathematicians and two computer scientists. Accord-
ing to their project, school students are invited to construct a simulation of a selec-
tor of recycled garbage able to identify the colour of different objects - normally
garbage bags come in special colours (see Fig. 4.5.1).
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The selector decides if the object is to be recycled or not based on its colour, and
accordingly puts the object in
the appropriate bin. The robot
is equipped with two belts and
a light (or colour) sensor.

The sensor checks the colour
of the objects and activates
one of the two belts
accordingly. Worksheets for
school students were also
produced by the trainees . i
following ~ the  proposed Fig. 4.5.1. Selector of recycled garbage
project-based learning

methodology. Students are

supposed to work in groups in a laboratory equipped with computers and some
Lego Mindstorms kits.

Project 2: autonomous
irrigation system for
water management

This group consisted of a
mechanical engineer and a
computer scientist. Through
this project school students
are invited to design and
construct an autonomous
irrigation system for water
management. The basic  Fig. 4.5.2 Autonomous irrigation system for wa-
functions of this system are: ter management

(a) filling up a tank and

control of the water level, (b) control of watering from the tank during the night.

The main challenges set by this project concern (a) avoiding water loss while fill-
ing up a tank, i.e. the tank must not be overflowed and (b) automatic provision of
water from the tank when it is getting dark and the climate conditions favour water-
ing. The characteristics of the system can be changed or enriched by students’
ideas. Lego Mindstorms NXT kit, a plastic tank and watering pipes are used for the
construction of the system (see Fig.4.5.2). Its behaviour is being arranged through
sensors controlling the behaviour of motors. The project is organized in 5 stages
following the proposed project—based learning methodology and aims, in addition
to other objectives, to sensitise students about the ecological management of water
resources.
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Project 3: Organizing
seats in a theatre

This group consisted of
a computer scientist and
two physics teachers. In
this  project, school
students are invited to
construct and program a
robot able to follow a
predefined route in
order to count the free
seats in a theatre or
cinema or ground or Fig. 4.5.3 Organizing seats in a theatre

class etc., and inform

the person in charge

about the free seats of the whole place or a specific section (see Fig. 4.5.3). Extend-
ing the project, this robotic construction might also place audience in appropriate
places according to their ticket.

Project 4: Easy
parking

This group consisted of
a computer scientist and
an architect. In this
project students are
invited to construct a
car-robot able to
perform ‘easy parking’
on a mock up having
several obstacles (see
Fig. 4.5.4). The robot
has to identify the blank
spaces, to avoid Fig. 4.5.4 easy parking
obstacles by turning left

or right, to stop, and finally to park at free car parking places.

Project 5: A moving car

This is an introductory project developed for primary education. In this project pu-
pils are gradually guided to cultivate basic construction and programming skills.
They have to construct a car robot and make it move forward, backward and turn
left or right. Then a challenge is set e.g. to move the car through a specific route
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and then move it freely in any path. This project can be expanded to a game with
many challenges.

Project 6: The catapult

This group consisted of
a mechanical engineer
and two computer sci-
entists. The project was
designed for students of
15 and 16 years old.
Students are invited to
construct a robotic arm
with one motor by
following simple
instructions (see Fig.
4.5.5). Then they should : B )
program it to throw Fig. 4.5.5. The catapult
small balls in a basket

(projectiles). In order to make it work effectively, students should conduct experi-
ments with the parameters involved like the length of the robotic arm, the motor
power, the projection angle, the horizontal distance etc. Experimental data are col-
lected and represented in graphs using appropriate software. Detailed examination
of these graphs can help students to investigate relationships among the parameters
involved. Finally students may continue playing a basketball game!

4.5.4 Conclusions and recommendations

In the training course a balanced whole of collaborative, learning- and teaching-
focused approaches was adopted. The course evaluation was based on the trainees’
products through the course and mainly on the projects they developed, on the
questionnaires filled by the trainees and on semi-structured interviews at the enfd
of the course. The preliminary results prove the potential of the training approach.

From the diaries kept by the trainees it appears that their statements as to “the best
thing that happened to them” during the meeting involved focus on the practical
activities, the creation of their own engineering structures and their programming.
(“We experienced the joy of creation, we built it up and it was operational”, Group
A). It appears, indeed, that they enjoyed their work (“When, ultimately, the robot
moved along a square on the laboratory floor we rejoiced like young children”
Group C). Already from the initial activities some of them started thinking of sce-
narios for inclusion of similar activities in their own school class (Group F).

Conversely, among “the worst things that happened to them” they mention cases of
“very little practical work and quite a lot of writing» (Group A), and, in some
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cases, lack of time required for the completion of their work. Their preference for
practical work and their negative attitude towards “theoretical presentations” is
also clear from the fact that they recorded among their negative experiences the
case (assembly stage “Bus Route”) where, because of lack of adequate time, their
practical work was substituted for theoretical discussion (Group C).

Their positive experiences include the project-based learning method that they fol-
lowed in their work and the exploration, experimentation and creation features in-
cluded in that method, although some of the groups found that the proposal formu-
lation process in respect of teaching strategies, which the trainees were asked for,
was “hurried” and non-convincing (Group E) and that the implementation of the
project “bus route” stage was not feasible (Group C).

From the questionnaire responses it appears that the training methodology of the
course ensured their active participation, there was fair balance between practical
activities on the part of trainees and presentations on the part of the trainers al-
though some of them request even more activities and fewer presentations. They
seem happy with the support and encouragement given to them by the trainers,
while most of them asked for longer duration of the course. The difficulties men-
tioned by them are focused on robot programming elements (switches, variables)
and the cooperation beyond the course, given that each group had only one Lego
Mindstorms set at their disposal.

They evaluate the teaching materials used in the course as very useful. They state
that the above materials as well as the training methodology followed in the course
are worth applying either in their school classes with their pupils or in training fel-
low teachers (some of them work as trainers of teachers). The quantitative evalua-
tions for the course range between very good to excellent (table 4.5.2) regarding all
the aspects of the course that were evaluated.

Lastly, for the course improvement they propose even more emphasis to the con-
struction work, additional and more complex examples of robotics activities,
greater activation of the groups, increased sharing of ideas and projects between
trainees via the internet and expansion of that communication to reach teachers of
other European countries cooperating in the TERECoP project.

The above evaluations made by the trainees were confirmed by the group interview
that took place at the end of the course (Papanikolaou et al. 2008).

The trainees’ projects that were presented and discussed in the final session of the
course followed the 5-stages methodology for designing robotics-enhanced projects
that had been worked out during the training course. The presentation of the pro-
jects and the relevant materials (worksheets etc.) produced by the trainees indicate
that the trainees efficiently adopted the proposed methodology. The projects ad-
dress authentic problems from real life (‘recycling garbage’, ‘saving water re-
sources’, etc.) and engage students in problem solving through exploration and in-
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vestigation activities that exploit sufficiently the potential of the robotics technol-
ogy.

Finally, the trainees’ answers and comments to the questionnaires and during the
interviews offered evidence about the potential of the training course including the
training methodology, the educational content, the use of e-class, the learning ex-
periences and the integration of robotics in the school reality.

Training methodology: Trainees recognised their active participation in all the ses-
sions of the course and their creative involvement even in the theoretical parts that
introduced constructivist and constructionist principles and the methodology for
designing robotics-enhanced projects. Several trainees emphasised that the educa-
tor’s axiom ‘teachers teach as they are taught, not as they are told to teach’ was
really followed in the course. They admitted that they had a real experience of con-
structivism (“It was for me a lesson of knowledge construction”, “Constructivism
was present all the time in the course”, “this course was substantially different
from the courses | had attended in the past”).

Some comments focused on the synthesis of the groups, doubting about the effi-
ciency of the criterion of personal relations for group formation purposes. Espe-
cially the group of the primary school teachers noted that “if a teacher of Informat-
ics participated in our group, s’he would have helped us a lot...” Other trainees
emphasised that the cooperation of teachers coming from different disciplines
(maths, science, informatics etc.) is necessary for the successful implementation of
the projects in school settings given that the projects are normally interdisciplinary.

The communication and cooperation between trainees and trainers was appreciated
by the trainees as very supportive and helpful (“we achieved a common lan-
guage...”) However, they suggest that the duration of the course should be ex-
tended and the development of their own project —or most of it- should take place
during the course.

Concerning the educational content they very much liked the activity-orientation.
They also liked that they had a real case of a project (‘The Bus Route’) to analyse
the different stages of the methodology. They suggested that more examples and
activities for homework would be also useful.

Concerning the use of e-class, most of the trainees evaluated the central role of the
e-class during the face-to-face meetings and beyond them in enhancing social in-
teraction and promoting a positive sense of community. They found the use of the
web-based class as an interesting and useful experience that they wish to exploit in
their work as teachers or trainers, although they think that its administration is a
quite time consuming task. They acknowledged the timely provision of informa-
tion, course content, and support when necessary. They mentioned that the discus-
sion forum was mainly used for posting messages and not for real discussions since
most discussions took place through face to face communication.
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Learning experiences and integration of robotics in the school reality: Trainees
appreciated the potential of educational robotics as a teaching tool but also as a
subject in different disciplines such as technology, informatics, and engineering. A
critical issue for integrating robotics-enhanced projects in the schools was how an
interdisciplinary project may fit to the current school curriculum and schedule. In-
teresting ideas were proposed for integrating educational robotics in schools such
as working interdisciplinary projects or research programs running out of the
school schedule involving students from different levels e.g. engineers from tech-
nological education working with high school students. Trainees seem also to
worry about the management of big classes during the implementation of robotics-
enhanced activities in school settings (“It will be difficult for one teacher to man-
age a school class of 30 students...”) and the cost of the necessary equipment.

Finally, trainees highly appreciated the opportunity to create their own project (“a
serious gap would have been left, if | had not worked on a new project within my
group”). They recognised that at the end of the course, they felt capable to imple-
ment the robotics technology in their school class (“I understood how to exploit
these new ideas and technologies in my school class”).

As an epilogue, we shall use the following very pointed statement made by one of
the trainees, as, in our view, it describes in a concise manner the success of the
methodology we applied: “What | enjoyed most of all in the seminar was its plan-
ning. | liked the fact that we initially functioned as learners in the activities pro-
posed, so that we crossed over to the other side, as a start, and, subsequently, we
undertook the role of a teacher and came to the level of activity planning. 1 think
that this kind of planning provided a quite comprehensive image of the usefulness
and utilization possibilities of robotics in education”.
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4.6 Experiences from the TERECOoP course at the Charles
University in Prague

Author: Daniel Tochaéek

4.6.1 Introduction

A pilot course was organized by the Department of Information Technology and
Education during the summer term of the academic year 2007/2008. This optional
subject was offered to the 4th class students of the 5-year Master degree studies of
the Technical and Information Education, in combination with another general
educational subject for the 2nd level of elementary and intermediate schools
(secondary schools). Twelve students enrolled for the course, two trainers were
involved in its preparation and realization. The students attended six educational
sessions, each lasting 3.5 hours. Beyond these sessions, students could take
advantage of regular consultations. Due to the compulsory pedagogical practice,
mandatory for the 4th year students, the course was divided into two parts: the first
two sessions dealt predominantly with the theoretical problems of constructivism,
constructionism and robotics, while the next sessions involved mostly practical
activities. Alike as in the other partners’ international courses, the goal was to
prepare the future teachers of the Technical and Information Education for a factual
use of the acquired pieces of knowledge and skills from the field of robotics in the
constructivist education during their pedagogical practice.

4.6.2 The training course

The lessons took place in a specialized ICT laboratory of our department. Students
had available personal computers with installed programmes, necessary for their
working (the Software LEGO Digital Designer and the Software Mindstorms Edu
NXT Programmer). All course participants had the possibility to work
independently on their practical assignments — there were more computers and
building sets available than students - however, working in couples has proved to
be more practical. The necessary supporting materials were available through the
standard learning management system LMS Moodle, currently employed at the
department, e.g. for curricula, theoretical resource texts, instructive presentations,
demonstration programmes etc.

The course has been realized in compliance with the standardized curriculum,
created and approved by the project partners (see chapter 4). The only introduced
modification had been splitting the course into two parts, in connection with the
obligatory student work experience.
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The individual sessions had the following contents:
Ist Session — introduction to the problem area; motivation; theory (1st part)

- Students have been acquainted with the course curriculum, with the supporting
course Learning Management System Moodle, with the educational materials.

- Interactive presentation of the working possibilities of the LEGO Mindstorms
NXT building sets and of the relevant software.

- First part of the theory explanations (constructivism, constructionism,
robotics).

2nd Session — theory (2nd part)

- Second part of the theory explanations (constructivism, constructionism,
robotics).

- Discussion.

3rd Session — practical activities — familiarization with the LEGO Mindstorms NXT
building sets

- Practical activities with the LEGO Mindstorms NXT building sets,
familiarization with the sets, building of simple models according to
instructions, programming with the use of example programmes and tutorials.

4th Session — practical activities — advanced work with the LEGO Mindstorms
NXT building sets

- Practical activities with the LEGO Mindstorms NXT building sets, building of
more complex models and their independent programming.

- Preparation of designs of advanced models with the use of the Lego Digital
Designer software.

- Identification of assets and liabilities and discussion pertaining to the
educational use of assembled models.

Sth Session — practical activities — robots employed as an educational object and
training instrument

- Demonstration of various educational projects with the employment of robots,
constructed with the use of the LEGO Mindstorms NXT sets.

- Preparation and implementation of one’s own educational projects (just a part
of activities, with their continuation out of school).
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6th Session — conclusion — project presentation, evaluation of the course
- Presentation of the worked-out educational projects.
- Assessments of projects, evaluation of the course.

Approximately in the last third of the course, students were engaged in their own
individual projects, pertaining to the educational use of robotics in the
constructivist education. Results of their work were presented at the end of the
course, when the evaluation of the course was also carried out. The resulting
outputs formed the basis for the course appreciation, besides taking into account
other available sources (e.g., outcomes from discussions with students, results of
continuously tackled assignments, etc.).

4.6.3 Training experiences and results

During the entire course, in our capacity as the course organizers and educators, we
had noticed an unusual excitement over both, the assigned tasks and the related
non-compulsory exercises (that holds good especially for the area of practical
dealings with the LEGO Mindstorms NXT sets). On the other hand, at the final
stage, when the formal outputs of activities had to be presented in a prescribed
standard form, we were astonished by the students’ reluctance to complete
successfully the started work. Approximately just one third of the student projects
was of a high quality and was presented in a timely manner. The remaining
students had finally met the requirements, but with a delay and their projects were
of poorer quality.

Four projects have attracted attention:

School bus: The project deals with the simulation of the school bus task. The fully
equipped robot uses three different sensors — optic for the perception of the line
representing the way to school, sonar for passengers’ identification, and touch for
the final stop. The task of the robot is to go the whole way, stop by every pupil
staying next to the way, arrive with all passengers at school and finish there.

Vehicle that observes the speed limits: This project is based on the use of pen fixed
on the specialized arm. Robot can put it down and draw the line during the
movement. The task is divided to two steps. It is necessary to set the motor of both
wheels to the level on which the drawn line is straight first. Then the experiment is
realized. The robot goes for 5 seconds, for 3 of them with the pen switched down.
From the known time and measured distance the speed could be calculated. Finally
the table of investigated speeds corresponding to particular engines sets is build.

Security guard: This project brings the theme of alarm designing to classroom.
Pupils are introduced to the possibilities of different systems by the discussion first.
Then the functions which could be fulfilled by the Lego Mindstorm are found —
touch sensor for door opening, sonar for object penetration, general sound
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detection, smoke detection etc. Connection with the possible use of GPS and
mobile connection is also discussed. Finally pupils make experiments with own
robots. The task includes the schedule for round trips, violators warning and alarm
switching.

Economy train: The main aim of this project is to improve the classroom
environment, make pupils more active and involve the innovative pedagogy into
the curriculum designed in correspondence with the new Czech educational
system. The activity uses the normal wheel based robot equipped with the light and
sound sensors. The robot as a train goes following the drawn line as a track. The
economy principle is taught by the fact that the train stops on the station only if the
sign by the hands clap appears.

All the projects mentioned above have been thoroughly elaborated, with an above-
standard involvement of students in the implementation of project goals; besides
that, the projects overreached the ICT region, penetrating into other disciplines.

Along the class sessions, a range of practical findings have been achieved, over the
scope of the defined TERECoP international curriculum and beyond the experience
of other European partners — so many findings that, presently, it was impossible to
make a full use of them. It is hoped that these outcomes will be found useful in
future courses at home and abroad. Let us introduce two examples:

The utilization of multimedia in the courses has proved to be very important.
Throughout the courses, we took photos of some of students” working processes
and of some of students’ results and recorded them in video sequences.
Unfortunately, these activities had not been performed systematically. We had
realized only during the course that a well-thought out capitalization of the digital
photography and of multimedia could be of a considerable use.

For the future, we might think of procuring a quality video recording of all
important course parts and of using the records, for instance, for a distant support
of other courses and the relevant assessments. We also intend to recommend to our
students to make the best out of using photos and video records in their individual
projects. Of benefit there might be, e.g., records of working procedures when
constructing robots, records of robot activities, factual presentations regarding
preparations of particular project segments, instructional pictures, videos, and the
like.

A relatively profound support had been extended to the course participants on the
part of the trainers. It still might be more extensive in the future. Even a material
support might be envisaged, next to the present contentual assistance - for instance
by lending set boxes to students out of the faculty, enabling them to work at home
on their own projects, with a consecutive successful attestation of the results
achieved at school.
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4.6.4 Conclusions

Without any doubt, principles, methods and processes of the constructivist
education have their indispensable place in the Czech educational institutions and
complement properly the other, generally utilized concepts. However, a reasonable
preparation of trainers and educators, who are willing to use this approach, is a
necessary condition. Teachers of the Technical and Information Education, wishing
to utilize this educational method, may profit from the potential of ICT and
robotics, with the aid of which it is easy to realize many activities more easily and
with excessively better results.

A preparatory course of such teachers on the use of robotics in the constructivist
education has taken place in its pilot run at our working unit. It has offered students
a possibility to learn more about the theories of constructivism and constructionism
and has inspired them to take advantage of new educational technologies. A
successful realization of these practices and the awoken positive response have
persuaded us that the goals, course topics and thematic directions, as well as the
choice of the students addressed, have been properly executed. An important aspect
for a smooth realization of the course was an existing excellent background, based
- among others - on the availability of an extensive theoretical base and on a quite
satisfactory material outfit; this implication had coherence with the course
inclusion in an international project (TERECoP).



Chapter 5

Exemplary projects and examples of learning activi-
ties with robotics

5.1 Two projects proposed by French teachers-trainees
Authors: Liliane Aravecchia, Luc Montel

This section presents two exemplary projects produced by our teacher-trainees
within the framework of their training within the TERECoP project at IUFM, Mar-
seille: Robotics challenge (trainees: BAUR Matthieu, CLEMENT Gabriel and
VINCENZI Guillaume); Automated camera (trainees: Nicolas BOLDRINO and
Laetitia CANDIDO)

5.1.1 First example: Robotics challenge

The project is based on the following challenge: A robot has to go from point A to
point B either through a labyrinth with colored walls (white when the path turns left
and black when it turns right) or following a black line on the floor.

This activity was implemented in a classroom of 28 secondary school pupils, aged
12-13, as part of their technology course treating the topic of “computer-aided pi-
loting™.

The target skills aimed at are part of the French Technology curriculum. After the
end of this project, pupils were expected to be able to:

- ldentify the different parts of the robot ;

- ldentify and justify the sensors and actuators used ;

- Represent the various stages of the movement by observing the robot;
- Modify an existing program according to the specifications given ;

- Adapt the system to a new situation.

The project was designed to be completed in 5 stages:

- Engagement stage: Pupils watch a video on robotics, followed by a discussion.
The robotics challenge is then presented. (1h)

- | exploration stage: Pupils analyze the route their robot will have to follow
from point A to point B and decide on a strategy to program the robot (307)

- Creation stage: Pupils modify the existing robot by implementing the sensors
and the program chosen according to their defined strategy (2h 30°)
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- Evaluation stage: The different projects from each group of pupils are analyzed
and compared by the class, and a synthesis is made by the teacher and the pu-
pils (1h)

For the above project each group of pupils was given:

- One basic moving platform (Tribot), but without any sensors (the robot is
given partly built due to lack of time to let the pupils do the building)

- A computer with NXT-G software for programming the robot.
- Different Lego sensors and Lego parts to modify their robot.
- One of the arenas the robot has to cross (labyrinth, obstacles or black line).

Fig. 5.1.1 The Lbyrinth and the Black Line challenges
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Teacher’s guide:
Stage Activities and Progress Cla_ss Qr- Time
ganization
Engage- Introduction Full class 5
ment stage
Playing the video 20'
Discussion on robotics 25'
Full class
Exolora- | Presentation of the robot, the teacher asks “how
=XP will it be able to cross the arena?” 10'
tion stage S
Each group receives its robot, sensors and arena
Pupils analyze their arena and define a « way »
for the robot to go from A to B \
They write it down in their own words at the Group of 3 | 20
back of the document they were given
The pupils choose the sensors suited to their
. situation and install them on the robot. :
Creation . . Groupof3 | 20
The teacher questions the pupils on the reasons
stage . .
of their choice
Pupils finish the robot and then go to their
arena where they discover the necessity of the
right program in order to pilot the robot. 1h
Then, they go to the computers and use the Group of 3 10’

NXT-G programming software
Teacher gives instructions on how to use the
software
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After clearing up , questions are asked by the
teacher to see if the knowledge was understood
Each group observes the working of the other
Evaluation | groups’ robots, try to deduce their logic of pro- | In groups 55'
stage gramming and justify the sensors used.

A synthesis is made before a written evaluation
in class

Pupil’s worksheet:

You have at your disposal a robot capable of evolving in its environment...

The robot has to go from A to B...

A —-~—""8B

The robot moves along a straight line, collides with the first wall in front of it ...
and stays stuck

2

‘_

Why??
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Some hints....

1. Analyze the arena the robot has to cross: What are its characteristics?
What parts of the arena can help to guide the robot?

2. Propose a logical way to go from A to B
- Write down your proposal here :
- What are your conclusions?
Experiences and feedback

The main difficulty encountered, when this course was implemented in a class-
room, was passing from the description in natural language working with the robot
to the programming in formal language.

Engagement stage

In the first stage, the viewing of the video and the presentation of the challenge was
aimed at catching the pupils’ interest in the project and at bringing to light any lack
of knowledge, any need to learn. This stage was successful; it induced a lot of in-
terest and curiosity in the pupils. The concept of a challenge allowed to stimulate
the children by an effect of competition. This means is effective, but has to be used
with care in order not to value systematically the "winners" at the cost of the "los-

ers".
Exploration stage

This stage consisted in the analysis of the course the robot had to follow and re-
vealed the first difficulties. Most of the pupils, having observed quickly the circuit,
tried to find a 'sequential' way of crossing the arena. For example, for the "laby-
rinth", most of the pupils said: "it is necessary to turn right, then left, then left, then
right ..." It is then advisable to question them in order to boost their reasoning:
"but if I now want to go from B towards A, does it work?" Or still "observe, please,
the elements of the course which can help you *.

The reflection thus resulted in a "logic", which allows crossing the arena in both
directions, of the type: "if we meet a black wall, we make a quarter of a turn to the
right, if we meet a white wall, a quarter of a turn to the left". This is true in par-
ticular of the arenas labyrinth and obstacle. The groups working with the “black
line” had more difficulty because the logic to be built in this case is more compli-
cated

Creation stage

During the designing phase, the first observation which we can make is that the
Lego Mindstorms NXT support federated at once the interest of the pupils. Indeed,
after the observation of the arena to be crossed, the implementation of one or sev-
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eral necessary sensors was realized without problem by the vast majority of the pu-
pils. They often used the guide of assembly supplied in the box in a mechanical
way. The main difficulty was to choose the adapted sensor or, more exactly, to un-
derstand the role of every sensor. Some guiding from the teacher helped them.

The contribution of a document allowing the pupils to choose the sensor independ-
ently (by describing the role and function of each of them) could turn out to be use-
ful (fewer interventions on behalf of the teacher). We notice that robots are assem-
bled in a very ill-assorted way, while all the groups used the same guide of assem-
bly. We can thus conclude that the association of the material element with its rep-
resentation is not without raising problems and calls for apprenticeship over the du-
ration.

Furthermore, certain groups chose different sensors for the same use: for example,
the detection of an obstacle can be made by a touch sensor or by an ultrasonic sen-
sor. This is interesting and can be exploited during the synthesis by bringing to
light the advantages and the disadvantages of each solution.

Once the sensors were installed, the first groups did not identify at once the neces-
sity for programming the robot. They thus went on the arena, placed the robot
down, switched it on and realized that it remained totally immovable. We asked
them at this moment the question “why would it move if nobody gives it the or-
der?” The role of the programming was then justified.

During the programming itself, the principle of 'blocks' was easily understood. On
the other hand, loops and conditional actions raised more problems. It was thus im-
portant to establish a link between the logic in the form of a sentence and the soft-
ware representation. To do it, the pupil has to formulate in writing the actions in a
sequential way, by means of a compulsory syntax, facilitating the transition in the
programming language under the shape " action if, until, as long as etc. ". For ex-
ample "1 move until I meet a wall, if it is white | turn to the right etc". This stage in
natural language is a necessary step before programming in the language of the ro-
bot.

The difficulty for the teachers was here avoiding giving too many solutions to the
pupils, while helping them not to remain blocked because of the programming lan-
guage, which is not the object of learning here. In the case of this activity the logic
behind programming is a skill that the pupil has to acquire, not the language itself.
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5.1.2 Second example: Automated camera

The problem: A firm sells an automated production line that fills packages and
packs flasks of different types. In order to present its machine to future clients, the
firm wants to make a video of the course followed by a flask along the production
line. In order to follow the progress of the flask, a robot with an onboard camera
will be used.

This project was designed for a group of 12 pupils of age 16, in their first year of
technical secondary school in the field of “Maintenance of Industrial Plants”.The
learning objectives of this activity are linked to kinematics. The aim is to enable the
pupils to define basic notions, such as trajectories (indifferent, rectilinear and circu-
lar) and movements (linear and rotation).

Progress of the teaching sequence: the project was planned over 4 hours, during one
day (2 hours in the morning and 2 in the afternoon).

o Engagement stage: The teacher presents the problem to be solved to the pupils
(they have seen the production line in function before), as well as the Lego NXT
kit and programming software. The next hour is used by the pupils on building the
robot with the help of an assembly guideline.

e Exploration and Creation stage: The pupils have to retrace the course of the
production line “ERMAFLEX” with their robot.

o Evaluation stage: The different results from each group of pupils are analyzed
and shared by the class and a synthesis is made by the teacher and the pupils.

Fig. 5.1.2 The production line and the robot
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Teacher’s guide:

Class Organi-

Stage Activities and Progress ; Time
zation
Engagement Introduction Full class 5'
stage
Presentation of the robot and the pro- Full class o5

gramming software

Teacher divides the class into groups,
allocates a robot to each group and Group of 3 15'
gives instructions

Creation stage Each group constructs its robot 55

The pupils analyze the different pro-
gramming blocks and try them on
their robot, they then decide on a pro-
gram solving the problem of follow-
ing the path of a bottle on the assem-
bly line

Exploration and Group of 3 90

creation stage

Each group observes the work of the
other groups’ robots, try to deduce
their logic of programming and justify

Evaluation Full class 20
stage t_he_ sensors used. _
A synthesis is made before a written
evaluation in class
Each group stores away its equip-
ment, the teacher verifies that nothing | Group of 3 5

is missing

In this example the main goal is to enable the pupils to define the concepts of basic
trajectories (rectilinear and circular) with the discovery of linear movements and
rotation. In order to really work on the definition of trajectories and movements, it
seemed important that the pupils should use blocks already preprogrammed by the
teacher with simple movements such as: uniform rectilinear movement, uniform



Teacher Education on Robaotics-enhanced Costructivist Pedagogical Methods 219

circular movement (left and right), accelerated rectilinear movement, decelerated
rectilinear movement

So, by using these preprogrammed blocks to program Lego Mindstorms, the pupils
can set up a fast experiment with the aim of recreating the route followed along the
production line. The pupils will determine first the function of these various blocks
and then, in order to solve the problem, they will create a program. In that way they
will not waste time understanding how to program completely the robot and they
will concentrate only on the realization of the route by a simple association of these
blocks.

Pupil’s worksheet:

Short description of the production line: The production line is used in industry, to
manufacture, condition, pack and palletize several products in various containers. It
makes it possible to fill bottles or flasks while following the process from the distri-
bution of empty bottles to the palletization of packed filled bottles.

Fig. 5.1.3 The structure of the production line

Problem: With the aim of presenting the principle of operation of the production
line, the company would like to carry out a video of the course, followed by a bot-
tle on this production line. To follow the path followed by the bottle, a Lego Mind-
storms programmable robot with an embarked camera will be placed at your dis-
posal. This robot will allow, thanks to the realization of a program recalling the
route followed by the bottle, to film, with the embarked camera, the course of the
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ERMAFLEX production line. Before testing the program on the real production
line, we will recreate this course in a reduced scale.

Path to be followed by the

Fig. 5.1.4 Path to be followed by the robot
Programming task: To carry out the experimentation, you have:
» 1 Lego robot
e “MINDSTORMS EduNXT” programming software
* 1 USB cable allowing connection of the robot with the computer for program-

ming

Programming instructions:
Launch the software.
Click on the icon “start a new program”.
Click on the Palette icon personalized.

1

2

3

4. Inthe icon “My blocks”, select a macro by clicking.

5. Position the macro in the programming window of the software.
6.

Repeat stage 4 and 5 as many times as necessary, according to the macros that
you want to test or to the program that you want to realize.

7. Once the program is finished, connect the robot with the computer via cable
USB.

8. Start the robot by pressing on the orange button.
9. Click on the Download icon in order to load the program in the robot.
10. Await the end of the compilation and disconnect the robot.
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11. Place the robot on the ground and press the orange button of the robot to
launch the program.

Experimentation:

25 Instructions: Explain for each image of the blocks below the behaviour car-
ried out by the Lego robot.

Answer: uniformly accelerated movement

Answer: turn right

Answer: turn left

Answer: half turn right

Answer: half turn left

Experience feedback: This project was implemented by two student-teachers in one
classroom and was compared with a more typical lesson treating the same subjects.
The results of the comparison of the two different teaching methods (with or with-
out the help of educational robotics) was presented by the student-teachers in their
professional reports, as part of their evaluation as teachers trainees. In this exam-
ple, the students had great difficulties in designing a course using a constructivist
approach because it had to fit in a curriculum that was built on an approach based
on skills, and prevented them to focus on the construction of knowledge in the
chosen situation.
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5.2 Robotics-based educational tool for an airplane servo-
loop model

Author: Silviu lonita

The proposed educational tool is an example of robotics-enhanced learning project
for students, which originated from the TERECoP project. As some other examples
approaching “Project Based Learning with Robotics”, this project was developed
for the training needs of the pilot training course in the University of Pitesti, Ro-
mania, which took place during the three years of the project implementation.

5.2.1 Teacher guide

Title of the activity: Learning on airplane servo-loop control by building a robotic
demonstrator.

Introduction: This example addresses a complex topic and is appropriate for sev-
eral educational purposes on general curricula, as well as for vocational disci-
plines. The key teaching issue addressed by this learning activity is focused on
model and the students build themselves the learning tools.

Goals: The goals of an airplane servo-loop model as educational tool are divided
into three classes: cognitive objectives, skills and attitudes as follows:

- Cogpnitive objectives include basic knowledge obtained in the area of airplane
engineering focused on specific issues from mechanics and mechanisms. The un-
derstanding of the aircraft control problem involves, also, knowledge acquisition
on related issues in the field of flow dynamics and aerodynamics. Basic knowl-
edge on sensory (ultrasound transducers) and telemetry (ultrasound-based impulse
range finder) are expected to be acquired with the proposed robotic model. The
key cognitive goal of this example is the systemic understanding on the control
issue for a body with six degree-of-freedom (particularly for an airplane). The
strategy of control involves knowledge on cybernetics (error-based automatics,
feedback concept, multi-loop control). Finally, this example helps the trainees to
perceive the effect of fins and, also, helps the trainer explain the effect of com-
bined rudders’ deflection.

- The skills expected to be acquired with the robotic demonstrator for airplane
servo-loop system involve both, creativity and ability to implement servo-loop
controllers. The proposed application will urge the imagination to build specific
mechanisms for aircraft serving with the elements from Lego kit.

- The attitudes expected to be developed with this project are also very rele-
vant for trainees. They have to reason in terms of technical correctness, realism
and feasibility of the proposed technical solutions. Comparative and critical think-
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ing, as well as optimal reasoning, are the typical mental skills related to the atti-
tudes to be developed with this example. Building a flying machine, either a real
one or a model, is a question of responsibility, accuracy and reliability of technical
solutions. Finally, this example creates a positive attitude for collaborative work
and co-creation.

The example “NXT/Robotics-based educational tool for an airplane servo-loop
model* was created for a large age group of trainees, typically from 15, including
adults, too.

Technical details: The activities in this example are organized modularly. Each
module is provided in the face to face session of 2 hours. It is recommended to plan
the entire course (all modules) during one or two weeks. The prerequisites are de-
pending on the group of trainees-the age and their level of familiarity with Lego
Mindstorms educational kit. For groups that are not familiar with the educational
toolkit, an optional introductory session on Lego Mindstorms/NXT kit including
software development tools is provided. In the following table the basic guidelines
of the teaching process are presented.

Name of module

. i Activities carried out during the session
(duration of session)

1.1. Identifying the learning needs and goals, ex-
pectations and possible learning difficulties.

1.2. Challenging and motivating the trainees.

1. Introduction 1.3. Harmonizing the heterogeneous group of
trainees in terms of their background and experi-
(2 hours) ence

1.4. Providing a generic course on robotics as educa-
tional tool- constructivism, constructionism and pro-
ject-based learning.

2.1. Identification and presentation of the scientific
2. Engagement problem.
(2 hours) 2.2. Trainer defines the problem of airplane servo-

loop control. (Exposes the principles and gives the

explanations referring to real life examples).

3.1. Dividing the group of trainees into smaller work
3. Getting started with | teams.

icg()
robotics 3.2. Providing the introductory course * about Lego

(2 hours) Mindstorms/NXT robotic toolKkit.

3.3. Trainers challenge the trainees to imagine differ-
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ent constructions and the associated programs that
could play the role of demonstrator and help them in
learning different emerging disciplines.

4. Designing the pro-
ject with robotic toolkit

(2 hours)

4.1. Trainer and trainees identify the technical re-
quirements for specific mechanisms.

4.2. Trainer assigns each specific mechanism to be
developed by a group.

4.3. Trainer supervises the running of tasks paying a
special attention to the following issues:

- How the trainees are dealing with the particulari-
ties of the toolkit, encouraging an enthusiastic, un-
critical attitude among trainees. No criticism of
ideas!

- The ideas developed and contributed by every one
of the trainees, during the session, taking notes of
any such ideas.

- Relevant ideas that come out of the session.

5. Demonstration
(2 hours)

5.1. The outcomes from the previous module are in-
tegrated by the students in a robotic demonstrator
tool for the airplane servo-loop controlling.

5.2. Trainer performs different scenarios with the
demonstrator in order to exemplify how the aircraft
guiding systems work.

5.3. Trainer helps the trainees to adjust or to refine
the software application on NXT controller in order
to realize the effects.

6. Course evaluation
(2 hours)

- Trainer makes a synthesis by summarizing train-
ees' ideas, as they emerged.

- Trainer makes a comparative analysis of the ideas
that were noted during the session.

- Structured questionnaires should be applied im-
mediately after the end of the course, simultane-
ously to all participants.

Note. Regarding participants that worked individu-
ally, the answers provided express their personal
opinions and views.
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— Conclusions.

&Introductory course
on Lego Mind-
storms/NXT

(2 hours-optionally/
if needed)

Trainer presents the guide lines of the work with the
use of slides on the following issues:

- Robotic Lego Mindstorms demo (use of Lego
Digital Design, pictures of already constructed ro-
bots).

- Software development tools.

a) Trainees work effectively in small groups proceed-
ing step by step to get familiarized with the robotic
Lego kit and software development tools.

b) Trainees explore the mechanical parts focused on
their function and practical lab exercises on assembly
work, (lab activity, groups, 30 minutes).

c) Trainees browse the NXT brick menus, (lab activ-
ity, groups, 30 minutes).

d) Trainees explore the Lego Mindstorms software
development tools and robot programming, (lab activ-
ity, groups, 30 minutes).

Note. Each trainee receives a copy of Lego Mind-
storms software programming tool to study independ-
ently the help section of the functional blocks.

Rationale of the teaching approach: The overall approach in this example is inter-
disciplinary, but the activities involved here can be implemented in many disci-
plines: Computer Science, Technology, Mathematics, Science and Engineering.
The specific fields from Engineering are specially addressed in Control engineer-
ing, Flight mechanics and Aeronautics. The airplane servo-loop demonstrator is
fully developed and is ready for teaching purposes. The aircraft control problem
has a significant degree of complexity that requires knowledge from different dis-

ciplines.

Working in small groups, the trainees build different robots, making their own pro-
grams in order to demonstrate several rules, principles and techniques from physics,
mathematics and informatics as follows:

- The Newtonian principles applied to a body with six degree-of-freedom;

- The rule of forces composition and the couples of forces working;

- Geometry of triangle and elementary trigonometry;
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- Acoustic waves reflection and propagation;
- The principle of closed-loop control and feedback;

- Basics of programming, for instance: relational operators, conditional instruc-
tion, loop control, etc.

Other topics are also highlighted, for instance: levers law, kinematics, reduction
gear, and so on.

The issue of airplane guiding by automatic control of its rudders can be understood
in the context of preliminary knowledge on aerodynamics. Some possible stu-
dents’ difficulties can be avoided by using the robotics based educational tool for
the airplane servo-loop demonstrator. We propose an innovative teaching approach
with the use of the robotic construction to emulate an aircraft. Building a mechani-
cal structure with feasible mechanisms to actuate the airplane’s rudders challenges
the students to find innovative solutions, other than those usually used when they
build wheel-driven mobile robots.

The proposed scenario takes into consideration the key teaching issue addressed
here: learning by demonstration through building the demonstrator. So, the ex-
perimental environment is defined by the idea of learning precisely by building the
learning tools. Building the learning tools, in this case by using robotics, is per-
formed by the following tasks in an experimental environment, as depicted in Fig.
5.2.1.

According to the constructivist and constructionist approach, the activities with
students are organized in the following methodological: Engagement stage, Explo-
ration, Investigation, Creation and Evaluation. As a matter of fact, to organize a
project in robotics, the content of the individual stages are highlighted as follows:

= In the engagement stage students are provided with the open-ended problem
and get involved in defining the project. This stage requires the identification and
presentation of the scientific problem. Students work as a class putting their ideas
into a question format as follows:

= If I am piloting a plane, which command or commands should I actuate in
order to: lift, dive or turn the aircraft?

= Which are the elements that command effectively the airplane?

= How do the forces that move effectively the aircraft work?
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Problem statement

Analogy, referring
to knowledge

Basic phenomena
identification

Experimental re-
sources (toolkit)

v v

Explore specific de-
monstrative mecha-
nisms

Learning Tools

\ 4

Building the spe-
cific parts

A 4

v

Assembly of the
entire demonstra-
tor

Application
software pro-

gramming

Building the relevant examples
and demonstration experi-

Fig. 5.2.1-The learning environment

= |n the exploration stage, students get familiar with educational Lego Mind-
storms kit, controlling devices and software, make hypotheses and test
their validity in real conditions, provide initial ideas and preliminary solu-
tions. This stage is performed in a flexible manner, depending on the level
of students’ familiarity with the educational toolkit. If the students are well
introduced in the technology of Lego Mindstorms robotic toolkit, this stage
will be adjusted adequately. On the contrary, if the students see for the first
time the Lego Mindstorms Kit, a special introductory session will be pro-
vided. In this case, the trainees should work effectively in small groups
proceeding step by step to get familiarized with the robotic Lego kit and
software development tools.
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= In the investigation stage, students search for resources and investigate al-
ternative solutions. Students reconsider the problem and the different is-
sues arisen during the engagement stage, based on their experience gained
through the exploration stage. In addition, the students involve their pre-
liminary knowledge, their beliefs and own experiences via analogous rea-
soning and intuition to imagine specific demonstrative mechanisms. At this
stage, students, in collaboration with the teacher, formulate the driving
questions which link with the learning goals of the project, as they were
defined: cognitive goals, skills and attitudes.

= In the creation stage, students share and combine their artifacts, synthesize
‘solutions’ to the project, reflect on their initial ideas. Students present
their work in class and then work on the synthesis of a final product, in-
cluding the artifact and the software, and reach a common proposal for the
project. The result is the assembly of the final demonstrator. This work
may lead to similar solutions, but, also, to innovative proposals. In this
stage, the relevant part of the learning tools is achieved. Moreover, the
demonstrator for airplane servo-loop control becomes itself a learning tool
supporting related experiments and future developments.

= In the evaluation stage, the trainer and the students make together a syn-
thesis by summarizing trainees' ideas, as they emerged from the preceding
stages. Now, students share their ideas, products at class level, argue about
their final proposals and evaluate them. Alternative solutions are also pre-
sented at class level and evaluated based on the driving questions raised in
previous stages of the project (stages of engagement, investigation). All the
solutions noted during the course are subjected to a comparative analysis
on strengths and weaknesses. At this stage, students should critically judge
their work, express their opinions and compare their works. The evaluation
stage is considered a conclusive lesson rather than an assignment. In order
to obtain a measure of the learning efficiency, with this example, some
structured questionnaires could be applied immediately after the end of the
course, distributed simultaneously to all participants.

5.2.2 Fully developed example

The fully developed example, based on an educational tool for an airplane servo-
loop demonstrator, is presented here in terms of technical and methodological
principles.

The educational tool is briefly described with main emphasis on the function of
the proposed robotic construction and the teaching contribution: the questions, the
problems, the experimentations and the investigations that students can perform
with the suggested demonstrator. The entire educational purpose is defined by
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questions such as: “How is an airplane piloted?”, and “How the aircraft can be
automatically controlled?”

The problem statement starts with the presentation of the basic notions on the air-
plane’s movement according to three-degrees of free rotations, which are the sub-
ject of control, as depicted in Fig. 5.2.2.

gyration

folfing rmaotion ¥ _plitching motion

Fig. 5.2.2 The airplane and basic controlled movements

The next step refers to the connection between rotations and the three-dimensional
displacement of the aircraft. The dependency between the three controlled rota-
tions around the aircraft’s center of gravity and the translations along the three
axes are explained in terms of aerodynamic effect on the fin-rudders, as depicted
in Fig.5.2.3.

Under these circumstances, the trainees should have clearly in their minds the
cause-effect relationships that govern the evolutions of the airplane. The main rela-
tionship is between the propeller thrust and the longitudinal driving that defines
the airplane’s lifting and all the related aerodynamic effects. The propeller thrust is
controlled by the pilot via the gas-throttle.
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Fig. 5.2.3 An intuitive draft on rudders’ effects

Table 5.2.1. Synthesis of the cause-effect relationships governing the airplanes

backward

evolution
Cause Effect
Pilot’s , . . . , .
Rudders’ state Translation | Rotation | Aircraft’s evolution
command
Aileron right: up-
Handle deflection, Latoral | RONING 'gﬁiﬂeo;’ierht
(stick) right | Aileron left: down- side 9ht IBanking
deflection to
Rudder bar Turnina to right
(pedal) Tail right deflection Lateral Gyration | . g
' right
right
Aileron right: down- : Lean over
Handle deflection, Lateral Rolling on the left  [Banking
(stick) left . . ;
Aileron left: up-deflection side to
Rudder bar . . . Turning to left
(pedal) left Tail left deflection Lateral Gyration left
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Based on the rationale described above, in the next step, the airplane servo-loop
control is introduced, which, in fact, is a basis of an automatic pilot. The task of
the autopilot is to maintain a prescribed flight altitude and, possibly, to avoid air
collisions of the aircraft. In this example, the servo-loop control system includes
sensors, servo actuators, feeds, comparators and signal references. There are two
separate main control channels in this case, as depicted in Fig. 5.2.4.

Prescribed Error Elevator's _ Al
altitude signal Servo actuator Aircraft itude
@ controller ——> —>| pitch
model
Ultrasonic range
detector
NXT implementation
Saf ¢ Gyration
are reft-
erence Error command Tail Rudder N Current
: Servo actuator i i
distance signal Banking Rolin cflrcraf't distance
@ Controller Comma% § ynamic
Allerons Rudder | ) model
Servo actuator
Ultrasonic range
detector
LEGO kit

Fig. 5.2.4 Block diagram of the control and the parts that can be implemented with
Lego Mindstorms toolkit

The following paragraphs are dedicated to the constructive details of the NXT
Lego kit, based on the educational tool named demonstrator. Figures 5.2.5 (a) to

(d) provide some annotated pictures of the demonstrator’s mechanical structure,
including sensors and the NXT brick.

The demonstrator is programmed to emulate the control of an airplane by high-
lighting the cause-effect relationships during the following scenario: keeping a
safe altitude and avoiding any obstacle that is heaved in sight, in a certain pre-
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scribed range. The NXT brick was programmed according to the above mentioned
tasks. The control algorithm reflects the principle of closed-loop adjustment

ki

Ultrasonic rang-
ing sensor

' g Ultrasonic

B2 height finder

-

(b) A front side bottom-up view of the (c) The back side view of the dem-
demonstrator onstrator
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Rotation gear with driving crank
and guided (sliding) connecting rod

(d) The details of the aileron driving mechanism
Fig. 5.2.5 (a, b, ¢, d) The demonstrator

An effective software implementation of the demonstrator is presented in Figure
5.2.6. The two main control channels introduced in Fig. 5.2.4 are implemented us-
ing LEGO Mindstorms education NXT software involving the common palette of
programming blocks. The result is the introduction of three distinct controllers into
a single program. The altitude controller is designed as an independent one, but the
banking controller consists in two coupled controllers for both: the gyration and the
rolling. This is because, as well known, the correct banking evolution imposes the
correlation of the aircraft’s gyration with its rolling.

An important part of the automatic servo-loop control system is the ultrasonic sen-
sors that play the role of range detectors (for the danger altitude and the frontal col-
lision). For practical reasons, the ultrasonic sensors are set up for ranges less than
0.8 meters. The motors of the servo-actuators are programmed to execute rotations
up to 30 degrees in both senses.

Let us note that the demonstrator presented here is not a mobile robot. It was des-
ignated as an educational tool to be maneuvered by the trainer during the demon-
strative scenario according to the learning purposes. Figure 5.2.7 presents an in-
stance demonstrating the reaction of the model in case where safe limits for both
distance and truth altitude are violated.

A typical scenario for demonstration can be described as follows: The trainer puts
the demonstrator on a table in such a position that the ultrasonic height finder sen-
sor is beyond the table’s edge catching a signal reflection from the floor.
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User Profle: [ Default

0 | plane

Farever laopn

Banking controler Elevator's controler

o o
o o G- o G o G o
i o Lted i ted Lo i e M i Lo

@
!

Need help?
ﬁ Move the cursor over an object to read about its funcio
\ additional help, dick the "Mara help" link.

More

Fig. 5.2.6 An example of control implementation

In this position, the NXT program is started and the servo systems should not react.
If any sensor detects an obstacle (for example, hand presence) in front of it, the
demonstrator exhibits the appropriate reactions by deflecting its own rudders. The
same effects can be highlighted if the trainer takes the demonstrator in his hand
simulating a flight-path and approaching different obstacles in the class (walls,
floor, etc.).

5.2.3 Final comments

The demonstrator proved its usefulness as: a learning object and a learning tool.
From the constructivist approach, building the demonstrator was a challenge. The
result is an advisable learning tool in the area of aircraft. Some constructive limits
have been discovered in terms of learning object regarding the certain possibilities
to joint the LEGO parts.
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Left banking maneuver
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TR

Aileron right: down-deflection,
Aileron left: up-deflection

Ranging

Elevator up
deflection

Vertical teledetection
for truth height finding

\y:

Climbing

A

Fig. 5.2.7 An instance of demonstration with annotated effects

Other limits concern conceptual issues, such as processing capabilities of the NXT
unit. In a real aircraft’s system of control, the different tasks are concurrently exe-
cuted, whereas our demonstrator is able to run three control-loops just sequentially
on a single processor. An improved version of the demonstrator can be developed

using, for instance, three NXT units.
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5.3 The Planet
Author: Michele Moro

5.3.1 Teacher’s guide
o Title: the Planet

e Introduction: Simulation of the motion of a planet (or another object) around
the Sun based on the gravitational force; study of the conic curves.

e Goals:

- To improve the knowledge of some basic physics concepts, such as space,
speed, acceleration, time;

- To study the theory of the planet motion (Kepler’s and Newton’s laws,
conics);

- To study some aspects of the analytical representation of conics;

- To get some experience of what a simulation is and to what extension it
can give a measurable representation of a real phenomenon;

- To combine appropriately integer operation with loss of precision (division
and square root) in an expression in order to minimize the total error.

e Age group: 16-19 years old.

o Rationale of the teaching approach: physics is better taught and learned when
theory is presented together with some experimental activities. The notion of gravi-
tational field is one of the most fascinating and difficult ones at the same time. The
essence of the Kepler’s and Newton’s laws is not immediately intuitive and, there-
fore, the robotic simulation makes them more acceptable. The simulation, made
with a relatively simple robot, is also the occasion to make some accessory reason-
ing about the interesting properties of conics and other geometrical aspects.

5.3.2 The problem

When Isaac Newton tried to determine what force justified the planetary motion in
accordance with the Kepler’s laws, he reached the conclusion that this force must
be a mutual attraction, proportional to the product of the masses involved (the sun
and the planet) and inversely proportional to the square of the distance from their
centers of mass. In formula, the form of this force, the gravitational force (fig.
5.3.1), is given by:

Fe=GMm/r? (5.3.1)
with G the universal constant equal to:
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G =6.670 10" Nm?kg™ (5.3.2)

I Fe=GMm/r2 Fe=GMm/r2

distance =r
Fig. 5.3.1 — The gravitational force

A
v

Limiting the analysis to the motion of a single body around the sun, making the
usual simplifying assumption that M (mass of the sun) >> m (mass of the body), it
is possible to consider that the gravitational effect is limited to the only moving
body, forced in its orbit by a centripetal acceleration in the form of:

ac=Fs/m=GM/rP=pn/r (5.3.3)

aphe- perihelion

planet

Fig. 5.3.2 — The orbit of a body around the sun

Under these conditions, the orbit is a conic which has the sun in one of its focus
(fig. 5.4.2). The speed vector is always tangent to the orbit, oriented in the same di-
rection of the motion, whereas the acceleration with modulus ag is always directed
from the body to the sun and, therefore, has an effect to accelerate (positive sign of
the projection of the vector acceleration onto the speed vector) on the speed
modulus, when the body is approaching and to decelerate (negative sign of the pro-
jection of the vector acceleration onto the speed vector), when the body is distanc-
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ing. At the point closest to the sun (called perihelion), the acceleration is orthogo-
nal to the speed and it is the greatest. In the case of the elliptical orbit, in the far-
thest point (the aphelion), the acceleration is still orthogonal but the speed is the
smallest.

Unfortunately, the analytical study of a gravitational field based on the force of
(5.3.1) is very hard and out of competence of a normal secondary level student.
Therefore, a practical experience, which can give at least a qualitative evidence of
the kind of orbit a body is forced to follow in a gravitational field, is of great inter-
est.

Conics can be analytically defined as the locus of points p, for which the ratio be-
tween the distance of p from a point F (focus) and a line D (Directrix) is constant.
This ratio is called eccentricity (e): when 0 < e <1 the locus is an ellipse, withe =1
a parabola, with e > 1 a hyperbola. In the cases of hyperbola and ellipse, these
properties remain substantially the same for the second focus. Said a the semi-
major axis of the ellipse (or the distance between the center of the focuses and the
cusp of the hyperbola), d and f the distance between the center and respectively D
and F, it also holds:

f=ela e="fla (5.3.4)
d=ale (5.3.5)

Thus, for e = 0 the two focuses coincide, while the directrix is at infinity, and you
get the special case of ellipse of the circumference.

The equation of an ellipse with the main focus placed on the origin and the other on
its left on the x-axis is given by:

(x+f)¥a® + y?Ib* =1 (5.3.6)

where a and f are the semi-major axis and the focal distance already defined above
and b the semi-minor axis. An alternative characterization is given in polar coordi-
nates (fig. 5.3.3), placing the ellipses in the same position as in (5.4.6):

r=1/(1+ecos0) (5.3.7)

where | is the distance of the main focus from its vertical projection on the ellipse,
r e dare the polar coordinates of a generic point on the ellipse. For the perihelion
and aphelion it holds:

feer = v =a-—-f= [9 = O] =1/ (1+e) (538)
Fapy = uax =a+ f= [6 = TC] =1/ (1-e) (539)
reer + Fapn = (17 (1+€)) + (1 / (1-€)) = 2a a=1/1-e’|=a (1-€?) (5.3.10)
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Fig. 5.3.3 — Ellipse in polar coordinates
Finally one can easily verify that:
b = asqrt(1-e?) b*=a’-a%?=a’-f b*+f=a®>  (5.3.11)

from which it derives that the distance of focus from the topmost point of the el-
lipse coincides with the semi-major axis.

Generally speaking, there is a known relation between speed and distance from the
sun that, in the cases shown above, is given by:

Elliptical trajectory: v =sqgrt(u ((2/r)-(1/a)) ) (5.3.12)
Parabolic trajectory : v =sgrt(u (2/r)) (5.3.13)
Hyperbolic trajectory: v =sqrt(p ((2/r)+(1/a)) ) (5.3.14)

The speed of (5.3.13) is also known as the ‘escape speed’ (or ‘escape velocity’) be-
cause it is necessary that the initial speed of the body is greater than or equal to that
of the escape speed for the body to escape the close orbit.

In the elliptical case, the maximum (at perihelion) and minimum (at aphelion)
speeds are given by:

Veer = sqrt(p ((2/(a-f))-(1/2)) ) (5.3.15)
Varn = sqrt(p ((2/(a+f))-(1/a)) ) (5.3.16)
whereas for the period T we have:
T = (2n/sqrt(p)) sqrt(a®) T? = (4n? p) a° (5.3.17)

in harmony with the Kepler’s third law.

5.3.3 Our simulation with NXT

In preparing the experience, one needs to be aware of the limitations, both physical
and programming, of the NXT robot: inaccuracies in the control of motors and mo-
tion, integer arithmetic only (in the standard firmware, there is no floating point
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support), basic operations (lacking in particular of trigonometric functions). The
results of this experience have a rather qualitative than quantitative value.

Fig. 5.3.4 — The ‘orbiting body’

The robot, which is the orbiting body, is a tribot (fig. 5.3.4), with two independ-
ently driven wheels and a third one free, and equipped with a sonar head mounted
on a third motor in order to adjust the angle of its 'vision' during the motion. The
sun is represented by a fixed object ‘visible’ to the sonar so that the distance r is
measured by this sensor.

The basic idea is to choose two reasonable values for 4 and a in order to obtain
practical values for the other parameters, specifically speed and acceleration. You
have to choose also an appropriate (small) time interval At on which the calculation
of each motion step will be based. During the simulation, acceleration and speed
will always be calculated using formulas (5.3.3) and (5.3.12) (assuming you have
installed the square root block in your NXT-G environment).

To simplify the simulation, we also assume that, initially, the robot is put on the
aphelion, at a distance of a+f from the focus, so that its axis can be orthogonal as to
the major axis of the expected elliptical trajectory. The simulation does not main-
tain any information about the position and the orientation of the robot: we always
assume that, at any motion step, the starting position and orientation are correct as
the cumulative effect of the previous steps.

In the simulation, a step at time t is formed by small straight-line motion, followed
by a rotation around the robot’s axis middle point. The first motion corresponds to
the contribution of the tangential speed vector, and, therefore, it is calculated as
V*At; the rotation corresponds to the contribution of the acceleration vector that ro-
tates the speed vector: fig. 5.3.5 shows that the vector composition of speed v at
time t and its variation given by the vector Av = ag * At.
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Fig. 5.3.5 — Vector composition

To ensure that the orientation of the robot at the instant t+At is the vector v+Av, as
shown by the figure, we need to rotate the robot of an angle p equal to:

p = arctan((ag At sinm) / (v + ag At cos 1)) (5.3.18)
where 7 is the angle between vectors v and ac.

A first rough approximation is to consider the acceleration vector always substan-
tially orthogonal to the speed vector (77 = ©/2). With this simplification it holds:

PAPPROX — arCtan(aG At/ V) ~ ag At /v (5319)

Further (5.3.19) approximation of considering the angle so small as to have the arc-
tan value and the angle (in radiants) coincident has been applied. This produces a
first approximated calculation of the rotation to be applied to the robot very simple.

Plotting the theoretical ellipse and that of the simulation, obtained by applying the
approximate method described above, by using the following values of characteris-
tic parameters (lengths scaled in centimeters)

a=40 =20 e=0.5 b = asqrt(1-e%) = 20 \3
n=6000At=0.5 (5.3.20)

and starting, as already assumed, with the robot placed on the hypothetical aphelion
and oriented parallel to the minor axis of the ellipse, we obtained the plotting val-
ues of fig. 5.3.6. As you can see the approximation is not good after the first quad-
rant. Thus, we decided to add a correction to this first approximation trying to
maintain the calculation simple.

From an analysis of the variation of the angle 7, while the point moves along the
bottom semi-ellipse, you observe that, both at aphelion (rar = a+f) and at perihelion
(reer = a-f) n=n/2, but along the path, the angle decreases until it reaches a mini-
mum, which depends on the value of e, when r = a. With the data given above, the
minimum is equal to N = w/3 with sin(zmun) = \ 3/2 ~ 0.87, cos(mmin) = 0.5,
while muax = ©/2 with sin(7uax) = 1 and cos(7max) = 0. Therefore, we decided to
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apply a correction to the angle in the range where sin(7) is more different from 1,
which has been empirically determined as a-f/2 < r < a+f/2: in this interval, the ro-
tation to be applied is calculated as:

parprox = ((ag At sin mm) / (v + ag At oS Nm)) = ((ag At 0.9) / (v + ag At 0.5)
(5.3.21)
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Fig. 5.3.6 — A first approximation

With this correction, the simulated evolution is plotted in Fig. 5.3.7 and the im-
provement is evident.
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Fig. 5.3.7 — A second approximation

Another straightforward correction is necessary in order to compensate the measure
of the distance r performed by the sonar: in fact, the measure is less than the actual
distance of the focus from the rotation point of the robot, which we consider as the
application point of the speed and acceleration vectors, both because the object
used as the attracting body has a non-null radius and because the sonar is at a cer-
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tain distance from the axis of the robot, where the rotation point lies. Thus, to ob-
tain the correct value of r, the measure must be incremented of the sum of these
two distances (the sun’s radius and the offset of the sonar).

In the practical realization with NXT, we must also take into account the limita-
tions of the integer calculation: besides delaying as much as possible all the divi-
sions in just one division as the final operation, in our case we must also deal with
the imprecision introduced by the square root. It results more precise to execute the
integer square root as the very last operation. But you must also take into account
the relative error of the square root in cases of small and large numbers. This could
suggest to move inside the square root external multiplicative factors (elevating
them to their square), whereas divisional factors should be moved inside the square
root only if the inner division maintains a quotient not too small (in order to main-
tain small the error of the integer square root). In doing these passages, you must
not generate overflow of the 32 bit integer capacity (+2* ~ 2 10°).

Therefore, assuming that
At=11]j Ry=p/q Dy=w/z (5.3.22)
with Ry, the radius of the wheels, Dy, the distance between the wheels and i, j, p, q,
w, z integer values, for the straight-line motion step it follows:
V-At = 0, Ry = Oyq (27/360)-R,, (5.3.23)

where 6, and @, are the angles which the wheels must rotate of, respectively
measured in radiants and degrees. From (5.3.23) you obtain the angle to be set as a
parameter of the motor control block, expressed in degrees:

Oua = 360-V-At /(27-Ry) (5.3.24)

To perform this calculation accurately, we now apply the recommendations sug-
gested above:

Owa = 360-sqrt(u((2/r)-(1/a)))-(i/j) /(2(314/100)-(p/q)) =
= ((9000-i-q) / (157-p-j) ) sart((2-p-a - pw-r) / (a-r)) (5.3.25)

Assuming that the first fraction (the terms are all constant) is reduced to the lowest
terms as pp / qq , we could finally obtain:

(9000-i-q) / (157-p-j) = pp/gq ~ Owa = sqrt(pp>(2-p-a - wr) / (qq>-a-r))
(5.3.26)

The convenience to move pp/qq under square root depends on their size. In the
case of the values given by (5.3.20) and with standard wheels with a diameter of 56
mm, it holds (linear measures in centimetres):

At=1/2 Ry=28/10  (9000-1-10) / (157-2-28) = 11250 / 1099
(5.3.27)
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pp and qq are too big to be moved under square root. Let us try to find a simpler
approximation:

11250 /1099 ~ 10.2365 ~ 1024/100 = 256/25 (5.3.28)

Say isqrt and idiv respectively our available integer version of the square root and
division, we obtain:

Owa = isqrt( idiv(pp®(2-p-a - per), (qo*ar))) =
= isqrt( idiv(256°(2-6000-40 - 6000-r), (25%40-r)) ) =
= isqrt( idiv(65536-(480 - 6-1), (25-1)) ) = (5.3.29)

The minimum value of 6,4 is reached at the aphelion when r = a+f = 60:
Owamin = isgrt( idiv(65536-(480 - 6-60), (25-60)) ) =
= isqrt( idiv( 7864320, 1500) ) = isqrt(5242) = 72° (5.3.30)

corresponding to approximately 3.52 cm. The result is good because the precise
value is 72.34. The maximum appears at the perihelion when r = a-f = 20:

Ouanmax = isqrt( idiv(65536-(480 - 6:20), (25-20)) ) =
= isqrt( idiv(23592960, 500) ) = isqrt(47185) = 217°  (5.3.31)

Even here the result, which corresponds to a move of about 10.6 cm, is good be-
cause its precise value is 217.04.

Now, we consider the elementary rotation of the robot: to turn the robot of an angle
£, We need to set to its maximum the steering parameter of a move block (100%
with the correct direction) and make the motors to rotate of an angle equal to:

Oug = 360-Dy p /(27-2-Ry) = (90-Dy, /(m-Ry)) p (5.3.32)

The approximated values of p are given by (5.3.19) and (5.3.21), respectively for
each one of the two identified parts of the orbit. Using the first formula:

p = ((Wr’)-At) / (sqrt(u-((2/r)-(1/a)))) = sart(-a-At* / (r(2a-1))) =

= sqrt(u-a-i® / (r*-(2a-r)-j%) (5.3.33)
Bwa = (90-(W/z) /((314/100)-(p/q))) sqrt(u-a-i® / (r*-(2a-r)j%)) =
= (4500-w-q / (157-z-p)) sqrt(u-a-i® / (r*-(2a-r)-j°)) (5.3.34)

Using the already used data and with D,, = w/z = 10, we obtain:

Ouwg = (450000 / (157-28)) sqrt(6000-40 / (r*-(80-1)-4)) =
= (112500 / 1099) sqrt(60000 / (r*(80-r))) (5.3.35)

A 100 factor can be moved under square root, and we obtain:
Owa = (1125 / (1099-r)) sqrt(600000000 / (r-(80-r))) (5.3.36)
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For the acceleration increases faster than the speed when r varies, the maximum
angle occurs when the acceleration is at its maximum and, thus, having the mini-
mum r (=20):

Owamax = idiv( (1125-isqrt( idiv(600000000, (20-(80-20)) )) ),
(1099-20)) =
idiv( (1125-isqrt( idiv(600000000, 1200)) ),
(21980)) =
idiv( (1125-isqrt(500000) ), 21980) =
idiv((1125-707), 21980) = idiv(795375, 21980) = 36° (5.3.37)

The result is good because the correct value is 36.17.

Now considering the second approximation of the formula (5.4.21), in the range of
interest 30<r<50, it approximately follows 10<v<15, 1.25<ag-At<3.2. With these
values it is advisable to scale up of 100 in order to make some decimals significa-
tive for the integer calculations:

p = ((as At 90) / (100-v + ag At 50) (5.3.38)

Ouwa = (90-(W/z) /((314/100)-(p/q)))-(a-(i/j)-90 / (100-v + a(i/j)-50)) =
= (8100-10-6000-1000) / (314-28-2-r>-(sqrt(1500000-(80-1)/r) + (6000-25/r) )) =
= 27638762 / (r-10-sqrt(15000-r-(80-r)) + 6000-25) (5.3.39)

With an intermediate value (r=a=40) and the usual truncations you obtain 13 de-
grees versus a precise 12.22.

What about the power to be applied to the motors during the two types of motions?
As known, in the absence of excessive load, the power control is actually a speed
control. Considering that the speed of the second motion, the rotation, is not so im-
portant to have the feeling of the simulated speed, which is originally continuous,
in every straight-line motion step we would impose a speed able to make the robot
move exactly in the step time At of the simulation. The angular speed to be set fol-
lows from (5.3.24):

Owd = Oy / At = 360-v-/ (21-Ry,) degrees/s (5.3.40)

with At = 0.5, wwg = 2- 6. FOr with the given experimental data we have estimated
72<6,q <217, it would follow 144<w,,4 <434. Assuming true the already estimated
relation:

P(ower) = (1/8.15)-® (5.3.41)

we obtain 17.66<P<53.25. Thus, if this range of powers is problematic, we could
scale up or down the power of a given factor to maintain the same feeling of the
motion, especially the increase of speed from aphelion to perihelion.



246 Chap. 5- exemplary projects and examples

Finally, as regards the position of the sonar, we decided not to estimate step by step
the viewing angle of the sonar in respect of the mutual orbiting body-sun position,
because we didn’t want to maintain a state variable describing the position of the
robot. Instead, a more robust solution is to initially put the sonar with its axis or-
thogonal to the robot, and at the beginning of every step make the sonar sweep an
angle of sufficient amplitude in the range of ¢, performing a certain number of
readings and taking the minimum as a measure of the distance.

5.3.4 The program

We are describing the core of the program, which is an infinite loop every execu-
tion of which corresponding to a single step. One step is formed by three stages:
the measurement of the distance, the straight-line motion, the rotation.

The first stage is represented by the code of fig. 5.3.8. Assuming that the sonar is
mounted on a motor connected to port B, the scanning of the head is made as fol-
lows: an initial rotation of 60 degrees in one direction; 5 steps with one reading at
the beginning of every step, an updating of the variable d to represent the minimum
distance measured, a rotation of 30 degrees in the opposite direction at the end of
the step. After this evaluation, the head is repositioned to its original direction with
a final rotation of 90 degrees.
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Fig. 5.3.8 — Part I: measuring the distance
VarDecl(Name=delta, Type=NUM) -- the angle to be performed
VarDecl(Name=min, Type=NUM) -- the minimum distance
VarDecl(Name=r, Type=NUM) -- the distance for the calculations
Var(Name=r.NUM, Act=WR, Val=255) -- d=initial minimum

Motor(Port=B, Dir=BK, Act=CONST, Pwr=20, PwrCtrI=ON,
Dur=60.DEG, Wait=ON, Next=BRK)

Loopl: Loop(Ctrl=FOREVER, Dis=OFF) [
Loop2: Loop(Ctrl=COUNT, Until=5, ShowCnt=0OFF) [
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So: SonarSens(Port=1, Cmp=?7?, Show=CM)
Ad1:MathOp(Type=ADD, A=So.Dist, B=<SonarOffset>)
Ad2:MathOp(Type=ADD, A=Adl.Res, B=<SunRadius>)
Var(Name=min.NUM, Act=WR, Val=Ad2.Res)

Vd1: Var(Name=r.NUM, Act=RD)

Cm1l: CmpOp(Type=LT, A=Ad2.Res, B=Vd1.Val)

Swil: Switch(Ctrl=VAL, Type=LOGIC, Dis=ON,
CondUp=TRUE, Val=Cm1.Res)

[Swl.IF
Vm1: Var(Name=min.NUM, Act=RD)
Var(Name=r.NUM, Act=WR, Val=Vm1.Val)
Swil.IF]
[Sw1.ELSE
Sw1.ELSE]

Motor(Port=B, Dir=FD, Act=CONST, Pwr=20,
PwrCtrl=ON, Dur=30.DEG, Wait=ON, Next=BRK)

Loop2]

Motor(Port=B, Dir=BK, Act=CONST, Pwr=20, PwrCtrI=ON,
Dur=90.DEG, Wait=ON, Next=BRK)

The second stage (see fig. 5.3.9) is the calculation of the angle to be performed for
the straight motion based on the (5.3.29) formula. This piece of code is rather
straightforward.

E
dofe  —eok —adp
s s s

Fig. 5.3.9 — Part II: calculating the angle for straight motion
Vd2:Var(Name=r.NUM, Act=RD)
Mul:MathOp(Type=MUL, A=Vd2.Val, B=6)
Sul:MathOp(Type=SUB, A=480, B=Mul.Res)
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Mu2:MathOp(Type=MUL, A=65536, B=Sul.Res)
Vd3:Var(Name=r.NUM, Act=RD)
Mu3:MathOp(Type=MUL, A=25, B=Vd3.Val)
Dil:MathOp(Type=DIV, A=Mu2, B=Mu3.Res)
Sql:Sqrt(x1=Dil.Res)

Var(Name=delta.NUM, Act=WR, Val=Sql.Res)

In order to give the impression of the variation of speed during the orbit, we apply
a varying motor power in the range of 30+60 (30 when the angle is minimum, i.e.

72°, 60 when it is maximum, i.e. 217°), linearly scaling the angle value (fig.
5.3.10):

30 = 72+ 60=0-217+f =

(subtracting the first from the second) 30=a.-145 = a=30/145
B=30 - 30-72/145

pot = (30/145)-6 + 30 - 30-72/145 = (4350 + 30-(6-72)) / 145  (5.4.42)

Fig. 5.3.10 — Part I1l: simulating the variation of speed
Vd4:Var(Name=delta.NUM, Act=RD)
Su2:MathOp(Type=SUB, A=Vd4.Val, B=72)
Mu4:MathOp(Type=MUL, A=Su2.Res, B=30)
Ad3:MathOp(Type=ADD, A=Mu4.Res, B=4350)
Di2:MathOp(Type=DIV, A=Ad3.Res, B=145)

After the straight motion, a short rotation is applied. We must distinguish the sec-
tion in which we apply the simpler approximation of (5.3.19) from the section
where we apply the more complex one (5.3.21). The choice is based on the value of
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the measured distance from the focus: the simpler approximation is the case when
such distance is out of the range of 30+50 (fig. 5.3.11).

Fig. 5.3.11 — Part IV: to distinguish the two approximations
Vd5: Var(Name=r.NUM, Act=RD)

Ral:Range(Type=0OUT, A=30, B=50, Val=Vd5.Val)
Now, for the “then part” we must apply (5.3.36) (fig. 5.3.12):

o Lk

agl

) e

b

Fig. 5.3.12 — Part V: simpler approximation

Sw2: Switch(CtrI=VAL, Type=LOGIC, Dis=ON,
CondUp=TRUE, Val=Ral.Res)

[Sw2.IF
Vd6: Var(Name=r.NUM, Act=RD)
Su4:MathOp(Type=SUB, A=80, B=Vd6.Val)
Mu5:MathOp(Type=MUL, A=Su4.Res, B=Vd6.Val)

Di3:MathOp(Type=DIV, A=600000000, B=Mu5.Res)
Sg2:Sqgrt(x1=Di3.Res)
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Mu6:MathOp(Type=MUL, A=Sqg2.Res, B=1125)
Vd7: Var(Name=r.NUM, Act=RD)
Mu7:MathOp(Type=MUL, A=2156, B=Vd7.Val)
Di4:MathOp(Type=DIV, A=Di3.Res, B=Mu7.Res)

{1
Motor(Port=A, Dir=FD, Act=CONST, Pwr=15,
PwrCtrl=ON, Dur=Di4.Res.DEG, Wait=0N,
Next=BRK)
1}
{2
Motor(Port=C, Dir=BK, Act=CONST, Pwr=15,
PwrCtrl=ON, Dur=Di4.Res.DEG, Wait=0ON,
Next=BRK)
2}
Sw2.1F]

The more complex approximation follows (fig. 5.3.13).

Fig. 5.3.13 — Part VI: more complex approximation
[SwW2.ELSE

Vd7: Var(Name=r.NUM, Act=RD)

Su5:MathOp(Type=SUB, A=80, B=Vd7.Val)

Mu6:MathOp(Type=MUL, A=Su5.Res, B=Vd7.Val)

Mu7:MathOp(Type=MUL, A=Mu6.Res, B=15000)

Sg3:Sqart(x1=Mu7.Res)

Vd8: Var(Name=r.NUM, Act=RD)

Mu8:MathOp(Type=MUL, A=Vd8.Val, B=Sq3.Res)
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Mu9:MathOp(Type=MUL, A=Mu8.Res, B=10)
Ad4:MathOp(Type=ADD, A=Mu9.Res, B=150000)
Di5:MathOp(Type=DIV, A=27638762, B=Ad4.Res)

{1
Motor(Port=A, Dir=FD, Act=CONST, Pwr=15,
PwrCtrlI=ON, Dur=Di5.Res.DEG, Wait=0ON,
Next=BRK)
1}
{2
Motor(Port=C, Dir=BK, Act=CONST, Pwr=15,
PwrCtrl=ON, Dur=Di5.Res.DEG, Wait=0ON,
Next=BRK)
2}
Sw2.ELSE]

Loop1]
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5.4 The Lunar Lander

Author: Michele Moro

5.4.1 Teacher’s guide

Title: the Lunar Lander

Introduction: Simulation of the landing of a lunar module, assumed to
compensate partly the lunar gravitation with a reaction engine.

Goals:

- To improve the knowledge of some basic physical items like space,
speed, acceleration, time

- To study the theory of basic motions, like the uniformly accelerated
(decelerated) motion;

- To solve first grade equations and systems;

- To afford the difficulties of the landing problem with a simple and
robust sensor-based robotic solution.

Age group: 16-19 years old.

Rationale of the teaching approach: physics is better taught and learned when
theory is presented together with some experimental activities. There are
several well known approaches to present basic items like space, time etc., but
some suffer of the lack of an easy reproducibility in normal conditions or have
no clear relation to normal life experiences. The lunar landing problem can be
easily presented and understood in its essence even though its solution is
related to a theory with evident difficulties. The presented robotic simulation
can help the students in understanding such a solution and can make them more
comfortable with other more general similar theories.

5.4.2 The problem

From the Kepler and Newton laws we know that the motion of an object subjected
to the gravitational force of a planet or a satellite is in general a conic, but as a
special case of a body that has a null initial speed or whose initial velocity vector
points towards the center of the mass of the planet, the motion tends to the
degenerate case of a motion following a line, and the body sooner or later will fall
on the surface of the planet. If a lunar module should 'land' on the surface of our
satellite coming from the Earth, to prevent the destructive impact, it is necessary to
impress, through a jet engine, a force in the direction opposite to the attraction, that
is, tending to push it out of the Moon, that not only compensates for the
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acceleration, but makes the objects reduce their speed near the surface to very
small values, essentially under a negligible threshold (fig. 5.4.1).

Fig. 5.4.1 — A lunar module

To give an idea of the speed you can reach close to the surface of a planet or a
satellite, we assume that a mass m is ‘dropped’ with speed zero 1 km away from
the lunar surface, and that there are no other forces different from the lunar
gravitation (no friction, no influence of other bodies). The acceleration, which in
this case is continuously parallel to the motion and oriented towards the moon, has
the effect of increasing the speed, and its modulus is equal to:

ac=Fe/m=GM/rP=pn/r (5.4.1)
where G is the universal gravitational constant, M the mass of the Moon, and r the

distance from the center of the planet/satellite, which serves as a center of mass. In
the case of the Moon we have:

tmoon = G Myoon = 6.670 107 - 7.34 107 = 4.895 10" Nm?kg™* (5.4.2)
With the data of the problem, the initial acceleration is:
aco = Hmoon / ((Rmoon +10%)7) (5.4.3)

Using the average radius of the Moon, corresponding to 1.74 10° m, as the distance
of the surface from the center of mass, we see that in the considered range of
distances, the acceleration increases slightly approaching to the lunar surface. In
fact, at the beginning and end of motion it holds:

aco = 4.895 10"/ ((1.74 10° +10%?) = 1.6149

act = 4.895 102/ 1.74 10" = 1.6167 (5.4.4)

Because for an elliptical orbit it holds:
v = sqrt(u ((2/r)-(1/a)) ) (5.4.5)
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giving the speed value when the distance varies in the elliptical (closed) motion, we
obtain that in order to justify the initial null speed it must hold:

(2/rg)=(1/a) a=ryl2 (5.4.6)

that is, it is actually a degenerate motion in which we can consider the eccentricity
of the ellipse tending to 1, with the body leaving at null speed from the secondary
focus and moving to reach the attractive focus. With our data, (5.4.5) and (5.4.6),
we give the speed at the impact on the surface:

V= Sqrt(uMOON ((Z/RMOON)'(Z/(RMOON +103))) ) =56.84 mS-l =
204.65 km h™ (5.4.7)

a considerable speed, certainly destructive.

5.4.3 The theory

Let us assume that in our simulation we can easily control the speed of the robot:
this is true because the settable power of the motors of the NXT is actually an
angular speed control, at least until such control can compensate for a possible
resistant torque. So, wanting to provide an analytical solution of the problem, a first
approach is to set “a priori’ to a specific speed time profile (v = v (t)) that has the
desired characteristics, in particular a desired initial speed and a final speed tending
to zero.

The profiles of this kind are numerous: we will conduct our analysis in a simple
case, a uniformly decelerated motion (fig. 5.4.2).

\'

tr t

Vo

Fig. 5.4.2 — Uniformly decelerated motion
In this case it holds:
V() = vy - (Vo ! ty)t (5.4.8)

Vo IS negative and acceleration is constant (positive) and equal to -vo/t;, and v(t;)=0.
But how much is t;, at the moment when the motion is completed and the body is
on the surface? This parameter depends on the spatial motion and it is the moment
where r(t)) = R (radius of the planet/satellite). This motion is given by:
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() = ro + of* v(t)-dt (5.4.9)
A primitive function of (5.4.8) is:
p(t) = Vo't - (Vo / (2:))-t° (5.4.10)

so from (5.4.9) we obtain:
r(tf) =R=ry+ [Vo't - (Vo / (2'tf))'t2]0tf =T+ Vois - (VO / 2)tf (5411)
tr = 2'(R-ro) /vg= -2-(|’o-R) I vqo (5412)

(remember that v, is negative). On the numerator there is the initial distance from
the surface. With this value of the t; the (5.4.8) and (5.4.9) become:

v(t) = Vo + (Vo / (2(re-R)))-t (5.4.13)
r(t) = ro + Vot + (Vo> / (4-(ro-R)))t? (5.4.14)

If, for example, we complete the approaching phase in 1 minute, starting at 1 km
far from the surface, it should be:

Vo = -2-(r-R) / t; = -2-10% 60 = -100/3 ms™ = -120 kmh™ (5.4.15)
from which it derives as a (positive) deceleration:
a=Vo/t =100/ (3-60) = 0.555 ms™ (5.4.16)

a very limited value, when compared with the terrestrial acceleration of gravity
(9.78).

Assuming that the students have the knowledge to derive the mathematical
description of the motion based on the chosen speed profile, the approach
presented here can in principle be adopted by the simulation using the NXT robot,
but the accuracy in the implementation of the speed profile is essentially tied on
maintaining the accuracy of the time going by, which maybe somewhat
problematic for the NXT. Moreover, no sensorial capability of the robot is
exploited that could make it possible to realize a ‘robust’ control that adapts itself to
the inevitable inaccuracies.

The NXT kit includes a sensor of distance that gives us the opportunity to adopt an
alternative approach, where the user defines a speed/space profile (v = v(s)) instead
of a speed/time one. Now we conduct the analysis again on a seemingly simple
case, a linear profile (fig. 5.4.3)

The profile is reasonable because in the initial position (ro) the initial velocity is vq
and when the body reaches the surface, the speed is zero. Now how can we derive
the temporal functions of space, velocity and acceleration?
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Vo

Fig. 5.4.3 — Linear speed/space profile
For the given profile it holds:
v(r) = (Vo / (ro-R))-(r-R) = dr/dt (5.4.17)

(5.4.17) is a first order differential equation, a mathematical relation usually
affordable at the university level, and usually too harder for a student of secondary
education (though some secondary schools present it during the last year).
Fortunately, as we shall see in the next section, making the robot to follow a speed
profile does not require to solve analytically such a relation (or a similar one), but
for the sake of completeness we recall that such kind of equation as a general
solution the family of exponential functions. The solution, applying the constraints
of our case, is:

() = R + (ro-R) e/ (¢ (5.4.18)

The function in (5.4.18) tends to R when t—oo: therefore, the motion is absolutely a
not uniformly decelerated motion, as a superficial observer could believe in, and in
theory the surface is really reached only asymptotically. This is not a problem for
the NXT because the motor has a minimum speed to be taken into account, as well
as the precision of the distance sensor. Calculating the derivative to obtain the the
temporal profile of velocity, we obtain:

v(t) = (ro-R) (Vo / (r-R)) e/ (ORIt (5 4 19)
Thus, even the speed decreases exponentially.

Also, in theory, we try now to calculate what speed/space profile would produce a
uniformly decelerated motion, through a reasoning inverse of that made above.
From (5.4.8), assuming ag = -Vlt; = Vo / (2 (R-rp)), we obtain:

t(v) = (v-vo) / ag (5.4.20)
Substituting now in (5.4.14) it holds:
r(v) = r(t(v)) = ro + Vo-(V-Vo) / 0 + (30 / 2) ((V-Vo)/ao)? (5.4.21)
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r(v) = ro + (Vo-/ @)V - Vo*/ ag + (1/ (2-a0)) (V*-2vov+vp?) (5.4.22)
Moving r to the second member and multiplying by 2a, we obtain the equation of
second degree:
V2 - Vo® + 2agrg - 2a0r = 0 (5.4.23)
Once solved, getting the negative solution, as the speed must be, the (5.5.23) gives
the following profile (always taking into account that v is negative):
v(r) = -sgrt(aor + Vo? — 2agrg) = -sqrt((vo? / (re-R))-r + Vo — vo’ro / (ro-R)) =
-sqrt((vo® / (ro-R))-r = Vo’R / (re-R)) = (Vo / sart(ro-R))-sqrt(r —R) (5.4.24)
To check the result, it is known that v(ro) = vo and v(R) = 0. Thus, concluding, the

speed/space profile that produces a uniformly decelerated motion is a scaled and
shifted square root (fig. 5.4.4).

Vo

Fig. 5.4.4 — Speed/space profile for a uniformly decelerated motion

5.4.4 Our simulation with NXT

Taking the second of the two approaches presented, always within the precision
that qualifies NXT, the simulation is pretty simple: we just mount the sonar sensor
on the robot and make the applied power depend on the measured distance
according to the chosen speed/space profile. To represent the descent of a lunar
module, we decided to mount a single motor on the robot that, appropriately de-
multiplied, unrolls from a top spool a tape to which the robot is hung to a fixed
point (fig. 5.4.5). The speed is controlled as usual by the 'power' parameter of the
motor. We have empirically determined the minimum power under which the robot
is still: that threshold depends also on the action of the resistant torque caused by
the weight of the robot. This parameter must follow the speed profile determined
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by the measure of the distance from the ground provided by the sonar, which is
oriented downwards.

Fig. 5.4.5 — The lunar module

Another inaccuracy, especially if the spool has a small radius, is that the radius of
unrolling is not constant and, thus, the speed of the robot is not exactly proportional
to the angular speed of the motor. Again, this imprecision is self-compensated
thanks to the measure of the distance from the ground repeated at the maximum
possible frequency, and, in particular, it is certain that, when the robot is very close
to the ground, the speed is very low and the impact smooth.

The code is divided into an initial phase and a loop. The initial phase settles the
initial speed and distance (variables vy and Xo) and checks if the initial position is
too small (less than 10), in which case it stops the program. Space is measured in
cm and speed in cm/s (fig. 5.4.6).

—

Fig. 5.4.6 — The Initial phase
VarDecl(Name=v0, Type=NUM) -- the initial speed

VarDecl(Name=x0, Type=NUM) -- the initial position

VarDecl(Name=v, Type=NUM) -- speed
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VarDecl(Name=x, Type=NUM) -- position
Wait(Ctrl=TIME, Until=2)

Var(Name=v0.NUM, Act=WR, Val=50)
Ds1:distSurf()

Var(Name=x0.NUM, Act=WR, Val=Ds1.Result)
Cml1:.CmpOp(Type=LT, A=Dsl.Result, B=10)

Swl: Switch(CtrI=VAL, Type=LOGIC, Dis=ON, CondUp=TRUE,
Val=Cm1.Res)

[SWL.IF

Sound(Act=TONE, Ctrl=PLAY, Vol=75, Rep=OFF, Note=C2,
Dur=1, Wait=0ON)

Stop()
SW1.IF]
[Sw1.ELSE
Sw1.ELSE]
The distSurf block returns the corrected distance from the landing surface, which

takes into account the offset of the sonar in respect of the ‘feet’ of the landing
module (fig. 5.4.7).

Result

Fig. 5.4.7 — The distSurf MyBlock
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MyBlock(Name=distSurf, InParams=(), OutParams=(Result. NUM)) {
Ssl:SonarSens(Port=4, Cmp=??, Show=CM)
Sul:MathOp(Type=SUB, A=Ssl.Dist, B=<offset>)
SetOut(Name=Result.NUM, Val=Sul.Res)

distSurf}

The second part is the main loop, which is responsible for calculating the current
speed to be applied to the motor. After having taken the measure of the distance,
the code within the loop calculates the corresponding speed in accordance with the
speed/space profile, linear in this case. Because the distance is corrected so that it is
equal to 0 when the landing module reaches the lunar surface, the profile is simply:

V(X) = (Vo / Xo)-X (5.4.25)

Current distance and speed are assigned respectively to variables x and v. We
obtain the code of fig. 5.4.8.

Fig. 5.4.8 — The main loop (part I)



Teacher Education on Robaotics-enhanced Costructivist Pedagogical Methods 261

Loopl: Loop(Ctrl=FOREVER, Dis=OFF) [

Ds2: distSurf()
Var(Name=x.NUM, Act=WR, Val=Ds2.Result)

Vd1l:Var(Name=x0.NUM, Act=RD)
Vd2:Var(Name=x.NUM, Act=RD)
Vd3:Var(Name=v0.NUM, Act=RD)
Mul:MathOp(Type=MUL, A=Vd3.Val, B=Vd2.Val)
Dil:MathOp(Type=DIV, A=Mul.Res, B=Vd1.Val)
Var(Name=v.NUM, Act=WR, Val=Dil.Res)
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Fig. 5.4.9 — The main loop (part I1)

Now, we distinguish two cases, one when the vehicle is still far from the surface
and makes a normal motion step with the calculated speed; the second is necessary,
when the vehicle is very close to surface. Due to the integer calculation limit, the
speed could result in 0 even though the vehicle is still going down very slowly
(remember the exponential motion). Thus, for practical reasons, we manage this
situation by applying a constant speed of 1 until the distance becomes 0: only at
that moment we stop the motion (fig. 5.4.9).
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Vd4:Var(Name=v.NUM, Act=RD)
Cm2:CmpOp(Type=GT, A=Vd4.Val, B=1)

Sw2: Switch(Ctrl=VAL, Type=LOGIC, Dis=ON,
CondUp=TRUE, Val=Cm2.Res)

[SW2.IF
Vd5:Var(Name=v.NUM, Act=RD)
moveDown(v=Vd5.Val)

Sw2.1F]

[Sw2.ELSE
Vd6:Var(Name=x.NUM, Act=RD)
Cm3:CmpOp(Type=GT, A=Vd6.Val, B=0)

Sw3: Switch(Ctrl=VAL, Type=LOGIC, Dis=ON,
CondUp=TRUE, Val=Cm3.Res)

[Sw3.IF

Sound(Act=TONE, Ctrl=PLAY, VoI=75,
Rep=OFF, Note=B4, Dur=0,5, Wait=0OFF)

moveDown(v=1)
Swa3.IF]
[SW3.ELSE
Motor(Port=A, Dir=STOP, Next=BRK)
Stop()
Sw3.ELSE]
Sw2.ELSE]

Loop1l]
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The moveDown block scales the imposed speed so that the range of speeds (1+50)
corresponds to the range of powers (20+100). The calculation of the parameters «
and g of the linear function power = «a-speed + £ is a good exercise, being the
resolution of a system of two first grade equations:

[20=a-1+B (5.4.26)
100 = 0-50 + B
Subtracting the first from the second you obtain:
(80=a49 =  «=80/49 (5.4.27)
| B =20 - a = (980 — 80)/49 = 900/49
power = (speed-80 + 900) / 49 (5.4.28)

The imposed speed is the v formal parameter of the moveDown block (fig. 5.4.10).

Fig. 5.4.10 — The moveDown Myblock
MyBlock(Name=moveDown, InParams=(v.NUM), OutParams=()) {

Mul:MathOp(Type=MUL, A=v.NUM, B=80)
Ad1:MathOp(Type=ADD, A=Mul.Res, B=900)
Dil:MathOp(Type=DIV, A=Ad1.Res, B=49)

Motor(Port=A, Dir=BK, Pwr=Dil.Res, PwrCtrl=ON,
Dur=FOREVER)

moveDown}
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To reproduce a different speed/space profile, it suffices to adapt the section of the
controlling program that calculates the motor power. For the relation that implies a
uniformly decreasing speed, you need to use the square root block. In the X,
variable, the square root of the initial distance (fig. 5.4.11) is stored directly:
therefore the first comparison allows the program to go on if the initial distance has
a square root greater than or equal to 4. The other necessary modifications are
rather straightforward and detailed in the NXT-GTD code (fig. 5.4.12).

| distSurf

4

Fig. 5.4.12 — The speed calculation

Ds1.:distSurf()
Sqgl:SquareRoot(x1=Ds1.Result)
Var(Name=x0.NUM, Act=WR, Val=Sq1.Sqrt)
Cm1:.CmpOp(Type=LT, A=Sqgl.Sqrt, B=4)

Swl: Switch(CtrI=VAL, Type=LOGIC, Dis=ON, CondUp=TRUE,
Val=Cm1.Res)

Ds2: distSurf()
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Var(Name=x.NUM, Act=WR, Val=Ds2.Result)

Vd1l:Var(Name=v0.NUM, Act=RD)

Vd2:Var(Name=x.NUM, Act=RD)

Sg2:SquareRoot(x1=Vd2.Res)

Mul:MathOp(Type=MUL, A=Sq2.Sqrt, B=Vd1.Val)

Vd3:Var(Name=x0.NUM, Act=RD)

Dil:MathOp(Type=DIV, A=Mul.Res, B=Vd3.Val)

Var(Name=v.NUM, Act=WR, Val=Dil.Res)
This kind of experience can be repeated in another form with a simple bi-motorized
vehicle (the classic tribot) and the sonar put in direction of the motion (fig. 5.4.13).
The implementation of a speed/space profile will result as usual in a power-space
profile that will produce a straight line motion, which follows the evolution

deriving from the chosen profile, such as exponential for a linear profile and
uniformly decelerated for a profile of a square root.

Fig. 5.4.13 — The tribot






Chapter 6

Useful Resourses for Teachers and Students

Authors: Kyparisia.Papanikolaou, Stassini. Frangou

In this final chapter some useful resources on educational robotics including books,
articles and web recourses are recommended for teachers and students to support
them in using robotics or designing activities for educational purposes.

6.1 TERECoP Publications (in chronological order)

L.

Alimisis, D., Moro, M., Arlegui, J., Pina, A., Frangou, S., Papanikolaou, K.
(2007). Robotics & Constructivism in Education: the TERECoP project, Euro-
logo 2007, EuroLogo 2007,40 Years of Infuence on Education,Ivan Kalas
(ed.),Proceedings of the 11th European Logo Conference, 19-24 August
2007,Bratislava,Slovakia, Faculty of Mathematics, Physics and Informatics,
Comenius University, Bratislava, ISBN pp. 978-80-8918.

Papanikolaou, K. Frangou, S., Alimisis, D. (2007). On the development of a
framework for the design and implementation of robotic-enhanced activities:
the TERECOP project, In Proceedings of the 4™ National Teacher Conference
on ICT in Education, Island of Syros, May 2007 (in Greek language).

Frangou, S., Papanikolaou, K., Alimisis, D. (2007). Using RoboLab of Lego
Dacta to support programmable robotic constructions, In Proceedings of the
4™ National Teacher Conference on ICT in Education, Island of Syros, May
2007 (in Greek language).

Tonita, S., (2007). Robotics between «object» and «educational tool». Steps
towards a constructionist methodological approach. In Proceedings of Eco-
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Appendix1: LegoMindstorms NXT (hardware and software)
Author: Michele Moro

The NXT brick is the brain of a MINDSTORMS® robot. It is a computer-
controlled LEGO® brick that can read MINDSTORMS's sensors and command
MINDSTORM's motors. The NXT brick is much powerful and flexible with
respect to previous LEGO MINDSTORMS programmable bricks (see Table 1 -
Technical specifications).

Now, the NXT brick has two microcontrollers one for running the main
applications and one for controlling the motors. Both microcontrollers are fitted
with FLASH memory so they will not loose your programs nor the firmware if one
removes the batteries (differently from the previous RCX brick). The NXT brick
can be programmed via USB or Bluetooth. In fact, the LEGO MINDSTORMS
NXT includes a wireless Bluetooth node that enables the NXT brick to
communicate with other Bluetooth devices. Actually, both of these connections are
bidirectional so one can also upload data from the robot to the computer.

The NXT brick has a LCD display large enough to also play simple video-games.
Also, the sound output has been improved, while the old RCX brick could utter
only sine wave tones, the new NXT brick, in addition to generate these tones, can
also play any pre-recorded audio file in PCM and ADPCM formats.

Table 1-Technical specifications
Main CPU: | 32-bit ARM7 microcontroller, 256 Kbytes FLASH, 64 Kbytes RAM

Motor 8-bit AVR microcontroller, 4 Kbytes FLASH, 512 Byte RAM

controller:

Input Bluetooth wireless communication (Bluetooth Class 1l V2.0 compliant
/Output: 460.8 Kbit/s)

USB full speed port (12 Mbit/s)

4 input ports for attaching sensors - Ports 1, 2, 3 and 4. The ports uses the
6-wire cable digital platform (One port includes a IEC 61158 Type 4/EN
50 170 compliant expansion port for future use)

3 output ports for attaching motors - Ports A, B and C with 6-wire cable
digital platform

Display: 100 x 64 pixels LCD graphical display

Sound: Loudspeaker - 8 kHz sound quality. Sound channel with 8-bit resolution
and 2-16 KHz sample rate.

Power 6 AA batteries
source:
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" 7Y TOUCH SENSOR

The Touch Sensor gives the robot the sense of touch.
The Touch Sensor detects when it is being pressed by
something and when it is released again. It has a cross-
axle hole at the front of the sensor to attach cross-axle
for expanding the sensor range or use it as animals use
wiskers.

4/ SOUND SENSOR

The Sound Sensor is a microphone that picks-up sounds from the environment. It
can work both in decibels [dB] mode and in adjusted decibel [dBA] mode. In dB
mode the sensor is detecting standard [unadjusted] decibels, all sounds are
measured with equal sensitivity. Thus, these sounds may include some that are too
high or too low for the human ear to hear. In dBA mode the sensor is detecting
adjusted decibels, the sensitivity of the sensor is adapted to the sensitivity of the
human ear and is limited at the range of frequencies

that the humans can ear.

The Sound Sensor can measure sound pressure levels
up to 90 dB - about the level of a lawnmower. Sound
pressure levels are extremely complicated, so the
Sound Sensor readings on the MINDSTORMS NXT
are displayed in percent [%]. The lower the percent the
quieter the sound. For example:

- 4-5% is like a silent living room
- 5-10% would be someone talking some distance away

- 10-30% is normal conversation close to the sensor or music played at a normal
level

- 30-100% are people shouting or music being
played at a high volume

3 LIGHT SENSOR

The Light Sensor is one of the two sensors that give
your robot vision [The Ultrasonic Sensor is the
other]. This sensor is made of a light emitter (a LED)
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and a light meter (a photocell). It has to be noticed that the new NXT sensor has a
small plastic barrier between the emitter and the sensor solving the problem of
emitter light going directly into the sensor. The Light Sensor can measure the light
intensity reflected by colored surfaces at the short range. Alternatively, the emitter
can be disabled and the sensor can measure the ambient light, so the robot can
distinguish between light and dark or measure the light level in different locations
of the room.

'_sﬁlf"”l ULTRASONIC SENSOR

The Ultrasonic Sensor is one of the two sensors that
give your robot vision [The Light Sensor is the other].
The Ultrasonic Sensor enables your robot to detect
objects and to measure the distance to them. You can
also use it to make your robot avoid obstacles and
detect movement.

The Ultrasonic Sensor measures distance in centimeters and in inches. It is able to
measure distances from 0 to 255 centimeters with a precision of +/- 3 cm.

The Ultrasonic Sensor uses the same scientific principle as bats: it measures
distance by calculating the time it takes for an ultrasound wave to hit an object and
return (this is called time of flight). Again like in the light sensor, there is an
emitter (i.e., an ultrasound emitter) and a receiver (i.e., a microphone) picking up
the echo waves reflected by the obstacles in front of the sensor.

Large sized objects with hard surfaces return the best readings. Objects made of
soft fabric or that are curved [like a ball] or are very thin or small can be difficult
for the sensor to detect. This sensor can give false reading also with hard surfaces
oriented at small angles with respect to the sensor, because this might cause the
ultrasound wave to be specularly reflected in a different direction and no echo is
coming back to be picked up by the sensor receiver. Another situation that can
disturb the sensor readings is the presence of other ultrasonic sensors (maybe
mounted on other robots). One sensor could pick up the ultrasound wave emitted
by a second sensor, instead of the echo of its own emitted waves and thus
calculating an incorrect time of flight and then calculating an incorrect distance to
the obstacles. Fortunately, the ultrasonic sensors have a special operation mode that
help solving such a situation.

The three Servo Motors give the robot the ability to move. The NXT motors are
larger and less efficient than the RXC motors, but have several improvements.
They have a gear train that provides less speed and more torque, so most of the
times complex gear-down trains are no longer needed. They provide an integrated
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encoder or Rotation Sensor to read the exact
motor position. The Rotation Sensor measures

.02 SERVO MOTORS ((i' '

motor rotations in degrees [accuracy of +/- one

degree]. One rotation is equal to 360 degrees.

The Rotation Sensors combined with the new

capability of the NXT firmware to control motors in pairs to synchronise them
enables precise control of robot’s movements. For instance, using the Move block
in the LEGO MINDSTORMS NXT-G software to program the motors, the two
motors will automatically synchronise, so that the robot will move in a straight
line. Moreover, the new motors have two different connection possibilities either
the central hole to fix cross-axles of different lengths or four off-center holes to fix
the standard Technic connetors.

Third party sensors.

The four input ports for attaching sensors (namely Port 1, 2, 3, and 4) are
compatible with the industrial standard I°C bus. This allow everyone to develop a
new sensor that comply with the 1°C standard and to read it through the NXT
sensor ports. Companies like HiTechnic and Mindsensors produce several sensors
that use the 1°C bus.

MINDSTORM NXT-G Software

LEGO® MINDSTORMS® NXT-G software enables to simply program the NXT
even without knowing any programming language. NXT-G is a what is called a
visual programming environment, this means one will use a graphical interface to
develop code (the G in NXT-G stands for graphical). With NXT-G one can upload
his/her programs to the NXT via USB or Bluetooth connectivity. The intuitive drag
and drop software, powered by National Instruments LabVIEW, comes with
building instructions and programming guides to easily begin constructing and
programming with MINDSTORMS NXT. Users create a program by selecting and
dragging functional blocks to a canvas area from the palettes. In the palettes, one
can find blocks implementing all basic functionalities of the NXT Kit. In other
words, each block is a programming method. The user/programmer can set
different values for the parameters of the method by setting the block’s sliders,
drop-dwon menu, radio button, text boxes, etc.
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Fig. 1 MINDSTORMS NXT-G Software

The Figure 1 depicts the first window appearing when opening NXT-G. One can
notice five major areas, as highlighted in Figure 1. Area 1: the first directions for
novices on how to get start with NXT-G. Area 2: a tutorial on each programming
block. Area 3: the area of the programming palettes containing the programming
blocks. Area 4: the file manager to open an existing file or to give a name of your
new project. Area 5: the detailed help in which one can find all he/she needs. As
soon as a new block is input for the new project a new window appear. Here, one
can find again on the right the help and tutorials section.

In Fig. 2, we highlighted three areas. Area 1. the programming canvas where
program blocks have to be dropped and ordered to obtain the desired robot
behaviour. Area 2: the NXT brick controller, and Area 3: the palette selector used to
switch between the three block palettes.

Once, a NXT-G program is created it has to be transferred to the robot and it has to
be executed by the NXT brick. This process is governed using the controller (see
Fig. 3). The controller has five buttons. Top left button connects NXT-G with the
NXT brick and once connected information status of the NXT brick will be
displayed (e.g., battery level, internal memory usage, etc.). Bottom left button



Appendix 1: LegoMindstorms NXT 280

downloads the open program from the computer to the NXT brick. The central
button downloads and runs the open program on the NXT brick. The top right
button downloads and runs a different program to be selected on the NXT brick.
The bottom right button stops the current program running on the NXT brick.

[ XKl W LLCCH MARCH T CHAR, et atipn WX T

EIE e L E [T =] I m " 5 E

Fig. 2 MINDSTORMS NXT-G Software

The programming environment is very simple for novice, but is more powerful that
one could expect. You can create custom blocks that contains lot of basic blocks

Fig. 3 MINDSTORMS NXT-G Software
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(i.e. lot of code) that connected together realise a specific task. This custom block
can be saved to the custom palette and used later as a part of a larger program. This
makes easy to fit a lot of code into the limited graphic canvas, There are three
palettes (see Fig. 4): the common palette, the complete palette, and the custom
palette. In the custom palette one can import blocks created bu other users or for
new devices as they become available for the NXT.

| » Common palette

Contains the most commonly used

programming blocks.

» Lomplete palette
Contains all the various programming

blocks.

» Custom palette
Contains downloaded blocks and the
rs

elf.

blocks you make you

Fig. 4 MINDSTORMS NXT-G Software

Although the iconic programming environment of the graphical programming
interface is in general very easy to learn for users with no programming
experience, sometimes it might be misleading. First of all, it is not always clear
what a block or a diagram of block is doing. Second, sometimes the iconic
language primitives might be much more ambiguous than a textual programming
language primitive. In the end, when the experience of the user grows over a
certain threshold and thus his/her programs grow over a certain complexity and
size it is hard to manage the code just with the graphical interface both because of
space and because of NXT-G software instability. Once one reach a certain degree
of confidence and skill in controlling the NXT kit, he/she should move to a textual
programming language like Java or C. For using Java, LeJOS NXJ is the choice.
For using C, NXC is the choice.






Appendix 2: A textual description language equivalent to the
NXT-G graphical language

Author: Michele Moro

Objective

Definition of a textual language exactly equivalent to NXT-G to be used in
presenting NXT programming code in substitution of large snapshots of the NXT-
G GUIL. It is defined using English acronyms but several national versions can be
easily provided.

General requirements

A name can be enclosed within “”” when spaces are present in the name

Blocks are functionally represented with a recognizable name, with an optional
label for forward/backward references

Any block parameter is specified as a couple <paramname>=<value> where
value can be a predefined constant (e.g. ON, OFF, COUNT), a numerical or
logical value (e.g. 123, TRUE), or the output of a previous block connected
through a data wire

An output of a block is used as a qualifying name of the label representing such
a block when such an output must be connected to another block input: thus the
qualified label is a way to represent an input data wire coming out from the
labelled block (e.g. SUM1:MathOp(Type=ADD, A=37, B=56)
MathOp(Type=MUL, A=SUM1.Res, B=-23) SUML1.Res represents a data wire
connecting the Res(ult) output of the SUM1 adding block with the input A of
the multiplier block)

The list of possible input/output connections is given at the end of the
description of each command block. When a input connection has its
corresponding output, the two connections share the same name: for example,
in the Motor block labelled with M1, the Port parameter represents also an
input/output connection, that is its may be defined as the output of one other
block, as explained above, but also M1.Port could be the definition of a
parameter of another block.

Structure

Variable declaration is an off-line activity

VarDecl (Name=<varName>, Type=LOGIC|NUM|TXT)

MyBIlock definition
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MyBIlock (Name=<BlockName>, InParams=(<InputParamList>),
OutParams=(<OutputParamList>)) {
-- code for the command block
<BlockName>}
where inputParamList and outputParamList are lists of qualified names:
<ParamName>.[LOGIC|NUM|TXT]

In the block body the reading references to the input parameters (i.e. the ‘abstract’
input data wires of the block) are made with the name of the parameter, optionally
qualified with its type indicator (e.g. Par1.NUM) for better readability. ‘Abstract’
output data wired, used to set the output parameters, are expressed by the block :

SetOut(
Name=<OutputParamName>.[LOGIC|NUM|TXT]
Val = TRUE | FALSE - if .Type==LOGIC
<IntVal> -- if . Type==NUM
<Text> -- if . Type==TXT
)

- Multitasking is equivalent to a fork in the flow control; it can be nested in more
than one level

Fork

{1 <commands> 1} {1..{11...11}1}

{2 <commands> 2}

- Control structures define blocks of code, delimited by square bracket, generally

nestable.
Loop
<lab>:Loop(...) [
-- loop body
<lab>]
Switch

1. Two choices (equivalent to an if-then-else)
<lab> Switch(. . .) [<lab>.IF
-- true part
<lab>.1F]
[<lab>.ELSE
-- else part
<lab>.ELSE]

2. Multi-choice (equivalent to a switch-case)
<lab> Switch(. . .) [<lab>.casel

-- case 1 part
<lab>.case.1]
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[<lab>.case.2
-- case 2 part
<lab>.case.2]

[<lab>.case.n
-- case n part
<lab>.case.n]

Common palette
Move (
Ports=A|B|C|AB|AC|BC|ABC
Dir=FD | BK | STOP
StLt=A|B|C
StRt=A|B|C
Steer = <-100 .. 100>
Pwr =<0 .. 100>
Dur = FOREVER | <IntVal>.[DEG | ROT | SEC]
Next = BRK|COA
)
In=MotorL(=1|2|3), MotorR(=1(2|3), MotorO(=1/2|3),
Dir(=TRUE|FALSE), Steer, Pwr,
Dur, Next (=TRUE|FALSE)
Out=see In
Record ( i
Act=REC | PLAY -
Name = <Name> ®)
Ports=A|B|C|AB|AC|BC|ABC
Time = <NatVal> -- if Act==REC
)
In=Act (=0|1), Name, PortA(=TRUE|FALSE), PortB(=TRUE|FALSE),
PortC(=TRUE|FALSE), Time, Rate(=<0..255> Hz)
Out=see In
Sound (
Act = FILE | TONE
Ctrl = PLAY | STOP
Vol =<0..100>
Rep = ON | OFF
File = <Text> -- if Act==FILE
Note = <C1..B3> -- if Act==TONE
Dur = <Val> -- if Action==TONE
Wait = ON | OFF — if Rep==0FF
)
In=Act(=0|1), File, Freq(=<NatVal> Hz), Ctrl (=0|1), Vol,
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Dur (=<NatVal> in ms)
Out=see In
Display (
Act = IMG | TXT | DRAW | RESET
Clr=0ON | OFF
File = <Name> -- if Act==IMAGE
Txt = <Text> -- if Act== TEXT
Type = POINT | LINE | CIRCLE -- if Act=DRAW
PosX = <0..99> -- if Act!=RESET
PosY = <0..63> -- if Act!=RESET
LastX = <0..99> -- if Act==DRAW && Type=LINE
LastY = <0..63> -- if Act==DRAW && Type=LINE
Line =<1..8> -- if Act==TEXT
Rad = <0..120> -- if Act==DRAW && Type=CIRCLE
)

In=Act(0=IMG, 1=TXT, 2=POINT, 3=LINE, 4=CIRCLE, 5=RESET),
Clr(=TRUE|FALSE), File, Text, PosX, PosY, LastX,

LastY, Rad

Out=see In

Wait (
Ctrl = SENSOR | TIME
Sensor= SOUND | TOUCH | LIGHT | BUTTONS | RCVMSG | ROT |
TIMER
SONAR | TOUCH* | LIGHT* | ROT* | TEMP* -- if
Ctrl== SENSOR
Port =1]2]|3]|4 - if Ctrl==SENSOR && Sensor==SOUND, TOUCH,
LIGHT,
-- SONAR, TOUCH*, LIGHT*, ROT*, TEMP*
Button = OK | LEFT | RIGHT - if Ctrl==SENSOR &&
Sensor==BUTTONS
Msg = TEXT | NUMBER | LOGIC -- if Ctrl==SENSOR && Sensor =
RCVMSG
Port=A|B | C -- if CtrI==SENSOR && Sensor==ROT
Timer=1]|2| 3 --if Ctrl==SENSOR && Sensor == TIMER
Until = [GT | LT] <0 .. 100> -- if Ctrl==SENSOR &&
-- Sensor==SOUND, LIGHT, LIGHT*
[FD | BK] [GT LT] <IntVal>.[DEG | ROTS]
-- if CtrI==SENSOR && Sensor == ROT
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[GT | LT] <IntVal> -- if Ctrl==SENSOR && Sensor==TIMER
[GT|LT] <0 .. 250> -- if Ctrl==SENSOR &&
-- Sensor==SONAR && Show == CM
[GT|LT]<0..100> -- if Ctrl==SENSOR &&
-- Sensor==SONAR && Show == IN
[FD | BK] [GT | LT] <Intval> -- if Ctrl==SENSOR &&
Sensor==ROT*
[GT |LT]<-20.. 70> -- if Ctrl==SENSOR &&
-- Sensor==TEMP* && Show = CEL
[GT|LT]<-4.. 158> -- if Ctrl==SENSOR &&
-- Sensor==TEMP* && Show = FAR
<NatVal> -- if Ctrl==TIME
Act = PRESS | REL | BUMP -- if Ctrl==SENSOR &&
-- Sensor = TOUCH, BUTTONS,
TOUCH~*
Mailbox =<1 .. 10> -- if Ctrl==SENSOR && Sensor = RCVMSG
CmpWith = <Text> -- if Ctrl==SENSOR &&
-- Sensor==RCVMSG && Msg == TEXT
<IntVal> -- if Ctrl==SENSOR &&
-- Sensor==RCVMSG && Msg == NUMBER
TRUE | FALSE -- if Ctrl==SENSOR &&
--  Sensor==RCVMSG && Msg ==
LOGIC
Show = CM | IN -- if Ctrl==SENSOR && Sensor == SONAR
CEL | FAR -- if Ctrl==SENSOR && Sensor == TEMP*
Light = ON | OFF -- if Ctrl==SENSOR && Sensor == LIGHT

)
In=//
Out=//
Loop (
Ctrl = FOREVER | SENSOR | TIME | COUNT | LOGIC
-- if Ctrl==SENSOR || CtrI==TIME see the options in Wait block
Until = <NatVal> -- if Ctrl==COUNT
TRUE | FALSE -- if Ctrl=LOGIC
Dis = ON | OFF -
) |
In=Until (=TRUE | FALSE if Ctrl=LOGIC) " I
Out=Cnt _l’"ii
Switch ( B
Ctrl = SENSOR | VAL S Al
-- if Ctrl==SENSOR see the options in Wait block ]
-- for fields Sensor, Cmp and CondUp = =

Type = LOGIC | NUMBER | TXT -- if Ctrl==VAL
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Dis=ON|OFF

CondUp=TRUE|FALSE -- if Ctrl==VAL && Type==LOGIC

Cond<1..n>=<IntVal>.DFLT-- if Ctrl==VAL && Type==NUMBER &&
Dis==OFF

Cond<l.n>=<Text>DFLT-- if Ctrl==VAL && Type==TXT &&
Dis==OFF

In=Val (if Ctrl==VAL)
Out=//

Action palette
Motor (
Port=A|B|C
Dir=FD | BK | STOP
Act = CONST | RAMPUP | RAMPDW -- if Dur.Type==DEG ||
Dur.Type==ROT
Pwr =<0 .. 100>
PwrCtrl = ON | OFF
Dur = FOREVER | <IntVal>.[DEG | ROT | SEC]
Wait = ON | OFF — if Dur.Type==DEG || Dur.Type==ROT
Next = BRK|COA -- if Wait==ON || Dur.Type=SEC
)
In=Port, Dir(=TRUE|FALSE), Act(=0|1|2), Pwr, PwrCtrl(=TRUE|FALSE),
Dur, Wait (=TRUE|FALSE),Next (=TRUE|FALSE)
Out=see In, DirOut(=TRUE|FALSE), DegOut(=<NatVal>)
SendMsg (
Conn=0(1]2]3
MsgType = TXT | NUM | LOGIC
Msg = <Text> -- if MsgType==TXT
Msg = <IntVal> -- if MsgType==NUM
Msg = TRUE | FALSE -- if MsgType==LOGIC
Mbx = <1..10>
)
In=Conn, Mbx, Txt (if MsgType==TXT), Val (if MsgType==NUM),
Bool (if MsgType==LOGIC)
Out=see In
Motor* (
Port=A|B|C
Dir=FD | BK | STOP
Pwr =<0 .. 100>
)
In=Port, Dir(=TRUE|FALSE), Pwr
Out=see In
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Lamp™* (

Sensors palette ;
TouchSens ( -

SoundSens ( 5
Port=1]2|3]|4

Port=A|B|C

Act = ON | OFF

Int=<0..100>

)

In=Port, Act (=TRUE|FALSE), Int
Out=see In

Port=1[2]3]4 |
Act = PRESS | REL | BUMP

) ———
In=Port, Act(=0|1|2)

Out=see In, Res(=TRUE|FALSE), Raw (=<0..1024>)

Cmp = [GT | LT] <0 .. 100>
)

In=Port, Cmp, Gt(=TRUE|FALSE), dbA (=TRUE|FALSE)
Out=see In, Res(=TRUE|FALSE), Lev (=<0..100>), Raw (=<0..1024>)

LightSens ( T
Port=1|2|3|4 i
Cmp=[GT|LT]<0..100> 3%

Light =ON | OFF o —
) g | '4'.:‘ =

In=Port, Cmp, Gt(=TRUE|FALSE), Light
Out=see In, Res, (=TRUE|FALSE), Int (=<0..100>), Raw (=<0..1024>)

SonarSens (

Port=1|2|3|4

Cmp =[GT | LT] <0 .. 250> -- if Show == CM
Cmp=[GT|LT]<0..100> -- if Show == IN
Show=CM | IN

)

In=Port, Cmp, Gt(=TRUE|FALSE)

Out=see In, Res, Dist

Buttons (

Button = OK | LEFT | RIGHT
Act = PRESS | REL | BUMP

)
In=Button(=1|2|3), Act(=0|1|2)
Out=see In, Res

RotSens (



Appendix 2: A textual description language 290

Port=A|B|C

Act=RD | RST :

Cmp = [FD | BK] [GT LT] <IntVal>.[DEG | ROTS] .@ A

) H)

In=Port, Tdir(=TRUE|FALSE), Cmp, Gt(=TRUE|FALSE),

Rst(=TRUE|FALSE) LI
Out=see In, Res(=TRUE|FALSE), Dir(=TRUE|FALSE),
Deg(=<NatVal>)

Timer (

Num = 1|2|3

Act=RD | RST

Cmp = [GT LT] <0..100>

)

In=Num, Cmp, Gt(=TRUE|FALSE), Rst(=TRUE|FALSE)

Out=see In, Res(=TRUE|FALSE), Val(=<NatVal>)
RcvMsg (

MsgType = TXT | NUM | LOGIC

Cmp = <Text> -- if MsgType==TXT

Cmp= <IntVal> -- if MsgType==NUM

Cmp = TRUE | FALSE -- if MsgType==LOGIC

Mbx = <1..10>

)

In= Mbx, Txt (if MsgType==TXT), Val (if MsgType==NUM),

Bool (if MsgType==LOGIC)

Out=see In, Rcv(=TRUE|FALSE), Cmp(=TRUE|FALSE), TxtOut(if

MsgType==TXT),

NumOut(if MsgType==NUM), BoolOut(if MsgType==LOGIC)
TouchSens* (

Port=1]2|3|4

Act = PRESS | REL | BUMP

)

In=Port, Act(=0|1|2)

Out=see In, Res(=TRUE|FALSE), Raw (=<0..1024>)
RotSens* (

Port=1]2|3]|4

Act = READ | RESET 2
Cmp =[FD | BK] [GT LT] <NatVal>
)

In=Port, Tdir(=TRUE|FALSE), Cmp, Gt(=TRUE|FALSE), L
Rst(=TRUE|FALSE)

Out=see In, Res(=TRUE|FALSE), Dir(=TRUE|FALSE),
Tick(=<NatVal>)
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LightSens* (
Port=1]2|3]|4
Cmp =[GT|LT]<0..100>
)

In=Port, Cmp, Gt(=TRUE|FALSE)
Out=see In, Res, (=TRUE|FALSE), Int (=<0..100>), Raw (=<0..1024>)
TempSens™ (
Port=1]2|3]|4
Cmp =[GT|LT]<-20.. 70> -- if Show = CEL
[GT|LT] <-4 ..158> -- if Show = FAR
)

In=Port, Cmp, Gt(=TRUE|FALSE)

Out=see In, Res, (=TRUE|FALSE),
Temp (=<-20..70> if Show=CEL, <-4 .. 158> if Show = FAR),
Raw (=<0..1024>)

Control palette
Stop (

/!

)
In=Cond(=TRUE|FALSE)
Out=see In

Data palette
LogicOp (
Type = AND | OR | XOR | NOT
A=TRUE | FALSE
B=TRUE | FALSE
)
In=A, B
Out=see In, Res(=TRUE|FALSE)
MathOp (
Type = ADD | SUB | MUL | DIV
A=<IntVal>
B=<IntVal>
)
In=A, B
Out=see In, Res(=<IntVal>)
CmpOp (
Type=LT|GT|EQ
A=<IntVal>
B=<IntVal>

)
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In=A, B
Out=see In, Res(=TRUE|FALSE)
Range (
Type =IN | OUT
A =<0..B> Eadl|
B = <A..100>
Val = <IntVal>
)
In=A, B, Val
Out=see In, Res(=TRUE|FALSE)

Rand (
A =<0.B> ‘

B = <A..100>

)

In=A, B

Out=see In, Val(=<A..B>)

Var (

Name = <Name>.[LOGIC | NUM | TXT]

Act=RD | WR

Val = TRUE | FALSE -- if .Type==LOGIC && Act==WR
<IntVal> -- if . Type==NUM && Act==WR
<Text> -- if . Type==TXT && Act==WR

)
In=Val (if Act==WR)
Out=Val

Advanced palette
Text (

A = <Text>

B = <Text>

C = <Text>

)

In=A, B, C

Out=see In, Val(=<Text>)
N2Txt (

Num = <IntVal>

)

In=Num

Out=see In, Txt(=<Text>)
KeepAl (

I

)

Out=Time(=<intVal> in ms)
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File (
Act=RD |WR|CL|DL
Name = <Filename>
Type = TXT | NUM -- if Act==RD || Act==WR
Txt = <Text> -- if Act==WR && Type==TXT
Val = <IntVal> -- if Act==WR && Type==NUM
)
In=Name, Dim(=<NatVal> if Act==WR && file doesn’t exist),
Txt(if Act==WR && Type==TXT), Val(if Act==WR && Type==NUM)
Out=see In, Err(=TRUE|FALSE), TxtOut(if Act==RD && Type==TXT),
NumOut(if Act==RD && Type==NUM)
Calib (
Port=1]2|3]|4
Sens = SOUND | LIGHT | LIGHT*
Act=CLB | ERA
Val = MAX | MIN -- if Act==CLB
)
In=Port, Max(=TRUE|FALSE), Era(=TRUE|FALSE)
Out=see In
Reset ( e
A =0ON | OFF
B =ON |OFF
C=0ON | OFF
)
In=A, B, C
Out=see In
Example

V1.  Var(Name="Number 1”.NUM, Act=RD)
Al:  MathOp(Type=ADD, A=V1.Val, B=20)
C1l: CmpOP(Type=GT, A=Al.Res, B=30)
Swl: Switch(Ctrl=VAL, Type=LOGIC, Val=Cl.Res, Dis=ON, CondUp=TRUE)
[Swl.IF
Move(Ports=AB, Dir=FD, StLt = A, StRt =B,
Steer=0, Pwr=60, Dur=2.SEC, Next=BRK)
Sw2:  Switch(Ctrl=SENSOR, Sensor=ROT, Dis=OFF, Port=A, Act=RD,
CondUp=FD GT 360.DEG) [Sw2.IF
Rsl: RotSens(Port = A, Act=READ, Cmp=GT 0.DEG)
Ntl:  N2Txt(Num=Rsl.Sound)
Display(Act=TXT, CIr=ON, Txt=Ntl.Txt, PosX=8
PosY=32, Line=4)
SwW2.1F]
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[SW2.ELSE  Sw2.ELSE]
Swl.IF]
[Swl1.ELSE
Move(Ports=AB, Dir=BK, StLt = A, StRt=B
Steer=0, Pwr=30, Dur=1.ROT, Next=BRK)
Swl.ELSE]

It corresponds to:
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The My Block example:
MyBlock(Name=sumis0, InParams=(Par1.NUM, Par2.NUM),
OutParams=(Sum.NUM, 1s0.LOGIC)) {

S01: MathOp(Type=ADD, A=Parl.NUM, B=Par2.NUM)
S02: CmpOp (Type=EQ, A=S01.Res, B=0)
SetOut(Name=Sum.NUM; Val=S01.Res)
SetOut(Name=1s0.LOGIC; Val=S02.Res)

sumisQ}

it corresponds to the following:




