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ABSTRACT

In recentyears,real world objectshave beenusedto reflectin-

formation previously shovn on the computerscreen.While most
earlier efforts have requiredsignificantdeveloperknowledgeand

skills to constructand programthe displays,our approachenables
programmerso userealworld objectsin muchthe sameway that

they would typical userinterfacewidgets. The programmingin-

terfacesleverageexisting paradigms,simplifying the integration

of off-the-desktopisplayandinteractiontechniquesnto standard
programsThe APIs aredevelopedusingthe X10 protocolfor con-

trolling power flow to electricaldevices, thus avoiding engineer

ing issueghatmalke constructiondifficult andtime-consumindor

typical programmers Sampleprogramsaredescribedhatusethe

programmingnterfaces.

Categoriesand Subject Descriptors
H.5.2[Information Interfacesand Presentatior}: UserInterfaces

Keywords

Ubiquitouscomputing,penasive computing,userinterfacetoolk-
its, tangibleuserinterfaces

1. INTRODUCTION

With theavailability of informationsourcedik e the World Wide
Web, usersoften needto stayaware of constantlychanginginfor-
mation,or atleasthave the informationreadily availableat appro-
priatetimesandin appropriatéforms. Quite often, theinformation
is not soimportantthatit shouldoccugy spacen a displayon the
computerdesktop,yet it is of sufiicient interestthat userswant it
quickly accessible.One solutionthat hasbecomecommonin re-
centyearshasbeento incorporatethe informationin the erviron-
ment,anapproachermedubiquitous computing or pervasive con-
puting. In thesefields, non-traditionalobjectsin the ervironment
are usedto reflectinformation of interest. For example,changes
in lighting cancorrespondo the weatherforecast,changesn air
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flow couldreflectfluctuationsin the stockmarket, andchangesn
ambientmusic could signalan upcomingmeeting. A nearbyper
soncouldlook ator sensehechangeperipherallywithoutdevoting
significantattentionto it andcertainlywithouthaving adisplaythat
occupiesvaluablecomputerscreerreal estate.

Many deviceshave beenconstructedhatusereal world objects
to reflectinformation, but typically they arenot easyto construct.
This goalof thework describedn this paperis to provide methods
and programminginterfacesthat supportthe creationof informa-
tion displaysusingreal-world objects. We call the resultinginfor-
mationaldisplaysreal-world interfaces,or RWIs. Typical userin-
terfaceusebuttons scrollbarssliders,andsimilaron-screewisual
displaysto corvey andinteractwith information, whereasRWIs
augmentor replacethesedisplayswith changesn the surround-
ing ervironmentthat corvey informationin a lessdirect but still
noticeablananner

Our work provides programmerswith the ability to usereal-
world devicesin muchthesameway thatthey would usea standard
userinterfacetoolkit. We have developedthe RealWorld Interface
(RWI1) library, a protocolandsetof applicationprogrammingnter-
faces(APIs) for usein controlling X10 devices. The RWI library
empaversprogrammersvith the ability to createtheir own RWIs
usingafamiliar API to displayinformationusingary X10 device.

The X10 protocoltraditionally hasbeenusedfor homeautoma-
tion. The protocolis mostcommonlyfoundin devicesthatcontrol
the flow of electricity to appliancesy toggling power or setting
powerlevels. Otherdevicesthathave beenbuilt usingthe X10 pro-
tocol include motion detectorscamerasthermostatsand remote
controls. Signalscanbe sentfrom a computerover power linesto
X10 deviceswithin alimited rangelike ahouseor alah.

To supportmultiple programmingparadigmsandto understand
how differentparadigmsareapplicablein the conceptof X10 de-
vices, the RWI library supportsmultiple languagesand toolkits.
Specifically the RWI library hasbeendevelopedfor usein two
language$C andC++) andin conjunctionwith two interfacetoolk-
its (Amulet and Tcl/Tk). We attemptedo modelthe APIs on the
paradigmsisedwhenprogrammingn thatlanguageor toolkit. See
Figurel for anoverview of thelibrary. With compactsimplecom-
mandsusinga syntaxfamiliar to programmersa programcanbe
written to control the power levels to electricaldevices. The end
productis a library that, with appropriateoff-the-shelfhardware,
allows programmerso createapplicationdor real-world devices.

We have usedthe RWI library in the developmentof severalap-
plicationsfor homeandsmall office use. Sincereal world devices
reflectinformationin a way not necessarilyobvious to outsiders,
it seemghatindividualsandsmallercommunitiesof userswhere
themeaningof changesn theervironmentcanbeestablishednore
easily would benefitmostfrom RWIs. In turn, RWIs could help
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Figure 1: The RWI library architecture. At the baseis the in-
terface for interacting dir ectly with X10 devices.On top of this
isa C++ layer to support non-blocking thr eadsof execution. At
the higher levels, we created APIs that provide familiar pro-
gramming interfacesfor thr eepopular languagesand toolkits.

increasdhe senseof communityby generatingcorversationabout
information they representjncluding arnything from the state of
machinesn alab to the currentweatherconditions.

This paperdescribeghedifficultiesin creatingRWIs usingtradi-
tional meansandintroducesour RWI library thataddressethese
difficulties. We also describeseveral applicationsbuilt usingthe
RWI library. Notethatthis paperdoesnotprovide thefull API syn-
tax anddescription;pleasevisit http://iww.cs.vt.edu/rwifor addi-
tionalinformationandaccesdo thelibrary.

2. RELATED WORK

This work wasinspiredby several projectsin the areaof ubig-
uitouscomputing. Mark Weiserfrom Xerox PARC developedthe
notionof “calmtechnology'thatseekgo encalmandinform simul-
taneously16]. Theworkisillustratedby artistNatalieJeremijenk
in her“Dangling String; anattractve wire hangingfrom the ceil-
ing in a hallway thatreactsto signalsfrom an Ethernetconnection.
A quiet network resultsin only occasionatwitches,while a busy
network causeghewire to whirl aroundnoisily.

Othershave constructedsimilar displaysusing real world ob-
jects. Hiroshi Ishii and his Tangible Media Group at MIT intro-
ducedthe conceptof tangibleuserinterfacesthat usephysical ob-
jectsasembodiment®f digital information[2, 3, 9, 11, 10]. For
example,alight patternontheceiling reflectstheactiity of thelab
hamstertraffic noisesndicatethelevel of network traffic, andspin-
ning pinwheelscanrepreseninformationalchangesScottHudson
atCMU designedaninformationpercolatoithatusesbubblespass-
ing throughtransparentubesto displayimagesandpatternsthus
communicatinginformationin a pleasingyet non-intrusive man-
ner[8]. The percolatorcanshav presencestatus,shortwordsand
phrasesandotherinformation. Greenbeg andKuzuokadeveloped
digital but physical surrogatesthatrepresentegersonalproximity
and presencausing figurines[6]. Dan Gruenof Lotus usedX10
devicesto constructinformationdisplaysthatshaved presencén-
formationof workersatremotesites[7]. Thisinformationcouldbe
reflectedby the power level to ary electricaldevice that could be
pluggedinto a standardsoclet.

While theseprojectsprovide interestingtheoriesand examples

of interfacesoutsidethe desktop they do little to enableprogram-
mersto build their own devices. To constructmostof the devices
describedpreviously one needsknowledgein electronicsandcir-
cuit design skills thattypical computerscientistsdo not have, not
to mentionthe averagepersonwith minimal programmingskills.
Only recentlyhave researcherbegunto extendtoolkits to address
devicesin therealworld. Someof the earliestexamplescomefrom
contet-aware computingthat considersvaysto supportthe gath-
eringof context aboutusersandexternaldevices[15]. Dey etal ex-
pandedhisideaby consideringvaysto make it easyfor program-
mersto usethis informationin their Context Toolkit [4]. While
theframawork they establishs importantto our work, the Context
Toolkit supportsut doesnotdirectly enablethe collectionanddis-
seminationof informationfrom the realworld. TheiStuff toolkit
from Stanfordis a collectionof configurablephysical objectsand
anunderlyingarchitecturéo mapreal-world objecteventsto appli-
cationg[1]. TheiStuff teamhasprimarily focusedninputdevices,
thoughtheir architecturesupportsoutputaswell.

Perhapsthe effort most similar to our own comesfrom Saul
Greenbeg and his phidgetsproject[5]. Phidgetsshortfor phys-
ical widgets, provide a layer of abstractionbetweenphysical de-
vicesandthe programmerallowing programmergo focuson the
creationof the physicaldevice andits inclusionin asoftwarepack-
age. Phidgetsdescribedin the paperinclude a blooming flower
thatopensandclosesdts petals anerfemailerthatshootssoftdisks
whennew emailarrives,andphidgeteyesthatopenandclose.Note
thatphidgets aswith the iStuff objects,still requirecostly or spe-
cially adaptedhardware, and mostof the phidgetapplicationsre-
quired someeffort to be spentin the physical constructionof the
interactiondevice. Our goal is to provide a programminginter
facethatminimizesor eliminatesheneedfor electronicexpertise.
However, the similarity of this effort to our own hascausedt to be
very influentialto our planningandframework.

3. LEVERAGING THE X10 PROTOCOL

In selectinga protocolto build on, we wantedhardwarethatwas
inexpensve and widely available, yet that could be usedto con-
trol a wide variety of devices. We choseto usethe X10 protocol
andhardware. X10 hardwareis producedoy numerousompanies
andis availablein storesandonline'. With a setof basicpieces
available for under$100,X10 hardwareis fairly inexpensve, but
therearealarge numberof devicesavailablefor controllinglamps,
appliancesthermostatscamerasmotiondetectorsandmore.

The X10 protocoldefinessignalssentover power linesbetween
X10 hardware devices. Computerssendsignalsover a serial ca-
ble to the X10 Powerlinc adaptorwhich sendsandrecevessignals
over the power linesto X10 devices. Lamps,fans,andotherappli-
ancescanbe pluggedinto X10 appliancemodules andspecialized
X10 devicescancontrolcamerasmotionsensorsandthermostats.

The protocolhasbeenin usefor over 20 years primarily for se-
curity systemgprogrammindightsto turnonwhenaway)andcon-
venienceremoteaccesdo lights andotherdevices,camerasmo-
tion detectorsetc). TheearliestX10 hardwaredeviceswerecapa-
ble merelyof togglingthe power to lights andappliancesbut cur-
renttechnologyprovidesdimmingandqueryingcapabilities andit
is easierto interfacewith computers.Again, the primary purpose
for thesenew capabilitieswas for improved security and corve-
nience allowing usersto controlandcheckthe statusof household
devicesfrom acomputer

Our approachis to supportthe useof X10 devicesin reflecting
informationthatis of importanceo peoplein thesurroundingenvi-

!Seewww.x10.comandwww.smarthome.confor example.



Figure 2: X10 componentsusedin constructing a RWI. The
black box is the Powerlinc adaptor that allows a computer to
sendsignalsvia the serial port thr ough power lines. The white
boxesare X10 recevers into which appliancescan be plugged.
Eachrecever hasoneof 256 available codes.

ronment.Lights couldcomeon, fanscouldblow, andheatingpads
could heatup in accordancevith approachingneetings,changes
in theweatheror traffic jamsontheway home.However, the X10
protocolhasa numberof issueshat make using X10 devicesdif-
ficult, issueghatoftenarenot relevantfor typical in-homeusebut
areimportantwhenusing X10 to reflectthe stateof information.
Threekey issueghatwe foundto be importantin constructingn-
terfacesareasfollows:

e Slow information transfer. The X10 protocolallows for a
transferrateof 30 bits persecondover the power line to the
device. As such, X10 is impracticalfor large numbersof
signalssentin shorttime periods. To somedegree,this fit
with our philosoply for the designof real-world interfaces:
changesn the ervironmentshouldbe subtle,not intrusive.
While we do not seereal world interfaceschangingrapidly,
it is still necessarto manageheflow of informationto avoid
exceedingthetransferrateandlosingsignals.

e Minimal error detectionand handling. Thereis alack of
error handling, detection,and control in the X10 protocol.
Whenmultiple signalsare sentin a shortperiod of time, or
if the power line is noisy signalscan be lost. When this
protocolwas designedthis was not a problemastypically
few signalswould be sentat ary time and often a person
would be presentto notice that the protocol did not work
properly However, whenincorporatednto a userinterface
toolkit, a mechanisms neededo detectand recoser from
errors.

e Blocking by the X10 computer interface. WhenX10 com-
mandsare issuedby the X10 computerinterface, the inter
faceblocksuntil aresponseés receved. Thisis impractical,
particularlyif the accesgo an X10 device is partof a com-
plex information processingprogram. The programshould
continueto operate,and when the blocked commandsuc-
ceeddor fails) the programshouldbe alerted.

While theseissuesarenot vital for X10 asit is generallyused,
they areimportantwhen constructinginterfacesthatrely on X10.
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Figure 3: The C++ multithr eadedsupport layer. X10 device
messagesre entered into the input queue ordered by times-
tamp. A helper threaddequeuesnput queuemessageand en-
queuesthem in the appropriate device queue. Messagesare
dequeuedfrom the device queuesin circular order at the ap-
propriate times and sentto the proxy, or virtual device, which
sendsthe messagéo the actual X10 device and reports success
or failur e.

Thenext sectiondiscussefow eachof thesessueds addressedy
our RealWorld Interfacedibrary.

4. BRIDGING TO THE REAL WORLD

Our initial concernwas to male it practicalto constructreal
world interfaces. The limitations inherentto real world devices
(andparticularlyX10 devices)describegreviously requiresignifi-
cantprogrammingo overcomeandsomeresearcherfeelthatX10
in particularis simply too high-level and limited for generalde-
vice development[5]. However, we have found that shieldingthe
programmerfrom theseissueswith threadingand error handling
malesit possibleto useX10 devicesatanacceptablg@erformance
level.

To avoid blocking andto bettersupporterror checking,we de-
velopeda queue-basedhultithreadedayer basedon the concept
of passingnmessag@bjectsto virtual device objectsthatthencon-
trol the X10 commandgseeFigure 3). Within the C++ threaded
layer, X10 commandsexecutein parallel with other application
code. This level is basedon a seriesof messagejueueghat help
to preventblockingandfailure by limiting the numberandtype of
commandshataresentduringary giventime period.

Thereare threedistinct typesof queues:input queue,execute
gueue,and outputqueue. The input queue holds message$o be
executedmaintainedin orderby the time in which they areto be
executed. This queueis fully accessibldo programmersn that
they have the ability to querythe queuebaseduponparameterin
the messageandalsothe ability to addandremove items(thatis,
scheduleor cancelevents)in the queue. Thelibrary’s interaction
with this queueis controlledby a helperthread.This helperthread
movesmessagefom the input queueinto a specificdevice’s exe-
cute queue whenthecurrenttimereacheshemessagetimestamp.
This allows for multiple messageperdevice to be pendingat ary
onetime andforcesthemessageto executein FIFO orderfor each
device.



The messagesnust be passedto the devices, representedy
proxies, or virtual devices that submit commandsand query for
successor failurethe physicaldevices. By maintainingtheseparate
device queuesijf ary singledevice is failing repeatedlyblocking
for otherdeviceswill still belimited. The helperthreadaskseach
of thevirtual devicesin circularorderto executeoneoperatiorata
time. Wheneachmessagés finishedprocessingthevirtual device
placesa completionmessagénto the output queue. This message
is usedto reportsucces®r failure of a messagandcanbe lever-
agedby the APIs in several ways: a blocking wait function that
returnswhen a new messagearrives, a query statethat returnsa
true or falseto representvhetheror not a nev messagés waiting,
or a callbackthatinvokesa function whena messagés addedto
thequeue.

Originally, X10 devicesprovided no methodfor the application
to determinethe stateof the device, and shouldthe device fail or
have someothererrortherewould beno indication. While we sup-
portthesedevices(withouttheerrorcheckingobviously), usingthe
morerecentlydesigned<10 devicesthatsupportstatusqueryingis
preferable We employ this capabilityto checkwhetheracommand
successfullyexecutedandretry asneeded.This seriesof required
stepshasasideeffectthatdevice commandsake alongtimeto ex-
ecute with thetime varyingbetweerd and16 secondsThis limits
thetypeof programghatcanbecreatedbut aswe shav in Section
6, therearestill importantclasse®f appropriatepplications.

Oneimportantdesigndecisionmaderegardingthis interfacere-
latesto the highly customizabldunctionality andfeatureshatare
inherentin an extensiblesystem. For example, when sendinga
messagehereis no framework availableto enforcethat messages
arevalid for the device wherethey aresent. This is becausenes-
sagesarebasedon a mappingof parameterso values.Thereis no
enforcementhata particularparametemustexist or meetcertain
criteria. Additionally, whenuserscreatetheir own virtual devices
andaddthemto the systemthereis no way to enforcethata user
createdlevice performstheneededctionsanddoesnotblock. The
final problemis thatsincetheinterfaceis soflexible, valuablecom-
binationsof functionsmay not be obvious. An API on top of this
layercouldhelpcombinefunctionalityandsuggespossibleactions
to programmers.

Despitetheselimitations, the messag@assingsolutionis a sig-
nificantimprovementover the previous X10 interfacefor designing
RWIs. However, it hasproved awkwardto usebecausagreatdeal
of themechanic®f thesystemarestill exposed.To solve this prob-
lem, we developedotherAPls aslayerson top of this system.The
layerssene to hide messag@assingandseparatehreadof execu-
tion in severalways. The next sectiondescribesheseAPls.

5. APIS FOR RWIS

In theprevioussectionwe describedlayerthatsupplementthe
standardX10 commandsetto male it possibleto write programs
that usereal world objectsto reflectinformation. In this section,
we describeseveralapplicationprogrammingnterfaceq APIs) that
not only malke it possiblebut furthermoresimplify the job of the
programmer The APIs provide abstractionshathide mary of the
detailsof the C++ multithreadedayerusingfamiliar programming
paradigmdor severallanguagesindtoolkits: C++, C, Amulet,and
Tcl/Tk.

The C++ interface extendsthe C++ multithreadedlayer with
commandghat supporteasyaccesso thefunctionality TheC in-
terface exposesa proceduralinterface and the use of an opaque
handleto maintainstate. The Amulet interfacecreatesan Amulet
objectclasswhich cantake advantageof constraintandcommand
objectscommonto widgetsin the Amulet system13]. Finally, the

interfacefor Tcl/Tk supportsrapid developmentof interfaceswith
the Tcl languagevherebyrealworld objectsaremanipulatedsim-
ilar to graphicalobjectsin the Tk toolkit. The remainderof this
sectionfocuseson the Tcl/Tk APl — the mostcompactsyntaxbest
suitedfor short,focusednterfaces.

Tcl/Tk is ascriptinglanguagevith apowerful regularexpression
packageWeb accessapabilities,and a tightly integratedgraphi-
cal userinterfacetoolkit [14]. Thesecharacteristicenale it well-
suitedfor creatinginformationmonitoringandnotificationsystems
in which usersarealertedwheninformationchangesIn addition,
becausé& cl/Tk is opensourceandextensible,it is easyto addex-
tensionsandwidgetpackagegsee for example,[12]).

As with mostscriptinglanguagesTcl/Tk allows programmers
to develop applicationsquickly and with minimal overhead. For
example,the simplealarmclock applicationdescribedn the next
sectionwaswrittenin only 10 linesof code.This makesit easyfor
peoplewith minimal programmingo developcustommonitorsthat
reflectinformationof personalnterestin waysthataremeaningful
andnon-intrusve, yetinformative.

In our Tcl/Tk API, realworld objectsarecreatedandcontrolled
usingthe samesyntaxastypical graphicalobjects.Justasonecan
createa scrollbarwith the commandscr ol | bar . s or anOK
buttonwith but t on . ok, aRWI canbecreatedfor examplefor
alamp,usingrwi . | anp. Thiscommandncludestwo parame-
ters,a housecode(A-P) anda unit code(1-16), both configurable
usingthedialsonthe X10 recevers(seeFigure?2).

Thecommandyenerates instanceof the RWI (in this example,
. | anp), that can be instructedto turn on, off, or dim in certain
casesin a similar way to how scrollbarscan be setto control a
listbox andbuttonssetto executea commandwhenpressed.The
objectcanbe setwithin the range0 to 100, andan existing object
canbequeriedto find its value. For example thelampinstancecan
be setto 50 percentbrightnessusingthe command. | anp set
50, andthe statusof the lamp objectcanbe queriedwith . | anp
get .

The otherimportantfeatureof the Tcl/Tk API is the listener
allowing implicit andexplicit input from sourcedik e remotecon-
trols, motion detectorsandwall switchesto be incorporatednto
programs For example,a personcouldwalk into anareathatcon-
tainsamotiondetectorandthemotiondetectomould sendacoded
signal(usingthe samehouseandunit codesdescribedreviously)
overthepowerline. Whenacodedsignalis detectedrom aremote
sourcethelistener createdusingthecommand wi | i st ener
cal | back, executesa function cal | back written by the pro-
grammer Thecal | back function hasaccesdo threevariables,
%, %, and%u, representinghe unit name(if oneexists), house
code,andunit code,respectiely. Thelistenerfeatureprovidesin-
teractive capabilitiesthat significantly broadenthe setof applica-
tionsfor thetoolkit.

The C, C++, and Amulet toolkits provide similar functionality
usingproceduralpbject-orientedandconstraint-basedpproaches,
respectiely. For completedocumentatiorof the syntaxfor all of
the APIs visit atthe RWI Website at http://www.cs.vt.edu/rwi/

6. RWI APPLICATIONS

Thelimitationsinherentto realworld devicesandto X10 in par
ticular constrainthe typesof applicationshatcanbe designedor
the RWI library. Specifically the low information transferrate
malkesdisplayshatchangdrequentlyor in informationdensevays
difficult or impossibleto reflectin full. Oneoften-suggestedeal
world interfaceis an intrusive display that rapidly flashesa light
or changessomeothervisual cueto alert someoneof a changein
informationof interest.While thelow transferratemakesthis sort



of displayimpossible we alsoarguethatthis interfaceis undesir
able. If the goalis to graba persons attentionbecausesomeur-
genteventis takingplace,a visualdesktopalarmor audiowarning
seemsddeal. If, ontheotherhand,the goalis to make information
available,usingthe ervironmentto reflectthe stateof information
seemsappropriate. When userscare deeply aboutsomespecific
change they are moretolerantof intrusive interfacesthat pop up
ontheircomputerscreen®r createanaudioalert.

We sharethe vision of Mark Weiserthat interfacesintegrated
into the ervironmentshouldencalm,notintrude[16]. Thatis, the
displayof informationshouldblendinto theervironmentwith min-
imal negativeimpactuponothertasks yetit shouldbevisible atthe
timeswhena userwantsor needsit. We have createdseveral ap-
plicationsto demonstratéoth the functionality of the RWI library
andareasvherewe feel realworld interfacesareappropriate.

Alarm clock Perhapshesimplestapplicationwe developedwas

analarmclock thatdimmeda desklamp asa meetingapproached.

As the meetingtime approacheghe lamp dims, providing a sub-
tle reminderof the approachingneeting. Whenthe meetingtime
arrives, the lamp turns off completely providing a more notice-
ablealertyet still seeminglylessintrusive thantypical alarmson
watchesor handheldsA usertrying to finish a projectbeforeleav-

ing for the meetingcancompletethe projectwithout interruption,
while the off lamp providesa constantreminderof the meetingin

progress.

To usethe application,a usertypesa commandal ar m 60 to
seta RWI alarmfor 60 minutesfrom the currenttime. Uponissu-
ing the command the RWI device turnson. Startingten minutes
beforethe indicatedtime, the RWI device beginsto dim, andone
minutebeforethetime is up, the device turnsoff completely This
applicationwaswritten usingthe Tcl/Tk RWI packagen only 10
linesof code.

Meeting manager Inspiredby the alarmclock idea,we consid-
eredwaysto leveragepeoples computetbasedcalendargdo help
them managetheir appointments.Handheldcomputershave en-
joyed a burst of popularityin recentyears,but their small screen
sizesmalke their output abilities somavhat limited. By grabbing
desktopsynchronizatiordata,we have developedRWIs thatinte-
gratewith a calendarprogramto allow usersto associatealarms
with RWI activities. For example,asa meetingapproachesa user
could simulatethe behaior of the alarm clock RWI by having a
lamp graduallygo off, or for a morenoticeabledisplay one could
causeafanto blow progressiely harderasa meetingin the calen-
darapproachesAgain, the RWI seemdessintrusive thantypical
alarms andit providesa penasive reminderthatotheralarmslack.

The implementationwasfairly straightforvard. Thereare sev/-
eralopen-sourcpackagesvailablethatprovide accesso synchro-
nized informationfrom Palm devices. This implementatiorused
PilotLink, which allows externalprogramdo acces$alminforma-
tion. Our C extensiongrabsalarmdatafrom eachsynchronization
andschedulex10 devicesasspecifiedby theuser

Weathermonitor TheWebprovidesatundantsource®f chang-
ing informationthatcould bereflectedusingRWIs. As ourlab has
nowindowsto theoutsideworld, oneimportantinformationsource
of interestis the currentweather All too often someonewould
leave thelab, walk down the hall, andup the stairsto thedooronly
to discover thatit wasraining or the temperaturdaddroppedsig-
nificantly.

To alleviate this problem,we createda RWI that monitoredthe
weatheranduseda lamp anda fan to reflectthe temperatureand
precipitationat thetime (seeFigure4). Thebrightnessf thelamp
reflectedthe currenttemperatureelative to the expectedtemper

Figure 4: The weather monitor RWI. The brightness of the
lamp reflectsthe current temperature relative to the expected
temperature for the region, and the fan reflectsprecipitation.
The RWIs are situated by the door asa reminder when leaving
to considerbringing ajacket or umbrella.

aturefor the region. We situatedthe displaysby the door of the
lab, aswe expectedpeoplewould mostneedtheinformationwhen
they wereleaving. The natureandlocationof this RWI minimized
undesirednterruptions,asuserstendedto focuson it only during
naturalbreaksin their activities or when passingby them while
enteringor exiting theroom.

Computer usemonitor Oftenit isimportantto maintainasense
of how muchtime hasbeenspentusinga computerdevice, or ap-
plication. For example,the RWI project group doesmost of its
developmenbnasinglemachinen ourlab, andit is ofteninterest-
ing to speculat®n how muchtime hasbeenspenton development
recently We constructech RWI usingan electricclock thatwe re-
setto 12:00at eachlab meeting. Upon login to the RWI account
from the consolethe clock beginsto run,anduponlogoutit stops.
Someonecomingin to usethe computercan get a senseof how
long othershave beenspendingat the machineandcould thusget
a roughsenseof how muchwork hadbeendone. At eachgroup
meeting,we cantell how muchtime hasbeenspenton develop-
mentin the pastweek.

An importantandstraightforvard alternatve to this application
would be a keyboardusagemonitor. By settingthe clockto 12:00
eachday, it couldcontinuallyreflecthow muchtime hasbeenspent
usingthe keyboardduringa day We seethis ashighly usefulfor
repetitive stressinjury (RSI) suffererswho needto limit the time
that they spendtyping. The clock would provide a constantbut
off-the-desktogreminderof how muchtime hasbeenspentduring
thedaytyping andcouldhelpanRSI suffererlimit typing, manage
breaksandplantime intenalsfor preventatve exercises.Both of
thesemonitorscanincreasethe understandingf a useror group
asto theuseof aresourceyet neitherrequiresuserso fetchinfor-
mationthroughdirectinteraction. In generalthe clock canactas
adecoratve objectin the ervironment,andwhendesiredit canbe
usedto increasaunderstandin@f resourcaisage.

Other potential usesAs we continueto develop the RWI li-
brary, we planto constructadditionalRWIs for differentinforma-
tion sourcesandappliances Certainlyoneareaof useis in shawv-
ing computerbehaior at boththe userlevel andthe administrator
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