Constructing assemblies for purposeful interactions
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ABSTRACT

This paper describes the development of a modylstes of
interactive tiles to support therapists’ in perfargn therapeutic
activities together with impaired children in a swming pool.
This work is based upon a deep understanding o work
practice and it has been integrated with a creapmroach along
iterative design cycles. These activities creakedftundation on

which the Active Surfacesconcept and prototype has been

developed.

Active Surfaces support mobile interactions and adyic
configuration of assemblies of tiles. Each tile resents an
interactive unit, able to communicate with othdediand to
exchange data. A tile is always aware of its posiin respect to
the others and able to provide a meaningful feddbacthe
interaction with the users. This enables the Acttigfaces to
engage in the therapeutic activities.

Categories and Subject Descriptors

C.3 [Special-purpose and application-based systems]
Microprocessor/microcomputer applications, Processntrol

systems, Real-time and embedded systems, Signatspiog

systems.

General Terms
Performance, Design,
Factors.

Reliability, Experimentatiotjuman

Keywords
Ambient computing, Palpable computing, end-user pasition,
programming by example.

1. INTRODUCTION

The notion of ambient computing has been consddi&icusing

on the design of distributed, pervasive and reacsiystems able
to communicate with us and to continuously adapiup current

needs and expectations [1]. These systems havéogedehybrid

interfaces capable to interpret and represent thatdistribution

and the embodiment of technologies. From an interaalesign

perspective the exploration of smart objects anstributed

systems gain interest on social interactions in ilaogaming,

collaborative activities and location based mobédevices.
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In order to examine and investigate these aspeettouk at an
evolutionary approach on ambient computing with tlo¢ion of

Palpability. Palpable computing purposely addresbesway in

which  humans meaningfully can interact with digftdxd

computational systems available in the environmétalpable
computing aims at supporting user control by cormgpand de-
composing assemblies of devices and services. Tassamblies
are configurable by the user depending on the ggriter needs
and expectations. Consequently, these systemsdskopport the
continuous attribution and negotiation of meanirtyrotigh

interaction.

These challenges and others are addressed in thiurEegd
Integrated Project PalCom: Palpable Computing — éwn
perspective on Ambient Computingtip://www.ist-palcom.orjy
This project uses the term 'palpable computingtémote a new
kind of ambient computing which is concerned witte tabove
mentioned challenges
computing environments.

These themes become crucial if applied to critt@hains such
as health care and rehabilitation. In this papemiepresent a
design concept supporting rehabilitation practicdedying some
of the qualities that creates the foundation opahle computing.
The main inspiration for this application comesnirthe practice
built around rehabilitation activities and from thetivities
performed in the swimming pool to rehabilitate disal people.

In their current practice, motor and cognitive fgligations are
mutually separated. Specific tasks and tools asigded for the
motor physiotherapy; whereas other tasks, aids taots are
defined to support the acquisition of cognitivellskiThe two
activities are usually never integrated.

The swimming pool represents a privileged envirommfor
rehabilitation. At the public swimming pool in S&m volunteer
association provides training and group activitfes disabled
people. The swimming pool by itself represents avgréul
setting, because the water supports the body &ed the weight
off the joints. Movements within the water are easand less
painful. Moreover, water is a great ‘equalizer’ tbsabled people
who find that their movements are easier and |éfsreht from
those of non-disabled people while inside the water

Our aim is to join cognitive and physical rehahtiibn objectives
by providing the children with meaningful activitgames
supported by a distributed system of smart surfacHse
application system relies on the specification amderence
implementation of a virtual machine for PalCom desgi the

in complex and dynamic ambient



PalVM, designed to match the evolving needs withim PalCom
project [2].

1. ACTIVE SURFACES

Active surfaces is thought of as mobile smart devithat can
serve for mobile gaming and rehabilitation actesti In the
following section the concept and the early workjimgtotype are
introduced.

The tiles act as building blocks that can be comtbinvith a
library of content (e.g. images, sounds and pisfuféurthermore
they have reactive behaviors in relation to différmput actions
and orientation. Each tile provides outputs as alisur tactile
feedback to support the accomplishment of the taskisto guide
the patients in the interaction as described irstiemario below.

Today exists’ three kind of Active Surface compdsenan

Assembler Tiles and a number of ‘normal’ tiles. Affeom these
there is also a user interface, the MUI [3]. ThdVRAis the

platform running under these components, being ryuage-
neutral virtual machine designed to support objedented

languages running in low power consumption systétatvVM is

dynamically typed and requires each language tdeiment its
proper type checks (e.g., the “instance of” retaiio Java), but on
the other hand imposes no restrictions on the sys¢em of the
languages that it supports [2]. PalVM programs dgeployed in
binary components which are instantiated as
components, objects that encapsulate a set ofeslamsd their
required and provided interfaces.

The ‘normal’ tiles are the ones used in the difi¢ractivities and
games together with the different users. Then thersts a
privileged tile, the Assembler Tile is used by tterapists to
program the other tiles. The MUI is used in a prtvity phase to
create general game logics and rules that latelbeansed in the
pool. A therapist downloads the general rules edkanto the
Assembler Tile and brings this to the pool. Now tierapists can
assemble different ‘normal’ tiles using the Assesnbtile to

support a wide range of activities. The tiles thelvss once
assembled constitute a network of physical (antvso€) objects
that communicate and exchange data and are abiectgnize
their relative positions.

These features allow constructing meaningful camfions of
different tiles. Each configuration is intendedaas assembly of
components. The therapists can configure thesemhtiss of
components to define rehabilitation tasks. They csave
successful  configurations, keep memories of
configurations and generate new assemblies to supatients’
specific needs. The rehabilitation activities eedbby the active
surfaces allow a smooth integration of cognitivd ahysical task.

The Active Surfaces concept accounts for
configurability, constructability, modularity, phgslity and
creativity in rehabilitation practice. ‘One’ Activdurface consists
of a tile, measuring 30*30 cm. Each Active Surfec¢hought of
as a modular unit that can communicate with therstiby its six
sides. The tiles are able to recognize their redapositions in
respect to other tiles. A number of tile componeots be
assembled to constitute a network of physical (anttware)
objects that communicate and exchange data. Maaiitige of
palpable devices are embodied in the Active Susfazmncept.
Today a prototype is being used for evaluation pses based

rue-tim

pres/ziou

the nedd o

upon a Basic Stamp 2 micro controller and IR comigation.
These tiles offer limited functionality, but sufént for initial
trials and proof-of-concept. The next generation tiks
embedding the full vision and the palpable framdwsrcurrently
under development together with University of Aat{Denmark)
and the Lund University (Sweden).

The main idea is to rethink the environment ofplel, making it

a place for rehabilitation and play activities. dascribed above
the pool is designed for swimming: the water sema®she mean
of interaction. People usually don't have any (stforelation

with the pool by itself: the edges and the bottoenreot conceived
for any purpose of interaction. The design procaisss at re-
considering the surfaces of the pool and to chahgeactivities

that usually take place there [4],[5].

From an interaction design perspective the go#b idesign new
activities for the rehabilitation by designing eliadp
environments and tools. The Active Surfaces isdbiecept that
embodies these issues. The surface of the poohiescactive re-
designing the bottom, the edges and even the wat&ace. In this
vision the floating tiles constitute one of the maupports for the
interaction and the therapeutic activity.

Figure 1. Initial working prototype under construction and
final result

2. PALPABLE QUALITIES

Active Surfaces represents an exemplar applicafion the
framework of the palpable computing. It consistseaibedded
devices and distributed services. Palpability ee®rgas a
property-in-use of the tiles’ assembly. Dynamics pifysical-
logical construction/ deconstruction, mobile intdi@n and
services communication sum up the palpable quslité the
application.

Being conceived as an assembly, active surfacels guavide a
valuable example of physical construction / decwmsion of
components. In that way the physical constructibassemblies
[2] provides end-users with control of the systeamdviour and
adaptation to the context. The Active Surfaces titns
assemblies on different levels: on the logical lehe therapist
can define what the rules are and what the purigs®n the
functional level the user can mark out the relaticand the
sequences. Eventually, on the physical levels eser define
which patterns and connections can take place.

To support end-user composition, the Active Sudate also
complemented by a Migrating Ul (MUI) browser mecisant for
programming the rules and the behaviours to bamtistted in the
tiles. The therapist then creates patterns by phlgibuilding

! The MUI End-User Composition Tool is used for pamgming the
behavior of the tiles. MUI, developed within PalCoproject
(www.palcom.dk) at the University of Lund, lets theerapist browse
existing tiles and their configurations. She camscdver the tiles
currently in use, and design a new exercise in d Mowser (running
on a PDA or a laptop).



tiles’ sequences [6]. The tiles address also sitjalffering the

opportunity to produce scalable solutions stilyirgd on low level

resources management. Palpable computing systemsndeed
any ambient computing system, involve an heterogemenix of

distributed, embedded devices with different caltéds. The

palpable computing system, and Active Surfacesua$,smust
provide scalability and stability across differatgvices so that
errors in one part the system do not propagatéhter @arts of the
system. These features are supported by an apam@pliegree of
decoupling between different parts of the impleratah.

At the same time the understandability of the sygstan still be
guaranteed. This also concerns the balance betwggstem
automation and therapist’ (i.e. user) control: tiles have to
preserve the understandability and support thesusemaintain
control over the technology.

Flexible ad-hoc networks support the connectionsrayrsingle
devices where each tile preserves its own identtys
dynamically seeking for available tiles in the wity. The tiles
continuously inspect what communication procesgestaking
place at the moment looking for specific connectam all its
sides.

The concept also enables the exploration of thetiogl between
change/stability in configuring the tiles. In fatite assembly’
behaviors are instantiated in physical configuragichat can be
saved, reused (also in part) and instantiated fierdnt physical
patterns. She can show the right pattern (sequeadbe system
and record(save) the configuration by using an rakbke tile.

Being a flexible system it has to guarantee a prdeeel of

persistence as well. The dynamics between configuisi change
and stability may address the future practice b&bditation and
the way in which the Active Surfaces could supjitort

3. SCENARIO

Along the different phases of the work analysisused scenarios
to evaluate, together with our stakeholders, how tefined

concepts could suit their needs and to envisiorsiptesusage of
the final tools. Scenarios themselves were usetkagn objects
and they evolved along the design process beirafezterefined

and also sometimes dismissed [7].

The Active surfaces concept was refined throughitaerative

scenario-based design process. Most of all, theemirhas been
assessed and validated in order to try out thesemed solutions.
These sessions with users have informed the neagepbf the
design process: the prototyping. During these gessive decided
to focus on floating tiles to make a proof of caopicthrough the
early prototype. The prototype we developed has hesed for
early exploratory tests with the targeted end-ydeoth therapists
and patients, during ongoing rehabilitation sessidn the

swimming pool.

As mentioned above, the Active Surfaces is todaetbaupon a
number of tile-components. There are two kinds il&st the
Assembler Tile (AT) and the normal play tiles (ab@6 to start
with). A part from these different tiles there isgephical user
interface called the MUI that is used to createeg@hninput/output
schemas for different games.

In the scenario below the Tiles’ states are desdrithrough the
use of a “happiness” state. These terms are ustd spicific
meanings in the scenario and in the code developn#ie

consider different states of happiness (conditisasisfaction) for
the position and orientation of the tiles in theeasbly.

- SideHappinessmeans that a tile realizes that it is
correctly connected on a particular side. On tlde(s)
that are Happy the tile provide the users with
HappySide feedback. If all its sides are correctly
aligned, LocalHappiness is instead achieved.

- LocalHappinessneans the tile is properly connected to
the others and it has on each side the tiles itla@sng
for. It is in the right position and it is correctl
orientated in the assembly

- AllHappiness means all the tiles satisfy the
LocalHappinessand, knowing that all the others are
sending that feedback, they realize a global hagsin
satisfaction of the activity game.

These different happy-states are also visualizdigjime 2.

Figure 2. Row 1: No happiness.

Row 2: HappySide for ‘I’ and ‘A’ between the ‘I and ‘A’
sides (Green feedback on HappySides).

Row 3: ‘C’ is LocalHappy (Red feedback) and ‘I' hasone
HappySide (Green feedback).

Row 4: All tiles are LocalHappy, this gives a comgte
happiness within the system.

4.1 Active Surfaces in use

The configuration of the activity is performed ddés the pool,
maybe even at the home of the therapist/traineinaa remote
office. This can also be done in the vicinity oé thool, but there
is no specific need for that from a system perspectThe

therapist brings the assembler tile (AT), attackoithe Service
Browser (SB) and configure the future activity bettig

configurable game parameters (e.g. Type of GamgitiBio game,
Output Mode: Blinking Light).

The AT can have either a cable connection (i.e4REthernet) or
a wireless one between the system (e.g. a laptap reand-held
device like a PocketPC) hosting the SB and the AT.

The therapist can now bring the AT to the poolsidd align the
tiles she would like to include in the game in tWwénning’
position or pattern. Now the AT is connected to streicture of
tiles and this initiates a number of activitieseTherapist triggers
the motion sensor on the AT with a ‘one touch’-ihpthis sends
a broadcast message to the connected tiles to reenghreir own
and their neighbour’s positions.



After executing this command all the tiles have rogred their
own and their neighbour’s position and orientatidiney also
notify the therapist that the configuration andeassly of the
game is successful completed through the requestgulit (since
the tiles now are in the AllHappy state).

Figure 3. Exploring the use of the Active Surface rptotype

The therapist is now ready to start the activitthvthe patient and
throws the tiles into the pool. The child triesfeiiént wrong
alternatives by moving the tiles around the pool.

At first the child puts two tiles aligned corregtlyut still not with
the complete solution presented. This gives a l@mdback that
the two tiles are correctly placed while the fife¢dback is still
not given. This LocallyHappy, or even only HappysSigrovides
the user with a (for example) light output, isothte the correctly
aligned side(s)The child finally aligns all the tiles in the right
position. This gives the final output. The gamsabred.

4. DISCUSSION

The concept of Active Surfaces elaborates on a ctellenging
view of the rehabilitation practice and mobile gatesign.

The scenarios we developed are based on the ideadtiser
composition, mobile interaction and control and seems
promising and interesting for the stakeholderspdrticular, users
appreciate the idea of being supported by readaatt
technology, easy to program and to manage. Thevd&urfaces
provides them with the possibility to improve thaydby day
rehabilitation practice.

The concept elaborates on a new challenging viesoon$truction
complemented with deconstruction of physical as$gmbhe
therapist is asked to manipulate and physicallyfigare the tiles
while the dynamic and self-configuring discoveringf
components occurs. This guarantees minimum skilts
technology and programming for the users.

Active Surfaces provides the therapist with thespmbty to adapt
the technology pursuing extreme changing and fiktyikbeyond
system stability. In that way we have situationeehtotal control
is desirable, but has to be complemented with seraéng and
meaning attribution of events.

Palpable computing can be seen as extending amtmemtuting
with additional characteristics for user control.algable
computing systems offer not only invisibility (theapacity of
unobtrusively performing computing tasks in the Kesmound

environment) but also visibility, that is, the cajta of making
visible to users what they are doing and what they do.
Moreover, systems should offer both constructidre (ability to
support end-user composition of devices or servicgsrm new
devices and/or services) and also deconstructibat is, the
ability to disassemble a device or service intacdsstituent parts

to enable understanding and manipulating of eacht pa

individually [2].

Palpable computing may constitute the framework fhe
definition of design guidelines for mobile interiaet systems.
Challenges in the shape of dichotomies as the dessribed
above, can serve as means through which the designight
interpret and re-define pervasive applications.

5. ACKNOWLEDGMENTS

Thanks to our team leader Patrizia Marti and oulleague
Alessia Rullo for their support and collaboratiam the work
presented in this paper. Furthermore we wouldtlikédhank Laura
Cardosi, Maria Grazia Burroni and the therapisthat-unctional
Rehabilitation Unit of the “Le Scotte” hospital,eBa, for their
open-minded collaboration and continuous supportindu
fieldwork and participatory design. The researcts wart of the
EC IST PalCom project.

6. REFERENCES

[1] Weiser, M. The Computer for the Twenty-First Ceptur
Scientific Americanpp. 94-10, September 1991.

[2] Schultz, U.P., Corry, E., Lund, K.V. Virtual Macleis for
Ambient Computing: A Palpable Computing Perspective
OT4Aml ECOOP Workshop Position PaRe05.

[3] Svensson, D., Magnusson, B., Hedin, G. ComposiAgoad
applications on ad-hoc networks using MRibceedings of
Net.ObjectDays, 6th Annual International Conferenne
Object-Oriented and Internet-based Technologies)dépts,
and Applications for a Networked Worlrfurt, Germany,
September 2005.

[4] Greenbaum, J. Kyng, MDesign at WorkHillsdale, NJ:
Erlbaum, 1991.

[5] Marti, P., Rizzo, A. Levels of design: from usatyilio
experienceHCI International 2003, 10th International
Conference on Human - Computer InteractiGnete,
Greece, Lawrence Erlbaum Associates. 2003.

[6] Gronvall, E., Marti, P., Pollini, A. Rullo, A, Acte Surfaces:
a novel approach for end-user compositiordiCHI,
Fourth Nordic Conference on Human- Computer Intécac
2006 (submitted)

[7] Rizzo, A., Bacigalupo, M., Scenarios: Heuristicedotion
Prooceedings of XII European Conference on Cognitiv
Ergonomics, D.J. Reed, G. Baxter, M. Blythe (e21304.



