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Abstract

There has been little study of how to adapt hartbeVices for use by people with physical disabdgitWe found
that the tiny stylus keyboards on PalImOS devicakwell for some people with Muscular Dystrophy,avend to
have good accuracy but little strength or rangemotion. However, for people with other disabilitiegich as
Cerebral Palsy, Parkinson's Disease and other wreusgular disorders, accuracy is a problem. Tektyds also
difficult on handhelds for able-bodied users soim@ations, such as when using small mobile devideite walking
or riding. The EdgeWrite text entry technique isiew design which provides better stability of motidue to
tracing along physical edges, ease of learningtdube similarity of its letters to Roman charasteand a simple
implementation on a wide variety of input devic8tudies suggest that EdgeWrite works well when émanted
for use with a stylus on a handheld device, a jolysin a power wheelchair or a videogame controbed for a
touchpad on a desktop computer. Future implememntmtivill explore desktop text entry using a tradklad
mobile phone text entry using tactile bumps.

1 Introduction

People with physical disorders, like the rest @& ffopulation, are increasingly using computers. éi@x, motor
impairments place significant physical demands ext entry methods. Tremor, spasm, poor coordinatiow

strength, and rapid fatigue make it difficult totemtext with a QWERTY keyboard or Personal Digifasistant
(PDA) stylus (Wobbrock, Myers, & Kembel, 2003). frrer and fatigue make it difficult or impossible feome
people to draw character forms recognizable bygaeetry system like Graffiti, or to select chaeston the tiny
stylus keyboards of some devices. As small devizefiferate in an aging population, the number séng with
motor impairments will only increase. But althoughbrk exists on accessible text entry for desktdiftte work

exists on accessible text entry for handhelds.

About 250,000 people in the United States have Mlas®ystrophy (MD), which is the name given toraup of
noncontagious genetic disorders where the voluntargcles that control movement progressively dege@eOne
form, called Duchenne Muscular Dystrophy (DMD), eats about one in every 4,000 newborn boys. With
Duchenne, boys start to be affected between the aig2 and 6, and all voluntary muscles are evdgtaffected
(MDA, 2001). First affected are the muscles claséhe trunk, and nearly all children with DMD lote ability to
walk between ages 7 and 12. In the teen yearsjtagiinvolving the arms, legs or trunk requirsiatance. Becker
Muscular Dystrophy is a much milder version, anel ¢mset can be in late adulthood. A related disosi&pinal
Muscular Atrophy, which is an inherited neuromuaculisease that causes weakness in the body, anchdegs. It
affects both boys and girls starting at 6 month3 years, and progresses rapidly (MDA, 2001). WieeHaund that
handheld devices, such as Palm PDAs, can be ukmfyleople with MD because such people often ldek t
strength to use conventional keyboards but retaratcuracy needed for stylus keyboards.

Even on desktops, there is still a need for acbkssext entry. Many people who need adaptationsefxt entry do
not use them because of cost, complexity, and ewamce (Fichten, Barile, Asuncion, & Fossey, 200@ye had a
text entry technique that could be used with stechdaput devices, cost could be lowered and thed rfee



intervention reduced. In addition, motor-impaireskrs often need to switch among devices, distriguirain and
fatigue over different muscles. Thus, if the sae®hhique could be used on different devices, legrmould be
eased when transitioning from one device to the.nex

People who use power wheelchairs often need asséstenoving their hands to computer input devices. A
integrated text entry and mouse control solutiondesktop computers that works with the joysticktauchpad
already being used to control the wheelchair winddiesirable (Guerette & Sumi, 1994).

A related problem is that able-bodied users insituational impairments” (Sears, Lin, Jacko, & Xi@003) when
using small mobile devices. The spatial constraifitsmall devices necessitate the use of compfb{icramped)
input technigues demanding accurate movement arefutaontrol. These demands are intensified wividdking or

riding, since “on the go” use can reduce visibjlifjvide attention, and impair physical stabiliBut unfortunately,
most mobile text entry methods are not sufficietdlgtile or physically stable to be accessible &l motion. The
need for physical stability, tactility, accuracydacontrol felt by “on the go” text entry users lmi$ not unlike the
need felt by motor-impaired text entry users. Areasible design for text entry that benefits oneugrmay
therefore benefit the other.

To address these issues, we have developed a reentey technique called “EdgeWrite” that can tseful for
people with a wide variety of physical or situagmpairments.

2  First Investigations

In a preliminary case study of four people with MRyers et al., 2002), we found that our Pebblediegions
(http://www.pebbles.cs.cmu.edwsuccessfully allowed the use of the PC for exteihderiods of time for people
who found it difficult or impossible to use a contienal keyboard and mouse. In particular, we agthtite Pebbles
Remote Commander program, which allows the Palrhetaised as if it was the PC’'s keyboard and mouse. |
general, the Pebbles project is studying many wiagshandheld computers can interoperate with Rah, each
other, and with smart appliances (Myers, 2001). s€happlications are aimed at business meetingesff
classrooms, military command posts, and homes. Fékbles software is available for downloading from:
http://www.pebbles.hcii.cmu.eduPebbles stands fdPDAs for the Entry of Both Bytes andLocations from
ExternalSources. See Figure 1 for an example of a test user.

Figure 1: 12-year old Kevin has Duchenne Muscular Dystrophy.
He is operating his PC by using two hands to
control the stylus on a Palm running the
Pebbles Remote Commander program



The observations we made about the use of thedieatgms for people with Muscular Dystrophy inciud

3

e A conventional keyboard and mouse is usually faten our software on a Palm for people who cdh sti
use those devices. However, using our softwarenagdtarnative input method is still valuable beeatrey
can switch to using the Palm when their hands bedined using conventional input devices.

e The physical buttons on the Palm device (and onngercial touch pads) require too much force for our
subjects to push. Providing on-screen buttonsdbalid be lightly tapped with a stylus was more sgstul.
Since the Palm power button was too difficult tegs, we added an option in software to prevenP#im
from turning itself off.

e It is useful to have a complete small keyboard single screen since the users have difficulty mgvirhe
ability to adapt the keyboard to individual requients is also desirable.

e The provided stylus for the Palm is too short aedy. An inexpensive long plastic stylus works drett

e Seeing the Palm screen is an issue. Unlit Palmessyesuch as on the old Palm V or current Palm Zire
model, often require additional lighting at the garter. The lit color screens are better, but stidly be
difficult to read. A long power-providing cord frothe PC to the Palm is also necessary.

e Using a Palm with replaceable batteries, such @®#im Il is not workable, because the batteridg tast
about 3 days. Rechargeable models need a way ttecbto the power and the Hotsync cable to the PC
while they are sitting flat on the table (as shawirigure 1). Models such as the Palm Tungsten H&¢hw
come with a backlit color screen, and separate yotand power cables that are plugged into thecdevi
are ideal.

e We needed to change the Remote Commander softwvaliow the key-repeat to be turned off, to provide
easier ways to pop up the on-screen keyboard, te rtaasier to tap to generate left mouse clicknés,
and to add word completion. The current versiothefsoftware incorporates all of these improvements

EdgeWrite

Although using Remote Commander was somewhat ssfotefor people with Muscular Dystrophy, it was
completely unsuitable for people with other disiéib. Tremors, for example, made the use of thieskeyboards

on the PDA impossible. Stylus keyboards also regthie user to fix his or her attention on the keybaather than
on the output (MacKenzie & Soukoreff, 2002). Furthere, gestural text entry techniques, such asfi@ralo not
solve the problem of text input for people with primpairments, because tremor and fatigue draalbticnpact a
user’'s ability to make smooth, accurate, and ctletomovements (Keates, Hwang, Langdon, Clarkson, &
Robinson, 2002). Tremor makes it difficult or impitde for some subjects to make character formsgmrizable by

a text entry system like Graffiti (see Figure 2).

Figure 2: A subject with Cerebral Palsy attempting to makd’an Graffiti (left) and EdgeWrite (right). The
Graffiti “d” was misrecognized as an “h”, wherele EdgeWrite “d” was recognized correctly. The gdjg
diagonal does not deter recognition in EdgeWritgalige only the order in which the corners are hitens. Note

the straight lines where the subject moved alorgetiges of the plastic template.



Another result of tremor is that many users “boUlnbe stylus on the screen, triggering unwanted esodnd
unwanted characters. In fact, this problem ren@eedfiti entirely unusable for some people with mmpnents such
as Parkinson’s. A more stable means of text ergrpdcessary for users of handheld devices who Hheter
impairments.

Therefore, we have been investigating multiple apphes to providing stability through the use ofgital edges.
Edges offer many desirable properties. Applyingspoee against an edge while moving a stylus pravide

e Greater Stability Decreased movement variability and movement tffse
e Greater SpeedAbility to move quickly yet remain on the tardiete.
e Higher AccuracyTargets along an edge or in a corner are eas@cquire.

e Tangible FeedbackNo longer is visual feedback the only means dffs®@rection during movement, as
tactile feedback is available.

e Fitts’ Law Benefit Edges allow for “target overshoot,” where acquritargets on edges is easier than
acquiring targets “in the open” (MacKenzie, 1992).

We call our new input technique “EdgeWrite” becaose writes along the edges of a square. Figuteo@/s an
example implementation using the Palm PDA withas{it template over the input area.

Figure 3: A Palm PDA with an EdgeWrite template over the iaput area. A user makes all letters, numbers, and
punctuation inside the square hole by moving thkistalong the edges and across the diagonaleaifhare.
Small holes in the template provide access todhe $oft buttons on the Palm.

3.1 Overview of EdgeWrite

EdgeWrite is a unistroke input technique similaPaimOS Graffiti. Unlike Graffiti, however, EdgeW#irelies on
physical edges and corners to provide stabilityrdumotion. A user moves his or her stylus, fingarjoystick
along the physical edges and into the cornerssufuare bounding the input area (Figure 3). Reciogndoes not
depend on the whole path of motion, but on the rocdeners are hit. This means that moderate wiggh tremor
do not deter good recognition. It also means thaddd a custom gesture, a user needs only to peifoonce,
indicating the desired order of corner-hits.

A key design goal for EdgeWrite was to make thea@tiers easy to learn. All of the character stralvesdesigned
to look and feel similar to the way that charactare hand-printed. Figure 4 shows the current cfuarthe
alphanumeric characters in EdgeWrite. There are BtigeWrite forms for all punctuation and other reloters.
EdgeWrite does not require separate areas or ntoddistinguish letters and numbers as in Graffitote that
multiple distinct forms exist for most charactefdis is to increase learnability and guessabilithie character
forms are a product of a formal guessability studwhich we asked 20 subjects to invent their ovphabets with
no prior knowledge of any existing design (Wobbrogking, Rothrock, & Myers, 2005). We then tested th
resulting alphabet with other users. After showtimgm only one form for each letter, many subjesalered and
used several of the alternate character forms. dllyénese studies showed that EdgeWrite can lradean about
15 minutes, comparable to the time needed to I&aaffiti.



Figure 4: The alphanumeric characters in EdgeWrite. UnlikanaSraffiti, letters and numbers in EdgeWrite d n
require distinct entry areas or modes. The alphaniermode is the default entry mode in EdgeWritsother
modes also exist for punctuation and extended ctersa



3.2 EdgeWrite on Palm

Our first study with EdgeWrite (Wobbrock et al.,0&) used the stylus version on a Palm device (Ei@)r First,
we had 10 able-bodied users either try GraffittdgeWrite to help assess its speed and accuractpasmadidate its
design. There was no statistically significant eliince in speed of entry,(l5=.02, n.s.), but EdgeWrite was over
18% more accurate than Graffiti,(§5=9.32, p<.02). Encouraged by these results, we tistrd four subjects with
motor impairments. With so few subjects, we coubd achieve statistical significance, but the reswere quite
dramatic nonetheless. Subject 1 was a middle-agedan with Parkinson’s Disease and severe trematr.oOtu2
letters attempted with Graffiti, only 22 were cathg recognized (31%). However, with EdgeWrite, @872 were
correct (94%). Two other subjects had CerebralyP&se entered a target sentence without erroEdgeWrite,
but had 8 errors with Graffiti. The other left 2as with Graffiti but none with EdgeWrite. When itshing to
EdgeWrite from Graffiti, she exclaimed, “This isl@ easier than before. Much easier, my goodndsmally,
another user had Muscular Dystrophy with a smakbae tremor. Using Graffiti, he was unable to mbkd, andf
after multiple tries and gave up on them. Using@&tlgte, there were no letters that he could notenék entering
a sentence, he left 3 errors with Graffiti but nevign EdgeWrite.

3.3 EdgeWrite on Game Controllers

We also tested EdgeWrite as a text entry methoclbte-bodied users on game controllers (Wobbrockers| &
Aung, 2004). Today’s computer game industry wolddddit from better text entry for game consolesiciioften
have only game controllers as input devices. Ifthave keyboards at all, they are sold separategxima cost.
Many game consoles are now networked, and requiensive text entry during configuration beforeytlradlow
game play. For example, registration for the XbaxeL service requires entering personal and billmgprmation
and can take more than 30 minutes using a joystitk an on-screen selection keyboard. Furthermoasym
networked games allow for communication among plyesing short bursts of instant messenger-styde With
only selection-based text entry methods for gamrobers, this can be awkward or infeasible. Waysdd the
EdgeWrite alphabet for use with the joysticks &t built into today’s game console controllerg (Begyure 5).

Figure 5: A game joystick showing the two thumbsticks whielm de used to enter EdgeWrite.
Each thumbstick is set within a square area.

There are two methods primarily in use today fat &ntry for game machines: date-stamp and setekégboard.
The date stampmethod is familiar to people who have enteredrthmgfials on the high-score screen of an arcade
game. This method gets its name from a post offiaep that has rotating dials for each charactéilehere are
many variations on this method, ours uses the seguepacé|a..Z[0..9](repeat). Moving the joystick down cycles
the current character forward through the sequéacez). Moving the joystick up cycles the current chagac
backward through the sequenee @). Moving the joystick right commits the currentachcter and initializes a new
stamp with ‘&.” Moving the joystick left deletes the most redgmommitted character.



The other method iselection keyboardThe selection keyboard method uses an on-scregokrd over which a
user moves a selection halo up, down, left, ortrighihen the user presses a joystick button, theently-
highlighted key is “pressed.” When a key is pressbd halo remains where it is and does not jump ttome
position. The halo can wrap around the keyboarizbotally or vertically, staying in the same rowamlumn. Key-
repeat behavior, identical in timing to the datmgt method, governs rapid movement of the halo.bé&ed the
layout we tested on selection keyboards from thexXbve! registration sequence and two popular Xbox games:
Halo andBrute Force

In our study, with untrained able-bodied userst tntry speeds were fastest using EdgeWrite at @al@ds per
minute (WPM), then selection keyboard (6.17 WPk alowest was date stamp (4.43 WPM). A main esfezst
for WPM was significant K, 466=217.20,p<.01). On a questionnaire, subjects preferred EdgeWb the other
methods. They felt it was easier, more enjoyabiel, faster. To see how practiced users fare witheldige, we
tested 3 more subjects, one of whom was an authaohis paper. These subjects had prior experieritte stylus
EdgeWrite and practiced with the joystick text gntrethods for 30+ minutes, targeting difficult & and entering
many phrases in each method. The performance sé tBepracticed users with date stamp and selekéghboard
was near to that of the subjects in the main stBdywith EdgeWrite, the speed approached 13 WRdwing that
more significant performance gains are possiblé wiaictice for EdgeWrite but less so for selectiased methods.

3.4 EdgeWrite on Wheelchair Joystick

In another study (Wobbrock, Myers, Aung, & LoPre2004), we implemented a version of EdgeWrite ¥ Gor

the Everest & Jennings 1706-5020 power wheelcbastick, which was removed from its chair (Figuje &d in
C# for a Synaptics touchpad (Figure 7). We comp&egle\Write on each of these two devices, whichatneady
available for controlling power wheelchairs, to the-screen WiViK keyboard. We improved and testesl three
techniques that we evaluated with the help of 7 ggowheelchair users, six with Cerebral Palsy aned with

Multiple Sclerosis. All but one of them used a centional QWERTY keyboard for text input, but alltobm said
that they could only do so for less than one hafole becoming fatigued. For speed, touchpad Edie\as
fastest on average at 1.00 words per minute (WBM)stick WiViK was second at 0.84 WPM. Joystick ed{ite

was third at 0.77 WPM. The questionnaire resultswad that, of the 3 methods, participants felt bpac
EdgeWrite was easiest to use, easiest to leartrestasnost accurate, most enjoyable, most comfiertaimd most
liked overall. Participants rated joystick WiViK @nd in all of these categories, and joystick Edgethird

(Wobbrock, Myers, Aung et al., 2004).

Figure 6: The Everest & Jennings 1706-5020 power wheelcbgstick we modified for EdgeWrite text entry.
Note the plastic template around the stick, whidgvjgles a square boundary.



Figure 7: The Synaptics touchpad we used with a plastic tatafb create a square area for EdgeWrite texy.entr

4 Future Work and Conclusions

Although EdgeWrite has already has been shown teffleetive for some people with motor disabilitiege have
much work we still want to do. Plans include a i@rdor desktop text entry using a trackball, aiglesor fluidly
accessing word completions while making strokegthér studies to characterize the skills of pedplewhich
EdgeWrite is effective, and designs and studieEdifeWrite as a technique for text entry on mobhenes for
able-bodied people while walking. In the meantithe, stylus version for Palm PDAs can be downloddach our
web site ahttp://www.edgewrite.com
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