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ABSTRACT

Technology for building smart homes is here today; make autonomous decisions,

however, a solid understanding of how people wileiact
in these spaces is not. In this paper, we pregantsearch
into designing a smart living space that focusesberent
social behavior and in turn facilitates social iatgions.
We start by explaining our initial design scenagnd then
discuss the process whereby we obtained data alseut
needs in a smart living space. We then offer simgiples
for building an environment that assists in homéviies
and explain how these principles could be appliesimilar
projects. We walk through selected parts of owigieand
then offer recommendations and future directiomssfoart
living space research.
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INTRODUCTION

a digital video recorder that already has builtegic to
such as recommending
television programming based on predefined user-set
viewing preferences. A Roomba robotic vacuum aean
makes autonomous decisions when navigating witmin a
environment. These decisions are especially evidatit
regard to bumping into other objects and turning or
detecting when there is a steep drop-off. Our dhiti
prototype makes use of these specific devices anital
testbed. Also, these somewhat “smart” devices pewa
reasonable means for testing agent-based interfiaces
consumer, social milieu. They also provide a goesting
ground for fine-tuning mediated social interactions

Several software agents and presence detection are
accomplished by Symbol XR400 RFID readers [20]nglo
with the TiVo and Roomba devices. The SmartSpaces
project combines all these devices and sensorsanithly
networked environment to provide context-awarest@sce

to individuals and groups - specifically, in thesfiphase of

the SmartSpaces initiative, assistance with home
entertainment decisions and control and maintenahtee
home. This paper provides guidelines to tie togetie

Various concepts for smart living spaces have beerfhese devices in a user-centered assisted livingeho
designed and developed since Mark Weiser's originaldeS|9n- We initially brainstormed the following segio as

vision of ubiquitous computing [23]. Although maaf/the
technological problems Weiser originally put fortiave

a means to incorporate these devices into an eddising
situation:

been addressed, there still exist many open questio \arin is watching his favorite TV program. P'nitames

regarding the technological mediation of sociatiattions.
Specifically, in physical spaces such as livingmsathere
are preexisting social patterns of interactions tigeed to be

addressed before consumer-targeted ubiquitous dimgpu
A solid

can be introduced into people’s homes.
understanding of user needs and the social dynaohitee

into the room and wants to watch something elsee Th
program pauses and the lights automatically brighté
menu pops up on the TiVo offering a selection fitbm

joint preferences, and alternatively to move Madstin

program elsewhere. On his way out, Martin spillpparn
on the floor. P'nina requests a vacuum to coméeéoalivving

home is necessary to drive the design of home-basegdy,m. when the vacuum arrives, she directs it éosgilled

ubiquitous systems.

The Carnegie Mellon West SmartSpaces researchtindi
is examining these issues as a first step in piogidssisted
living solutions in home-based environments. Oseasch
is focused on how to design and use context-aveayent
mediated services to provide rich, usable and cuigtble

support for a home environment. In our current phas

SmartSpaces consists of several off-the-shelf prtsdsuch
as a TV, TiVo [21], Roomba [19], and iPaq [14]. TAO is

popcorn. When the vacuum finishes, the lights diaira
and her program begins to play. If not clean enqusfie
directs it to clean again; perhaps a second Roommtraes
to help. Martin has retreated to his home officevetch his
program on another TV, which continues where itqemli

This scenario includes several important aspecty ss
each resident having separate iPaqs to controlr thei
surroundings and continuous agent monitoring. Wk to
this initial scenario and translated it into a cofook form



for storyboarding purposes.
storyboard after an in-depth contextual interviewd a
gained insights about our design scenario. Inghjser, we
will walk through our user research process ana tve
will present the design principles we discovererbuigh
our ethnographic research. Then we will demonstnate
these guidelines can be more broadly applied amdthey
specifically influenced our design of the Smartzac
interfaces. Finally, we will address challenges the
SmartSpaces context and suggest future directions f
SmartSpaces and assisted-living design research.

CONTRIBUTIONS

This paper presents two contributions to the fief
Human-Computer Interaction. First, it provides desi
guidelines for smart living spaces that are basetdwoman-
to-human interaction research. Past work has fataeehe
individual in a ubiquitous environment but here previde
guidelines for supporting multiple people. Guidensuch
as the ones presented in the paper can be uskd design
and development of consumer-targeted smart livpagss.
Second, this paper presents novel concepts
incorporating socially-aware software agents aresg@nce
into a smart home in an effort to improve soci&iactions
and productivity in daily life. There has been muatrk in
the past on software agent behavior; however troskw
promotes the technological mediation of socialratéons
as ways to solve a multitude of issues arisingpenhtome.

fo

RELATED WORK

One key aspect of the SmartSpaces project is theofis
agents, specifically the CoolAgent frameworks [1Bhe
CoolAgent project developed a testbed for schedulin
meetings and associated spaces based on the plreiex
mobile professional must fulfill many work-relatezhd
personal roles and might be too busy to attendllttha
relevant information presented. The SmartSpacegegro
utilizes a similar agent structure for the homeragkesign;
however the technical agent framework is beyondstupe
of this paper.

Other projects have also recognized the office renment
as needing agent intervention to alleviate commatitn
breakdowns. The RhaiCAL system uses agents to oronit
incoming email in order to mediate meeting schexdyli
[10]. The RhaiCAL agent proactively checks with teer
when the agent’s interpretation might or might o
correct. The beneficial use of agents can alsstemd the
office into the home or one’s personal life. Theersty

Then we presented thisbeen used to optimize the comfort level of peoplahie

house while lowering the operation cost by usinedptive
algorithms [4].

Unlike many agent-based interactions, the Smar&Spac
project's emphasis is on assisted living in the éwoim later
phases of the SmartSpaces project, we would lilkdepdoy
our solution to several homes and perform longitaldata
collection. Other longitudinal field studies haveamined
adoption of technology in the home with regard tonk
technology and internet usage [16]. Longitudinaldsts
like HomeNet have been valuable, at the very léast
understanding how to design internet services ftferent
demographics. To gain insights on the social egolof
homes and user needs for next-generation products,
combinations of user research methods have beeh Bye
utilizing in-home, lightweight ethnographic resdarearly-
stage prototyping methods, and focus groups, skwera
home social communication devices were evaluatedl an
redesigned [15]. Other projects have examined key
interface issues of home-based ubiquitous systexhdhave
'addressed the fundamental interaction differenedaden
standard GUI interfaces and sensing systems amtfidd
five main interaction issues revolving around syste
response and ambiguous human input in a sensing
environment [1]. Zimmerman and Oznec also tookasel
look at the social relationships between single rndtiple
home occupants, and single and multiple agentsf@untl
the dynamic differs between each set [24]. Edwandd
Grinter presented seven challenges to smart horsigrde
including how aware-home technologies can have stimo
unpredictable social implications on normal rouif&].
For the first phase of the SmartSpaces project ket
these issues in mind but focused on the mediaticodal
interactions in an assisted living space.

Past work has examined preexisting social customani
effort to design a more intelligent home of theufet
Crabtree and Rodden outlined various ways peogdeepl
postal mail around the households in England amdved
how it can act as a social cue depending on whedtehaw
it is placed — for example on the corner of a tdalk€ng
outwards as opposed to the inner part of a tablekstl in
one pile [5]. Other research in the United Kingdduas
yielded important guidelines for the design of snfemmes
based on routines [22]. Dewsbury and others desttritow
designing a smart home for disabled or elderlydesis
will vary little except for a “perceptual shift” irerent in the
design to ensure the needs of all are represemtetiei

behind a goal-oriented web browser can decipher thed€Sign [7]. They also presented twelve guidelimessmart

content on the wuser's webpage to generate othe
personalized semantic pages [9]. The Creo and kdints
can, for example, recognize that a user is looking recipe
page and offer ways to purchase the ingredientherOt
projects have used notification agents to assistthm
planning of personal activities. Several notifioatiagents
can be used to facilitate the planning and orgaioizeof
social events [17]. In the home environment, agéatee

home design, including how design specifications fo
device interaction must be linked with how thesensa
devices will interact with the residents of the snfme.

Related previous fieldwork has yielded many impatrta
design principles such as how tasks in a houseotiem
device and location independent and how housesgptale
in individual identity [6]. These conclusions wedeawn
from research out of the laboratory setting. Howgwéher



projects such as Georgia Tech’'s Aware Home derivebetween two people. We interviewed a range of peopl

behavioral patterns from in situ observation [1ZJhe
Aware Home studies a wide range of smart homeeglat
issues, however at this stage SmartSpaces chodesus
on the interaction of two people and the smart hddtber
projects have used a combination of methods such as
Wizard-of-Oz approach in a somewhat public envirentm
to gather information for ubiquitous computing gyss. A
ubiquitous doorman was designed by simulating dpeec
recognition, and, by doing so, the multimodal desigas
modified [18].

Incorporating the Roomba into the
environment requires grounding in prior human-roaot
human-agent interaction research. Ethnographic iesud
have introduced Roombas into Pittsburgh area haldeh
and discovered that the Roomba quickly becomes gfart
the social ecosystem of the home. In additionudes of the
robot technology becomes a social activity wherethie
past it was more solitary. As a social activityppke tend to
anthropomorphize the Roomba [13]. In addition,
incorporating a TiVo into the SmartSpaces environime
also requires grounding in previous entertainmesstesn
research. To improve the design of a TV show

recommender, Buczak and others developed three user

models and the notion that, to be effective, the
recommendations need to have a reflective hist8tylh
other words, the recommendations need to reflectt wie
TV viewers currently like and show how these cotioas

are made in order to gain trust with the end-user.

CONTEXTUAL RESEARCH

To gain a better understanding of people’s behgadtierns
with respect to the SmartSpaces scenario, we ctediuc
interviews with nine San Francisco, California BAsea
residents. Prior to going out into the field, weldhan
affinity diagramming session with key stakeholdershe
project. From this, we identified eight main foci:

. Ideal agent behavior for convenience and use$sin
. Dealing with interruptions

. Preferred input and output for smart space atesn
. Dealing with multiple people

. System and user preferences

. Roomba instruction and other home maintenance

. Daily routines and patterns of behavior in tbede
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. Emergency events — when to stop agent behavior

From these foci, we developed a contextual intervie
protocol that touched on each of these foci andrgpioints
of investigation. We traveled to participants’ haaound

from recent college graduates living with roommaties
newly married couples with and without children anter
couples who have been together longer periodsnt.tin
order not to affect or bias responses, when acdegtifor
interview participants, the only detail we revealeas that
we were interested in talking about entertainmeetving
decisions and cleaning at home.

A team of two investigators conducted one hourririgsvs.
We divided up the interview by first using an adapt
contextual inquiry method in the first half-hour to

SmartSpacesunderstand the needs and “breakdowns” in the stghjec

current living situation [2]. In the second half thie hour,

we introduced the SmartSpaces Design Scenaricomic
book form shown in Figure 1. We elicited feedbaglge

by page, and let the comic-book guide the discussio
among the interviewees and between them and the
interviewers. This method seemed to be more effed¢hian
simply reading the scenario or bringing storyboawaishe
in-home visit, since a comic book is inherently aren
familiar medium than a storyboard — especially domore
complicated multi-agent and multi-device scenario.

Figure 1: Original SmartSpaces comic book storyboais

We analyzed the contextual research data for boxesl
across the participants. In addition, we examimedds in
people’s discussion of the comic book scenario esem
the following section we will outline six designidalines
abstracted from our research that we applied tactineent
phase of the SmartSpaces project. These guidetioelsl
easily be extended to any assisted-living or sensin

the Bay Area and video-recorded the interviews. Theenvironment. We will explain how they can applyatier

participants lived in households with at least tpeople,
because the bulk of the initial SmartSpaces soenari
involves mediating television programming decisions

domains and explain how they applied in our regearc

. Design in sensing physical spaces should aim,
foremost, to promote human-to-human interaction.



In an ubiquitous system with multiple users, noéfions
should be given to the users so that all are awérine 3 -
present state of the interface. When designingngerface ‘ v T — .
for a computer, mobile device, appliance or kiosk f 1

example, is it assumed that only one user willrteracting LA

with the interface at one time. In other words, thput [ -

from the keyboard, keypad, or mouse or other direct 4

manipulation input method is assumed to come frara o = éh-——.

user, and the output is designed for just one asavell. In _j

multi-user spaces the output could be displayeahutiiple i —

people and the input might not be specific to s user. Do you two want to

The interface in a multi-user ubiquitous system udtho Y- " continue watching Nova?
notify the users and aim to promote human to huma e = 3
interaction first so that people can jointly disswshat the . ' B8 | Continue Watching >
next course of action is. A home telephone for gdam - r‘* .. "Find Something else we like
rings and in some cases notifies the residentsisvhalling Y .

in order to signal that the phone needs to be amsiver 4 :
ignored. At that point, people can discuss andddetd let . - ] .

it ring, or answer the incoming call. A similar mphor Figure 2: Agent intervention during a program
needs to be used for assisted living smart homes. After a delay of 10 seconds this pop-up would diezp

In our research, the interviewees conveyed the itapoe ~ @nd the program would return to normal. This wag th
of passive notifications. Although participantsked about ~ hotification either on the iPaqg or TV screen woaltt to
multiple instances where automation would be weledy ~ Start a conversation and would provide more infdione
agents, people stressed that whatever notificatoey ~ @nd a potential solution only if people opted irttee
received should act as a conversation-starter ratiam an  °riginal notification.

immediate solution. For example, initially we shawe 5 Assumptions about intent must be derived from me
screenshots in our comic boo_k scenario when P’ning&nan one action.

entered the room and the TV switched to a screanwhas o ]

separate from Martin’s original program. Peoplesatially ~ When designing a system that relies on human mowveme
thought that the idea of the SmartSpaces envirohmentO trigger system input, more than one physicaioact
immediately proposing a solution was absurd sinsman  should be used to derive intent. One example cdudtyf

conversation would likely resolve any conflict ckéc and ~ Modern-day implementation of RFIDs and presence in
more intelligently. consumer space is in theft prevention. Door serisoetail

] ] ) stores detect when someone is passing throughawittem
With this feedback, we changed the design of theizgged with an active RFID, and when this happéoss
SmartSpaces comic book storyboards and our TiVoemployees and guests are usually alerted with c darm.
interface design. In the original design our hyests was  The problem is that people could be entering tbeestith
that people would want a solution to their dilemi@ 5 previously purchased item with an active RFIDaatore
presented as quickly as possible and to avoidnediate, employee could have left and RFID tag on an itetarad
seemingly unnecessary steps. The intermediate StePSurchase. If presence were to be coupled with physi
however follow a pattern of normal human discouasél  movement direction, then more intelligent or fevaarms
pragmatics. For example, when one person is maing could be used. For example, if someone is entehiegtore
request of another, it often helps to buffer tieguest with  ang passes two discrete sensors employees coultbted
conversational niceties such as "If you don't mindould j 3 |ess noisy manner to talk more discretely witht store
like to X." So instead of immediately obscuring the guest. Or if someone leaves the store with an itét an
television content, we opted to follow the samagratand  ;ctive REID and then reenters after the alarm obieshen
first show a notification on their respective iPaisce i he alarm should not go off again. This way, lilgrdess

the current implementation of SmartSpaces we arengise would be emitted into the store which wowdderve
presuming will have iPags to modify and controlithe the glarm primarily to signal theft.

environment. If that notification was not attendedwithin

30 seconds, a more subtle opaque overlay screewoizd We discovered the importance of this guideline aigfoour

appear in the corner and offer the choices to eithe User interviews and discussion of the storyboahdsthe

Continue watching the original program or 2. Find first page of the comic book, P'nina enters themaand

something else they both would like — see figureA@er ~ SmartSpaces detects through a previously set prefer
we modified the original storyboards, we receiveedback  that she does not like what is currently on TV tlsey are
that interviewees viewed this approach as a motarala  Poth notified by a full screen menu on the TV. Abhall of

way to promote communication and make decisions. the participants reacted quite strongly to the idbat
simply entering a room will trigger an event andsalre



the television screen that they were watching. Eipefly,
people generally thought that a notification thamnsthing

else is on television would be intrusive and soineth

better left to a discussion with their partner. #orrect
assumption burdens the users with the task of d&ng it
instead of helping them to be more efficient. Tieid our
data showed that people often spend time in thegixoom

space together. A simple common equivalent is where
than the recommended amount of people board aatelev
— the weight detection sensors alert the passetiggr®ne
or more people need to leave the elevator. Thenskcase
is when the environment is not optimized for twonoore
people. By detecting which people are present,iguitous
system can offer solutions that are beneficial tergone

entertaining themselves in other ways such as with present. The third situation is when one pers@prently

magazine, newspaper, book or laptop computer.

Also in many instances, the newest person to thiedl
room just defers to the person who was originaltoling

television since they feel that the other persors ha

ownership over the television at that point. Wenfbuhat
this phenomenon mainly exists between people aihdss
age cohort and does not usually occur betweenenpand
a child for example. This lack of one-to-one relaship

between an action and intent applies to many othe

situations. For example, a person may enter thehéat to
find another person who they think is in the kitcher a
person may pick up a plate with possible intentiohssing
it, washing it, or storing it. We need more infotioa if we

want to make safe assumptions about the intentnof a

action.

With this in mind, we focused on more explicit wagk
signaling the intent of changing the channel. Inideal
situation, at least two metrics of physical movetr&rould
be used to detect intent. In the store example fabove,
moving past an RFID sensor coupled with the dicectf

r

using a device or set of devices but in actuafitpat using
all of the device's resources. Utilizing presenaa detect
and inform people that one person would be betfér o
relinquishing control of that device. Although mastour
participants did not want mere presence to diotdtat is
being shown on television, we did observe manyaimsts
where presence would be quite useful. Several esuil
our interview set recounted times when they cowtlfimd
anything on television that satisfied both peopént]y.
Others we interviewed had small children in their
household that were prohibited from watching teden
content with certain ratings. And most people wketd to
have left their television on at one time just asbant
noise while they were performing some other taskall
these instances, our interviewees believed thagctey
someone’s presence would be a useful addition éir th
current living room.

Before:

movement would vastly cut down on false alarms and B

sharpen the signal of when theft is occurring. he t Disiiie | ke

SmartSpaces physical space, movement into theglivin

room coupled with staying in the living room anécking After:

for a control device would also all help infer thia¢ person T

entering the living room does indeed want to taketil of

the living room to some extent. AB
We designed two possible use cases, so that résiitetine Dhiglike Like

SmartSpaces environment could use their standave Ti
remote controls or an iPaq with TiVo remote funatility.

In an environment with only one TV remote, an RRHQ
in a wristwatch or a bracelet can monitor when somaés
hand is close to or reaching for a remote confadm this
we can deduce that their intent is to at least takerol of
the input to the TV. In a dual remote context, sashthe = watch television together, and spend time with anether
SmartSpaces environment, where each person haaan i unless they needed to watch a specific time-depgnde
to control their environment, an inhabitant in the sporting event, or an important show that wouldiifcult
SmartSpaces environment could simply switch toTitwo to time-shift, such as a season finale or an awaoWw. In
functionality on their iPaq remote. This would fitdgger a  the cases where there would not otherwise be a tway
notification on the other person’s iPaq, and thentloe watch TV together, people preferred that a systemmldv
television screen, if the person does not resporttid first proactively intervene to suggest other programming
notification in a timely manner. choices. Ideally, this conversation could stargipassive
manner simply when one person entered the room. The
TiVo would keep a list of joint preferences andyonhen

two separate programs had a great discrepancyrirs tef

Figure 3: Intervention to mediate conflit

When participants had strongly conflicting teleoisi
viewing desires, they would have liked to have saor of
system to intervene mainly to help mediate in cosaon.
Participants stressed that one of their main geals to

3. Presence should act to avert conflict in critida
situations and also offer mutual solutions.

There are three distinct cases where presence eaefit
end users. The first being where a conflict or probarises
as a result of two or more people being in a cenpaiysical

user ratings, such as TiVo's two green thumbs upiwe
red thumbs down, would it intervene to suggest ¢bing
that people would jointly like to watch. Figure &presents



a situation where person B is watching a certdigvision
program that A cannot stand.
environment detects this discrepancy in the “béfoase,
and intervenes to find a solution represented én“diter”
case.

Another beneficial use for presence detection isceng
certain content from young children. In several
participants’ houses, their young children couldilgavalk
around later in the evening when unsuitable vioteradult
content is showing. A great need was expressed foay
to automatically stop whatever was playing on T\.the
time of writing, TiVo has introduced a user intedga
feature, KidsZone to partially address this needonly
providing suitable television content to childrefhis
feature could be extended greatly through a wearBBID
on the child’s pajamas or clothing. Participantsthwi
children also recalled times when they were busyhim
house so they would queue up programming from ke T
to play some children’s television content in orttekkeep
their child occupied. When agents detect a childtha
living room and a parent in the next room, aftereatain
amount of time the TiVo could start to play contdrt the
parents deemed was suitable for the child as veeblack
out content that was not suitable.

of

Before:

A

Dislike
After:

Like

AB
Like
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Figure 4: Intervention to reallocate resource
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Figure 5: Intervention to offer mutual solutions
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Even though at times it was somewhat difficult for
participants to find something they could watchethgr,
participants recounted many other times when theyply

keep the TV on as ambient noise. There were many

The SmartSpacesanecdotes of having certain programming on while

participants cooked, cleaned, or did other typewark. In
situations like this if one person is situated lire tiving
room but not actively watching TV, SmartSpaces arub
could notify the newest member to the living roohatt
there is another show available, either live orguerded,
that both might enjoy. For example, in the secoaskdf a
program is rated neutrally by one person but amgibeson
enters, the TiVo could suggest something they bathld
like to watch more. In Figure 4, person A has awdly
turned on the TV but person B enters, representetihe
before state. The SmartSpaces agents detect thiag ih
something else they would both prefer to watch st t
choice is offered in the after state.

There were also instances of when the interviewea®
indecisive, since they did not want to watch amyghi
prerecorded and were not sure of what to watch dnlit
this instance, SmartSpaces notifies them of other
prerecorded or live shows that they might actudlly
interested in. The current TiVo user interface rtairs a
list of programs that it deems the viewer wouldelik
however the user interface never proactively offiresse
options to the viewer unless the program is aboube
recorded. The third case, as illustrated in Figyris where
agents intervene in the before state to offer Enogning
options that are preferred by both by person ARrnd the
after state.

The agents would decide to notify the viewers isesatwo
and three (Figures 4 and 5) depending on othelicaetuch
as how much continuous time is spent in the liviagm,
and how much time is spent using other devices ewhil
watching TV. Other agents could be involved in this
detection process as well, for example if someanm ia
living room, a laptop agent could detect the fremyeof
keystrokes and packets sent or received. Ostensibly
someone is typing a great deal and using the ietein
could be argued that they aren’t actually activehgaged
in the television content.

Other agents that monitor kitchen appliances caldtéct
when someone has multiple range burners on oresing
and closing the refrigerator a great deal. If thens person,
who is now in the Kkitchen, originally queued up
programming in the living room, it could also begaed
that someone else in the household should be aloleainge
that programming. Here device agents can intertemelp
one person gradually relinquish control of the T¥ t
someone else.

4. Proactively ask for input on preferences.

As systems rely more on user-generated ratingsciitical
that the end user be involved in easily settingéhetings.
Although proactively asking the user for informatiocould
potentially be a nuisance, in more complex systénss a
vital part in tuning the system for the end useror&
importantly, through our research we found thatvjating



input on preferences is a welcome interaction ag s the
user is assured that their overall end experienitie be
improved.

All except for one of the participants were familgith the
TiVo rating buttons on their remote control whiate aised
to rate television content explicitly, ranging frothree
thumbs down to three thumbs up. About half of thepte
who knew the purpose of the buttons disabled itnigai
because of a fear that the shows TiVo would recontime
and record would take the place of a show they edtd
record. Initially we believed that the users' lack
willingness to set preferences would pose a prolfmmna
system that would rely on explicit user ratingsonder to
present programs that people would jointly enjoyfurther
discussions with the same participants, we fouad itiany
of the same TiVo owners also subscribed to NetFlian
online DVD ordering system. NetFlix also incorp@sthe
idea of individual users rating content in ordeb&able to
provide a finer-grained set of content choiceshim future.
All the NetFlix owners we interviewed regularly agthdly
rate movies that they have rented. We can infarpbkaple
are willing to provide preferences as long as tkreyw why
they are being asked and how their preferencedeirg
used.

This has great implications for our design sinceimof the
agent customization and tuning will rely on exgliaser
feedback. When the TiVo intervenes to suggest viagch
other television content, there needs to be a scthat
presents all of the shows that the people currgmtgent in
the living room enjoy watching. This base of knodde
about the user’s preferences for shows would havbet
collected, either at the user’s discretion or ppshanore
proactively. For example, if two people watch thdirety
of a particular television show together, Smartggagould
detect that they are both present in the livingmand ask
for separate ratings on the program they just vestch
Future software agents such as the laptop agentioned

5. Presence should be utilized to maintain user g&
from room to room.

There is a fine balance between an automated syatény
over in a physical space and the same system rirainga
state from area to area. In some respects, a sudiege

of state can be jarring in a physical space. Fanpte
outdoor lights that detect movement could surprise
residents that are not expecting the lights to moTdwrough
our interviews we discovered that maintaining cstesicy
from room to room is more important than concerpsua
privacy or obtrusiveness.

In our initial design we decided that in the caskere
someone would want to move the program to anothamr
with a TV, they would specify where the other piaogr
should be sent and when they arrived the programidvo
automatically start playing. During our contextoasearch,
we discovered that this would not be the ideal gtesi
solution. Often times, there are factors such agplee
already present in the other room that would preven
someone from watching a TV show. Also, we learret t
people might want to accomplish other tasks suafe#ing
a snack prior to moving to another room or potéigtiain
an errand which would alter the original plan ofwimg and
watching the program on another TV.

With this in mind we modified the design so thgbexson
living in SmartSpaces could just request that aggm
“follow” them from room to room, eventually to thdinal
destination (see Figure 6). For example, if a pergants to
stop in the kitchen, the same program would be edielp
and paused when they arrive in the kitchen. Thesquer
could then opt to un-pause the program in the &itcbr
wait until they get to another room to continue aténtg. In
this way, presence is used essentially to freeute and
help the user cut down on intermediate schedulindg a
moving of content.

before or perhaps a VolIP telephone agent could also

determine that, if a person was talking on the phduaring
a program, then they shouldn’t be asked to redé tihe end
since presumably they were not paying attention.

In a broader perspective, a smart environment béairoas
much information about preferences as possible to
minimize the need to guess, therefore minimizing ¢hror

it makes. This has more applications than just home
entertainment design that relies on presence. kample
this would also be useful in the field of assisliethg for
elders or disabled individuals who both, in somesse
have a fixed and regular daily routine. By obtainias
much information about the routine of these indisls as
possible, the smart environment could provide apkm
context-sensitive control system with minimal ersdu
input after an initial preference-gathering phadss would
enable the elderly or disabled resident to conthair
environment with just minor modifications to their
preferences in the future.

Figure 6: SmartSpaces TiVo Notification Main menu



6. Assisted living solutions should build on existg
social customs and behaviors.

easy to control and would mesh with preexistingt@us
from within the home.

An understandable consequence of having a hom%ONCLUSION

controlled by autonomous agents is the anxiety that
residents will in some way lose control of the haus
Although this anxiety can typically be created whiking a
complex interface, the anxiety is compounded whas t
interface is the home itself and, in turn, surrautite user.

That being said, when designing aspects of a shaarte
that involve controlling the environment, careftleation

should be devoted to understanding preexisting aboci

customs and behaviors. The smart home should alesmys
on the conservative side when controlling aspettshe
house such as lights or robotic assistance.

During our contextual research, we interviewed pedp
gain better insights into daily routines within theuse. We
inquired specifically about two aspects: mainteeaaad
cleaning of the house and control of the light lewéhin
the home. For the most part, our participants dad n
directly associate watching TV with vacuuming oheat
housework other than cooking, in which situatioreyth
might opt to leave the TV on as background noideatT
being said, people did see a need to modify tha ligvel
as part of watching TV.

Most of our participants had a semi-regular vacungmi
schedule that occurred about every two weeks. diaatits
with young children however did vacuum more eredhjc
usually closer to meals since meals typically cdusere
of a mess. Almost everyone kept the light leveltheir
house fairly constant except in the case when peagre
watching movies or other similar programming cohten

The most important take-away from our researchaperg
to domicile control is that if someone is goingdontrol
things such as lights, Venetian blinds, or a Rogntha
effort expended would have to be less than or efguahat
it would be if someone were to just sweep up mdypual
get up and change the lights by adjusting the waltch.
To keep this interaction as simple as possible desded
that multimodal input and output would be the gestkand
most ideal interaction. For example, if popcorrisgn the
floor, a person could use their iPaqg to say “RoorGkean
here later!” and then the Roomba would come in witen
person is done watching TV so that they are ndurdied.
The TiVo agent would note when they are done watghi
TV, and if they move to another room, then the Tikdhe
second room could inform them when the Roomba redo
vacuuming so they could return to their originaldtion.

Also, if people typically dim the lights for a p&dlar genre
of movie, then SmartSpaces could learn to dim ftletd
automatically in the future for that genre of maevieA
status indicator of what is happening would appeathe
iPag and TiVo so that if the user wanted to catfeelction
and in turn train the agent, they would have thétwalo do
so. This way, the assisted living solutions woudanain

We have proposed a series of six guidelines to imépm
future smart home and assisted living designs. obign
these guidelines were based on fieldwork relatedht®
SmartSpaces project, we demonstrated how these
guidelines could be more broadly applied to ubmust
systems that involve multiple users interacting time.

As smart home technologies disseminate into arédieo
with strong preexisting social patterns and intéoas, the
impact of these technologies will be measured by tell
they sync with these customs. This work is a fitstmpt at
laying the groundwork for future SmartSpaces user
inquiries with a set of six guidelines that canamplied to
almost every aspect of a ubiquitous interface. A&Ire
phases of the SmartSpaces project are built ouplareto
incorporate these guidelines into the overall desf the
home.

This work concentrated on households with couples,
however many open questions exist when additional
household members are added to the SmartSpacesnsyst
These guidelines do not address situations whene thre
complex family hierarchies, roommates, or guestghim
household. Although we interviewed several peopith w
children, there still exist many open questionsarding
how the SmartSpaces environment would address more
complex parent-child relationships. In sum, thae many
design questions left open regarding introduciregéhtypes

of family arrangements to the SmartSpaces system.

In the next phase of SmartSpaces research, we Wkeltb
focus on expanding these guidelines specificallytte
elderly and to disabled individuals. The SmartSpace
environment can be extended and modified to inaateo
these specific user sets into the design. The simmuof
robots in addition to the Roomba could assist itydasks,
and the TiVo interface could be modified to act as
communication hub in addition to being an entertant
device. All these devices could act in parallel lelp
support an individual’s daily routine and to impeotheir
quality of life.
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