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Abstract

A joystick text entry method for game controllerada
mobile phones would be valuable, since these dswtten
have joysticks but no conventional keyboards.

prevalent joystick text entry methods are slow ligeathey
are selection-based. EdgeWrite, a new joystick &ty
method, is not based on selection but on gestuoes &
unistroke alphabet. Our experiment shows that tidw
method is faster, leaves fewer errors, and is reatisfying

But

than date stamp and selection keyboard (two prevale Figure 1. The Saitek P2500 Rumble Force Pad. Opegment

selection-based methods) for novices after
practice. For more practiced users, our resultsvstiat
EdgeWrite is at least 1.5 times faster than saacti
keyboard, and 2.4 times faster than date stamp.

Keywords: Text entry, text input, joystick, gamataaler,
game console, physical edges, corners, gesturéstyakes.

1 Introduction — Why Joystick Text Entry?

Joysticks have served as input devices since thesta
computers [7]. The two-player version @dmputer Space
the first coin-operated arcade game, used two redunt
joysticks in 1972. In 1978, Atari released its tfigame
console, the Atari 2600, which had no keyboardf pus
joystick. Joysticks have been studied in human-adem
interaction since at least the seminal study byd@aral. in
1978 [1]. Yet despite joysticks’ considerable tenuno
satisfying text entry techniques have been develdpe
them. The methods that do exist are mostly selediased;
they require screen real-estate to display opticare
difficult to use without looking, are hard to custae, and
are slow, requiring many movements per character.
Today's computer game industry would benefit from
better text entry for game consoles, which oftemehanly
game controllers as input devices; if they havebkayds at
all, they are sold separately at extra cost. Maayne
consoles are now networked, and require extensixé t
entry during configuration before they allow ganteyp For
example, registration for the Xbadxve! service requires
entering personal and billing information and caketmore
than 30 minutes using a joystick and an on-screttson
keyboard. Furthermore, many networked games allow f
communication among players using short burstastiint

minimal ysed the two thumbsticks and one of the silvepbstt

messenger-style text. With only selection-based éetry
methods for game controllers, this can be awkward.

Mobile devices have also placed high demands xin te
entry development. Numerous text entry methods baes
investigated, including those driven by buttonsarelster
recognition, virtual keyboards, thumbwheels, andceo
Many new handheld devices, such as the Ericssori T68
mobile phone, are equipped with miniature joystid&s
navigation and selection purposes, yet have nobii#tya
for joystick text entry. Joystick text entry on nilebdevices
reduces the need for screen areas devoted to sgiug,
for virtual keyboards that take up precious screeal-
estate, and for multiple button-taps to select rddsi
characters. They also can be used without lookivigch
may have positive implications for blind use.

Another potential use of joystick text entry is fasers
of power wheelchairs. Technology is already comiméyc
available [22] to enable a person to control a cateps
mouse from a power wheelchair joystick, but optidos
text entry are limited to mouse-based selectiohriepies,
like the WiVik on-screen keyboard [19].

In this paper, we present a new joystick text yentr
method that is not based on selection, but on gestiWe
use the EdgeWrite alphabet [27], originally a styhased
text entry method for users with motor impairmenthe
properties of this alphabet make it well-suited text entry
with joysticks. Our experiment shows that joystick
EdgeWrite is faster, produces more accurate phraselsis
more satisfying to users than date stamp or selecti
keyboard, two prevalent selection-based methods.



2 Challenges for Writing with a Joystick

Joysticks, like those found on game controllerg(Fé 1),
commonly operate in one of two ways: position-colted
or rate-controlled. With position-control, the ploa range
of the joystick is mapped to a plane (e.g., theea), and
the position of the stick corresponds to a positiorthe
plane.
designed using position-control [11]. With rate-toh on
the other hand, the further the stick is moved friisn
center, the faster the position changes. Rate-@ornsr
common in first-person games and for joystick-colfed
mouse cursors [13].

It would seem that position-control might be tideal
candidate for “writing” with a joystick, as a usssuld trace

an , y) path like she does with a stylus on a PDA. Many

studies, however, confirm that joysticks are notesurate
for positioning as mice, trackballs, touchpads, tatulets
(e.g., [1, 5, 15, 18]). Indeed, our design explors
confirm the difficulty of making smooth letter-fogrusing
a joystick. The prospect of writing in an alphabiée
Graffiti is therefore dubious. If gestures are &oused, they
will have to be designed to overcome this diffigult

Human physiology also complicates joystick textrgn
For example, the dexterity of the thumb change g
position relative to the hand, causing changesaimge of
motion [8]. The index finger has the highest Fittelex of
performance [12], making it better suited thantthenb for
control tasks [4]. The velocity of a writer depends
whether she moves her arm or only her wrist, andang
strokes are generally faster than downward onesS®ine
results show that humans have a difficult time nrehg a
joystick to the same position it was before [11}th&
results show humans often under- or overshoot thegets
while using joysticks, and that joystick movemenn de
tremulous, comprised of sub-movements and repdated
path corrections [17]. Such variables may subverny a
attempts at “writing” with joysticks.

While not a panacea, EdgeWrite is well-suited to
overcoming many of these challenges. The next @ecti
explains why.

3 A New Method Based on EdgeWrite

The EdgeWrite text entry method was invented to hel
people with motor impairments enter text with dustyon a
PDA. Many people with motor impairments have diffty
writing Graffiti because of their inability to makemooth
curves and straight lines due to tremor or rapiigjde [25].
The stylus version of EdgeWrite addressed thesblemes
by offering a more accurate and physically stabéamns of
text entry through the use physical edgef6]. In fact, all
stylus entry in EdgeWrite is performed within thenfines
of a small plastic square, and all strokes arecatbe edges
or diagonals and into the corners of this squaegoBnition

works not by analyzing the path of movement, but by

examining the order in which the corners of theasguare
hit. When compared to Graffiti, EdgeWrite was hygel
more accurate for some people with motor impairsient

and at least 18% more accurate for able-bodiedsuser
(p<.02). It was also found to be just as learnabl&afiti

and about as fast. A detailed discussion of stigldgeWrite

is available elsewhere [27].

Joystick-driven screen magnifiers have been

Figure 2. The EdgeWrite alphabet. Alternate formistefor most
characters (not shown). The bowing of line segméntsnly
illustrative and does not depict actual movemerhjctv is in
straight lines. For more detail, see [27].

3.1 The EdgeWrite Alphabet

The EdgeWrite alphabet has properties that makeeit
suited to meeting the challenges of joystick texrye The
alphabet is unique among unistroke methods in ekaty
character is comprised of up to six well-definedrsents
between the vertices of a square (i.e., the falgssand the
two diagonals). Thus, all motion in EdgeWrite igatly in
straight lines between corners. But straight liaes not
required for gesture recognition, since recogniti@pends
not on the path of movement but instead on the esazpiof
corners that are hit.

EdgeWrite can be easily implemented on any surface
that has a square area bounded by physical edgsic®
edges provide a Fitts’ Law benefit, as they allowtarget
overshoot” without sacrificing accuracy [26]. Ploai
edges also provide tangible feedback during movéeuech
result in greater speed and stability of motior][25

Joysticks are usually best used for control,
positioning. But EdgeWrite’s use of stabilizing gioal
edges allows joysticks bounded by square areas tasbd
in position-control mode for writing EdgeWrite chaters.
The areas bounding the thumbsticks on the Sait&dO0®2
(Figure 1) are squares with slightly rounded canér our
study, we used this joystick without modification.

With a joystick it is difficult to make smooth afaaters,
such as those required by Graffiti, but EdgeWiitaracters
are easy to make by pushing the stick from cormeotner
within the plastic bounding area. Edges naturailidg the
stick, and corners naturally pocket it, making aatel
motions easy. As shown in Figure 2, EdgeWrite attera
begin in one of four corners, easily accessed fifwrcenter
of a square with a self-centering joystick.

Isokoski [9] offers a complexity measure desigred
compare unistroke alphabets by abstracting theiratters
into composites of straight lines. EdgeWrite regsiimo
such abstraction, as its characters are alreadyrcsed of

not



straight lines. The complexity of the EdgeWritetdet in
Figure 2 is 2.30, lower, and thus “faster,” thanniRm
letters (2.76), Graffiti (2.54), and MDITIM (3.06)}ut
higher than Unistrokes (1.40). EdgeWrite was shéavhe
as learnable as Graffiti, and is likely to be mtgarnable
than Unistrokes [6] or MDITIM [10], since their tets do
not generally resemble Roman letters, as Edge\Write!

A final strength of EdgeWrite is that it is easy t
customize. Onlyne“training example” is required from an

end-user to teach EdgeWrite a new character since a

sequence of corners is unambiguous. EdgeWrite isano
pattern matcher, so it does not need multiple pypts for
a training set. Selection-based methods, by cdnteas
harder to customize since they require graphicabog.

3.2 Design and Implementation

To understand how EdgeWrite works with a joystiale
must understand how EdgeWrite partitions the jol&i
coordinate plane. Using C# and Directlnput, thesfimk is

to be polled for its position every 55 ms, whicloyed
sufficiently often. The, y) position falls within the range
of the x, y axes (-100, +100). In practice, none of the
joysticks we used centered perfectly at (0, 0); sonere
off by as much as +20.

EdgeWrite corners are triangular so that diagonal

strokes do not accidentally hit them [27]. In pilists,
using static corners as shown in Figuie [Boved to be
inadequate because some subjects still accidentatly
unwanted corners when trying to make diagonals rigbt-
handed users, the problematic diagonal is from ujgfeto
lower-right (Figure 4). The other diagonal is ngtrablem.
Left-handed users experience the opposite problem.

Figure  3a. Inflated
dimensions of the joystick
coordinate plane for a
right-handed user. Corner
areas are ftriangular so
that accidental corner-
hits when moving along a
diagonal are rarer than
they would be if the
corners were rectangular.

Figure 3b. Deflated

dimensions of the joystick
coordinate plane. The dot
in the upper-left indicates
the joystick  position.

Deflation gives more
room for error on the

hard diagonal stroke from
upper-left to lower-right

(for a right-handed user).
See also Figure 4.

This difficulty arises because the thumb’s dekyeaind
range of motion along one diagonal is much betbant
along the other diagonal. Figure 4 shows the thpogition
of a right-handed user and the underlying joystitke easy
diagonal is along the natural arc of the thumb,leviine
difficult diagonal is along the length of the thuitdelf.

Figure 4. When on the
joystick, a right-hand thumb
is set so that one diagonal is
easy while the other is more
difficult. This is why we

deflate two corners when
the joystick is in danger of
accidentally hitting them, as
shown in Figure 3b.

We accommodate this difficulty bydeflating the
accidentally-hit corners when the joystick is incarner
subject to the problematic diagonal (Figul®.3 his allows
users to be much sloppier without hitting an unwent
corner. If a user actuallyantsto hit a deflated corner, no
harm is done, because sliding the joystick alomgptlastic
edge of the bounding square is easy and accuréfe [2
Deflated corners re-inflate once they are hit.

A design challenge is how to segment betweenrette
In unistroke text entry with a stylus, a pen-dowrerg
starts a character and a pen-up event ends iteTieemo
analog to this for a joystick. We built versionathused
button presses and center dwell-time for segmemabut
both proved awkward. Instead, we segment charabters
starting a character when a corner is enteredeaddg it
when the polling of the joystick yields two sucdess
points in the center (Figureap From a user’'s perspective,
this means relaxing on the joystick so that it redty
shaps-to-center. With this scheme, annoying paaisesot
necessary between characters, as they are witarahmell-
time segmentation. In our testing, users did naicacany
delays, and there were no observed segmentatiorserr

Figures 5a, 5b. A clean trace of “a” (left) and doppy but
recognized trace of “w” (right). The “w” is slopppecause it fails
to snugly impact the bottom-right corner.

4 Prevalent Joystick Text Entry Methods

Here we describe the date stamp and selection kegbo
methods of joystick text entry. We compare Edge®Vtit
these two methods in our experiment in Section 6.



4.1 Date Stamp

The date stamp method is familiar to people whoehav
entered their initials on the high-score screemmfarcade
game. This method gets its hame from a post offiaenp
that has rotating dials for each character.

While there are many variations on this method],[14
ours uses the sequence (minus punctuation) from T2®&
sequence isspacg|a..Z][0..9](repeat). Moving the joystick
down cycles the current character forward throupb t
sequenced 2). Moving the joystick up cycles the current
character backward through the sequerred). Moving
the joystick right commits the current characterd an
initializes a new stamp witha” Moving the joystick left

avoid some problematic aspects of Graffiti; for regde, by
tolerating the presence or absence of initial detkokes on
b, d, m, n, p, andr, or a final down stroke on. EdgeWrite
includes different forms ok to avoid thek-x confusion
familiar to Graffiti users. It also avoids the nssigy for
two input regions, as all input occurs within agiénsquare.
MDITIM [10] is “device independent” and designed t
work on multiple platforms, including joysticks. §eWrite
differs from MDITIM in that EdgeWrite characters yna
contain diagonals, but MDITIM characters use ombyth,
east west andsouthprimitives; EdgeWrite characters feel
like Roman characters, but MDITIM’s generally dot;no
and physical edges are integral to EdgeWrite, biath

deletes the most recently committed character and€rformance and recognition, but not to MDITIM.

initializes the stampwith that character Thus, after
deleting a letter, a user is not forced to stamrfr‘a” again.
This makes under- and overshoots easy to correct.

If users hold the stick up or down, the date staygles
after an initial pause of 390.6 ms with a repeddylef 62.5
ms. We took these values from keyboard key-repeist

4.2 Selection Keyboard

The selection keyboard method uses an on-screcrokey
over which a user moves a selection halo up, ddsiy,or
right (Figure 6). When the user presses a joydtigkon,
the currently-highlighted key is “pressed.” Wherkey is
pressed, the halo remains where it is and doegimyt to a
home position. The halo can wrap around the keyboar
horizontally or vertically, staying in the same roov
column. Key-repeat behavior, identical in timingthe date
stamp method, governs rapid movement of the hale. O
layout is copied from selection keyboards from Kisox
Live! registration sequence and two popular Xbox games
Halo andBrute Force

Figure 6. The selection keyboard used in our expenit. This
keyboard was based on 3 selection keyboards froomokbft's
Xbox. Here the selector is positioned over theted.” The dark
buttons are Xbox-specific and were not used irsthdy.

5 Related Work

The EdgeWrite technigue is similar to other unistro
methods. These include the original Unistrokes @ahffiti,
and MDITIM [10]. Like Graffiti, EdgeWrite has charters
that are similar to Roman letters. EdgeWrite waslento

Weegi€g[2] is a prototype joystick text entry method for
use on X11. With Weegie, a user moves a joystick to
various positions (e.g., 12 o'clock) to access edédht
characters. EdgeWrite differs from Weegie in that
EdgeWrite’'s strokes are similar to Roman characters
whereas Weegie’s arrangement of letters has no mmiem
advantage, and EdgeWrite uses only one joysticlereds
Weegie uses two.

KeyStick[24] is a joystick text entry method for use on
some mobile phones. With KeyStick, a user moves the
joystick left, right, up, or down to access menus o
characters. Like Weegie, the placement of KeySgick’
characters is not reminiscent of Roman forms.

myText[3] is another method for joystick text entry on
mobile phones. Unlike Weegie and KeyStick, myTextdt
position- or menu-based, but gesture-based likeeBide.
myText does not recognize characters by cornetektthg
like EdgeWrite, but by “unit vectors” of motion. Nest
results for unconstrained text entry are curreatgilable.

" Only recently have the algorithmic tools necesdary
the analysis of unconstrained text entry experisient
become available [21]. These tools allow us to campext
entry methods with different keystrokes per chaafi4].
The interested reader is directed to [21] for detai

6 Experimental Validation

6.1 Subjects

We recruited 18 subjects from the nearby university
communities. The median age was 21.5. Four weralgéem
and 1 was left-handed. Thirteen indicated they had
technical majors or occupations. Six had never used
joysticks to play videogames and only 2 used joksti
daily. Only 1 was a daily PDA user. Ten had nevadt
Graffiti. Subjects were paid $20 US for a 90-mintgst in
which they entered text using 3 entry methods. MNgexts

had any prior experience with EdgeWrite.

6.2 Apparatus

We conducted tests in a laboratory using an 866MHz
Pentium 3 machine running Windows XP with 256MB
RAM. We used a 16"x12.4" Hitachi monitor set to
1280%x1024 resolution and 32-bit color. We implersent



the test software (Figure 7) in C# using Directinplob.
Our font was Microsoft Sans Serif 24-point, and our
joystick was a Saitek P2500 Rumble Force Pad (Ei@r

Figure 7. The text entry suite. The target phrasstiown at the
top and the user’s input is shown below it, heliagiglate stamp.

6.3 Procedure

random from a set of 500, test phrases were fireskts of
10 and assigned evenly to each entry method. Table
shows phrase set characteristics.

Consistent with the reasoning in [16], we did texdt
numbers, although we did implement them for each
method. We believe numbers are common in real-world
text entry and should be present even if untested.

Set | Phrases Words Chars Correlation
with English

1 10 61 297 89.9%

2 10 52 298 92.7%

3 10 55 298 86.8%

Table 1. Characteristics of test phrases used énetkperiment,
computed with tools from [16].

6.5 Measures

Quantitative data was logged by the test softwarkthen
analyzed according to the measures in [21]. Thesgsares
included speed in words per minute (WPM) and aayura

Subjects used EdgeWrite, date stamp, and selectio®S corrected, uncorrected, and total error rateaddition,

keyboard in a single-factor within-subjects desidrhe

we measured raw data rates in bytes per second) @RS

entry methods were assigned to subjects in a fullylogged joystick movements. We obtained subjectiaéad

counterbalanced order to neutralize learning effeantd
fatigue. Analyses of variance for test order show n
significant differences.

through the use of a post-test questionnaire.

Subjects practiced each method immediately before

testing with it. Practice was designed to provide t
minimum amount of proficiency needed to perform the
technique. For date stamp and selection keybohisiwas
just a single phrase (about 30 letters), as subjimind
these methods trivial to learn. For EdgeWrite, thias 10
phrases, then each letter 3 times, then 2 moresg$ra
which took about 15 minutes.

Admittedly, practice for EdgeWrite was more exieas
than for the selection-based methods. We acknow|éuiat
the selection-based methods were easier to leagn th
EdgeWrite. Our goal in EdgeWrite was not to createore
learnable method, but to create a method thatexffaigher
speeds with minimal amounts of practice. Furtheenor
subjects quickly became bored with the selecticseta
methods; requiring equal practice among the teclasq
would have caused undue fatigue. We include redatts
users highly practiced in all 3 techniques (Tablevéhich
show that more practice with the selection-basethouks
does not result in noticeably improved performandgée
also include a graph of speed over tasks (FigurevBich
shows no concerning speedup.

Testing consisted of a fixed set of 10 phraseh wich

method. Phrase set assignment was even across ent

methods to prevent bias. Subjects were instructed t
proceed “quickly and accurately” while testing [21]

6.4 Task Phrases

A “task” consisted of entering a single phrase. Plrases
came from [16]. While the practice phrases weresehaat

Figure 8. Average words per minute for each methooss tasks.
Note that only tasks 2-10 are analyzed due to learin task 1.

7 Results

The data were analyzed using a single-factor within
subjects mixed model ANOVA with a fixed factor fentry
method and a random factor fosubject Contrast tests
between tasks 1-5 and tasks 6-10 for each metlspefed
howed no significant differences for EdgeWrite alade
amp, suggesting that subjects had somewhat iztabil
prior to testing. But this contrast teditl show a difference
for selection keyboard={ 407=8.51,p<.01), suggesting that
subjects were still speeding up during testing. tMdshis
speed-up was on the first task. When we removek 1as
from the analyses, contrast tests no longer showed



significant speed-up for any method. Thus, all regmb
analyses are for tasks 2-10.

7.1 Speed

Speed is calculated as words per minute (WPM). Mean
and standard deviations for our data are: EdgeVérdé
(1.60), date stamp 4.43 (0.62), and selection kayb6.17
(1.18).

A main effects test for WPM is significant
(F2,466=217.20,p<.01). Contrast tests show EdgeWrite is
faster than date stamp(4s6=363.80,p<.01) and selection
keyboard F; 466=5.11, p<.025). Selection keyboard is also
faster than date stamp;(466=282.69,p<.01).

Speed is affected by accuracy during entry, bec#us
takes time to correct mistakes. But speed doesutzgume
errorsremainingin the transcribed string. For this, we use
adjusted WPM, defined as WPM x (1 — uncorrectedrerr
rate). Results for adjusted WPM are nearly idehttoa
those for WPM, with EdgeWrite's advantage over dktiger
methods being slightly bigger, since subjects hewef
uncorrected errors with EdgeWrite.

7.2 Error Rates

There are three accuracy measures for unconstraimed
entry: error rateluring entry (corrected errors), error rate of
the transcribed phrase (uncorrected errors), aardined
measure. These results are shown in Figure 9.

Main effects are significant for all three erraates
(p<.01). Contrast tests show that EdgeWrite has &ehig
error rateduring entry than date stamp(466=73.61,p<.01)
and selection keyboardF{4s132.16, p<.01). Subjects’
transcribed phrases, however, amgore accurate with
EdgeWrite than with selection keyboard; (s5=6.24,
p<.02), and nearly so than with date starfj ,£s=3.68,
p=.055). This discrepancy is discussed below.

Participant conscientiousneq®C) is a ratio of fixed
errors to all errors [21]. A score of 1.0 indicatesubject
fixed all errors; a score of 0.0 indicates all esravere left
in the transcribed string. Means and standard tew for
PC are: EdgeWrite 0.98 (0.09), date stamp 0.88B}p&hd
selection keyboard 0.92 (0.26). A main effects tesPC is
significant F,466=7.39, p<.01). Contrast tests show
EdgeWrite PC is higher than date stanip 4613.91,
p<.01) and selection keyboardF(;65=7.15, p<.01). Date
stamp is not detectably different from selectiogbaard.

Thus, despite making more errors during entry,
subjects’ transcriptions had fewer errors with Bbfgiée,
because subjects were more conscientious in comgect
mistakes as they went.

7.3 Data and Recognition Rates

Speed only considers the amount of text in thestidbed
string. It is also interesting to consider the amtoof data
transmitted from the text entry device to the cotaputhe
length of theinput stream The input stream includes all
entered characters, even those later erased, lhubham
recognitions. Since a character is one byte, wedesoribe

“data rate” in bytes per second (BPS). This givesuu idea
of how fast users produce characters, regardlessoof
correct those characters are. Note that BPS diffens
characters per second (CPS), which is equivalelit/fiM,
because all transmitted bytes are counted, notthage
remaining in the transcribed string.

Means and standard deviations for BPS are: EdgeWri
0.66 (0.14), date stamp 0.41 (0.08), and seledt&yoard
0.54 (0.10). A main effects test for BPS is sigrafit
(F2,466361.03,p<.01). Contrast tests show that EdgeWrite
is faster than date stampF(es=720.72, p<.01) and
selection keyboard F{ 466=154.34, p<.01). The selection
keyboard data rate is also faster than that of daenp
(F1466=208.02 p<.01).

We can use BPS to compute an upper bound for WPM
by assuming all bytes amrrect In this case, EdgeWrite
speed increases 23.0% from 6.40 to 7.87, date stén®%6
from 4.43 to 4.91, and selection keyboard 5.3% f@fv
to 6.50. Thus, EdgeWrite seems to have more patehtin
the selection-based methods for faster input whenracy
is improved, as would be the case with more practic

Non-recognitions sometimes occur with gestural
interaction techniques. We can compare the numiber o
EdgeWrite gestures made to the number recognized. T
average number of gestures made per task was 2713.
The average number of gestures recognized perwask
38.07 (7.92). Thus, about 10.6% of EdgeWrite gestur
went unrecognized. If all gestures had been reeegnand
were correct, EdgeWrite’s WPM would be 8.65 (1.78)is
rate represents perfect performance given novieedsp

Figure 9. Error rates for unconstrained text entr@orrected
errors are fixed during entry. Uncorrected errorenmain in the
transcribed string. Total errors is the sum of thes

7.4 Selector Movement

For the selection-based methods, it is interestngpmpare
the path of selector movement to the minimal selegath.
This minimal path is trivial to compute for dateursip: for
each letter, spin whichever direction (up or dowegches
the target letter first. For selection keyboard thinimal



path for a phrase can be found using any optim#t-pa errors, or feel more engaged with their input thath the
finding algorithm, such as A*. fairly monotonous selection-based methods. Or, ggsh
On average, subjects rotated through 329.81 ($4.94because of the high error rate during entry, subjece
characters per task in date stamp. The minimal pathmore vigilant in correcting errors.
required, on average, 271.77 (46.25) rotations tpsk. Surprisingly, subjects felt that selection keylibaras
Thus, subjects rotated about 21% more than negessar the slowest of the three methods, even though statap
On average, subjects moved the selection keydwdled ~ was far slower. Subjects also felt selection keythomas
137.51 (25.27) times per task. The minimal pathuireq|, the most frustrating of the methods. Their feedbsaid this
on average, 93.19 (13.45) movements per task. Thuswas due to the visual attention required.

subjects moved the halo about 48% more than nagessa In this study, EdgeWrite was faster than selection
keyboard by a small margin with many novices over
7.5 Questionnaire Results multiple trials. This result should be regarded tas

We gave subjects four Likert scales (1-5) on whizhate ~ Minimumamount of practice required by a beginner to
the three entry methods. It is clear from Tablehatt Pecome reliably better with EdgeWrite than withes&bn
subjects preferred EdgeWrite to the other methdtiey keyboard. Any further practice, as our results foore

felt it was easier, more enjoyable, and faster j&ib were practiced users show, _only increases EdggWrite’s
also less divided in their opinions of EdgeWritarththe ~ @dvantage over the selection-based methods. Wiém ev

other methods, judging by smaller standard deviatio more practice, we expect EdgeWrite's advantagedw g

_ _ _ Interestingly, the perfect-entry upper bound WP f
Likert Scales EdgeWrite | date stamp  selection our novice subjects (8.65) is still less than therage
(1-5) keyboard |  WPM achieved by our 3 practiced users (10.43). tRext

Frustrating-Easy | 3.8 (0.6) 3.5(1.3) 3.2(1.2) users made about 36.60 gestures per task compadedlts

Painful-Enjoyable| 3.9 (0.7) | 2.7 (L.0)| 2.8(0.8) [ornovices, a15% difference.

Slow-East 3.8 (0.8) 2.7(1.2) 2.4(0.9 Practiced Users | 1 2 3 mean | novices
o T T ~ [wpm | 857 | 12.61] 10.14 10.43 | 6.40
Dislike-Like 38(0.9) | 26(1.1) | 26(11)| |EdgeWrite —— 51733630 | 1085
Average 3.83(0.75) | 2.88 (1.15)| 2.75 (1.0) wpm | 4.46 | 3.69 | 5.02|4.39 | 4.43
date stamp

err% | 3.94 5.59 290 4.14 5.24
Table 2. Means (and standard deviations) of pasttitékert scales
(ranges 1-5). Labels for scale endpoints are in lgfé column. selection | WPM 712 6.39 6.73| 6.75 6.17
Higher values are better. keyboard | err% | 2.38 4.49 2.33| 3.07 3.32

7.6 Practiced Performance Table 3. Speeds and total error rates for 3 praiasers. For

. . . comparison, the averages for novices from the nstimly are
To see how practiced users fare with EdgeWritefaséed  ghown in the far right column.

3 more subjects, one of whom was an author onpidgier.
These subjects had prior experience with styluseldite
and practiced with the joystick text entry methdaols 30+ 9 Future Work . . )
minutes, targeting difficult letters and enteringany  NPut methods rely heavily on small details thatenaig
phrases in each method. The performance of these  differences [4]. These details must be identifiedd a
with date stamp and selection keyboard was nettratoof ~ OPtimized. For this study, EdgeWrite was not optedi for
the subjects in the main study. But with EdgeWritesse ~ @ny Physical parameters, as it employed an unneatidi-

users were clearly faster and less prone to effaisle 3). the-shelf joystick. Over the course of this studye
identified many parameters that could be optimiZed

better performance in the future.

Some users thought the joystick spring strength twa
strong. The height of the joystick should probalbyg
reduced to put the user closer to the underlyingtrob
mechanism. The corners of the square bounding\aeea
somewhat rounded, and the joystick sometimes <lifups
of them; the corners should be made more abruijeSis
felt the size of the plastic square bounding thestick was

8 Discussion

We should expect a recognition-based method toebs |
accurate during entry than a selection-based method
because of misrecognitions. But it is interestimaf t despite
these errors, novice subjects produced more aecurat
phrases with EdgeWrite than the other methods,dishdo

in less time. The selection keyboard requires arsgpoint

of visual focus be_sides the transcribed text, soaisit too large. This was a particular problem for feraalho
reasor_1ab|e that subjects may leave errors bechageate _ probably had smaller hands and were, on averagees|
attending to the keyboard. But on average, EdgeWrit and less accurate than males (5:4%5.77 WPM, 12.5%s

prqduced more accurate phrases even than_ date SAMPg 494, errors). Many subjects said the joystick'saalve
which requires no secondary focus of attentionh&®es | hher top made their thumbs sore. Lessons froreroth

with EdgeWrite, subjects feel more able to quicldynedy input technique development [4] show that largengaire



possible with improvements to subtle factors sushhase.
In fact, after the study was over, we discovered th

Logitech Dual Action Gamepad, which has smaller and

[10] Isokoski, P. and Raisamo, R. Device indepehdert
input: A rationale and an exampkroceedings AVI 2000
pages 76-83.

sharper square bounding areas than the Saitek P2500L1] Kurniawan, S., King, A., Evans, D.G. and Bléokn, P.

resulting in a gain of 1/2 WPM for practiced usgr #

10 Conclusion

The EdgeWrite input technique is well-suited to e
challenges of joystick text entry because of itdsFiLaw
benefits, physical stability, mnemonic charactees)d

tolerance to wiggle. New users were able to learn

EdgeWrite within 15 minutes, after which they coelater
text faster and with more accurate results thain \ite
stamp or selection keyboard.

Practiced speeds point to EdgeWrite’'s potential.

Practiced users were 1.5 times faster with Edgethian

with selection keyboard, and 2.4 times faster with

EdgeWrite than with date stamp. The fastest pradticser
wrote at 12.61 WPM, comparable to some stylus @iraff
speeds [20, 27].

Text entry with joysticks does not have to be c@a-
based. We have shown it is possible and even pidéein
some cases to “write” with a joystick.
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