Designing Modular Robotic Playware

Henrik Hautop Lund, Patrizia Marti

Abstract— In this paper, we explore the design of modular
robotic objects that may enhance playful experience The
approach builds upon the development of modular robtics to
create a kind of playware, which is flexible in bdt set-up and
activity building for the end-user to allow easy ceation of
games. Key features of this design approach are moldrity,
flexibility, and construction, immediate feedback b stimulate
engagement, activity design by end-users, and crés
exploration of play activities. These features perniithe use of
such modular playware by a vast array of users, ifading
disabled children who often could be prevented fronusing and
taking benefits from modern technologies. The objedte is to
get any children moving, exchanging, experimentingnd having
fun, regardless of their cognitive or physical abity levels. The
paper describes two prototype systems developed awodular
robotic tiles, and discusses the challenges and apfunities of
this modular playware when used by children with diferent
cognitive abilities.

|l. INTRODUCTION

I n this paper we describe a vision for the desigmadular

robotic technologies that
sensorimotor play with creative and active partitign of

children regardless their specific abilities. Aetigames with
physical involvement as well as building and ciregti
outdoor fun and play in group or individually maly be

supported by modular playware technologies that iain
only help users reap the physical benefits of @serdut

also provides opportunities for them to learn, shaxpress
feelings, set goals, and function independentlpyWwére is
defined as intelligent hardware and software whiich at the
creation of play and playful experiences.

The specific kind of modular robotic playware wesent
in this paper support play providing modular olgetiat are
visible, manipulable, sharable and interactive amgly
construction, active participation, creativity fassembling,
mastery of the parts by the users who play witimth€hese
technologies allow a range of play from simple eis= play
up to construction play requiring sensory-motofiskis well
as coordination/ manipulation of objects, acceparmt
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combine constructive an

influences/inputs of others, turn taking, interdegency and
collaboration. With such kind of play activitieseus can
experience the pleasure of putting a “productiveugint”
into action, and can acquire and refine thinkingd an
manipulation skills while using all their senseshe way
toward complex forms of learning and social skill
acquisition.

The concept that embraces this vision is today festeid
in form of Tiles modular units which can be assembled and
are able to communicate with each other and to igpeov
different kinds of feedback (light and sound). Tdifferent
tile-components can support different play actgtand can
be set up by the user by physical (re)-programming
programming by examples.

Il. RELATED WORK ON INTERACTIVE TILES

The concept of interactive tiles has been explared
different research projects and developed as coniaher
products along the last few years. Examples ofractéee
tiles are Sony DataTiles, tiles augmented by dyoaam
graphical information when they are placed on asgen
anhanced flat panel display [18]; Z-Tiles, a flanade from
networked sensor tiles integrating pressure sensors
connected to an embedded computer [19]; U-Textuself-
organizable panel that can change its own behavior
autonomously through recognition of its locatiorts i
inclination, and surrounding environment [15]; natetive
MEDIATE wall, a floor surface developed for autisti
children that reacts to movements generating fesdfEr],

and commercial products such as Twall from
ExergameFitness, a touch surfaces for fitness, and
LightSpace from LightSpace Corporation, a pressure

sensitive surface able to detect location, movensmd
density of players to give a realistic gaming eigrare.

Most of these interactive surfaces, in particulatlsvand
floors are all quite static set-ups that do naialfor the user
to perform physical reconfigurations at run-timeain easy
way and restrict the possible activities to prersf play on
pre-defined surfaces.

In response to the somewhat static nature of metdied
work, we will present a design approach that letals
flexible, interactive play tools for both sensorimo and
constructive play activities as designed by the-esats
themselves. It is our belief that the flexibilitybtained
through distributed and modular playware holds many
advantages for developing engaging and inclusiveegaand
play. Therefore, the design approach outlines tireciples

DESIGN FEATURES



that we suggest for the creation of flexible, maduplay
tools. The principles include the design of playsvliased
upon modularity and flexibility, tangibility and mediate
feedback to stimulate engagement, constructionpéydical
movement, end-user activity design and inclusivenem
design.

A. Playware

The modular play tools that we develop are desigasd
playware. Playware is intelligent hardware and vsaife
which aim at the creation of play and playful expeces
amongst users of all ages [9, 10]. Playware rebeard
development seeks to understand play dyndmisd
implement them in play tools. Playware is of counsé the
only type of products which can create play, buthgéeve

module being a primitive behaviour. Thereby, thgsital
organisation of primitive behaviours will (togetheith the
interaction with the environment) decide the oweral
behaviour of the system. Hence, in a similar waythe
control of robot behaviours by the coordinationpamitive
behaviours, we can imagine the overall behaviouraof
robotic artefact to emerge from the coordinatiom @fumber
of physical robotic modules that each represemismaitive
behaviour.

The modular robotic concept is known mainly as-self
reconfigurable robotic systems such as M-TRAN [13],
ATRON [16], Superbot [20], etc., in which the moelsiican
reassemble autonomously. In these self-reconfideirab
modular robotics systems, the focus is on crediiggble
and adaptive systems that respond to differentrenwiental

that digital technology contains new and expandegbnditions and tasks by autonomously making rumtim

possibilities, e.g. when developed with modern fiaii

intelligence. Playware-tools are tools with a “b@bar” that
initiates play force (e.g. a motion, in the casseaisorimotor
play) via interaction. This is the basis for thayptlynamic to
emerge through which the users are brought inttaie ®f

playing.

changes of the physical shape of the robotic syst@mthe
other hand, we can vieuser-configurable modular robotic
systemsas modular robotic systems, where the user at run-
time will make the physical rearrangement of théota@
modules. Some user-configurable modular robotidesys

will allow the user to make the physical rearrangetmof

The modern artificial intelligence is used to desigmodules for setting up activities, while other user

behaviours of the play tools. The understandingplafy

dynamics can help guiding this design of behavidarbe

used specifically to create playful and motivattogls for a
variety of play interactions, well-knowing that theare both
similarities and differences in the play dynami€slifferent

users, environments and activities.

Indeed, the modern artificial intelligence techmplo
supports the development of playware by providingans

configurable modular robotic systems will allow thger to
make the physical rearrangement as part of theitgcfe.g.
for play, learning, rehabilitation).

C. Flexibility

Both modalities of user-configurable modular roboti
systems provide flexibility in the physical set-ugnd
arrangement of the technological tool. It is the af such

for creatingadaptiveplay tools. We advocate here that forsystems to allow for an easy way for end-users akearthe

the sensorimotor and constructive play, especialbdular

robotics provides the possibility, through syntbesto

implement, test and understand play dynamics asulaod
robot technology gives way for the creation of ptabk

interaction with (flexible) intelligent tools, whicare able to
react to the players’ actions in a suitable manner.

B. Modularity
The modular robotic concept demands the availgbilit

physical and functional rearrangement. The desfgguch a
flexible system demands a clear focus on how tatere
flexible and distributed technology.

Often, technological systems are created with a
centralised, static set-up that does not allow ffexible
rearrangement of the physical (and functional) rayeanent
of the systems. Even in the case of interactives tias
presented in this paper, most other interactivéasas are
fairly static set-ups that most often only can eeup in pre-

robotic modules with certain properties. Each ra@bot gefined physical configurations by a professionatallation

module needs to have a physical expression anddsheu

worker. So in such cases, play activities are nuitgn

able to process and communicate with its surroundinimited to be performed on a pre-defined surfaceer€ is
environment. The communication with the surroundingje flexibility in terms of run-time developmentf the play

environment can be through communication to neighhg
robotic modules and/or through sensing or actuatién
modular robot is constructed from many robotic mesu
The modular robotics approach is to some exterpuried
by the behaviour-based robotics approach [1], thotlge

activity based upon rearrangement of the interadiwface.
The distributed system of tangible, attaching mesduwllow
for a flexible use of the system by providing easy
rearrangement (i.e. physical programming) postitsli

In order to allow for flexible use of the differemiodular

modular robotics approach builds on the belief thappotic devices, it becomes important to design aexelop
behaviour-based systems can include not only the gistributed, generic, and versatile system (uficiy

coordination of primitive behaviours in terms ofntl
units, but also include coordination of primitiveHaviours
in terms of physical control units. We can imaginehysical

1 A play-dynamic is the dynamic effect of the playefe which affects
the player by placing this person in a state ofipta

communication protocol and framework) of the modula
robotic devices, so that these modules can easilgdued,
removed, substituted, and rearranged.



D. Tangible interaction

be possible to see what fits together, the systehaviour

Tangible interaction refers to the technology eedbl @nd what can be actually build or rebuild or maetiji

experience of physically manipulating objects [3he
material representations of information and the spta,
conceptual and cultural

mapping between the physical affordances of theabj

with the digital components (different kinds of put and
feedback) is a design and technological challehgdgeed

implementing the tangible interaction does not méan

simply augment physical objects with digital comeots.

The physical properties of the objects serve ash bo

representations and controls for their digital deygparts [6].

The concept of modular
information directly manipulatable, perceptible
accessible through our senses by physically emhgdyi

While playing with the modular playware, childreanc
take advantage of the distinct perceptual qualifes.g. the
interactive tiles and this makes the interactiongiale,
lightweight, natural and engaging. Interacting withs just
means jumping over, pushing, assembling, touchimgipal
objects and experiment a dialogue with them inrg d@ect
and non-mediated way.

E. Immediate Feedback

In order to design the play experience in all ithmess,
feedback is a key features to guide children thincthg play
activity. They expect to see the results of theitioas
immediately and if nothing happens after their inghey
may give up and abandon the game.

Modular robotic playware creates rewarding gamed th

can be easily understood and can promote fun. €higa of
such playware does not simply concentrate on theharécs
of the interface but also on immediate feedback it
keep children engaged.

User motivation and engagement are as importatasks
efficiency in modular robotic playware. Value is lpn

attained if children spend time playing, enjoiniraqd
keeping their attention focused on the play agtivit

In order to engage children in play, the feedback i
modular robotic playware should be early and pasiti
continuald a

immediate, explicit and understandable,
constructive as the child progressed through tligityc

F. Construction and physical movement

constraints they embed. Th

playware makes digit

G. End-user activity design

The importance of physical action as an active corept
5t play activities and the direct physical interastwith the
world are a key constituting factor not only of odiye
development during childhood but also of the desifjplay
activities. In modular robotic playware, the plastiaty is
designed by the end user through physical manipuland
:Fhape configuration of modules.

This way of designing games by showing the modtiles
orrect solution and by assembling them in differgmapes

an?]ias some similarities with programming by examfi and

physical programming [12]. The user can define #igec
patterns of modules and these modules initiate oeixg
their relative position. Changing the physical égufation
of the modules results in changing the play agtivit

Further, inspired by the body-brain discussion ofdern
artificial intelligence (e.g. [7]), it is possibléo design
systems that allow the user to modify the physstalpe of
the assembly of modules in order to change thefydlggme
and interaction at run-time. The software game
implementation may be fixed in the modules, andctenge
of the physical arrangement of the modules willoecd
different kinds of physical interactions. It is tipdysical
rearrangement of the modules that changes
game/interaction modalities (and not a change in.SW

the

H. Inclusive games

Modular robotic playware aims to get also disabled
children moving, exchanging, experimenting and h@vun,
regardless of their cognitive or physical abiligyéls. Indeed
our modular robotic tiles have been successfullgdum
spontaneous play activities involving disable atgid and
their fully able brothers or friends.

Modularity, flexibility, immediate feedback and tible
activity design make such kind of playware adaptatu
different physical and cognitive abilities. The ptiion can
be performed at run time by the system itself othmy user
as the activity progresses. For example tiles camded in
the swimming pool to support play in the water.ded water
is an excellent medium to address the physicalnitiug,
and psycho-social needs of children with a widegeanf

Constructive playcombines sensorimotor practice withimpairments. In the water they can not only inceetteir

symbolic representation of ideas. Therefore it dugtsonly

range of motion and coordination but also improkeirt

stimulate the physical movement but also providé'dependence, confidence and sensory processingavier

opportunities for make-believe and creative plativaes.

some quality of the feedback like pace and durati@am be

deconstruction of assemblies to modify, enrich a@pt
play activities to children with different abiligein different
contexts.

Challenges in enabling constructive and creatieg plith
modular robotic playware require that each partthod
assembly is easy to understand at different levatsthe
logical level (what can be done with the tiles, ethtiles can
go together and for what purpose of play), the tional
level (how to use the tiles) and on the physice¢li¢it must

maintains its characteristics to be demanding {raqgua
complete commitment by the player), progressivegbeng
gradually and increasingly complex) and fun.

IV. MODULAR ROBOTICPLAYWARE: TWO
PROTOTYPESYSTEMS

In what follows we describe two different
implementations of the concept: the “Modular robdiies”
modular tiles to support physical play on horizbraad



vertical surfaces and the “Active surfaces”, moditilaating
tiles to support construction play in the water.

A. Modular robotic tiles

We developed modular robotic tiles according to kg
features of the design approach described abovarder to
create a modular playware with the possibility fmers to
modify the physical shape and make easy setup Yariaty
of play activities. Further, we designed the modsigstem
with the possibility of exclusion of external hasimputer,
with  self-contained energy source, with
communication (local and global), and with differgames.

(®) |
Fig. 1. The modular robotic tiles for sensorimofuay (left) and for
construction play (right).

tiles which can attach to each other to form theraW

system. Each tile has a quadratic shape (measuring

300mm*300mm*33mm), see Fig. 1. It is molded

polyurethane. In the center, there is a circulat ddiameter
200mm) which has a raised platform (diameter 63mnnthe
centre. The dent can contain the circular prinfecuit board
with the electronic components. At the center afheaf the
four sides of the quadratic shape, there is a s
(diameter 16mm) through which infra-red (IR) signe&n be
emitted and received (from neighboring tiles). Smagnets
are placed on each side of the tiles. The magmeteeoback
provide opportunity for a tile to be mounted on agmetic
surface (e.g. wall), and the magnets on the sidesige

opportunities for the tiles to attach to each athEhe
magnets ensure that when two tiles are put togditiesrwill

become aligned by the magnetic forces, which isoirtgmt
for ensuring that the tubes on the two tiles for

communication are aligned and it helps the end-user
making the correct assembly in a simple, easy aq

understandable manner. On one side of the tilee tisealso
a small hole for a battery charging plug.

There is a small groove on the top of the wall fod t

circular dent, so a circular cover (diameter 210nzam) be

mounted on top of the dent. The cover is made feom

circular transparent satinice plate and a polyamhcircle
in the centre.

A force sensitive resistor (FSR) is mounted asraeon
the center of the raised platform underneath theuleir

cover. This allows analogue measurement of the efor

exerted on the top of the cover. There are thrddHNAA

rechargeable batteries on top of the PCB. A 2 ax

accelerometer is mounted, e.g. to detect horizamtaértical
placement of the tile. Eight RGB light emitting de&s are

mounted with equal spacing in between each othemon

circle on the PCB, so they can light up undernehth
transparent satinice circle. There is a radio conication
add-on PCB with a XBee radio communication chip.

The modular robotic tiles can easily be set uphenfioor
or wall within one minute. The tiles can simplyaath to
each other with the magnets, and there are no vilWeh the
accelerometer, the tiles can register whether #reyplaced
horizontally or vertically, and by themselves malte
software games behave accordingly.

Also, the tiles can be put together in groups, #mel

wirelesgroups of tiles may communicate with each otherless

(radio). For instance, a game may be running disteed on a
group of tiles on the floor and a group of tiles the wall,
demanding the user to interact physically with bibeh floor

and the wall (see Fig. 1, left).

®

Fig. 2. The modular robotic tiles can be physicadigonfigured by any user
The system is Composed of a number of modular fobo#gt run-time, e.g. as one cluster (left) or morestelts of size down to one

tile for each cluster (right).

in The tiles are developed according to the desigmomb
to provide a flexible possibility to create a véyief playful
applications for a variety of end-users. For instanwe
designed applications for playful physical actedti which
were installed in 6 kindergartens, schools andlyalibs in

Odense, Denmark, and we made interactive socceegam

with the tiles for children’s entertainment at $tex during
Danish national football league matches.

Among many different games, we implemented thewolo
race game, where the child has to chase a givemuGol
which jumps around on the surface of tiles. The utexity
of the tiles provides flexibility for creating taibie
interaction. If the child (or teacher) wants pldyfueraction
with hands, she places the tiles on a wall so tiatchild

II:E1eeds to play with the hands, or if she wants autton with

the feet, she may place the tiles on the floor.sBe can
choose a combination of some tiles on the grountdsame
Iles on the wall for playful interaction with botiands and
feet. For the soccer game, a light is travellinguad on the
tiles, and the child has to hit the travelling ligtith the ball,

which will light up all the tiles to indicate that goal was
scored — the game becomes an interactive versiptaging

soccer up agflinst a wall ‘(Fig.S, right).

: § 3

Fig. 3. A child and her father in the multi-sensovgpm (left), and children
playing soccer with the modular robotic tiles (tigh



As a result of the design, other motivating plagivétges
may easily be set up for children (and adult) day.
sensorimotor play such as stepper games, reaclaimgg
dancing games, and more cognitive sensorimotor gauneh
as Memory and Simon says.

Therefore, the design approach also allowed usiitckly
reconfigure the modular robotic tiles to be useddmyful
cognitive construction games (see fig. 1, rightle \ised a
set of 15 tiles and the construction game cadieldur-mix
The basic idea is to mix colours in different wayspendent
on how the tiles are assembled. 3 tiles are pree@fias
source tiles respectively with the colours redegrand blue.
The other 12 tiles are normal tiles, with the prbpehat
they can change their colours accordingly to tHewal
neighbourhood. If a normal tile is connected te@@ source
tile, the normal tile will become red just as isghbour but
with a lower intensity. The source tiles never detheir
colour. If a blue source tile also is connectedh® normal
tile at the same time as a red source tile, thenabtile will
blend the two colours to become a purple tile. Anmad tile
should always light up with a lower intensity théts
neighbours colour intensity,
spreading from a source tile decrease when tharaistto a
source tile increases.

For the colour-mix construction game, we used
distributed control approach, which is fairly styai-forward
since every modular robotic tile is equipped witbttb
communication and computation capabilities. Thestitan

recognised by the users [8]. Indeed, the tests stigito be
crucial to create feedback that was easily and idiabely
recognised by the users, and it was found thaintieeaction
was boring if the feedback was too implicit (supt&d not
well understood by the user [8]. The users apptedian
explicit immediate feedbacfe.g. a clear and immediately
recognisable sound or light pattern from touchingile)
because it was obvious and understandable, andhalid
require any a priori knowledge of the dynamicshef games.

The modularity, ease of use and the functionalftyhe
modular playware devices suits well into scenasosh as
playful multisensory rooms, because they providewed
light, sound and possibly other kinds of feedbaekg.(
vibration). The tiles are designed generic, whickans that
they can be augmented with other sensors or actuaibe
physical form and the weight of the tiles is imamoit to
allow for easy rearrangement of the tiles for amydc

Our design guidelines lead us to constructionle§tihat
lend themselves as inclusive games technology an tte
user groups for the applications may span an aofay
abilities. Indeed, the colour mix application wastually

which makes the colowleveloped and performed with therapists and 7 tawutis

children in the autism home Bihuset in Denmark. Wik
explore and exemplify the design approach for isigk
games technology in further details with the degifjactive
surface tiles below.

B. Active surfaces

configuration. In this distributed environmentstvery easy
to make local changes based on the local environmetile

can easily read neighbouring tiles’ states, antethechange
its own state accordingly to some local rules. Byhmaving a
central server to administer the data flow betwgles, the

special needs poses important technological ctggermnd
design opportunities. For example, therapists tedxt able
to react flexibly and fast to children’s differeatbilities, and
therapists and children need multiple modes ofrauti#on,
including physical ones. These demands play outtmos

stability of the application will not depend on theinterestingly in aquatherapy, where we must alsal ad

reachability of e.g. a master-tile or a host corepuSimple
rules based on the local environment are easilyeimented
and the software on the individual tile can be ksiptple.
Also, the distributed control facilitates thenergencef new
behaviours, when different rules are influencingheather.

communication and resource challenges.

Aquatherapy is a crucial part of cognitive and [tsis
therapy. Children usually enjoy swimming, and beimghe
water decreases the effects of gravity, makingvitiets
involving balance and coordination more attaindible the

It is not always possible to predict what can eragemd this  child. In the water children with special needa cat only
is in the hands of the end-users construction. increase their range of motion and coordination &isb

Also, we designed the tiles to be used as part of i@prove their independence, confidence and sensory
multisensory room at the HCA children’s hospital inProcessing. The water is an excellent medium tess the
Denmark (see Fig. 3 left). In a similar manner te t Physical, cognitive, and psycho-social needs dfioan with
applications described above, the multi-sensory mroo2 Wide range of impairments, including, for example
composed of the modular robotic tiles and other wtmd Cerebral palsy, Down’s syndrome, autism, neurokigic
devices (e.g. I-BLOCK cubes, and sound system)gmgze disorders, perceptual difficulties. .
hospitalized children in physical activities, antiosld ~ Aquatherapy is mainly achieved through games design
motivate to perform physical activities by provigin {0 improve motion and cognitive skills. For the reqgists
immediate feedback (coloured light patterns, soundis is @ highly demanding task. Games must beniteeor
vibration) based upon playful, physical interactisith the Modified on the fly to take advantage of the clitds
system. The children hospital pedagogues allovctiiiren ~Widely varying strengths. Moreover, whereas a cfuith
and possibly their parents into the multi-sensaygm to ~cognitive difficulties might respond to verbal encagement
interact with the playful robotic tiles to provice calm, O Put objects in an ascending order (e.g. of siekjdren
relaxing and joyful environment. A main finding thfe tests With communication difficulties respond better isual cues
conducted at a children’s hospital, was that it famd to and specific tangible rewards than to verbal dices,
be very important to create feedback that was easffreating a need for flexible multi-media stimulatio



Currently the therapists’ efforts are poorly supgedr and
there is a clear need to develop tools that suppesdtive
and situation sensitive therapy by being easily
configurable during the activity and adaptable toleng

certain timeframe. If she succeeds, another rantlemvill
light up and she tries to catch that one. Whenesteaitually

rdails to catch the light in time her tile will bknhow many

lights she caught. Other games like siseabble gamewhere

situations, and by supporting a range of multi-raedithe child has to form words out of letters can sedufor

feedback.

1) The system

The Active Surfaces is a modular system consistihg
floating tiles measuring 30*30*5 cm (Fig. 4). Chidch have
to assemble the floating tiles into meaningful égunfations
defined by the therapist. Each tile is a resoumeastrained
embedded system that communicates with the otiverstioe
six sides using only a low bandwidth short-rangiaired
link. Tiles can only communicate if they are cldseeach
other. The output available to users is a setght lemitting
diodes which provide feedback during the task aweard at
the task completion.

children with language problems, sequence gameike
putting in a sequence tiles with images of incregsize, or
matching colours, can be used for children with Dew
Syndrome (Fig 4).

Active Surfaces have been experimented in different
Italian institutions: the ‘Le Scotte’ Hospital inieBa, the
Disabled Children Parents’ Association in Siena #redD.
Chiossone rehabilitation centre in Genova (Fig. 5).

The tiles support multiple games by having a simple

physical
hardware. Magnets are placed on the four sidesdi &le
to make the tiles “snap" together when they arelose
vicinity. A replaceable plastic cover is on the tipthe tile

appearance and multi-purpose programmable

also held in place by magnets. The image on thesrcowig. 5. Trials with active surfaces

depends on the game. Inside each tile an embeddésis
uses infrared light to communicate with and dettut
presence of other tiles. Two tiles can only commata if
they are close to each other. The main computdtiomtis

the UNC20 module, which is an ARM7-based embedde(ﬂ'jl

system running uClinux at 55MHz with approximat8iyiB

ram. The UNC20 module communicates with a sideboa

using a serial connection. The sideboard is resplenfor
controlling the infrared communication and the LED#&e
bandwidth of the infrared communication is approdety
600 bits per second [2].

The Active Surfaces prototypes support constructio

activities on different levels: i) on the logicatvel the
therapist can define what the rules of the gameaadewhat
the purpose is; ii) on the functional level usems emark out
the relations and the sequences and; iii) on tlysiphl level
users can define which patterns and connectionstalem
place, to reach the goal of the game [3].

Fig. 4. Examples of games with active surfaces

Games with different logics have been created ppeort
aquatherapy on a resource-constrained device liketite
[4]. For example, children with perceptual problecas be

In some therapeutic sessions, the system has been
successfully used in spontaneous activities innghdisable
children and their fully able brothers or friends. other
ses children with mild cognitive delay and phgbic
Impairments were treated for attention and object

anipulation tasks or the creation of logical sexes in the
Fc?omino game. In all sessions, the children enjajedplay
activity. They tried out different construction gesnbut also
explored unusual combinations of the tiles likangjlthem
one on top of the other. A remarkable result of the
fﬁxperimentation is observation of the emergencethef
exploration of body schemes, like the trunk-shordde
coordination during the rotations, the left-righbvements,
the control of spatial relations among the floativigjects
(inside/outside, front/rear, top/bottom). The asgign of
the body schemes and the spatial relations amojegtshs a
slow conquest for children not attributable to thienple
mental access to these concepts. For children mithiple
disabilities the acquisition of spatial concepteimbled by
the psycho-motoric activity and the experienceheirt body
in the world. Active surfaces just stimulate sudahdkof
exploration of our own body and its spatial relatiowvith
other objects. A second remarkable result of tladstis that
the rehabilitation consisting of repetitive exeesisis often
considered by the children boring, gruesome anadfylaand
for this reason children are reluctant or just sefto practice
the exercises.

With active surfaces disabled children accepted the
physical competition of the construction games and
collaborated with each other to their successful

stimulated using theatchgame In this game a set of tiles accomplishment. Also the therapists interviewedrathe

are placed in the swimming pool and another tilgiven to
the child. When the game is started the child baget her
tile close to a glowing tile, “catching the light¥ithin a

therapeutic sessions considered active surfacebetan
excellent substitute for traditional therapy beeaukough it
requires body movements just like traditional tipgrait



involves so much of distraction and fun that clahdignore
the discomfort [11]

V. DiscussiON ANDCONCLUSIONS

The two different kinds of tiles incorporate andmplify
the key features of the design approach. The matuia
obtained by the development of fully distributecd aself-
contained modular robotic tiles, which allow theeugo
make both physical and functional construction.r€bg, the
tiles can be used in a flexible manner by allowing end-
user to make changes in an easy and very fast mamthat
it is the end-user who can design the activity. Tesign
focus on tangible interaction led to solutions sashutilising
the material properties to facilitate understanding
behavioural characteristics and manipulable pdgsisi (as
an example, magnetic forces of tiles “invisibly”lfed the
end-users assembling (aligning) the tiles corrgctBy
sensing the exerted force and providing colourghtl{and
sound) stimuli, the tiles can provide an immedfaedback.
If this immediate feedback is explicit and providesipart of
a playful interaction game (for both sensorimotard a
construction play), we find that it motivates artinslates
engagement, as exemplified with the variety of &fibns
presented above.

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

These key features further make it possible to tereaH]l]
i

inclusive games which may be adapted to users wi
different physical and cognitive abilities. Indeedtie tiles
were easily adopted by children with different citige
abilities as exemplified above, but also by aduits
physiotherapy and for elderly cardiac and strokéepts’
physical rehabilitation (at the hospital

Sygehusn Fy

[12]

Svendborg, 2006-09). The design of modular playware

allows this adaptation to happen automatic by safw
adaptation or by the users’ easy physical constnuakith
the tiles. Further, in these cases, the design sfoon
playware results in playful applications that mat® to
perform rehabilitation activities.

In the future, we will explore the design approaatther,
for instance by utilising it to create playful, énactive and
flexible modular playware for rehabilitation of hthcapped
children at Neema Craft in Iringa, Tanzania. Hérés our
belief that the design approach comes to its falle@ when
allowing for easy and flexible adaptation to thecalp
contextual needs.
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