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Introduction

Robotic constructions offer the opportunity to expla class of cognitively relevant concepts such
as emerging behaviours, theory of control, etc. dherall aim of our research was to assess the
suitability of a robotic construction kit for youradildren (5 to 8-year-olds): could children ofghi
age build and program robots on their own? If sbhatkind of activities, tools, environments are
best suited for the task?

To this end, we focussed on two distinct but patapproaches: the LEGO MindStorms kit
was partially redesigned to increase the typologfgsossible constructions (through the design of
new sensors, actuators and pre-assembled mecheaamabnents). A programming language was
designed that is context specific and extensiblel, iantherefore capable of facing a range of
problems that are tightly related to the typologésactivity for which it has been predisposed.sThi
chapter provides a description of the theoretieakiground, the adopted research methodology, the
evolution of the physical play material, the featuof the programming environment, and some
selected findings of the field-testing. Possibleletions of the work are outlined, that would erabl
children to build and program robots in less suppercontexts.

This chapter describes the work carried over withmConstruction kits made of Atoms &
Bits project (CAB) [Askildsen et al, 2001a], whose olijge was to explore and investigate the
relationships and attitudes of young children talgdvehaving objects.

The appeal of ideas such as building constructittrad expose interactive autonomous
behaviour to preschool and elementary school dmnldvas one aspect at the centre of our research.
In particular the CAB project strived to:

* experiment with and validate a methodology whiclstéos children’s interaction with
computers through the use of cybernetic constrastio

* encourage children between four and eight yearsoodpproach and use cybernetic objects
in play/explore contexts;

* investigate how the structure of learning procestaslops when children encounter and
experiment directly with multimedia approaches whiworking with cybernetic
constructions;

» explore the possibilities of making the designha software and the play material suited for
young children.

From a functional point of view, the investigatiohthe relationship between young children
and cybernetics could be broken down into the amdaplay material, software and learning
background/practice. This structure is reflectedhm composition of the CAB consortium. While
the LEGO Group, Denmark, focused on the play materihe Istituto per le Tecnologie Didattiche
(ITD), Italy, investigated and designed programmigigvironments including support material
[Askildsen et al, 2001b]. The Hogskolan for Lararaning och Kommunikation (HLK) at
Jonkoping, Sweden, and the Comune di Reggio ERGIRE), Italy, anchored the research efforts

! This is a revised version (March 2009) of the ¢dapublished in 2004. The main difference is thaset of figures
coming from the Reggio Emilia field testing [Barahial. 2001]
2 With the contribution of Edith Ackermann, e-maitlith@media.mit.edu
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to classroom evaluation of the material. They patedi cognitive and educational interpretations of
observed results that led to further improvemeatthe materials and methodology [CRE, 2001,
Gustafsson & Lindh, 2001].

Constructionismstresses the role that concrete objects play @& dbmplex process of
knowledge construction [Papert, 1980, 1993; HardP&pert, 1991; Turkle & Papert, 1992]. The
traditional operational and experiential approathearning by doing[Dewey, 1910] is therefore
re-interpreted unfolding the potential that the staunction of objects has for learning: knowledge
emerges as a result of an active engagement watiwvtild through the creation and manipulation
of artefacts (tangible or not), e.g. sand casttesjputer programs, LEGO constructions etc., that
have relevant personal meaning and, above alblgeets to think with. Similarly important is the
negotiation of meaning in the social world, constdeas a crucial component of children’s
cognitive development: learning and intelligenceesge in the social groups where individuals
interact and collaborate to build a common bodgludred knowledge. Children act together with
pairs and with older subjects, who can provide supgnd motivation in coping with new cognitive
tasks [Resnick, 1996]. In the constructionist fraraek computer programming has always played a
special role, as it is considered a tool to “thiout thinking”. But what is the meaning of
“programming”? There is no simple answer to thiesiion. Programming can be many things to
many people, and not everyone agrees on its patdantfoster human learning and development.
To some, programming is about writing code, whilethers it is a way of thinking [Papert, 1980].
Some perceive its potential in helping childrenrpka their thinking, or become better “scientists”
[Resnick et al, 2000], while others stress itsihib foster human creativity [Edwards et al, 1p98
and enhance self-expression [Maeda, 2000].

Programming is a Pygmalion of sorts: it becomestwba want it to be. To a scientist, for
example, it turns into a tool to master the wotldtqugh simulation). To a poet, it serves to create
fiction, or build a virtual world. Designers useag a dynamic modelling tool. Literary critics see
as a new form of literacy. And for the developmémaychologist the “hidden” value of
programming lays primarily, and not surprisinglyy its ability to promote the exploration,
expression, and reflection of children’s “buddirgglves-in-relation [Ackermann, 2000]. Thanks to
their programmability and inspectionabilitypbots and programmable bricksare among digital
toys that today offer specially interesting featur€hey impact on the way of thinking to life, as
they position themselves on the boundary betweerattimate and the inanimate [Turkle, 1995].
Toys that actually behave elicit novel ways of exiplg relational issues, like agency and identity.
Their hybrid nature makes it possible to play cw fine line between objectifying minds and
animating things, and come to grips with the hamshthat identity formation involves
[Ackermann, 2000].

Cybernetic construction kits, conjugating the pbgkibuilding of artefacts with their
programming, can foster the development of new wafyshinking [Resnick et al, 1996] that
encourage new reflections on the relationship betwlde and technology [Martin et al, 2000],
between science and its experimental toolset [Restial, 2000], between robot design and values
and identity [Bers & Urrea, 2000]. As constructiemi supporters argue, thanks to these objects
many concepts that are usually considered prerggafi adults, who can deal with symbolic and
abstract knowledge, are made accessible and coenmible for children as well [Resnick et al,
1998; Resnick, 1998].

The research methodology

Cybernetic construction kits are nowadays absem flhe practices and culture of young children.
Papert himself suggests that the programmable lwackbe used by preschool children [Papert,
2000], but the available material is currently nd¢éguate for this age. We had to choose whether to
redesign the material first (designing for children to involve the children from the beginning in
our development effort (designing with children)eWhose the latter option, beginning with the
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LEGO® MINDSTORMS™ Robotic Invention System that was coencialised at the same time the
project started. This allowed us to provide theosth involved in the project with stable and
reliable material; however, we were aware that suakerial would not be suitable for autonomous
use by children.

This decision posed us the following questions: whappens when a product that has been
designed for 12-year-olds becomes an educationetiofor 5-year-olds? How could such a choice
be legitimated at the pedagogical level? What balset done to remove the factors that limit the
accessibility to technology?

For the whole experimentphase, which lasted two years, we chose to indloelehildren’s
activities with the programmable brick into the @t and practice of everyday work. We followed
the Reggio approach to early-childhood educatipecsl attention is paid to the development of
meaningful learning contexts that facilitates theldren’s work; activities are situated within
projects that address a broad range of issuesavextended period of time; adults try to avoid
acting invasively and yet know how to listen anctwlment what goes on, striving to sustain the
children’s motivation [Malaguzzi, 1998].

The rationale of the experimental activities isréifiere twofold: on the one hand, we consider
the cognitive potential of toys as deeply anchdrethe usage context and culture that give them
meaning. On the other hand, learning is seen ascialsand contextualized process in which
children receive support and scaffolding from aglurt their exploration activities. The role of the
teacher, as a mediator of knowledge and skills, amasial for coping with the shortcomings of the
available technology for this age group. The teexheso engaged in the documentation of
children’s activities as an integral part of theweryday work [Rinaldi, 1998]. This documentation,
produced in a variety of formats (texts, imagedgwi etc.), was made available to the entire CAB
community (Fig. 1).
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Figure 1:documentation containing the words of the childaed teachers, drawings of the
children’s hypotheses and photographs both onaedton the project web site
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The reflections and interpretations adults madéherissues that emerged from the work with
the children, made it possible to consider the dtles”, albeit provisional, the children had
developed during their experiments with LEGO Mimt&ts and with the subsequent versions of
the construction kit (Fig. 2). Our aim was to colleescriptive and narrative accounts of what
happened in the encounters between the childrentl@dconstruction kit, and note how the
situation developed. We saw the documentation psoeess of reflection and elaboration, that
enabled us to elicit from the children the requieets for the evolution of the LEGO kit. The
LEGO kit was incrementally modified according togdbeequirements through an iterative process.
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“When the sunlight goes in the sensor, | think it
fH\  shrinks to get in...inside the sensor these little
yellow balls get smaller and then the light
becomes a voice because the wire that connects
the sensor to the RCX works really hard.”

&ELDH

@) ‘/ “When the sunlight goes in the RCX and the
& g tape recorder, it gets specialised; when it
becomes the voice there’s a little bit of the
sunlight that's left.”

Figure 2: A fragment of a child theory on the inmesrking of the first version of the “Giving
another life” project (see the description of th®ject in the case studies section).

Evolution of the play material

A typical LEGO construction contains some partst thiie essential for its stability, some that
provide extra abilities, and some that are puragodative and meant to give the construction a
certain character. To provide the best possibleofdiasic components in a construction kit a
balance needs to be stricken in the granularithefcomponents, maximizing freedom in what can
be constructed and at the same time minimizingititrensic complexity. This is the trade-off
between specific/powerful and generic/open-endedpoments. In the field-testing most objects
had to be designed and constructed by the teactieneby diminishing the meaning for the
children of the constructions. The problems encenaut can be clustered into three categories: 1)
the complexity of the LEGO Technic mechanical ssbmy; 2) the opaque design of sensors and
actuators; 3) the bias of the LEGO MindStormsdutard mobile robots.

Figure 3: Subassemblies - a vehicle chassis andggable module with two contact sensors.



The mechanical subsystem

LEGO Technic is a very flexible and powerful medieahkit that enables experts to build complex
robotic constructions. A rich body of literaturedsvoted to support adult users in mastering the
complexity of this system [Martin, 1995; FerrariRrrari, 2001]

Our approach was to identify and build pre-assethbleechanical modules aimed at
improving children’s autonomy in using the kit. Susubassemblies (Fig. 3) include a standard,
ready-to-use vehicle chassis; a locomotion systeth gaterpillars; a structure to host a pair of
contact sensors, to be used on a variety of vehieleconveyor belt; a motorized rotating cradle
hosting the programmable brick.

This choice allowed children to include complex heeacs in their constructions, at the cost
of restricting the creative exploration of the metie(see Fig. 4).

Figure 4: vehicles assembled by the children fer‘tBiving another life” and “Cybernetic
adventures” projects.

A better mechanic system for children should nattsit the level of gears and axles; rather, it
should abstract the different types of motions areke them combinable. The children could be
provided with small modules that embed mechaniear gdesigns. This would allow them to
investigate and apply a range of mechanisms, eogupe radial lever movements or translate high-
torque rotation into faster low-torque, without lhmyto build them from scratch.

Types of constructions

A construction kit, depending on the componentdférs, inevitably favours some types of activity
and hinders other types, thus imposing an impliEs on the typologies of allowed constructions.
The LEGO MindStorms kit is designed to favour tlomstruction of vehicles, mobile robots that
interact with the environment. In order to encoerdige development of other usage scenarios
further construction types were identified: “kire8culptures” (the robot has moving mechanical
parts, although not necessarily does it move arpuadimated constructions” (the robot features
reactive behaviour using sound, light, messagey &tgbernetic soft toys” (similar to Furbies, but
easy to inspect and modify). Not all these proposarned the children’s and teachers’ favour;
some required a review and revision cycle or esmmdonment. This was true of cybernetic soft
toys (Fig. 5), which raised more perplexity rattiean acceptance among teachers, who were afraid
to offer a pedagogically poor proposal.



Figure 5: A soft toy that will play back a recordegkssage when it hears something and play
different sounds when somebody bends its antennas.

The use of typologies other than vehicles redudes meed of complex mechanical
constructions and allows for the exploration ofctee@ behaviours that fit, for instance, in story
telling, where we have observed children combineety of building material (LEGO, paper,
fabric, clay). In these scenarios the reduced nrechkhcomplexity lets children express their
creativity and address the behaviour definitiodyeiarthe construction process.

The design of active components: sensors and actuators

From the discussion about construction types thesl remerged to define additional sensors and
actuators components. For example, children loveadd recorded voice and sound to their
computer-made artefacts. Accordingly, we designed prototyped a tiny digital recorder that
could “give voice” to the robots.

Other added components include: a light chain,ra lsensor, a sound sensor and an infrared
transmitter. Having a variety of components eacth ws peculiar properties raises the issue of its
readability: during the field-testing teachers ofteported the difficulty to explore the featurds o
sensors and actuators, as the components did nohenicate their functionality to the children.
Following each phase of the field-testing, disomssiregarding proposals for more evocative and
communicative materials led to suggestions for ithprovement of their design. It would be
desirable for sensors to be active: i.e., a sowrs® (microphone) could glow with differing
intensity depending on the volume of sound it dste€he idea is to endow sensors with LEDs
arranged in a line acting as a visual gauge (figThis solution would provide the children with a
concrete reference level: as the sound rises idnkess they would see an increased glow of the
LEDs. This would be a step forward from the abs$tnagnerical representation of sensor values that
is currently displayed on the programmable brick.

Figure 6: The sound sensor prototype and a skettheoproposed LED gauge.



Looking at design-functionality, we opted for areagtional interface that was independent of
the programmable brick. Our recorder prototype. (i allows for the recording of two short
messages; a button for recording and another twpl&ying the sounds are placed on the recorder
itself.

i :“3 i
Y A
{ /7

The experiments with the children, however, shotted they wanted both more and longer
messages. One might privilege the interface traespg by associating just one component to each
message: if longer messages are needed, one rhightsasequentially connect several recorders
[Ananny, 2001]. Such an approach allows for a storye assembled by manipulating the order the
various recorders are linked together. This enatb@splex interactions among sensors and sound
sequences: for instance children could build a fislowall” that emits different sequences if the
temperature rises above a certain level, if someéonehes a hot-spot or if two bricks exchange a
message. If the same features were to be avafiableshicles, practical constraints would emerge
on the weight and size of components, thus induttiegdesign of a single, smaller recorder, at the
price of some opacity of its interface.

Building the robot’s behaviour

Putting in the children’s hands the tools to progrhe behaviour of a cybernetic construction is
often questioned since programming is not easynaaudly believe it should be left to specialists. If
this were true, we should abandon the idea of atoaction kit, and limit ourselves to the design of
cybernetic toys whose behaviour, although highteriactive, could not be modified by children.
On the contrary, we believe that a kind of prograngmis indeed possible also for non-
programmers, provided that it is supported by mobkpecific tools (environment, language etc.).

The development of tools that make programmingsfecific problem solving accessible to
people who are not particularly experienced — méerested — in computer science is a thriving
research area. In particular the work done by BeiNardi (1993) shows that users who are expert
in a specific domain — or who are interested incficang it — can learn and manage formal
languages relevant to that domain. Significant godamare tools such as spreadsheets or statistical
analysis packages, which provide the user with agnamming language useful to extend the
system functionality. Tools of this type allow fthre growth of a user population who, at various
skill levels, benefit from the available programgiiinctions.

To apply similar considerations to the children Mtave have to assume that they can manage
the level of complexity implicit in the control @bbot behaviour. So, it makes sense to set up a
programming environment for children. In the CARrfrework we have verified that children can
indeed deal with robotic constructions, provideat tihe context is well structured.

What is the conceptual model that best supportsi¢fiaition of robot behaviour? Let us start
with a sample task: make a vehicle turn arounduarggbased obstacle. A beginner would probably
think in terms of driving a car via a remote cohtrdevising a solution in the imperative
programming style of the Logo turtle: “Go straigint along one side of the obstacle”, “Turn left 90
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degrees” and “Repeat these two instructions for dtteer three sides”. However, robots are
endowed with sensors that “perceive” the surroumpdemvironment and allow them to react
accordingly: programming a robot thus entails hisngda number of sensors at the same time. The
imperative programming style that is adequate forbraad range of situations (scientific
computation, accounting, etc.) is inadequate foor@bogramming [Resnick, 1991; Papert, 1993].

If we add a touch sensor to our vehicle, for insganve can address the problem in a radically
different way: we can simulate the behaviour of erspn who, in the darkness, has to
circumnavigate an obstacle following its contourhiand. The program is built by relating the data
coming from the sensors with the commands to thersoA robot which “touches” the wall as it
goes on is hard to build with LEGO pieces; it isieato make the vehicle oscillate bouncing in a
zigzag fashion: the robot moves away from the wakn the sensor touches it and re-approaches it
when the sensor loses the contact. In other wdifdgie sensor touches, turn on the motor on its
side and turn off the one on the other side; ifd@resor does not touch, turn its motor off andhen t
other one”.

A solution of this kind offers a number of advamaggainst the imperative approach: the
behaviour emerges from the interaction betweendhet and the obstacle, independently from the
shape and size of the latter. Besides, this apprabbaws, with minimal morphological changes, for
the solution of other problems. For instance, sthové want the robot to follow a line on the floor,
it would be enough to replace the touch sensor aviight sensor while keeping the same program
structure: the robot will zigzag along the line tmm. In all these cases, rather than represetitimg
map of the world in the program, it is the “playifigld” that works as the map of itself [Brooks,
1991]. In cases where the environment propertles ghape and size of the obstacle, the geometry
of the line, etc.) are not known in advance theotdias to exhibit a level of adaptivity that caryon
be obtained through the use of sensors.

Domain orientation

We chose to represent the behaviour of a roboa\sat of rules. A rule associates a condition (a
test on the state of a sensor) to a sequenceiohagcommands for the actuators), é.ghe light
sensor finds a high value of brightnesenturn the motor on. The ease of using this ruléesys
depends on the availability of conditions and axgithat encapsulate the hardware details and are
directly operational. The usability of conditionsdaactions in turn relies on assumptions on the
type of construction. For instance, a vehicle witb motors can move forward and back, rotate left
and right. Thus, turtle-like commands are provided vehicles. For each construction type of
which the programming environment is aware, a $egrimitives is defined, that specialize the
available functions to the problem at hand.

The overall behaviour of a construction emergemftbe composition of simple behaviours
that act concurrently. For example, a vehicle watlich sensors that moves in reaction to obstacles
can be controlled by two behaviours. The first imstis the vehicle to move forward; when it
touches an obstacle a second behaviour tells thet to move back and turn in the direction
opposite to the side of the collision.

Behaviours can be constructed and tested increthenfatwo or more behaviours are in
charge of the same actuator, a priority mechaniseidds which one is in control. In the last
example, the behaviour that manages bumps hasherhpyiority than the one that moves the
vehicle forward.

The programming environment presents a galleryhefeixisting projects and the possibility to
start a new one. A project is composed of one arenconstructions, and encompasses both the
programs and a multimedia documentation of thedodi’'s work. The environment allows defining
various types of construction to support the spieaion of programming components (behaviours,
conditions, actions). A construction type makegaterassumptions on its mechanical components.
A vehicle has a chassis equipped with two motors iancapable of moving and steering. When



equipped with suitable sensors a vehicle can egezutinge of built-in behaviours like “follow a
line”, “search for light”, “follow a wall”, etc.

Construction: Untitled
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Figure 8: A schematic representation of a vehidi wvo touch sensors. The behaviour menu is
selected, allowing the choice among the availaleleaviours that match the construction input and
output set, or the definition of a new one.

The environment is capable of suggesting the plesaNmilable behaviours depending on the
sensors used in a given construction (Fig. 8). Wihefiming a new behaviour, only the conditions
and actions that match the current hardware cordigun are presented (Fig. 9). Thanks to this
specialization mechanism, it is possible to leteheironment evolve according to specific needs of
a project.
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Figure 9: The two rules that define the “bump” be&faur. Note that only the conditions and
actions associated with the selected input andwudpvices are shown.



Tangible programming

A key challenge has been to empower children testroat programs their own programs out of

physical components as they do with LEGO bricks.gil@e programming [Suzuki & Kato, 1995]

is an active field of research where many projeats at young children [McNerney, 1999; Wyeth

& Wyeth, 2001; Montemayor et al, 2002]. The benadita tangible interface are twofold:

» it enables a small group of children to build peogs together — unlike when using a screen-
based programming environment because only ond ahiime can be in control of the mouse
or keyboard,;

» children can take advantage of the dexterity oif thends - in a graphical user interface objects
are manipulated via a mouse or other suitable grtevices.

Given the age of our target group even small acwmd are of value. A tangible version of
the CAB programming environment, where behaviogmditions and actions are themselves
physical manipulative components of the kit, cawdlize the vision of mixing Atoms and Bits in a
concrete and child friendly way. Fig. 4 provides ibustration of how this could be done using
existing technology. The tiles contain electrordosnponents with their ID and once connected are
capable of communicating their topology [Gorbetakt 1998]. A tiles dock reads the tiles
configuration, generates a program and downloadgadtthe programmable brick. The dock also
communicates with a computer to connect the taagitierface with the one on the screen. The kit
can be extended redefining the meaning of a tilg. (£0).

=

Figure 10: A tangible programming version of therjubehaviour. The tiles’ dock is annotated
with labels indicating its features: a) conditioasd actions tiles can be connected to this side of
the dock to define a rule; b) the current rule canused to define a new behaviour inserted in this
slot, behaviours can be connected directly to $hdge; c) a communication device; d) an additional
slot to redefine the meaning of a tile.
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The computer would still offer distinct advantagks, example in storing and documenting
previous work or exchanging behaviours at a digabat would not be required to start a project.

Metacognitive and social support

We feel that software which can retain a memorythef product and process of the children’s
programming by means of the visibility of trialssts, errors, and variations, can offer opportesiti
for learning. And not only for the children who ated the programme, but also for the other
children involved. Such software can thus becomeutih metacognitive processes, knowledge
that can be re-applied and re-used. [CRE, 2000a]
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Figurell: A ‘digital photo album’ easy and mtuﬁalvfor the children to consult and which
encouraged them to revisit and reinterpret thearfeng experiences.

Formalizing the behaviour of a robot by means adkesuhas important cognitive and
metacognitive implications. On the one hand, thie meifies the cause-effect relationship and
supplies the children with an important linguististrument to talk about and reflect on reactive
behaviours (“If the temperature increases therrabet turns on the fan”). On the other hand, the
immediacy of interpretation and the readability tbé rules allow the children to revisit their
problem solving approaches (“... then we added thiis to teach the robot to turn on the fan when
it's hot ..."). This is especially useful when their progrants ribt produce the expected results.
Typically, children prefigure a wide and articulatentext, with many actors involved, where their
fantasies shape up and evolve. Therefore, a progsils ways of supporting the memory of the
work done, both for documentation purposes and apaesentation of the history of the
programming and building choices (Fig. 11 & 12).

Figurel2: Use of the video projector to construebhes of dialogue” among the children, zones
that are difficult to create around the small mong of the computer.
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Moreover, the environment assumes a social corgéxise that is articulated on three roles:
children, teachers, experts.

» The children collaborate among themselves and with teacheadl iphases of the project,
from the identification of the problem to the inten of a solution. They discuss and
compare possible alternatives, inspect examplesvauify them to suite their needs; they
explore the potential and the limits of the tecloggt they are engaged in an iterative
process of socially shared construction in whiah ligpotheses that emerge are subject to
the judgment of the group and to empirical veriima.

* The teachersmediate between children and technology to smdbéh interaction and
support the children creativity and motivation. Sowf the options of the programming
environment enable the teacher to configure itsfmecific project requirements. They can
change the icons and names of the objects (actaamglitions, behaviours), and tune the
parameters of actions (e.g., the scale factorowincands such as: forward; wait, etc.) and
conditions (the thresholds of sensors).

* The expertscan extend the environment adding the definitibmew construction types,
actions and conditions.

Case studies

The project field-testing covered two school yeamnd involved three infant schools of the Reggio
Emilia Municipality and three elementary schoolsSweden. For an in-depth description we refer
to the final reports of CAB’s educational partnfeRE 2001; Gustafsson and Lindh, 2001]. Here,
our objective is to focus on how the research i ¢hassroom has influenced the design of a
programming environment usable by five-year-olddren. So, we limit our case studies only to
projects made in the Reggio infant schools. Thiewhg three projects show that:
» there are no cognitive obstacles to children pnognang of cybernetic creatures;
* in the presence of a well defined context and gised tools, children are capable of
programming a robot;
» to support children’s projects the programming esrvinent must provide powerful, specific
primitives;
» the proposed environment was usable thanks toppea, the appropriate nature of its
granularity, inspectability and suitability for Ingi an object of discussion and reflection.

RoboSports

A group of children of the “La Villetta” infant sdol has experimented with the RoboSports Kit.
This system was especially developed for the visitdt LEGOLAND Parks and allows them to
quickly participate into a robot contest. This ¢@mprises a playing field for two teams to compete
in making a vehicle that carries as many balls @ssiple in a hole. The field is a table with two
tracks each composed of one black line and one-lggttied hole. The mechanical components are
specialized, thus allowing the construction ofraited set of vehicles capable of transporting and
pushing the balls into the hole. The software emnment supplies primitives such as: a “follow-
the-line” behaviour, a condition that can be usedtop it when the light sensor detects a back-
light, translation and rotation commands to push bhlls in the hole. The kit comes with video
tutorials to help the users build and program tkhisles. At “La Villetta” school parents and
teachers have built the playing field and the c¢bkildhave set up and programmed their vehicles for
the contest (Fig 13).
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Figure 13: RoboSports software and playing field.

This experience has demonstrated that the childteteed in using the features of the
programming environment to solve the problem, bseatlhe specialization of the components
simplified the construction of a vehicle suitedite task, and the visual programming environment
that supplies only a limited, but powerful, setprimitives enabled the children to compose the
program autonomously. Moreover, when engaged inpgdiscussions to overcome programming
errors, they spoke in terms of the icons of thegg@mming language to annotate the playing field
(Fig. 14), as a symbolic representation of the mogexecution, when discussing the effects of the
instructions given to their robots [CRE, 2000b].

Figure 14: Children annotating the playing field.

RoboSports is a good example of the potentialities context-oriented system. Its limit
comes from being too specialized: the hardwaresafisvare components can only be used for this
contest, or contests of this type, thus limitingdiien’s creativity.

Cybernetic adventures

The widespread interest shown in monsters, byssdéchildren in the Neruda school over several
years provoked the idea of constructing a scer(&it 15) where the different identities of single
cybernetic subjects and the characteristics ofcthrgext would allow the creation of a ‘possible
life’. This life would develop and evolve according the frequency and quality of relations
between the ‘actors’ (monsters or defenders ottiy® [Barchi et al, 2001].
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Figure 15: Monster and defender scenario planning.

The monsters attacked a city; the inhabitants cocstd walls and traps to defend themselves
and organized a team of defenders to hold backmbesters (Fig. 16). The monsters and the
defenders have been constructed with defined betessithat reflected the dynamics of a battle
whose evolution and outcomes are unpredictableh Eaonster was equipped with two touch
sensors used to avoid obstacles and a light spogaing to the floor, to stop the vehicle if itters
a coloured zone. The monsters had a light mounteth® back that makes them recognizable by
the defenders. The defenders had a light sensaviath them to move in the direction of the attack.

Figure 16: First version of the scenario.

This first definition of the behaviours was suclatthafter colliding, the monsters and the
defenders wandered over the playing field withootear objective. A monster accidentally ended
in the trap or succeeded to enter in the citydifenders rambled without a clear strategy of how t
block the monsters that they encountered. The r@nldecognized these limits and proposed
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alternatives, but the teachers could not implentemtproposed mechanisms of attraction between
the defenders and the monsters, and between thsten®@and the city. So the experts were called
in. They proposed two modifications to the projeéatintroduce tracks of a different colour showing
to the monster the direction to arrive at the cibors, and a modification of the program of the
defenders, activating a mechanism for seeking ttvester (i.e., turn around and detect the direction
of light). These proposals were discussed with thielien, who modified the scenario (Fig. 17) and
the robots so as to obtain the desired behaviours.

Figure 17: Modified scenario.

This project work has covered a long period overesd phases: designing and realising the
scenario, programming and experimentation, modifytine behaviours. By participating as design
experts, the authors of this chapter ascertainedbifowing:

e itis possible to capture the complexity of progect this type in the proposed model;

» complex behaviours such as those exemplified lsygloject cannot be develop by children
on their own, but theyxan become part of a repertoire of specialized comptnéhat
children can evaluate and apply.

This style of interaction with cybernetic objecendoe defined as “playing the psychologist”
[Ackermann, 1991]. "Playing the psychologist” aflaying the engineer" constitute the two ends
of the spectrum of possible roles that children edopt when they interact with a cybernetic
construction kit. In the former, children observel ask themselves questions on the nature of the
object at hand (on its intentions, "intelligencett.), so as to understand its intimate naturéhen
latter the construction and modification activitigisthe objects and their behaviours prevail. The
children keep oscillating from one to another, émel psychologist and engineer components are
calibrated and arranged as various degrees of tioaakoccur.
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Giving &

September 2000

“You have & worm in your
soup!
Hey, Laura! You look great!”

If two contact sensors are

pressed, a tape recorder is
activated and two recorded
vocal messages are played
back to play a joke.

April 2000

May 2000

Figure 18: First version of the “Giving anotherdif project.

nogher life
Look! If you raise the stone the
bird goes all the way down,
maybe to eat.

“Hey, look! On the branch there’s a string
that holds up the bird; maybe it goes all the
way down to the ground.

Lock! If you raise the stone the bird goes all
' the way down, maybe to eat. Or maybe just t:
take a walk.

To eat, because they get hungry, too.”

These initial hypotheses expressed by the
children opened new possible project contexts
to continue to give another life to the branch.
The children decide to programme a new
robot that carries bread to the clay birds.
This project Is described in more detail in the
section “New ideas for giving another lifs to
the branch.”

“You see, the leaf that we put on the branch
is like a real one — if you stroke it it’'s happy.
You understand because it responds with the
coloured lights. That’s how it talks.”

‘When the bend sensor situated underneath
the drawn leaf is bent, it sends an impulse to
the Light Chain which is switched on with
red lights.
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¢...I'll take the fan that
makes me cooll”

When a vocal message is
received by the
microphone, the following
are activated: a tape
recorder that containg
another wocal message and
two motors which, by
activating the two paper
famns, cool off the tree.

; “Heyl It’s
getting hot! The
sun is coming!”

When the
sunlight strikes
the light sensor,
the tape
recorder is
agtivated and a
¥ recorded vogal
message is

| played.

June 2000



Giving another life

This project originated in the 1999/2000 schoolryaahe Villetta infant school (fig. 18):

“... from a group of five and six-year-old childrerhav wished to help a large branch that
had broken off from a tree due to a heavy snowldle children were well aware that they
could create ‘another kind of life’ for the plamthich had now been sheltered in the school
piazza. The children placed the digital tools aratemals in relation with the sensors and
actuators which they thought were most suited tlowalthe different subjects to
communicate, and with other languages and matefj@per, wire, clay, structures built
with recycled materials, etc.) that are a commoatuiee of school life. The children’s
narration was the bond that held together the rdiffelevels at which the research was being
conducted, constructing meanings, even provisionab, and identifying new questions to
be investigated” [CRE, 2000Db].

Figure 19: Children exploring the branch tree prdjeleveloped the previous school year.

The following school year (2000/2001), another grad five and six-year-old children (Fig.
19) extended the project by adding a dialogue batveebird on the tree and its robot friend. During
winter food supplies are scarce. The bird askshferelp of robot baker-boy that will bring crumbs
to the tree. Once there, the robot will notifyfiiend, who will come down for the bread (Fig. 20).

Because of growing-up in a school where cyberraitstructions were just one of the things
on offer, the second group of children found itunak to construct their robots and program them
with the visual environment previously describederél is how they summarized their
understanding at the end of the project:

o “Now we’re real robot programmers!”
o0 ‘“It's true! This is a school of programmers! Wenado all sorts of things!”
0 “We discovered three secrets:

1) two pieces of the measuring stick make one tile;
2) if the bird touches the bend sensor, the recordes ¢cheep, cheep’;
3) robots can talk to each other with the envelopethadetter box.”
[CRE, 2001]
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...and immediately the “bread-
carrier” robot starts off and goes tc
the tray.

Then the bird comes down from
the nest and...

Figure20: The proposed project extension.

The children solved a number of sub-tasks genetatdtie evolution of their work. One was
to determine the value for the “forward” commandetiothe robot move 6 tiles on the floor. To this
end the children built a measuring stick, markihg tistance travelled for various values of the
parameter for the “forward” command. Experimentwith these values they discovered that “two
pieces of the measuring stick make one tile” amwhrd 12" was the solution to their problem
(see Fig. 21). The magic number of “two pieces” dat come by accident. The programmable
brick controls the amount of time the motors are lbow this time correlates to the distance
travelled is a function of the actual vehicle detéiires, gears, weight, terrain, etc.). The safev
allows specifying a scale factor to tune the result the teachers customized it for this project.

The children built their robots in such a way ttiay could tell the story of the bird and his
friend while the robots were playing it out. Symmhization points are essential to a good result.
The robot should start moving when the bird callén initial solution was to use a sound sensor to
hear the voice of the bird. Unfortunately a soueds®r picks up noise and does not understand
language. So, any noise was good enough to tripgaobot behaviour.
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Figure21: Children building a measuring stick

By inspecting the software interface the childreticed the message icons, tried them out and
discovered that robots “can talk to each other \lign envelope and the letter box”. Exchanging
messages provided a robust mechanism for synclatwmnz thus enabling the children to complete
their project (see Fig. 22).

)
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B

Figure23: The program for the bread carrier robot.
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In the upper left corner of fig. 23 three sensoessdnown: the message receiver (active), and a
sound and a light sensor that are left over froevipus design approaches. To move forward 12,
the children used two commands (10 + 2) as thefade provides a slider (not shown in Fig. 23)
that limits the parameter values to the range ]0]..

The software interface does attempt to reveal whabssible with the programmable brick,
by organizing the available features into boxes$ toatain components of the same type (Fig. 9).
Furthermore, the structure of boxes reflects a macvs. virtual distinction: tangible sensors and
actuators, built-in devices (i.e., sound and messaghich are not associated to a pluggable
hardware component) and virtual devices (i.e.,génaogplemented via software: timers, counters).
This taxonomy is reflected into the operationalisture of the interface that supports children ahil
exploring, discovering and learning the availalglattires.

Conclusions

We based our work on the notion of a competentdcihho can pursue difficult projects for
extended periods of time in a supportive learningrenment. We assumed that children would be
interested in building their own animated consinrg and programming their behaviours. The
CAB project has shown that, in a supportive leagrenvironment, children can and will design and
build animated construction behaviours. We havegsed and prototyped a visual programming
language that is not general purpose but rathesestfor simplicity and power by incorporating
knowledge of the construction types and the spatjifof the project at hand.

A cybernetic construction kit endowed with a tamgiprogramming interface and redesigned,
to improve its mechanical system and the readghfitactive components, should enable children
to explore the material freely and autonomouslyti{out the need for external “experts”) while
engaging in motivating projects.
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