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ABSTRACT

Power wheelchair joysticks have been used to cbatnmouse
cursor on desktop computers, but they offer nograted text
entry solution, confining users to point-and-cliok point-and-
dwell with on-screen keyboards. But on-screen kayt® reduce
useful screen real-estate, exacerbate the nedabéprent window
management, and impose a second focus of atte®jocontrast,
we present two integrated gestural text entry nughaesigned for
use from power wheelchairs: one for joysticks amel dther for
touchpads. Both techniques are adaptations of EdgeW
originally a stylus-based unistroke method desigf@dpeople
with tremor. In a preliminary study of 7 power widmir users,
we found that touchpad EdgeWrite was faster thaystick
WiVik, and joystick EdgeWrite was only slightly sler after
minimal practice. These findings reflect “walk updause™-ability
and warrant further investigation into extended use
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1. INTRODUCTION

People with motor impairments, such as those causgd
Muscular Dystrophy, Cerebral Palsy, Parkinson'seak®, or
spinal cord injuries, often cannot use a convemtionouse and
keyboard. They may lack sufficient mobility to rbafor these
devices, sufficient motor control to switch accehat and
efficiently between them, or sufficient enduratceise them for
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Figure 1. The Everest & Jennings 1706-5020 power wheelchair
joystick we modified for EdgeWrite text entry. Note the plastic
template around the stick, which provides a square boundary.

more than a few minutes. In addition, many peopiia wotor
impairments use wheelchairs. An estimated 1.4 onilAmericans
depend on wheelchairs for mobility [14]. About 1086 these
people use power wheelchairs, and about half ahthequire
more than one assistive technology to participate daily
activities [4]. A computer access solution that keowith an
existing device, rather than adding to the mix pEwembering
devices, would be desirable [11]. Such solutionsehheen
termed “integrated control systems” [27].

Commercial technology already exists for providinguse cursor
control from a power wheelchair joystick [28]. Bubuse control
is only part of a computer access solution. Thétald enter text

is also a cornerstone of successful human-compnteraction.

However, an integrated text entry method to accampaystick

mouse control is unavailable. Instead, text entgmf power

wheelchairs takes the form of point-and-click oimp@nd-dwell

with on-screen keyboards. This exacerbates the fozaedindow

management due to decreased screen real-estal®o imposes a
secondary focus of attention, taking users’ eyemftheir work.

A text entry method for power wheelchair joysticksuld give

fuller access without requiring additional devi¢Egyure 1).

Though less common than joysticks, touchpads csm la¢ used
to control power wheelchairs [29] (Figure 2). Topatls require
less strength to operate than joysticks and ndmaion. The
further a finger moves from the center of the tqath the faster
the wheelchair moves. While touchpads have b&eadied and



Figure 2. The Touch Drive
touchpad for power wheel-chair
control from Switch-It, Inc.
(http://www.switchit-inc.com).

The device is proportional like a
joystick: the farther a finger
moves from the center of the
pad, the faster the chair will
move or turn in that direction.

used extensively for mousing (e.g., [12,23]), theye not often
been used for text entry. People in power wheelshaiight
benefit from an integrated device that could cdntheir chair,
mouse, and text entry solution. This requires gatde text entry
technique for touchpads.

As more public information terminals (kiosks) appe&rbuilding
lobbies and libraries, on streets, in subways, iandommunity
centers, the ability to access these terminals rhesomore
important. Just as the Americans with Disabilitst requires
that many buildings have access ramps, future telsimay be
required to be accessible electronically via Blo#toor another
wireless technology. It would be advantageous teehan
integrated control system where the power wheelgbgstick or
touchpad could be used as the input device for mguand text
entry for such terminals.

1.1 Our Approach

As a part of the Pebbles research project, wenamrsstigating how
handheld devices—broadly defined to include Persdigital
Assistants (PDAs), joysticks, touchpads, and otltexices—can
be used concurrently with desktop computers [19]. dur
previous work [21], we showed that a Palm PDA cobl
effective for computer access for some people witbtor
impairments. This is because while many people withtor
impairments lack gross motor control, strength, andurance,
they retain enough fine motor control and fingextdsty to
negotiate the small expanse of a PDA screen. The saay be
true for joysticks and touchpads.

In addition, we developed a new assistive textyetgchnique
calledEdgeWrite[33]. Originally for use with a stylus, EdgeWrite
enables people with tremor and reduced mobilitytde on a
PDA, even though many of them cannot write Graff], the
dominant unistroke alphabet for Palm PDAs. (In #ddj
EdgeWrite was over 18% more accurate than Grdtitiable-
bodied users.) We also implemented a version oeRBfge for
game controller joysticks, and found that able-bddiisers were
faster and produced more accurate text with it ttéth date
stamp and selection keyboard, two prevalent jolystixt entry
methods [31]. Although game controller joysticke atifferent
than power wheelchair joysticks, EdgeWrite is sinpnd
versatile and can be adapted to a variety of device
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Figure 3. The Synaptics touchpad we used in our studies.
Because the touchpad itself is rectangular and EdgeWrite requires
a square, we imposed a plastic template over the touchpad surface
(not shown).

For the current work, we redesigned EdgeWrite tokwan an
Everest & Jennings power wheelchair joystick (Fggd) and a
Synaptics touchpad (Figure 3). We compared EdgeVerit each
of these devices to a commercially available texryemethod
accessible using a power wheelchair joystick orchpad—the
on-screen WiVik keyboard [22,25].

We conducted participatory design sessions with oivep

wheelchair users, 6 of whom had Cerebral Palsylamto had
Multiple Sclerosis. The participants entered tektggses using
touchpad EdgeWrite, joystick EdgeWrite, and joysii¢iVik and

gave us feedback. Learning EdgeWrite gesturessingle session
was difficult compared to learning the on-screerVikeyboard,

which many participants had used before. Despite tbuchpad
EdgeWrite was the fastest, joystick WiVik was seatomand

joystick EdgeWrite was a close third. The resulesevpromising
since participants had little time to learn the &dfgite alphabet
before testing.

This study confirms that gestural text entry methadten take
longer to learn than selection-based methods [Bdi.a quality
gestural method offers a number of advantages sekction-
based methods: it does not require precious saesdrestate, it
can be used without looking, it can be customized‘tained”),
and it can require less motion per character, sjgstures can be
quite small but keyboards can only be shrunk sohngfore their
keys are difficult to acquire.

Thus, this work takes a step toward a more compieegrated
control system for computer access and wheelchaitral by
addressing the need for text entry from existemtgravheelchair
joysticks and touchpads.

2. RELATED WORK

Many devices exist for computer access, some otlwban be
used from a power wheelchair [1]. Alternative plegsiand on-
screen keyboards, head switches, sip-and-puff dsyiwoice
recognition systems, and augmentative communicatievices
are just a few of the options available for compw@ecess. But
there can be obstacles to effective deployment.yMiavices are
prohibitively expensive. Others require extensigafiguration or

maintenance. Some might be unwieldy, even on a powe



wheelchair. These and other reasons may be why wodk has

found that less than 60% of people who indicate they need
adaptations actually use them [9]. Our aim in tigrk, by

providing text entry techniques for existing poweheelchair

control systems, is to lower the barriers to corapuwccess by
using mechanisms already present.

Stylus-based EdgeWrite is related to other unistrdxt entry
methods, most notably the original Unistrokes [40H Graffiti
[2]. Few methods besides EdgeWrite have been dévise
“writing” with a joystick, but an interesting excign ismyText a
commercial system for small mobile phone joysti&{s

EdgeWrite depends on physical edges to provide taicfility and
stability of motion. Other work has explored usiedges in
interaction techniques, such as placing contrasaledges for
easier target acquisition [8,32]. The classic Lasal Macintosh
user interfaces had their menus along the top efiglee screen
for the same reason [16].

Mouse cursor control using a power wheelchair joidtas been
recently studied [15,24], but not with an integcatext entry
technique. Like the current work, the second of¢hevaluations
used the on-screen WiVik keyboard.

Touchpad interaction techniques have been arounsbfoe time,
but surprisingly few text entry techniques exist fouchpads.
Two exceptions are a touchpad used for a remoteaidii] and
for numeric entry using a clock-face metaphor [18gither of
these, however, is a generic touchpad text entlnigue like
EdgeWrite. Most touchpad techniques focus on conamd
selection tasks (e.g., [12,17,23]). Similar to Bdigiée, templates
have been used on touch surfaces to guide finggom3].

3. EDGEWRITE DESIGN AND
IMPLEMENTATION

3.1 Stylus EdgeWrite for PDAs

EdgeWrite was originally designed as a stylus-basedl entry
method on PDAs for people with motor impairmentpezially
tremor, since Graffiti proved difficult for this palation [33]. The
properties of EdgeWrite and its alphabet (Figurendke it well-
suited to other devices for assistive text entike Ipower
wheelchair joysticks and touchpads.

Figure 4. EdgeWrite letters and numbers. A full character chart is
available elsewhere [33]. The bowed line segments between
corners are for illustrative purposes only. All motion is in straight
lines between corners.
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Specifically, EdgeWrite relies ophysical edges and cornets

provide stability during motion [30]. A user movéss or her
stylus, finger, or joystick along the physical eslgend into the
corners of a square bounding the input area. Rétogmoes not
depend on the whole path of motion, but on therocdeners are
hit. This means that moderate wiggle and tremomdb deter
good recognition. It also means that to add a cugesture, a
user only needs to perform it once, indicatingdbsired order of
corner-hits. EdgeWrite is not a pattern-matcher aogs not
require a training set, so recognition occurs witrembiguity.

3.2 Joystick EdgeWrite for Power

Wheelchairs

We implemented a version of EdgeWrite in C++ far BEverest &
Jennings 1706-5020 power wheelchair joystick, whiels
removed from its chair (Figure 1). Wires were ditt to the
joystick outputs and the left auxiliary switch irder to access the
voltage signals corresponding to the absolxi@ position of the
stick and the state of the switch (Figure 5). A bzl
Instruments 6024E DAQCard read the signals and ntaem
available to our software.

The joystick was polled for its position every 5.ighen the Xy)
position entered one of the four EdgeWrite cornargharacter
trace began. When thg)) position returned to the center of the
square for a short duration, the trace was deeroatplete and
recognition of the corner sequence occurred [31].

The joystick’s coordinate plane was restrictedhte square hole
imposed by the template that bounded the stick. eSigh

consideration was the size of this square (Figyrén6our design
iterations, we found that an edge length of 13.7%worked well.

It was small enough to reduce the amount of necgssavement,

but big enough to reduce the risk of accidentahephits. The
template was mounted on three bolts which we ilestdfom the

underside of the joystick chassis.

Figure 5. Inside the Everest & Jennings joystick. We added wires
to emit the (x,y) joystick position and the state of a switch.



Figure 6. Diagrams of the plastic templates used to impose square
bounding areas around the joystick. In pilot tests, the 13.75 mm
square had the best balance between speed and accuracy, since
smaller squares are faster but more prone to accidental corner-hits.
The holes were used for mounting. (See also Figure 1.)

Figures 7a, 7b. An unfiltered (left) and filtered trace of “s” with the
joystick. Note the triangular corners and the dashed center box
used for snap-to-center segmentation.

The &,y) position from the joystick was very noisy, in esse
containing a great deal of electronic “tremor” (g 7a). To
filter out this noise, we took the last points and computed a
running average, treating the result as an indaligwoint. Trial-

and-error yieldedh = 12 as the value that best removed sufficient

noise while decreasing the inevitable lag introdudey the
running average (Figure 7b).

3.3 Touchpad EdgeWrite for Power

Wheelchairs

We implemented another version of EdgeWrite in Cet a
Synaptics touchpad (Figure 3). Like the stylus gaystick
versions, the touchpad version used a plastic spd provide a
square boundary (Figure 8). While joystick Edge@/ritas found
to be highly sensitive to the size of the squarendary, the
touchpad version was not; the square shown in Eiguwas 30
mm wide and worked well.

Touchpad EdgeWrite is similar to stylus EdgeWritethat letter
segmentation is accomplished by using pen/fingerBefore a
finger goes down on the touchpad, the corners arssidered
rectangular. Once a finger enters a corner areaever, the

cornersdeflate into triangles, preventing diagonal strokes from

accidentally hitting unintended corners (Figure 9).
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Figure 8. The Synaptics touchpad we used with a plastic template
to create a square area for EdgeWrite text entry.

Figure 9. The trace of an EdgeWrite “w” on the touchpad. The
image maps to the whole touchpad surface, while the square in
which the “w” occurs maps to the template’s square hole.

The edges of the touchpad’s plastic template @ichiwfous finger
motion in the same way that they aid stylus motiona PDA
[33]. Users can feel the smooth plastic edges ay thove,
exerting pressure against them for stability arddileafeedback.
Since the touchpad surface only senses human iéssure on
the plastic template does not interfere.

3.4 Expert Performance with Three Devices
To appreciate the differences among EdgeWrite @essian able-
bodied EdgeWrite expert, this paper’s first autheas given a
text entry test using phrases from MacKenzie andk8&eeff [18].
He entered 10 phrases with each EdgeWrite impleatient the
PDA stylus, the Everest & Jennings joystick, and 8ynaptics
touchpad. His respective speeds were 23.0, 12818l words
per minute (WPM). His respective error rates we2¥§ 8.4%,
and 11.4%. All errors made during entry were caegdthough
this hindered speeds), so these data represeetpgenscription.
While this only reflects one expert, it gives alpatk comparison
consistent with other studies [31,33].

4. PARTICIPATORY DESIGN AND
EVALUATION

This section describes our design and evaluatiesi@es with
participants, in particular the lessons we learreid the
parameters we identified. Throughout the processweeked
closely with real power wheelchair users.



4.1 Mouse Control and the WiVik Keyboard

In order to compare EdgeWrite to a currently avddameans of
text entry with a wheelchair joystick, we compatied EdgeWrite
techniques described above to the on-screen keybdAviK
[22,25] accessed with the wheelchair joystick. Weplemented
proportional mouse control software in C++ to emablrsor
control from the Everest & Jennings joystick. Weoaénabled a
switch on the joystick to simulate a mouse clickhéfl the switch
was pressed, it enacted naouse-down When the switch was
released, it enacted raouse-up Prior research [15] shows that
among the possibilities for joystick-driven mousmtol, a rate-
controlled approach is both fastest and most ateui@ on-
screen keyboard text entry, as opposed to abspbsitioning or
a hybrid design. The velocity and acceleration of oate-
controlled implementation were comparable to thased in the
prior research. When using the joystick with théAkKikeyboard,
we removed the plastic template required for EdgeWr

We used the WiVik keyboard with the default setsingvhich
included no spacing between the keys, no word ptiedi, and
click-triggering of keys rather than dwell-triggegi The keyboard
consumed the entire width and about 1/3 of the Hte@ a
1024x768 screen. We chose the WiVik keyboard becafists
familiarity as a mouse-driven on-screen keyboard.

4.2 Participants

We improved the three techniques that we evaluategstigk
and touchpad EdgeWrite, and joystick WiVik—uwith thelp of 7
power wheelchair users. (We initially had 8 papiggits, but one
was too impaired to perform any of the techniqu8sx)of the 7
were from the UCP of Pittsburgh and had CerebrddyPahe
other participant had Multiple Sclerosis. The agerage of the
participants was 25.9 years, with a low of 21 anhigh of 67.
Participants had been in wheelchairs for an aveoddd.0 years,
with a low of 3 and a high of 30. Two of the 7 jpEpants were
male. All but one of them used a conventional QWERT
keyboard for text input, but all of them said titay could only
do so for short periods before becoming fatiguedo Tof the
participants had used a PDA only a little, and titleer 5 had
never used one at all. None of the participants &l used
EdgeWrite with a joystick or touchpad.

4.3 Procedure

In order to involve participants in the designtod techniques, we
had them practice each technique before enteriegtgphrase of
about 30 letters. Practice consisted of enterimdp égtter 4 times
in a row with a given technique (e.gadaa bbbb ... zzZz This
took 25-35 minutes with each of the two EdgeWréehniques,
and about 10-20 minutes with WiVik, since there avaro
gestures or alphabet to learn. The whole test didexceed 2
hours. All 7 participants used WiVik and joystickldeWrite, but
only 4 participants used touchpad EdgeWrite becatipersonal
time constraints. (Comparing the joystick data frdhese 4
participants to the other 3 participants shows laimiesults,
suggesting that the touchpad results for all 7igipents would
not have been substantially different.)

As shown in Figure 10, an EdgeWrite character civag visible
during the session. With the slow pace of praciice the limited
endurance of participants, we did not want to updhulrden them
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Figure 10. A participant entering text using the joystick and WiVik
on-screen keyboard. An EdgeWrite character chart was on display
for the entire study, even when unused in this condition.

with memorizing the EdgeWrite characters. Instead, taught
them how to read the chart and observed their hehaowever,
reading the chart slowed them significantly comgati@ WiVik.
The inter-character time—the time from the end of character
to the start of the next—suggests the delay caugeddaling the
chart. The average inter-character time was 6.28n&ks. With
more practice, this value would go down, sinceigigdnts would
be familiar with the letters.

All text input was logged on the PC by our textrgntest
program. It was later analyzed with recently depetb measures
[26] that allow participants to enter text in arcanstrained, real-
world fashion, where they can choose to fix errors not.
Participants were instructed simply “to proceedqagkly and
accurately as possible.”

We solicited responses from participants in betwtsa entry
phrases and more formally using questionnairesaddition,
many participants offered ideas while practicingthwithe
techniques.

4.4 Overall Results

Practice sessions, slow performance, and everdtigué meant
that we only had time for one test phrase by eactigipant with

each method. Thus, we do not have sufficierda fatstatistical

Figure 11. Average words per minute for each entry method.
Higher values are better. Standard deviations are in parentheses.



significance. However, we can compare means andelate
performance with participants’ comments.

For speed, touchpad EdgeWrite was fastest on aveatd .00
(0.72) words per minute (WPM). Joystick WiVik waacend at
0.84 (0.36) WPM. Joystick EdgeWrite was third at70(0.57)
WPM. These results are graphed in Figure 11.

Three error rates characterize unconstrained texy.eCorrected
errors are those fixed during entry, uncorrectedrsrare those
left in the transcribed string, and total errors #re sum of the
two (Figure 12).

Figure 12. Average error rates for the three methods. Uncorrected
errors appear in the final text, but corrected errors do not. Smaller
values are better.

Clearly, participants made more errors with the &tlgte
methods than with joystick WiVik. This is to be eqgbed of a
gestural input technique compared to a selectiaeda@ne, since
when learning new gestures, users often perform theorrectly.
A longitudinal study would reveal whether this ienaly due to
unfamiliarity, or a problem that would affect priaed users. Note
that to make an error with WiVik, a user must pléce mouse
cursor over the wrong key and still choose to pagskrelease the
switch, a multi-step operation that is readily aleal.

The questionnaire results showed that, of the 3haou,
participants felt the touchpad was easiest to essjest to learn,

Figure 13. Average questionnaire ratings reveal a preference for
touchpad EdgeWrite over joystick EdgeWrite and joystick WiVik.
Higher values are better.
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fastest, most accurate, most enjoyable, most cdaftfie; and
most liked overall. Participants rated joystick iki\éecond in all
of these categories, and joystick EdgeWrite third.

4.5 Lessons from Participants

Participant #1 was a 67 year-old retired schoothern with
Multiple Sclerosis. He was notable for two reasdms:was the
only person without Cerebral Palsy, and he was only of two
participants who was faster with joystick EdgeWthan joystick
WiVik (1.91 vs. 1.22 WPM). The other was Participant #8, who
was a 22 year-old female with good fine motor colnt8he was
only slightly better with joystick EdgeWrite thaayptick WiVik
(0.52 vs. 0.50 WPM). Participant #1 showed us that the jgast
template should be thicker to prevent the expogeihe on the
joystick post from catching the template’s edgeteAfusing
joystick WiVik for a few minutes he said, “It takése patience of
Job to do this.” Upon switching from WiVik to EdgeN¢, he
said, “I'm much faster with this; don’'t you thinkml much
faster?” indicating his first impression of joy$&tiEdgeWrite.

Participant #2 was a 21 year-old student. Shealhjithad trouble
with the diagonal strokes with joystick EdgeWritechuse she
would move too slowly through the center, and Edg&/vould
try to recognize what she had already done. Shévatetl us to
add the ability to change the center dwell timeunexy for
segmentation. If a polled joystick point falls ddes the center
area before the dwell time has elapsed, the dumal tounter
resets. The time that worked well for ParticipaBtuias 500 ms.
This participant also thought it would leasierto do the WiVik
keyboard with the EdgeWrite template still on theystick
because it would help prevent target over-shooflings suggests
joystick mouse control and joystick EdgeWrite coatgexist on
the same device without having to remove the EdgeWr
template.

A long dwell time was not sufficient for Particigai, a 40 year-
old volunteer. She moved inconsistently with joglstEdgeWrite,
sometimes making letters very quickly, other tinpesising for
many seconds to think. For her we added the aliityrigger
recognition with the switch, removing the need denter dwell.
She enjoyed touchpad EdgeWrite because it was #sest
method with which to fix mistakes. Of touchpad Bdfge she
said, “Once you understand what you are doing, desg
completely well.” Participant #7 echoed this whéwe said, “If
you get used to it, you'd be really fast | suppose.

While the females tended to interact too gingerlithwthe

joystick, the males, Participants #1 and #3, were forceful at

first. Discovering the right speed and amount @spure to exert
against the joystick template was an important $tefearning

joystick EdgeWrite.

A common problem was that participants did not slwstart in
the corner of the plastic template before makingrtigestures
with the joystick. This was less of a problem wiltte touchpad.
The reason may be that the joystick must be pudheaah
somewhere (i.e., the center) to reach the stactmger, whereas a
finger canbeginin the corner of the touchpad.

Participant #4 gave us an important insight inte design of the
touchpad template. We originally smoothed the edfethe
touchpad template so that it was slightly beveladt. this caused
participants’ fingers to slip up onto the templatesurface,



actuating a “finger up” and prematurely triggerirecognition.
This insight led to the fabrication of a thickeuttpad template,
the edges of which we left vertical and unbeveled.

Participant #6 highlighted the importance of endrus
customizability. While using touchpad EdgeWrite, isth
participant’s finger did not always press againsteglge of the
square. Having defined the square exactly alongléstic edges,
we realized that her fingers moved inside this sguand that the
actual square in which she moved was thereforelemgle then

control system in a holistic fashion. For example, could have
participants move between terminals where they @vald both
mouse and text entry tasks. Other design issuss &ere, for
example, if we have more than one person contgpbirterminal
at a time. Techniques for coordinating multiple difzeld
interfaces to a single desktop computer have bgplored [20]
and could be employed.

6. CONCLUSION

had her redefine the EdgeWrite square, and her accuracy We have described two means of integrating textyeiito

improved tremendously.

Finally, the diagonal strokes were difficult for mausers of
joystick EdgeWrite. This is not surprising, becaitss along the
diagonals that the user does not have an edgess pgainst. The
letter “k” (Figure 14a) was particularly problen@abecause of its
two diagonals in a row. After the study, we desijaenew form
of “k” (Figure 14b) that is still reminiscent of Roman “k” but
without a diagonal. In later investigations, thisanform of “k”
proved much easier to perform and became a permaaenof
the alphabet in all versions of EdgeWrite.

Figures 14a, 14b. The original design of the letter “k” (left) was
difficult for joystick users because of the diagonal strokes. An
alternate “k” was later designed that contains no diagonals. This “k”
is much easier to make with a joystick. Note that arcs are only
illustrative. Actual motion is in straight lines.

5. FUTURE WORK

The biggest limitation of this preliminary study tise relatively

short time participants had to learn and practidgeiVrite. While

previous work shows that able-bodied users cam |EalgeWrite

in about 15 minutes [31,33], participants with midtapairments

require more time in which to accomplish the sammunt of

practice. We therefore want to do a longitudinaldgtin which

participants are allowed time to become expertehSa study
would yield results for learning, retention, longgyfatigue, and

whether joystick or touchpad EdgeWrite meets piaditts’ real-

world text entry needs. As it stands, this inisalidy represents
“walk up and use-ability more than general us#iliThese

results warrant further investigation and desidimesnent.

The success of input techniques depends largelyiwmerous
physical and psychological factors, many of whiam cstill be
optimized for EdgeWrite, in particular the squaieesfor the
touchpad and spring strength, grip size, and heaifjtite joystick.
Prior work [6] shows large gains are possible wihbtle
optimizations like these.

Once the design is improved, the next step is tegiate mouse
control into both devices and provide for switchargong mouse,
text, and wheelchair control. We can then study itttegrated
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preexisting controls on power wheelchairs: one gisia
wheelchair joystick and the other a touchpad. Baehices are
small, light, inexpensive, and require minimal dgufation,
giving them significant practical advantages asdrated control
systems over dedicated computer access technaloyiés
described our designs and implementations of Edge\@nd the
participatory role real power wheelchair users ethyin our
development process. While these techniques cah st
improved, this work has paved the way for theiufatrefinement,
and ultimately, better computer access from poweelchairs.
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