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ABSTRACT

People with Muscular Dystrophy (MD) and certain esth
muscular and nervous system disorders lose thegsgmo-
tor control while retaining fine motor control. Thesult is
that they lose the ability to move their wrists ardhs, and
therefore their ability to operate a mouse and kayth.
However, they can often still use their fingersctmtrol a
pencil or stylus, and thus can use a handheld ctanguch
as a Palm. We have developed software that alltwes t
handheld to substitute for the mouse and keybofelRC,
and tested it with four people (ages 10, 12, 27 Z8)dwith
MD. The 12-year old had lost the ability to use @use and
keyboard, but with our software, he was able tothedPalm
to access email, the web and computer games. Tyedt7
old reported that he found the Palm so much béttr he
was using it full-time instead of a keyboard anduse The
other two subjects said that our software was niess tir-
ing than using the conventional input devices, andbled
them to use computers for longer periods. We rejbertre-
sults of these case studies, and the adaptatiode toaour
software for people with disabilities.

Keywords: Assistive Technologies, Personal Digital Assis-
tants (PDAs), Handicapped, Disabilities, Hand-held
computers, Palm pilot, Muscular Dystrophy, Pebbles.

INTRODUCTION

About 250,000 people in the United States have Masc
Dystrophy (MD), which is the name given to a groafp
noncontagious genetic disorders where the voluntaung-
cles that control movement progressively degenefate
form, called Duchenne Muscular Dystrophy (DMD),eats
about one in every 4,000 newborn boys. With Duckenn
boys start to be affected between the ages of Zaadd all
voluntary muscles are eventually affected [10]sFaffected
are the muscles close to the trunk, and nearlglaltiren
with DMD lose the ability to walk sometime betwesges 7
and 12. In the teen years, activities involving #mms, legs
or trunk require assistance. Becker Muscular Dyétyds a
much milder version, and the onset can be in ldtétlzood.
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Figure 1. 12—year old Kevin has Duchenne Muscular Dys-
trophy. He is operating his PC by using two hamdsantro
the stylus on a Palm running Remote Commander

A related disorder is Spinal Muscular Atrophy, whis an
inherited neuromuscular disease that causes weakmdise
body, arms, and legs. It affects both boys and gidrting at
6 months to 3 years, and progresses rapidly [10].

People with these and related disorders, like &%t of the
population, are increasingly using computers. Unfoately,
these disorders often make it difficult for thenrmtove their
arms, wrists and fingers, and therefore conventides-

boards and mice become difficult or impossible tfem to
use. We are investigating how a handheld compsteh as
the Palm, can be used to enable people with disabito

access their PCs (see Figure 1).

This paper reports on how we have adapted our Bgbbl
software for the Palm to facilitate its use by deopith mo-
tor impairments. In particular, we adapted the Rebb
Remote Commander program, which allows the Palieto
used as if it was the PC’s keyboard and mouseetemgl,
the Pebbles project is studying many ways that ieldd
computers can interoperate with PCs, with eachrptuad
with smart appliances [11]. These applicationsaaneed at
business meetings, offices, classrooms, militargnroand
posts, and homes. The Pebbles software is availaiole
downloading from:http://www.pebbles.hcii.cmu.eduPeb-
bles stands foilPDAs for the Entry of Both Bytes and
L ocations fromExternalSources.

In a preliminary case study of four people with Mg
found that our modified Pebbles applications susfcilg
allowed the use of the PC for extended periodsnoé for



people who found it difficult or impossible to useconven-

90

independently. Using a computer can also be muate 1ine

tional keyboard and mouse. The observations we made tellectually stimulating.

include:

e A conventional keyboard and mouse is usually fatbten

Remote Commander, for people who can still useethos
devices. However, using Remote Commander as an alte

native input method is still valuable because tlcey
switch to using the Palm when their hands beconedl ti
using conventional input devices.

e The physical buttons on the Palm device (and omoem
cial touch pads) require too much force for ourjscis to
push. Providing on-screen buttons that could bhtliig
tapped with a stylus was more successful. Sincédim
power button was too difficult to press, we neetieddd
an easy way to prevent the Palm from turning its#lf

e It is useful to have a small on-screen keyboardesite
users have difficulty moving. The ability to adaipé key-
board to individual requirements is also desirable.

e The provided metal Palm stylus is too short andvirea
and an inexpensive long plastic stylus works better

e Seeing the Palm screen often requires additioghtifig
at the computer, or a backlit Palm screen. A loogdc
from the PC to the Palm is also necessary.

e We needed to change the Remote Commander softaare t

allow the key-repeat to be turned off, to providesier
ways to pop up the on-screen keyboard, and to ritake
easier to tap to generate left mouse click events.

MOTIVATION

Children and adults with MD and other disorders csm-
puters for the same purposes as everyone elseertd s
electronic mail, surf the web, write up homeworkd aie-
ports, play games, etc. People with disabilitiey fired that
using a computer is even more valuable becausenthgybe
homebound more often and have less access to fotines
of entertainment and employment. In addition toghgsical
limitations imposed by the disease and by being wheel-
chair, often there is an increased susceptibititinfections.
A simple cold can quickly progress to pneumonia eaut be
life-threatening due to a weakened respiratoryesgsand
heart. For example, Jennifer, one of our test subjés be-
ing educated at home because of her parents’ ammedout
respiratory infections [18]. Using a computer akodennifer
to interact with her fourth-grade classmates aritewvap her
homework in what her father calls “virtual mainstmgng”
[18].

Two of our adult test subjects use computers iir therk.
They help create and maintain web pages for otfuedsin-
terface with their collaborators through email.
authoring is an attractive task since it can bdopered at
home at whatever pace is comfortable.

Of course, all of our subjects report using th@&mputers
for entertainment. Computers supply another optiesides
watching television that people with disabilitiesncoperate

Web

Unfortunately, although a large number of assistaahnol-
ogy products are available today, many people pliysical
disabilities do not have adequate input devicesighificant
barrier is that many of today’s assistive devices\ery ex-
pensive. Two different studies of students foundt dess
than 60% of those who indicated that they needexptad
tions to use a computer actually used adaptatidhsNfhen
asked why they did not use adaptations, studemisunelm-
ingly cited the high cost. Other reasons includeal the
devices are unavailable, the students do not knberevto
get devices, they do not know how to use the eqeiipinand
equipment is too expensive to maintain [4].

By using commercially available consumer hardwand a
free software, we can deliver an adaptive technolfmy
people with physical disabilities at a very inexgiga price.
For example, the least expensive Palm devices ranna
$100, compared to $400 or so for a specialized danybfor
the handicapped. The Palm is also programmabledapit-
able, so the layout and functions of the assistdfeware can
be adjusted (as described below). Another advarigatieat
our software combines the keyboard and mouse fumgiin
the same very small space, so only one deviceeidate

RELATED WORK

There is much work on assistive devices and makomg-
puters more accessible to people with disabilitit®vever,
there is less work focused on assistive technododos
neuro-muscular disorders. Exceptions include Treaial
Pain’s report on a modeling technique to help eatalyprob-
lems with keyboard configurations [19], and several
comparative evaluations of commercial devices (d5]).
Also, the Archimedes project at Stanford investgdatising
a handheld, called the Communicator, to help tisahded
[16].

Operating systems, including newer versions of \b\wsl
and the Macintosh, have built-in accessibility moteat en-
able people with disabilities to avoid pressing theys at
once, or holding down the mouse button while dnaggi
Microsoft has a large website devoted to accedsyibil
(http://Mmmw.microsoft.com/enable/) which lists 0\&30 dif-
ferent keyboard enhancement utility products whigight
be of use to people with various disorders. Fomppewith
no ability to use their hands, there are produath @s head
and eye trackers, chin and mouth controlled deyitsp
and puff’ devices, speech recognition, etc. Of ipakdr
relevance to the work discussed here are the Enkidd-
ucts (seehttp://www.enkidu.ne)) which provide portable
and handheld stand-alone interfaces, including lmnsi&e
device with a soft keyboard that allows users tdensen-
tences that the device will speak aloud using tesgpeech.
These communication devices sell for $2,700 to $48ch.

Other research relevant to our system is the workew in-
put technologies for handhelds, such as Quikwrifibg],
and new kinds of keyboards (e.g., [8] [20]).



METHODOLOGY

For this work, we created adaptations of our RenQuie-
mander software. We then gave this software to $abjects
who have MD. One, Jennifer, lives in New York, sewere
not able to perform direct observations, and dtrimation
has been collected through electronic mail from faéner.
Local subjects volunteered after reading an artinléhe
Pittsburgh-area MD newsletter. We visited the thiezal
subjects in their homes. In exchange for allowisgta ob-

serve them, we loaned them a Palm Ilix (or an IBM

Workpad which is the same except the case is hl&dm
and IBM donated the devices. After interviewing theb-
jects about their background, daily routine, andngoter
use, we asked them to show us how they use conspiater
day. (We also interviewed one child’s mother.) Went
installed our software on the Palm and on their,R@d per-
formed an initial evaluation of how well the Palofte/are
seemed to be working for them. Many of our obséowat
and software changes described below were a reftifte
difficulties we observed in this initial use. Wdtléhe Palm
and the software, and then came back later fodlawfaip
visit to observe how the subjects were doing.

We used a form of theontextual inquirymethod for the in-
terviews [7], since it provides information aboasks and
actions in the appropriate context. As often obsefin con-
ventional user studies, our subjects were genevalfible to
articulate problems they were having or proposesdior
improvements. It was only through directly obsegviand
interacting with the subjects, as recommended éytntex-
tual inquiry method, that we were able to gainghts for
design improvements.

Technology

The Remote Commander program was the first appitat

created as part of the Pebbles project, and wgsally put
on the web for free downloading in February, 1989Bice

then, it has been downloaded over 30,000 times.oRem

Commander allows strokes on the main display afeheo
Palm to control the PC’s mouse cursor (Figure 2aajl for
Graffiti input to substitute for the PC’s keyboamput. Re-

mote Commander has a custom pop-up on-screen “soft”

keyboard that contains all of the keys on a stah®& key-
board (Figure 2-b). As with the regular Palm keybdpa

Remote Commander’s keyboard pops up when the apsr t
in the “abc” or “123” areas at the bottom of the Graffiti

area. Since Remote Commander inserts the inputth@o
PC’s low-level input stream, it can be used to $upput to
any PC application. The original goal for Remotemzo
mander was to enable multiple people at a meetinigike
turns controlling a PC using their handhelds. Iditoh to
the Palm version shown here, we implemented vessain

Remote Commander for Microsoft PocketPC and Win-

dowsCE devices.
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Figure 2. (a) The main screen in Remote Commander is

used as a touchpad. The labeBhff, Ctrl, etc.) describe
what the physical buttons do, and also serve ascogen
buttons. (b) The pop-up on-screen “soft” keyboasad fll
the PC’s keys. The top blank area above the kegboan
still be used as a touchpad to move the mouse.

Another Pebbles application, called Shortcuttdoved users
to create custom panels of buttons, sliders, knabhd, pads
to control any PC application. Although we did raatapt
Shortcutter or measure its performance in our ctsgies,
we demonstrated its use and some subjects founseftl
and created their own panels of controls.

All of the Pebbles applications, including Remotent
mander, must communicate with the PC. Pebbles stgppo
variety of transport protocols, including seriables (such
as the cradle supplied with Palm devices or a szgidble),
infrared (IR), and wireless local-area network temhgies
such as 802.11b and BlueTooth. For the currentystwd
used fifteen-foot serial cables donated by Syn&ugjytions.
IR seems attractive since it is built into Palmeadly, but it
is directional and short range, so maintainingreyloommu-
nication between the Palm and the PC is difficotl drains
a lot of battery power. However, it would certaillg desir-
able to have an effective low-power wireless comication
method to replace a cable. Fortunately, wirelessoising,
driven by many other handheld and telephony apiidics,
SO we are optimistic about using a wireless teamolfor
Remote Commander in the future.

Keyboard and Mouse Tests
To help measure the subjects’ computer input raeejm-

plemented a keyboard test and a mouse test from the

literature. For the mouse test, we used the clgssicting
experiment from Card, Moran and Newell [1] (Expezirh
7B, p. 250). A picture of the test application own in
Figure 3. The test consists of clicking betweeretral sta-
tionary target and two outlying targets. The curtanget is
shown in a different color and alternates from sweenter
to other side and back. The outer targets can baeeof
three widths (16, 64, or 128 pixels) and be twdadises
from the center (36 or 144 pixels). The sequenceoofi-



tions is randomly generated in advance. The numbtmes
the mouse is clicked in the correct place and goiirect
places (errors) is measured.

The typing test is shown in Figure 4, and is bazed test
by Soukoreff and MacKenzie [17]. A phrase is digpth
and the user is asked to type it exactly. Subjeesallowed
to fix mistakes, but they are not required to do \&then
they are satisfied with the phrase, they hit th&ER key, at
which point a new phrase appears or the test éfumses
may contain capital and lower-case letters, qumtatharks
and other punctuation. All subjects see the samaspl in
the same order.

~=1olx]

Click on the red rectangle. The rectangles will change color and you should
continue to click on the nevv red rectangle

Instructions:

Test in Progress!

T BopTes l Corfiaue | Exit |

Figure 3. Screen for the mouse test.
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Type the phrase on the upper line into the lower text box. Press return or
click the "Next" button to go on to the next phrase.

Instructions:

2 minute test Testin Progress!

Phrase: Mr. Jones went to San Francisco.

Your Text:|Mr. Jones went to Sa]

Stop Test | Corfigue | Exit |

Figure 4. Screen for the typing test.

CASE STUDIES

The next sections discuss our initial four usetth disabili-
ties. After that, we discuss the adaptations wearadthe
Pebbles software to take into account our obsemstof
their use of the programs.

Jennifer

Jennifer is a 10-year old girl with a type of MDdamn as
“Spinal Muscular Atrophy, Type 2.” Her father fourke
original versions of Remote Commander and Sho#gcuath
the web, and tried them out as a way for Jenndemobre
easily use her computer. It was so successful thaton-
tacted the MD national magazin@uest which wrote an
article about Remote Commander [18]. Jennifer aardfé-
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ther appeared on the annual MD television teletion
September, 2001 and mentioned their experience Réth
mote Commander.

Jennifer lives in New York, and we have not had dingct
observation of her. Her results on the mouse apitddytests
showed her to be about 24% slower with Remote Com-
mander than a mouse, and 35% slower with the Remote
Commander compared to a regular keyboard. Howeeer,
nifer’s father reports that:

“Jen uses the Palm about 50% of the time. She featey
speed in using the regular keyboard and mouseshot
fatigues much more rapidly using them. The Pebbles
software permits her to use the PC over a muchteyrea
amount of time, though slower. That is very impotta

— by email on 14 Apr 2001

Kevin

Kevin is a 12-year old boy with Duchenne Musculgsto-
phy (see Figure 1). He has used computers sinaeakdn
first grade (age 6), and was able to use a redugigoard
and mouse at that point, but with difficulty. Heveelearned
to touch-type, and does not know the QWERTY keytoar
layout. He has very little strength in his fingeasd cannot
move his arms at all. He has now completely lostahility
to use a keyboard and mouse. He tried using a smoait
mercial touchpad, but found the buttons to be fiffadlt to
press. Also, the computer is shared with his paremtd the
touchpadreplacedthe mouse, making it difficult for others
to use the computer. Kevin had tried speech-retiogni
software, but could never get it to work well enbugVith
Remote Commander, he was able to use a styluste the
cursor and select letters from the pop-up soft kayth. He
held the stylus in his right hand, but found it meBective
to use his left thumb to help move the stylus, eisflg to
tap on letters on the left side of the screen Egere 1). He
was able to use the mouse feature without lookimgrdat
the Palm, but had to look down to use the on-sciesn
board.

Dan

Dan is 27 years old and also has Duchenne Mus@ysas
trophy. He started using an Atari computer withogsfick
when he was 8 or 10 years old, and used Macintoshes
high school and an IBM at home. He went to collegeesre
he was able to use a mouse while resting his aran\orist-
pad. Starting a few years ago, he lost the alidityype, but
discovered that he could still press the keys uttiegeraser
ends of two pencils (see Figure 5). He reportsptitks, but
sometimes my fingers get sore, because of the Isé€nci

About two years ago, he lost the ability to usecuse, and
found a trackball he liked (also shown in Figure Ban

needs someone to move his hands into position ddfer
can begin using the devices. He has dictation soéwbut
never uses it. Dan said he “spends a decent anoduimhe

on the computer” and sends and receives about Hilsem
day. He also runs a web page about a golf game.



Figure 5. Dan was typing using two pencils before he
started using the Palm. His trackball is on thestpad.

After we delivered the Palm, he started using dlesively.
Originally, he tried the on-screen soft keyboatdyree point
trying out two styluses at once. However, he stdppsing
the soft keyboard because his neck got sore frattireally
looking up and down. He learned the Palm’s Graféti-
guage and then used it for all text entry. He $eichut the
trackball aside and only used the real keyboatdrioon the
computer. He created a Shortcutter panel to labixfavor-
ite applications. In our tests, Dan was 40% slowsing
Remote Commander instead of the trackball, but &&Ster
using Remote Commander rather than the regulardeegb

Subject4

Subject4 is a 53-year old man with Becker Muscilligs-
trophy. (He prefers to
employed as a teacher and an engineer but 1ef99% bn
disability. He currently works at home, authoringdamain-
taining sophisticated database-driven web pagdge&d is
still able to use a conventional mouse and keyhdautl he
has great difficulty moving his hand to and frore thouse.
He uses his fingers to help “walk” his hand acrb&sdesk.
The Palm software was appealing to him becausasittie

keyboard and mouse control together in the samdl sma
place. Subject4 was 40% slower with Remote Comnrande

compared to a mouse, and 58% slower than a regajar
board.

After a week with the Palm, Subject4 reported:
“I have been using the Palm primarily for the mofisec-
tions when | am near the keyboard. | have fouredrthlm
most useful when | am sitting at my desk (away fiiben
keyboard). | can use it to bring up email and othac-
tions [so] | don’t have to [move to] be right iroftt of the
screen.” — by email on 10 May 2001

Since movement is difficult for people with MD, thbility
to stay where they are and still perform some cdsrpu
commands can save considerable time and effort.

OBSERVATIONS AND MODIFICATIONS

As part of our analysis of the needs of people wittabili-
ties, we made a number of observations, which d t
changes in the software and environment. Thesedare
scribed in the following sections.

remain anonymous.) He was
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Requirements

Although our subjects are able to move their fisgehey
are very weak, and cannot exert much pressure.riéans,
for example, that they are unable to press theigdlybut-
tons on the Palm. They also tap the Palm screhtiylig

Since they have limited range of movement, it ist lifeall of
the important functions are clustered together isnaall
area. Even moving to the far side of the small 8&&iLCD
display screen of the Palm is difficult for Kevin.

Physical Interface

One of the first challenges was getting the Palim ancon-
venient position for the subjects. The Palm comébh &
cradle, but pressing on the Palm screen whileirt the cra-
dle causes it to rock, and sometimes even fall.dveés also
too high and at the wrong angle for our subjecter&fore,
we tried the Hotsync serial cable sold by Palm. douf
nately, this cable is very short and the subjectdccnot get
the Palm in a good position with the cable plugged the
back of their computer. Synergy Solutions givesyaad 5-
foot serial cable free to people who purchase tBéte-
Show Commander product (which is based on our Rebbl
software and licensed from CMU, see
http://www.slideshowcommander.com/and they donated
ten cables for use by this research. These workeg well
for our subjects, and can be seen in Figure 1.

The next physical issue was the stylus. The Palroolines
with a short metal stylus that fits into the badktlee case
(seeFigure 6-a). Unfortunately, our subjects found this sty-
lus to be too heavy to hold comfortably for longipé of
time. Also, Kevin found the stylus to be too shorteach all
the way across the Palm screen from his normal pasd
tion. We tried a longer stylus but discovered aepth
problem. Kevin holds the stylus at a very low anfgee
Figure 1), and the side of the stylus, rather thartip, occa-
sionally hit the screen. Therefore, we needed g,ltight,
tapered stylus. Dan liked a souvenir stylus we iveckat a
conference, and Handango.com graciously donatede
to this research. These worked well for our sulsjeand can
be seen being used in Figure 1.

An environmental problem is that all three of ococdl sub-
jects often used their computer in a dark parthef toom.
Normally, this isn’'t a problem since the monitoveg off
light. However, it was difficult to see the Palnresen since
it is reflective. This problem was made worse lgy plosition
of the Palm screen which was normally lying flattba table
and therefore at an angle from the viewer. Turmingver-
head lights helped, but we had to bring an extoéettamp
next to the computer so Kevin could adequateltised’>alm
screen.

@)
(b)

Figure 6. (a) The standard Palm IlIx stylus and (b) theustyl
donated by Handango.




A final physical problem is powering the devicesrially,
a Palm is not expected to be used continuallydag Iperi-
ods of time. Furthermore, running the serial podimts a
noticeable amount of extra power. The Palm Il rangwo
AAA batteries, and the subjects frequently needeckplace
them. Dan measured that he got about 17 hourseobwsr
four days before his batteries needed replacinggirily,
he had tried running the Palm with the backlighttorsolve
the brightness problem mentioned above, but therétter-
ies only lasted a few hours. The best solution doul
probably be to switch to a Palm device that caplbgged
in to run on wall-power.

Software Changes

In order to make our applications more useful feoge
with physical disabilities, we have continually éxexd the
software based on our observations and feedbackleWh
some of these issues are well known for PC acdktysib
software, others are specific to our application.

In the original Remote Commander, the physical dngt
(which normally switch to different Palm applicat&) are
used as modifiers or to “press” the mouse buttdrss

proved very useful for most people, but it wasidifit to

remember what each button does, especially siree dhe
assignable. Therefore, we added labels, as showigure

2-a. Our subjects with disabilities were not aloigotish the
physical buttons, however, so we made the labéts dn-

screen soft buttons that could be tapped.

An interesting issue arose about how the modifgrsuld
work. With the physical buttons, users can hold mldihe
button while they make a Graffiti stroke. For exdnpvith
the configuration in Figure 2-a, holding down thepe but-
ton while making the Graffiti “z” stroke will sencbontrol-z
to the PC. For the soft buttons, you cannot hoddstlylus on
the soft button and at the same time perform a fi@raf
stroke, so all the soft buttons were made into lExygTrhe
tradeoff is that sometimes users forget to turrttedfmodes,
S0 extra characters become shifted. As a compromissi-
bly some of the modifiers should be automaticalipéd off
after the next character, in the same way as tha'$built-
in keyboard, but this has not been implemented yet.

As an alternative to the soft buttons, tapping lo& blank
part of the screen that serves as a touchpad evill & left
mouse click. The subjects, however, had difficugstting

this to work because they would tap too slowly avven
slightly while trying to tap, and the software wdulecog-
nize the input as a regular move instead of aspa Aa

option was therefore added to make the tap redogmitore

tolerant, and then all the subjects were able tegde taps
without problems. We were worried that this mightrease
the occurrence of accidental taps (sending a liek event

when the user just meant to move the cursor), wbazd

cause unexpected operations on the PC, but thiaatidp-
pear to be a problem in practice.

Early on, we noticed that the subjects often tnigdemulti-
ple characters when using the on-screen keyboasdtadthe
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built-in auto-repeat of the keys. An option wasréfiere
provided to turn key-repeat off. When Kevin trieding
Remote Commander to play some PC games, we digmbver
another problem. We were originally sending key damd
key up events together, so there was no way to adtdy
down using Remote Commander. Many games depend on
the keyboard keys being held down, so we modifiee t
software to fix this.

Three of our subjects were experienced keyboards use
fore coming to Remote Commander, but Kevin was not.
Consequently, he found it difficult to locate thesited let-
ters on the default keyboard (Figure 2-b). Theefore
added an alphabetic keyboard (Figure 7-a). We pmlsiie
the letter keys to the right, along with Shift aBdter, to
make them easier for Kevin to reach, since he fauntre
difficult to hit letters on the left of the screaife also added
larger versions of both the QWERTY and alphabetyg-k
boards (Figure 7-b) because some of the subjeittallin
had trouble hitting the tiny keys. However, withpexience,
the subjects were better able to hit the keys, thad liked
not having to move as far. They also liked theighib use
the blank area at the top to control the mouseenthi¢ key-
board is displayed.

@) (b)

Figure 7. New keyboards created for Remote Commander.

In the future, we plan to investigate other keylozonfigu-
rations, such as those reported in the literat@e 20].
Adaptive keyboards, either automatically or useireel,
and predictive input techniques (see next sectioay also
be useful.

We encouraged the subjects to experiment with tieBn
their own, and Dan became quite facile with theff@rges-
tures. However, Kevin could not perform Graffiti rye
accurately, because his gestures were too slovwnaggly.
He therefore decided he would like to always use kéy-
board. Since he had trouble hitting in the smalic’aarea
that pops up the keyboard, we provided an optioerah
tapping anywhere in the Graffiti area pops up tagdoard.

The Palm screen is only 160 pixels across, but ¢&t€ess
can be 1280 pixels across or even more. Theretoee,
mouse control in Remote Commander operates inivelat
mode, like a laptop’s touchpad. Movements acrossPiim
screen move the PC’s cursor an equivalent amougisgc
the PC’s screen. We built a little acceleratioro iRemote
Commander, so faster movements on the Palm wouleg mo



further on the PC. However, our subjects with digas
still found it tedious to move large distances,csirthey
tended not to move the stylus quickly, and wereaimé to
make large strokes. Therefore, we added additienals of
acceleration so smaller movements on the Palm woalkk
bigger movements on the PC.

A final fix to Remote Commander was an option teathie
the auto-power-off feature of the Palm. To savéehiats, the
Palm allows users to pick whether it turns itséffafter 1, 2,

or 3 minutes of non-use. Some of our subjects dighbili-

ties were not able to turn the Palm back on by #edves, so
having it turn off was a big problem. In some otRetbbles
applications, we disable the auto-off completelyt kve

were worried that here the users would end up hegthe

device on until the batteries ran out. Therefore,made an
option where it would go off after 30 minutes ofnrose,
which seemed long enough to indicate that they \meteat
the computer.

CURRENT WORK

One clear problem is that entering text with Remotan-
mander is slower than using the regular keyboard. aké
investigating the use of word prediction to addréss.
Word prediction, here meaning botlord completionand
next word predictionhas been studied for many years (see,
e.g., [3]) and has been applied to the Palm [9] tandelp
the disabled use a PC [6], but we are not awaemphybrid
systems such as described here.

Word prediction systems have been built using dfie ap-
proaches. Our strategy is to combine the predistioom
three sources, visited in this order: a word caehbigram
list, and the alphabetical array of words in theatmlary.

The word cache contains the most recent words eshtiey
the user, whether or not the words are in the vaeap. In
this way, the system can adapt to the user’s iravolary
words and out-of-vocabulary words.

Bigramsare pairs of words used to generate predictiores.
get our bigrams by using the CMU-Cambridge todR]tto
parse a corpus of text on the PC, and then by ibgild vo-
cabulary file (a list of the most common words) aad
bigrams file (a list of the most common word-pair€ur
desktop application transforms these files intoaémPdata-
base file, which is downloaded to the handheld acekbssed
by the word prediction system at run time. We uee hi-
grams and word array to make predictions basedhen t
previous word and, optionally, any letters the usas en-
tered in the current word.

The Palm’s processor is slow and its memory istéithi so
the algorithms involved are optimized by pre-conmmt
lookup indices on the desktop when writing the Pdbia-
base. For a vocabulary of 10,000 words, the woedliption
database is roughly 270 KB on the Palm.

Developing a word prediction system is more thaacéni-
cal challenge, it is a design challenge made diffiby the
Palm’s small screen space. Currently, we are eixygadif-
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ferent layouts for displaying the predictions. Tworrent
layouts we're exploring are shown in Figure 8. A kesue
in these designs is to minimize the distance thed raust
travel. The predictions in (a) are placed aboveahgcreen
toggles for the hard buttons. These predictionseappvhile
the user is entering Graffiti. The word in progrg4s) is
shown in the upper left corner for feedback. Whea key-
board is up (b), the predictions are placed juswakt, and
the letters already typed, in this case “my_", sinewn be-
low. Note here we are predicting the next wordr&ftey”.
The space below the keyboard can be used to starsen
movements that extend up the full height of theeeor
across the keyboard. In both designs, the mody likedic-
tion is placed in the center to minimize traveltaige, and
is highlighted to provide a visual reference poirfie next-
most-likely predictions surround it. The least lik@redic-
tions are at the edges.

(a) (b)
Figure 8. Layouts for word prediction when the keyboard is
hidden (a) and displayed (b). The keyboard is phahu-
meric mode (“A#”), and the function keys and common
control sequences are accessible in function nmae)(

FUTURE WORK

We have just begun our study of how handhelds eamskd
to help people with neuromuscular disorders, arateths
much work to be pursued in many areas. We will iooiet to
follow-up with our initial subjects, to see whatther modi-
fications would be useful. Soon we hope to try @ut word
prediction software with them. Occupational thestgphave
told us that our software may be useful for someppewith
ALS, cerebral palsy, and arthritis, so we hopeetd the sys-
tem on people with these disorders and see whétefur
modifications would be useful. We plan to direatlympare
the Palm software to other assistive technologies on the
market, not just to the general input devices theatsubjects
already had.

We are developing other applications as part oftekbles
project that might be useful for people with didigibs. We
are working on having the handheld serve as a Pats
Universal Controller” (PUC) for appliances and dea
[14]. We might even be able to use the Palm torocbmihe
wheelchair, but there are significant safety amadbility is-
sues with this idea. The Shortcutter applicatioready
supports the standard X-10 protocol for sendinghai)
through the power wires, but much more work is eeed



This effort is related to the NCITS-V2 initiativen@n Alter-
native Interface Access Protocol [13].

We developed a new interaction technigue callechéseic
snarfing” [12] where the PC’s screen contents arg © the
handheld where detailed interaction is performechis T
might prove useful for people with disabilities.rrexample,
the handheld might reformat the PC’s screen to behnfar-
ger or the text to use a larger font to help peagtle limited
eyesight. It might also be useful for the text tisednarfed to
the handheld to be read by a text-to-speech engine.

CONCLUSIONS

The programs discussed above are available fouseeand
can be  downloaded from our web site:
http://mww.pebbles.hcii.cmu.edu/assistive. We hthae this
software will be useful to a wide range of peoglad that
we can continue to investigate new ways that hdddhe=an
help people with disabilities. Furthermore, workimgth
people with disabilities is beneficial to the prdjén general,
because the observations and changes we have made t
software as a result of these studies will imprdwe soft-
ware for all the users of our applications.
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