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Abstract. With present and future wireless technologieshsas IEEE 802.11, BlueTooth, RF-Lite, and G3,
handheld devices will frequently be in close, iatgive communication. Many environments, includaffices,
meeting rooms, automobiles and classrooms alreaitgin many computers and computerized appliaraes,
the smart homes of the future will have ubiquitensbedded computation. When the user enters orfeesé t
environments carrying a handheld device, how \ugittdevice interact with the environment? We ardaing,
as part of the Pebbles research project, the mayg that handheld devices such as PalmOS Organieck-
etPC and Windows CE devices, and smart cell phocaeserve as useful adjuncts to the “fixed” compuaad
computerized appliances in the user’s vicinity.sThiings up many interesting research questiort$, as: How
can the handheld devigmprovethe user interfaces of everything else in the’ssgrvironment, rather than be-
ing just be another complex gadget that must beésl? What is the best way to provide a user terthat
spans multiple devices that are in use at the ¢ame&? How will users and systems decide which fiomest
should be presented and in what manner on whate@¥ow can the user’'s handheld device be effégtised
as a “Personal Universal Controller” to provideeasy-to-use and familiar interface to all of thenptex appli-
ances available to a user? How can communicatingltedd devices enhance the effectiveness of meeting
classroom lectures? We present some preliminargreasons on these issues, and discuss some sf/shems
that we have built to investigate them.

For more information, sdetp://www.pebbles.hcii.cmu.edu/

Extended Abstract

The vision of handheld and mobile devices has awagluded that they would be gontinuous communication
For example, the ParcTab handheld devices [Wanb]1%¢hich were part of the originalbiquitous computing
research project at Xerox PARC, were continuousijmunicating with the network using an infraredwak.
Mobile phones are popular because they allow peiopdéay in constant contact with others. Howetles,previous
two or three generations of commercial handheldqreal digital assistants (PDAs), such as the Aplgieton and
the Palm Pilot, did not provide this capabilitydaonly rarely communicated with other devices. Example, the
Palm Pilot is designed to “HotSync” with a PC abonite a day to update the information.

With the growing availability and popularity of newireless technologies, such as IEEE 802.11, Blo&To
[Haartsen 1998], RF-Lite [Zigbee Alliance 2002)wal/s-on two-way pagers, and email devices suchea8lack-
berry RIM, continuous communication is coming tesomer handhelds. What will be the impact of tmshe user
interfaces?

Another observation is that much of people’s timepent in environments where there are already roam-
puterized devices. Most offices have at least asktp or laptop computer and display. Many meatimgns and
classrooms have permanent or portable data progeartd PCs. Automobiles contain dozens of compugard
dashboards are likely to soon include LCD panalsyetimes replacing the conventional gauges. Theepaer
seats on newer airplanes provide individual LCIpldig screens for watching movies. Homes have t&ilavs, PCs,
and many appliances with display screens and puisbris.

Our focus in the Pebbles project [Myers 2001] idatok at how handheld devices will interoperatehwéiach
other and with other computerized devices in thersisnvironment. This brings up a number of irgéng new
research issues. For example:
¢ How can the user interface be most effectively spagl across all the devices that are available to theser?

If there is a large screen nearby, there may beeed for all the information to be crammed intotihg screen
of a PDA. When a PDA is near a PC, the PC’s keybadh often be an easier way to enter text tham th
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PDA’s input methods, but on the other hand, the B#ylus and touch screen may be a more conveimpuat
device for drawing or selecting options for the #&n using a mouse. We call these situationfti-machine
user interfacegMMUI) since a person may be using multiple machines taptate the same task.

« Can communicating mobile devices enhance the effaeness of meetings and classroom lectureBeople at
their seats may be able to use their PDAs to iotexith the content displayed on the wall withoaimg to
physically take the keyboard and mouse away fraensiieaker. If there are multiple people in fronadérge
shared display, then mobile devices may be useprfeate investigation of the public informationtigut dis-
rupting the public displays. In classrooms, stuslenay be able to answer questions using handhéetdshve
results immediately graded and summarized on théqdisplay.

e Can the user’'s mobile device be used to provide aasy-to-use and familiar interface to all of the coplex
appliances available to the user™ the user has a mobile device with a high-quadityeen and a good input
method, why would a low-quality remote control tsed for an appliance? Our preliminary studies ssighat
users can operate a remote control on a PDA irhaifehe time with one-half the errors as the maaotufrers’
original appliance interfaces [Nichols 2001]. Fertnore, allowing the remote to engage in a two-e@ymu-
nication with the appliances enables the creatfonigh-quality specialized devices that provideesscto the
disabled. For example, the INCITS V2 standardizagtiort [V2 Working Group 2002] is creating theté&ina-
tive Interface Access Protocol that will let peopli¢h visual difficulties use mobile Braille andegxh devices
to control household appliances.

My presentation will discuss these issues and dstree the programs we have created to date. mblisdes
automatic generation of graphical interfaces areksp interfaces to serve as remote controls foowsappliances
[Myers 2002a] [Nichols 2002b] [Nichols 2002a], ugithe handheld as a remote control for PowerPaidtaher
PC applications [Myers 2000], and using a handteeldelp people with motor impairments access tbemputers
[Myers 2002b]. Pictures of some of these applicetiare shown in Figures 1 and 2.
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Figure 1. Automatically generated interfaces for an Audiggghahelf stereo with its CD (a) and tuner (b); foxda system to
control room lights (c).
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Figure 2. Palm (a) and PocketPC (b) versions of “Remote Cander” that lets the handheld control the PC. $rdmom
“SlideShow Commander” for (c) Palm and (d) PocketR& remote-control PowerPoint.
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