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ABSTRACT

There are many sources of change within the dorfihome
care. People have changing needs, beliefs, andrpnefes regard-
ing their care plan and how they might want tormté with exist-
ing and emerging home care technologies. The dewicel ser-
vices available to the user are likely to changerdime depend-
ing on a person’s capabilities or location withire thome and the
current devices and services available. The resuiteraction
methods can therefore also change in accordandetiét room
location, available devices or displays, or prefgrmodalities.
Home care systems therefore need to offer configuraossibili-
ties that support this change. Computer systenes ofethods and
tools to support configuration in the short termt 8o not provide
mechanisms for supporting configuration over bdtbrsand long
term. This paper presents an approach that addrésiseissue in
the home care domain by integrating methods faraution re-
quirements engineering with system support for ingnthose
requirements into a working configuration. Both thethods and
system support are designed to address a gradoaksm of
change — ‘interaction evolution’ in home care. Wesent the key
features of our approach using a home care sceaada@onsider
our progress to date in implementing and validatirgapproach.
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H.5.2. [Information interfaces and presentationhedry and
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niques: User interfaces.
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1. INTRODUCTION

An increasing number of people coping with a vgritillnesses,

impairments or disabilities (age related or othesyiprefer to stay
in their own home to receive care [4]. This is bstitially benefi-

cial - they can remain in a familiar environmerigse to family

and friends - and economically beneficial — itastty and imprac-
tical to provide sufficient specialized care faa given the in-
creasing ageing population [14].

Technology can be used to support health and scaialat home.
We refer to ehome care systems the technology used to support
and realise activities within a network of carelirding providing
the means to collect, distribute, analyse and mamage related
information [12]. Such technology typically inclislesensors,
devices, displays, data, networks, and computifigstructures.
Traditionally home care systems have been usedotutar situa-
tions in the home such as someone being immobileaapable
and therefore requiring outside intervention [X3ieater network-
ing capability has increased the potential for siger send and
receive important care information from their ononte to friends
and family or to health and social care profesdoiraolved in
their care. This may encourage and support seff @ad the use of
health indicators in preventative health managerf@ntThe po-
tential for home care systems to enable and imppeaople living
at home with care conditions still has to be reslis

Living in the home, and managing health and welhgehas
unique interaction problems. Our homes can be hlhjgersonal-
ized environment where generically configured desior systems
may be unacceptable, regardless of their potecifidtal or well
being benefits. It is an environment often sharéth wur spouse,
family, friends and visitors and therefore it ikely in the home
care context that user requirements are subjembtto change and
conflict over time [6], [17]. Changing needs maydsea result of
changes in medical conditions, new devices becorairalable,
family circumstances, what people believe and thg they prefer
to or are able to behave and interact with the homne system.

This paper describes the main features of home ttaae are
sources of change (Section 2) and argues that netivoas need
to be developed to support the dynamic nature ofeéhoare sys-
tems. Our overall approach is to treat the probdsnone of both
requirements and system (configuration) evolutBylinking the

two aspects via a single unified model, we asbettit is easier to
provide rich and appropriate system support forabeplex hu-
man-facing task of identifying, reflecting on, clstmy and re-
viewing interaction configuration choices. We set our process
model for interaction evolution (Section 3) andntify a set of
features needed from a requirements engineering pbiview to



support interaction evolution (Section 4). We tlgmon to de-
scribe the related system model that makes posgiteric and
integrated computer-based support for interactimiugion (Sec-
tion 5). The paper finishes with some brief comraemt progress
so far in implementing a working concept demonstrand our
validation of the approach (Section 6).

2. COMPLEX AND DYNAMIC FEATURES
OF HOME CARE SYSTEMS

2.1.The network of care

Home care systems can involve multiple users andfoltiple
stakeholders. There are likely to be partners djvin the same
space, friends and family living elsewhere who amelved in
care or interested in its status, visiting medpaisonnel such as
community nurses and remotely located medical ,stafth as a
consultant in a clinic that the patient visits [1?]e refer to these
people as stakeholdeifsthey have a direct or indirect interest in
how the system works, how the system is used,edéta it gen-
erates or provides. Many stakeholders may needaot f@ come
in to contact with the data or devices of the harage system
themselves directly either in the clients homeenately. In this
case, these stakeholders also have to be consigetedtial end
users of the home care system. Stakeholders wdsidirclude
external agencies responsible for designing, ilrsggalmaintaining
and prescribing the available equipment and/or gbsiin legisla-
tion or policy on how the devices or services canpbescribed
and used.

It is likely that with multiple occupants in the e, multiple end
users, and multiple stakeholders that people’s s)geelspectives
and accountabilities [7], [9] will differ and in diion might

change over time as the condition of the personthadbossible
behaviours of the systems change. A system’s corditpn may
be acceptable for some but not for others. For gkanthe user
may wish to have care messages and alerts preseyntsdeech,
but this might be annoying and disruptive to theec# delivered

via loud speakers while they are in the home. @iryi] informa-

tion provided on a television might either be dive of TV use

by others in the household or it might allow prevand potentially
embarrassing health information to be read by sther

This can result in complex, dynamic and potentiaibnflicting
needs and requirements and therefore novel methiseeded
for identifying, negotiating, and resolving thesenging require-
ments and interaction needs as the stakeholdensaattwith and
use the home care system.

2.2.Care needs and conditions

It is common in an ageing population that the pedying cared
for will have a cluster of conditions to manage, Rme of which
might interact with each other. This means thabad care sys-
tem must be capable of dealing with decisions orchviules to
follow if health indicators from different conditis or symptoms
are conflicting with each other. There is of coutse added prob-
lem that conditions are not only multiple withineoperson but
can be spread between the persons living withifntmee.

Users of home care technologies can be of any rde&lility but
a large number of users are either elderly, or hHwesical, sen-
sory or cognitive impairments, or some combinatiéthese fac-
tors. This results in a user group that shouldffered appropriate
choices of both traditional and novel methods ¢ériacting with
the technology and the information. Offering cheioé modalities

and interaction is desirable and yet not necegsstrihightforward
to solve. It is necessary therefore, that home sgséems should
be able to support preferences and capabilitiesvéry both be-
tween users and as care needs change.

2.3.Available devices and services

Home care systems should be capable of providiqdiéin mul-
timodal, and non-standard means of interactingtdifate a more
natural user experience. This is likely to incldde use of speech
and non speech audio [13], graphical output dedideria mobile
devices or digital television, gesture input anctita output. Al-
lowing users the choice of various modalities fiffedent interac-
tion tasks in different contexts is important [13{nowing which
combination of these to use at any one time for@wg/ purpose is
not straightforward.

New devices and services may become available ypa®lthe

person’s context or location changes within the éoRresenting
information to the television for example makes ensense in the
living room than in the bathroom and presentinginfation to a
loudspeaker makes more sense if there is a perbonprefers

speech output and there is no other audio outptitabdevice at
that time. So, as new devices and services becoaialale, the

user must be made aware of these and offered veayrgdract

with these devices and/or services.

2.4.A home care scenario

In order to illustrate our suggested methods tgettpinteraction
evolution, we will use the following home care sago. This
scenario has been used previously in stakeholdgagement
within the MATCH project and has been validatedsogial care
professionals, assistive technology techniciand,paticy makers.

“Fred and Shirley have been married and living tbgetfor 50
years. Both are now in their 70’s and are livinglwtare needs in
their own home. They have a daughter Fiona andraRaobert.
Fiona has three young children and lives an houlapwy car.
Robert lives in Australia and calls them once a kviesee how
they are doing.

Shirley has worsening arthritis and is no longerleabto move

around the house easily. She relies on Fred fdtgasich as turn-
ing on the fire, closing the curtains and most hedwdd chores.
Fred recently had a stroke. He is still physicdityout has become
more forgetful since the stroke. Shirley has toinehinim how to

prepare the food and when to take his medicatioedHRs also

hard of hearing and Shirley often has to shout eoheard by
Fred. This is becoming increasingly annoying fothbof them.

Fred rarely goes out as he is worried about leav8igrley on his
own. He usually manages to go to the local shopsyeday and
takes his mobile phone so that he can call Shifléye needs to.
Shirley enjoys watching TV and reading while Fragbgs singing
and bowling with his local group when he gets thance.

Fiona visits once a week and brings the shoppihg. Social care
worker also comes once a week and has offered #ugtitional

help with their shopping and household chores Hhitl&/ and

Fred are happy doing things for themselves for nbley keep in
touch with friends by phone and sometimes manageoothe

social events at Fred’s bowling club to meet ughWitends”.



3. INTERACTION EVOLUTION

Given the multiple aspects of change presentecati& 2, home
care systems should be able to adapt to dynamichlinging
requirements of the client themselves, other relestakeholders
and the situation of use. Allowing different uséne choice of
interaction methods for different tasks in diffedreontexts is im-
portant. Previous work has focused on dealing shbrt-term
changes within a home environment such as conteateasys-
tems [18], [2] that react to situational changédserE is a gap in
the literature of methods for supporting longemt@onfiguration.

In this paper we refer to the conceptimteraction evolutionn a
home care system. The concept of evolution wehese is influ-
enced by Dourish [5], MacLean [10] and Fickas [ERpch of these
authors identifies the ability to evolve, tailordadesign a system
by the user as a necessary feature for acceptaititia the home.
We defineinteraction evolutionas multiple related instances of
interaction configuration (customisation or persdigation) that
have a directed goal to change some aspect of ythers. For
example, an elderly user might develop a visualiimmpent (e.g.,
cataracts) that requires a reduction in dependenayonventional
visual displays. Over time the visual capacity lo¢ user might
deteriorate, perhaps resulting in the invalidatafnthe current
configuration choice.

Interaction configurations range from automaticajgnerated
rapid changes based on context to a process oficaiitin driven
by regular human reassessments of the system sirefféctive-
ness. Figure 1 illustrates a sampling of this “aqunfation space”.
Our approach is intended to address the full rarfgghoices that
can be made within this space.

Reflective
Human based e Manual
Configuration
o Care Re-assessment
. Set
Preferences
H ow « Computer assisted configuration
(decision support)
o Context Sensitive
Adaption
o Recommenders
Automatic o Utility Functions
Computer based
Rapid Slow
Contextual When Emergent

Figure 1. Techniques within the Configuration Spae

We model the process of evolution as one or moterpially
linked configurations, each of which consists oé tfollowing
stages which will often occur iteratively:

identification of opportunities for change
reflection on alternatives
decision-making

implementation

Figure 2 shows this process as a spiral. Thedasfiguration (1)
shown by a solid line, shows a configuration whitéis gone
through one and a half iterations while the sec(®)dindicated
with a dotted line, shows another configuratiort thas only just

been identified and the alternatives are undersiigation. As
shown in the figure it is possible to have multiplenfiguration
processes underway at the same time at differagestof evolu-
tion. We now consider each of these stages in turn

Identify
Opportunity

Now

Decide

Figure 2. Process of Interaction Evolution

3.1.ldentify opportunity for change

For a home care system to evolve it is hecessdrg &ble to iden-
tify opportunities for changing the devices andhtéques the
system uses to interact with the user. An oppaguinithis sense
can be thought of as a defect in the requirememtthe system or
in its realisation of the requirements. These opputies are of
many types, ranging from rapidly changing circumsts (e.g.,
ambient noise level) that need a rapid, probabtgraated change
through slowly emergent conditions that requir@rmys (human)
analysis and gradual resolution (e.g., deterionatiosight).

3.2.Reflect / judge alternatives

Once an opportunity for change has been identified necessary
to characterise the potential options for takingasdage of it. As
with the opportunities themselves, the identifioaficharacterisa-
tion and analysis of the options may be straightéod and auto-
matable (e.g., presenting information to the udarthie output
devices currently nearest to them) or it may beper) difficult
to describe and evaluate (e.g., determining therredtives for
delivering a medical alert to a patient with pragige ocular dete-
rioration) perhaps needing the involvement of etgpas well as
decision-support tools.

Since a home care system is inherently multi-useray also be
necessary to support collaboration between vargtakeholders
and assist in the description and negotiation oEptable choices
in different contexts.

3.3.Make decision / implement

After reflection has taken place it is necessarynke a decision
about whether a reconfiguration will take placed ahso what
form it will take.



Both the decision itself and the resulting confajion may be
deferred until a later time - that is, the oppoityfior configura-
tion may be identified and recorded but the actmalfiguration
does not take place until a later point in timehisTmay be re-
quired in a situation where the user is currentigyband a change
in modalities or interaction style would be a distion to the task
at hand. Alternatively, as in the visual deterira case, the op-
portunity may be known (e.g., the rate of detetioramay be
predictable) resulting in a plan for future refleotand decision-
making.

Decision-making, like reflection/analysis, may itxe® multiple
agents and hence multiple criteria.

3.4.Iterate / repeat
This entire process of handling change is iteratind ongoing to
support evolution of interaction.

People do not necessarily know in advance whickeraction
techniques and devices will and will not work irfifelient circum-
stances and may need to try it first before degidiithis implies
that each iteration would include an evaluationsghas part of
identification of opportunities for change to detére if the new
configuration meets the needs of the users béteer it did previ-
ously. The users would typically have to be ineohin this step
to make this judgment

As should be evident from this overview, the precés best
viewed as a collaborative activity involving mulgghuman stake-
holders interacting with the system itself (thegy&rof change) and
potential computer-based support tools. For thasoe, we have
adopted an approach that attempthirtk these aspects via a com-
mon model. In order to illustrate this integrationthe rest of the
paper, we use the following scenario.

4. REQUIREMENTS ENGINEERING FOR
INTERACTION EVOLUTION

For the human-facing aspect of interaction evolytioe believe
that novel or adapted Requirements Engineering (RE)hods
offer a fruitful approach. The key to this clairadiin the provision
of dynamically adaptive interaction frameworks tlegiable the
realisation of these requirements via selectionamdiguration of
components; this will be discussed further in $ech.

However, most existing RE methods fail to offer flexibility
required in the home care domain. With people’® ecareds and
living circumstances potentially changing over tiraed the com-
plex network of care that can influence the systequirements,
RE methods need to be modified to cater for a coattuin of (1)
multiple distributed and possibly conflicting stakéder needs
and (2) longer term configuration and evolutiontioése needs.
The rest of this section sets out a set of requéresafor home care
requirements engineering, based on investigatiankave carried
out of current practice and needs in the home daneain.

Above all, RE methods should be capable of momitprand

adapting requirements [6] over longer periods ofetias a per-
son’s care and living circumstances change. Reapeinés can and
should be revisited to identify possible changeanflict. Deci-

sions made on how the system should be set uphavbewhen
the technology is first prescribed by the socialrkeo may not
necessarily remain supported as the person inteveth the de-
vice or system and realises that something abairt tlare condi-
tion, their living space, or their relationshipsane that their ini-
tial requirements and needs have changed.

Ways to identify change may include (1) technolagy longer
being used or being used inconsistently, (2) a gham a person’s
care regime or medical condition, (3) a changéhaliving space
and those sharing that space, or (4) a plannedmasting at a
pre-prescribed point of time. If any of these tlsiragcur, original
requirements can be reconsidered to see if regagiem would
improve interaction with the home care system anithi® person’s
health and well being.

The following is a list of features that shouldibeluded or sup-
ported in RE methods [11] that allow for interanti@volution. We
will use the home care scenario presented in Se&ié to indi-
cate how this can be achieved.

(1) Identification of and engagement with appropriate

stakeholders to elicit high quality requirements.

Appropriate methods for engagement with all stalddrs
need to be explored further [11], [15]. Traditiorfalcus
groups and interview methods can be useful, edpegigh

older home users. Fred and Shirley’s social cankeve on
the other hand may want a more formal and metrig twae-
cord their requirements and prescribe the techyollogon-
junction with the engineers and designers of thastige
technology. Scenarios and role playing can alsaugeful
when multiple stakeholders with varying backgroursohsl
experience are involved [15]. Novel methods hage &leen
explored such as live interactive theatre whicbvedl multi-
ple stakeholders with differing levels of expertidsck-
grounds and goals to state and discuss requirenusirtg
live acted out care scenarios [15].

(2) Participatory elicitation and negotiation.

As many of the people involved in Fred and Shidegket-
work of care as possible should be invited to dbate their
requirements at an early stage before the presmipf tech-
nology. Early potential conflicts can be identifiadd poten-
tially resolved socially during care plan meetingth social
and health care professionals. Shirley and Fredlghme able
to state what they want the technology to do fanthand
professionals should be able to describe and demad@she
devices, services, and interaction methods avaitabihem.

(3) Distributed elicitation and negotiation.

Given the wide range of stakeholders identified] [k2is

likely that many of them will be distributed in botime and
space. So remotely located care staff or friends family

involved or interested in Fred and Shirley’'s canewd be
able to express their requirements for inclusiothe nego-
tiation from their offices or home if necessaryijrigly’s con-
sultant across the city and Fred’s son in Austredia both
potentially be included in the requirements capture

(4) lteration affording rounds of eliciting, balancirapd
validating requirements.

In addition, all stakeholders should be able téatestheir re-
quirements over time as their needs or preferecitasge. So
as Shirley's arthritis worsens speech input caruged in-
stead of a touch screen for example (a changetefaiction
device and technique). And as Fred’'s memory deglihe
can request increasing frequency of medication mdens (a
modification of an existing technique).



(5) Prioritisation or weighting of requirements.

Different stakeholders may need to be given diffegiori-

ties at different times depending on the contdxthé client
is perceived to be at risk to themselves or otHersexample,
then the social care or health care professionadgiirements
may be weighted as higher than normal. If usabditgl ac-
ceptability is perceived to be the main factorhe tntroduc-
tion of a new device or interaction methods them ¢hents
requirements may be given a higher weighting.

(6) Retention and traceability of requirements oveetim

RE tools should support logging of the interactrequire-

ments and allow appropriate ways for users to veyieevi-

ous and current requirements and their realisatfpas the
implemented techniques). It might be beneficial éggample
to see which requirements have and have not bésfiehor

to be able to try out a current requirement retdisa This

could act as a tool to support traceability of aerlsschanging
care needs over time and could be used in conpmetith

the care assessment. This would be useful to eesdurl as-
sess appropriate (and inappropriate) prescriptfdeahnolo-
gies.

(7) Annotation of requirements to enable both negatiati
and traceability.

A tool for actually annotating the requirementsheitat the
time of capture, at the time of change, or bothjd@lso as-
sist in assessing the success or failure of thistagstech-
nology [3]. Allowing stakeholders to attach ratiteéo their
decisions can support the negotiation process.ekample,
as Fred states his desire for ‘medication remindeescan
annotate this with other assumptions and conssr@uth as
‘must remind me more than once as | am always en$ur
got the first message’, ‘must be presented to Mef possi-

ble as | find that the most useful way to make srmaember’
and ‘send it to my mobile phone if | am not near TV as |

often go out to the shops just after lunch befoge pifl is

due’.

(8) Identification and categorisation of requirements-c
flict.

Stakeholders will have different needs of and etgiems of
the home care system depending on their backgraeumid
their motivations. For example, an Occupationalr@pist for
Shirley might see getting her more mobile as thenrpaor-

ity whereas a clinician might see the main priogs/reduc-
ing her pain. Shirley’s main motivation on the othand
might be neither of these. She may see independenter
primary requirement.

(9) Resolution of requirements conflict.

There should be a facility to support the negatiatf multi-

ple requirements. This could be achieved for exanhyl re-
vealing each other’s requirements in order thadecght per-
spectives can be explained and empathised witlit @ight

be dealt with by assigning weights or prioritiesdifferent

stakeholders and a tool could reason about thdictimd set
of requirements. Outcome measures may need todiallgo
negotiated as the best clinical outcome might hetygs be
preferred over the best well being outcomes.

(10) Correlation with other processes and work practices
such as care assessment.

Given the constraints on resources of health awélsoare
professionals, any tools or methods introduced rbesper-
ceived as beneficial in the first instance. Theystraiso be
perceived as having little or no impact on workl@ed time.
Requirements methods should be lightweight enowgbet
easy to use yet rigorous enough to provide allfdatures
mentioned. An added benefit of such tools is thktwlo aid

assessment and audit of the prescribed technolegyin-

stance, it can capture what is prescribed and widyiacan
track changes in technology prescription and usmes need
change.

5. SYSTEM SUPPORT FOR
INTERACTION EVOLUTION

Our systems approach is to model both long termsdudt term
changes within ainified modelin order to support both types of
change and to link them with the requirements exgging meth-
ods and techniques discussed in Section 4. Inathys the system
should be able to identify and reason about changéor support
human reasoning, and offer configuration optionsstot and
therefore support the evolution of interaction.

5.1.dentify opportunities for change

We need to be able to identify the opportunitiescteange within
a system. This can include identifying the devittet are avail-
able, which are currently in use and which haventexdded and
removed recently to the home care system, as we¢li@available
interaction methods or modality choices.

We define acandidate for configuratioras a combination of de-
vices, interaction techniques, modalities used aaqporting com-

ponents required to instantiate a new configuratibis possible

to determine the candidates for configuration bihngia service

discovery subsystem to detect which devices ardaiie to the

system at any given time. Ontology based serviseoslery sys-

tems [21] can provide additional reasoning on theicks avail-

able to allow for semantic knowledge about devitede mod-

elled directly within the service discovery system.

This style of service discovery works by allowingvites to regis-
ter their availability as well as meta-data abcwe tomponent
such as its purpose or the ways in which it candsl. This ser-
vice discovery allows the system to determine #teo$ opportu-
nities for change based on device availability.

5.2.Reflect/judge alternatives

Once the options for change have been discoveriedhigcessary
to reason about the available options and deterithigie suitabil-

ity. We will discuss some exemplar types of reasgrtiere refer-
ring to the example scenario presented in Sectibn 2

In a homecare environment it is likely that useit mave prefer-
ences for which devices or styles of interactioruse, but in a
multi-user environment it is likely that Fred andirgy will not

have the same preferences all the time or in timeesarcum-
stances. Thus it is necessary to be able to mumbision making
based on potentially conflicting viewpoints on htavaccomplish
a task.

Fred and Shirley have different capabilities faemction — Fred
has difficulty hearing while Shirley has limited hility. In this



case speech dialogue based interactions may malse der
Shirley as it eliminates problems with physicaliyeracting with a
homecare system but may be an inappropriate cHoic€&red.
These conditions are also likely to change oveetind will need
to be revisited periodically or when events foraehange and this
must be supported as an additional interactionimitie system.

When a visitor is present, such as Fiona or theakoare worker,
this contextual change will affect the choice oftinegl of deliver-

ing information to the couple. Reminders about icegibn or

household chores may need to be suppressed whiée people
are present in the home - this problem is exacetbaten the
information to be presented to the occupants & asnfidential or
embarrassing nature. This requires that context@mation be
included in the decision making process. To supffeese, and
other, types of decision that would need to be mael@rgue that
it necessary to provide support for several difietechniques for
configuration which allow these decisions.

It must be possible for a user to manually confginteraction
such that they are the ultimate arbitrator ovepmafiguration and
can have the maximum level of control at the expesfsdlynamic
adaptability. It must also be possible to includeesal analytical
reasoning components which operate over the sgbssfible con-
figurations. Examples of these might be locatioreferences or
contextual results such as ambient environmenttbifa which
can be directly measured, analysed and decided. lipomist also
be possible to include techniques which interathhe user on
an ongoing basis to maintain relevance as oppased‘fire and
forget” configuration which would become less appiate as
conditions changed.

It may be possible to assess alternatives basedrecord of their
previous usage (e.g., identifying alternatives thave proved
successful or otherwise in similar circumstancds)is may be
based on logging of user-system interactions ecard of special
events of interest (indicators of satisfaction dssdtisfaction)
about the current configuration. In addition tongsthis informa-
tion to evaluate alternatives, it may also be thsid of further
evaluation, trying out new configurations on an exkpental ba-
sis.

Collaborative techniques, ranging from collaboratfiftering [8]
to negotiated choices between interested partiele@arly impor-
tant in a multiuser home and it is necessary t@srighis ability
to allow for conflicting sets of values to be comdxdl to decide on
the best configuration to use.

We discussed several techniques in this sectionréree from
fully manual techniques with no user interactiontéeshniques
which involve ongoing interaction with the userthsir primary
concern. Clearly not all of these techniques gmer@priate in
every situation but we regard the ability to alléov a range of
manual and automatic reasoning techniques as amoninire-
quirement for an effective decision on the cormtfiguration to
use in making both short and long term changes.

To do this we propose that a selection of thedenigaes may be
present at any one time within a homecare systémvhizh only

some may be used. Each technique could deriveréferences
and provide its rankings of the suitability of anfiguration to a
central configuration manager which can combine \thtes to
produce a solution.

This approach shares some similarities with thegss of voting
in an election. There are many voters, each wfterént ideas of
how things should work and who have each usedrdiffetech-

niques to arrive at their conclusions. These vatiisbe in con-
flict with each other and some may be wrong or mapriate
choices for the situation. Likewise, homecareeayst have multi-
ple users with different ideas and some votes neasubmitted by
automated techniques as delegated to by humansvaner differ-
ent technigues can be used to derive votes.

5.3.Make decision/implement

Since the act of choosing an interaction style riehtly involves
conflict between different parties a voting systemnthe natural
choice of modelling this as it is the current stnadfor resolving
these issues in the real world.

Multiple voters would be present in a home cardesysand their
votes must be combined to make a choice of interactTo do
this we propose the use of a technique similatdcteral systems,
which may be based on modern voting systems, wdriettapable
of taking the votes and choosing the winner(s)roélection.

Using this approach allows us to combine the véims various
sources, even if they are conflicting or contraatigt and deter-
mine a solution.

As with real election systems there are differeehddits and
drawbacks resulting from the choice of voting systesed to
combine votes. Common issues arising from votiygiesn are
preventing dictatorship of one voter, maintainiraggio efficiency
and independence of irrelevant alternatives. Hewneve are not
necessarily limited by the same constraints — xamngle in some
situations it may be the case that one voter'siopiactually does
matter more than others.

To cope with the issues presented by different sypk voting
system we propose that the electoral system itgelfld also be
dynamic and there may be multiple such systemssm at the
same time — both as multi stage elections as wselleparate elec-
tions for different interaction tasks.

Unlike a traditional election system we can alsoade which
voters are allowed to vote in a particular electalowing the
choice of which decision making techniques to use.

We believe that this offers a rich representatiérihe different
techniques involved in the decision making procasd allows a
natural expression of how each participant in@esion is treated.

5.4.Iterate/repeat

Over time new criteria will emerge that will neexlie reasoned
about in order to choose the best candidate fofiqumation, ex-
amples of these might include new people or deugeging into
the home or a change in what aspects of the camedidae really
important. To do this it must be possible to agd rechniques or
change the techniques in use within the home, \weoagh this by
allowing additions or removals from the active &t models at
runtime.

The concept of ongoing re-evaluation, discussediqusly, re-

quires a process of evolution to improve the situabver time
and through changing circumstances. To accommottiédeit

must be possible to decide when it is appropriageetrform these
evolutionary steps. It may be desirable to chahgeactive con-
figuration as soon as a new device or context ahaegurs, but in
some circumstances it may be desirable to limit nhenber of
changes that take place or to cause them to oteufixed time or
after a certain other event has taken place.



We model this by allowing voters to change theinagnbn how
they wish to cast their votes and signal this astéication to the
election system. The election system may then idimely call a
new election or may instead impose limitations loa frequency
of re-elections.

As this approach is continual and applied on arporggbasis this
allows for an iterative decision making processupport evolu-
tion of interaction within the home. This design §ystem support
builds upon the ideas for evolution as multipletetl instances of
personalization or customization by allowing for Itiple in-
stances of reflection and judging of alternativesf@med by
voters which are capable of individually reasonavgr the candi-
dates for evolution which are then combined tovelfor decision
making to take place.

6. PROOF OF CONCEPT AND
VALIDATION

As a concept demonstrator we have designed a hameesgstem
framework that incorporates both support for anl@ianary re-
quirements process and software components to sufipo dy-
namic nature of home care systems and the interaetiolution
as described in Section 3.

The software approach used in this framework (sgar€ 3) is
based upon application tasks, similar in structor€oncurTask-
Trees [16], which can achieve the high level gadishe system
(e.g. monitoring some sensor streams, notifying uker about
relevant events) while remaining interaction stinedependent.
The Interaction Manager component is responsibienfediating
the choice of interaction configuration using tleehniques dis-
cussed in Section 5; this includes connectingdsks to appropri-
ate input and output devices as well as instangasupporting
subtasks required.

input Tasks output
devices devices
Policy Service
Interaction
with User
&
Usage
History
Context sensitive functions Contextgal
Information

Figure 3. System Architecture

The system includes a representation of policieshvban specify
rules to coordinate the presence of applicatiokstagithin the
system. The Interaction Manager may be triggesethbse poli-
cies; either as a result of ongoing policy reviewas a result of
changes made by the user to the policies. Theakctten manager
relies upon a Service Discovery system to deterrtireavailable

devices it may use. Several configuration techesqean be used
by the interaction manager to perform this role.

Configuration techniques may further rely on addisl informa-
tion (such as usage history or contextual inforamgtor may initi-
ate further interactions with the user (in the casbuman driven
techniques). The interaction manager may additiprize trig-

gered to review the choice of configuration by thehniques cur-
rently in use — allowing rapid reconfiguration wheecessary.

We have implemented an initial prototype of thianflework, in-
cluding the interaction manager, which has beenotetnated to
be able to use several of the techniques discuasesiection 5).
The framework is currently being developed to adaremtech-
nigues and allow them to be used as well as straicsupport for
combinations of technigues in election schemes.
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Figure 4. Prototype Demonstrator

An early demonstrator application built on this nfiework is
shown in Figure 4. This demonstrator is capablsebécting an
appropriate interaction technique for a monitoriagk from a set
of available interaction techniques. In this destmator the tem-
perature is to be presented to the user on oneoe af 3 devices;
a console, an emulated TV and a speech synthedtisnsy(hosted
on an emulated mobile device). The system cansehadnich of
the devices to deliver the temperature informationbased on
their availability, user preferences or the uséstsation with the
ability to switch between selection techniquesiatime.

The features that need to be supported in requiremmaethods
for home care have been identified. An applicatoheing proto-
typed in conjunction with stakeholders that can @sta tool to
support many of the features described in SectioBage studies
such as the scenario in Section 2.4 are being tesegplore and
validate how these features can support the praglessolving,
multi-stakeholder requirements. In particular, we working with
stakeholders to evaluate the process of deferengirements as
care needs change over time.

7. CONCLUSIONS

This paper argues that due to the dynamic natuteoofe care,
novel methods are required for the development arhédn care
systems. The paper details the features that diesissehome care
and illustrates the complexity of the home care @iomit suggests
several features that should be available in requénts engineer-



ing for home care technology and describes metfimdsystem
support for interaction evolution in home care sys.

Future work on the requirements engineering tear@sqwill in-

volve continued development of a tool and caseistu validate
the value of the features detailed in Section 4dmment of the
computer-based support will focus on implementatiérsupport
for management of multiple evaluation functions @anently as
well as allowing combinations of evaluation funasoto be used
together.

We believe that the approach of explicitly modejliavaluation
criteria as functional components allows for a moomsistent
approach as well as more flexible combinations riteiGga. We
have implemented a prototype incorporating thesmaddin the
home care domain. Our current prototype is capafbteacting to
changes in context and user preferences and deiegrthe cor-
rect output modality and device to use based omebelts of vot-
ers.

We are continuing to develop our ideas and concefitsn the

home care domain and specifically with interactiethods as it
offers a rich variety of challenges such as higtifjypamic and
complex environments which change over time b tesearch is
applicable in principle to a wider range of sitoas involving

multiple stakeholders and decision making withiteiactive sys-
tems.
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