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Abstract

Text entry on mobile devices (e.g. phones and PDAS) has been a research challenge since devices shra
below laptop size: mobile devices are simply too small to have a traditional full-size keyboard. There has
been a profusion of research into text entry techniques for smaller keyboards and touch screens: some ¢
which have become mainstream, while others have not lived up to early expectations. As the mobile
phone industry moves to mainstream touch screen interaction we will review the range of input
techniques for mobiles, together with evaluations that have taken place to assess their validity: from
theoretical modelling through to formal usability experiments. We also report initial results on iPhone
text entry speed.

Keywords: Text entry, Ambiguous keyboards, Unambiguous keyboards, Touch-screen text entry,
Handwriting recognition, Evaluation, Usability techniques, Predictive text entry, User studies

Many mobile services such as text/instanineasure of typing speed, for reference highly
messaging, email, web searching and diargkilled office QWERTY touch typists achieve
operations require users to be able to enter text gpeeds of around 135wpm while hand-writing with
a phone. Text messaging has even overtaken voipen and paper achieves only about 15wpm.

calling as the dominant use of mobile phones fof

many users with mobile email rapidly spreading.<EYBOARDS

Handheld screen technologies are also making Tihe simplest and most common form of text entry
increasingly convenient to read complex messag@8 small devices, as with large devices, is a
or documents on handhelds, and cellular datgyboard. Several small keyboard layouts have
network speeds are now often in excess dfeen researched that try to balance small size
traditional wired modems and considerably highedgainst usability and text entry speed. Keyboards
in  wi-fi hotspots. These technologicalcan be categorized as unambiguous, where one
developments are leading to increased pressuf@y-press unambiguously relates to one character,
from users to be able to author complex messaget ambiguous, where each key is related to many
and small documents on their handhelddetters (e.g. the standard 12-key phone pad layout
Researchers in academia and industry have beehere, say,2 is mapped toABC). Ambiguous
working since the emergence of handheld€yboards rely on a disambiguation method, which
technologies for new text entry methods that arean be manually driven by the user or semi-
small and fast but easy-to-use, particularly foRutomatic with software support and user
novice users. This paper will look at differentcorrection. This section looks first at unambiguous
approaches to keyboards, different approaches faobile keyboard designs, then at ambiguous
stylus-based entry, and how these approaches halgsigns and, finally, discusses approaches to
been evaluated to establish which techniques a#ésambiguation for ambiguous keyboards.

actually faster or less error-prone. The focus of th :
paper is both to give a perspective on the breadg]namblguoqueyboards ]
of research in text entry and also to look at howMall physical keyboards have been used in
researchers have evaluated their work. Finally, wobile devices from their very early days on
will look at perceived future directions attemptingdevices such as the Psion Organiser in 1984 and
to learn from the successes and failures of tef#€ Sharp Wizard in 1989 and have seen a recent
entry research. Throughout this paper we will citéesurgence in devices targeting email users, such as
words-per-minute  (wpm) as a fairly standardnost of RIM's Blackberry range. While early
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devices tended to have an alphabetic layout, tliesktop-sized keys). The FrogPad™ is a variant
standard desktop QWERTY family of layouts, e.gusing an optimised keyboard, so that use of the
QWERTY, AZERTY, QWERTZ and QZERTY, “right side” of the keyboard is minimised (fig 2-
was soon adopted as there is strong evidence tmigght). (Matias et al., 1996) predicted an optimised
alphabetic layouts give no benefits even for novicpad would lead to a speed increase of around 18%
users (Norman, 2002; Norman & Fisher, 1982)over the half-qwerty design. FrogPad™ Inc now
When well-designed, small QWERTY keyboardsnanufacture an optimised keyboard along these
can make text entry fast by giving the users goolihes and claim 40+ words per minute typing
physical targets and feedback with speedspeeds.

measured in excess of 60wpm (Clarkson et al

2005). However, there is a strong design trade-oﬁ:]
between keys being large enough for fast, eas) . . . .

typing and overall device size with large-fingered -maaa.ﬂaa
users often finding the keys simply too small to tap '

individually at speed. Physical keyboards also maaanao
interact poorly with touch-screens, where one hand

often needs to hold a stylus, and they reduce the ]

space available on the device for the screen.
The QWERTY keyboard layout was

designed as a compromise between speed and [ it—— = =\
physical characteristics of traditional manual e as 1w _i ® 1
typewriters: the layout separates commonly [Tb 14- +1]B =] M S|y *_l ;
occurring pairs of letters to avoid head clashes on © /e :w'u 1 a[ D _| * B
manual typewriters and is imbalanced between left ) ) LY ) | A R
and right hands. Faster touch-typing office : 1t <1 R ” 4 f}l 3
keyboards such as the Dvorak keyboard (Fig 1) are ot | e sy e A | .
significantly faster but have not been widely v e 1T e [T s

adopted — primarily because of the learning time
and invested skill-set in QWERTY keyboards. Fig 2: Simplified Half-QWERTY and FrogPadTM
This investment has been shown to carry over into Neither half-keyboards have yet to be

smaller devices, where the sub-optimality issue 'i?ltegrated into mobiles, while the FastTap™

even stronger as users tend to type with one or Wa. 4,4 however, has been targeted at mobile

thumbs — not nine fingers envisaged of touchyeyices from initial conception. This patented
typists. While optimal mobile layouts could be technology takes a different approach to

designed around two-thumb entry, these are “ke%mlatunsation by including an alphabetic

to be so different from users' experiences thgloypoarq as raised keys between the standard
initial use would be very slow and, as with theg, imeric keys of a phone pad — giving direct non-
Dvorak, rejected by end users (and would still bﬁmb|guous text entry on a very small platform
sub-optimal for one-thumb use). while preserving the standard 12-key keypad
currently used by over 90% of mobile users

gl.obally (see figure 3). Experiments (Cockburn &_
7 Y Siresena, 2003) have shown that FastTap™ is
@E]E] considerably faster and easier to use for novice
@D@B users than more standard predictive text
D@ a.pp.roaches and the two approag:hes perform

. - similarly for expert users (once practiced, FastTap
Figure 1: Dvorak keyboard users in their trial achieved 9.3wpm with T9™
The half-QWERTY mobile keyboard users achieving 10.8wpm — somewhat slower than
(Matias, MacKenzie, & Buxton, 1996) (fig 2-left) in other trials, see below for discussion of
builds on QWERTY skills and the imbalancepredictive text and T9).
between left and right hands by halving the
keyboard in the centre. The keyboard has a
standard left half of a QWERTY keyboard, while
the user holds the space baflip the keyboard to
give the right side letters. Targeting smaller size
and fast one-handed entry, experiments have
shown that users of the half-QWERTY keyboard
quickly achieved consistent speeds of 30 words per
minute or higher (when using a keyboard with

2



Fig 3: FastTap™ phone keyboard

A drastically different unambiguous
keyboard approach is to use chords — multiple
simultaneous key-presses mapping to a single
character, either using one or both hands. Chord

keyboards can give extremely fast entry rates, with F|g 4: Samp]e chord keyboards (Doug|a3
court stenographers reaching around 225wpm Engelbart and Microwriter AgendA)
using a two-handed chord keyboards. One-handed

chord keyboards are by definition palm-sized and mpiguous keyboards

were originally envisaged as the ideal partner t?

the mouse (Engelbart & English, 1968), allowingehe most common ambiguous keyboard, and the

users to enter text and point at the same tim ominant keyboard for mobile phones, is still the

Single-handed chord keyboards have been used ﬁ,{ephony ISO/IEC standard 12-key phone keypad

mobile devices (fig 4 right, shows the Agend%e'g' fig 5 left). Originally envisaged for name-

organiser including an alphabetic keyboar
surrounded by a chord keyboard). However, th
learning time is prohibitive with few users willing

to learn the chords required to use these keyboards:: I i hift ‘and oth trol
Furthermore, the keyboards are not usable witho pically acting as space, shilt and other contro
ys depending on handset). These can, however,

training — users cannot guess how to use the
when first picking up a device. Thus, despite sizEEpresent many characters once accented characters

and speed advantages, chord keyboards ﬁ%e inclugeg (?'g: 2 mt?ps to ABEZAﬁE‘l Ny “I v I“ \G).
generally considered too alien for main-strea e method of disambiguating the multiple letters

devices and rarely appear on consumer products. P€" key is discussed _Iater. Recently some phoqes
y app P have been released with a slightly stretched mobile

phone pad, typically with two extra columns,

reducing the number of characters per key and
considerably improving disambiguation accuracy
(fig 5 right).

ased dialling of telephone area codes, this
eyboard is labelled with groups of three or four
etters on each of the physical kegsthrough9
éus numeric digits (with thd, *, # and 0 keys



controls. Multi-tap leads to more key-strokes than
an unambiguous keyboard, as users have to
repeatedly click for most letters, and to a problem
with disambiguating a sequence of letters on the
same key, e.gCAB is 222222 Users typically
manually disambiguate this by either waiting for a
timeout between subsequent letters on the same
key or hitting atime-out kill button (e.g. right
cursor key) — clearly an error-prone process and
one that slows users down. (Wigdor &
Balakrishnan, 2004) refer to multitap as an
example ofconsecutivedisambiguation — the user
effectively enters a key then disambiguates it. An
alternative manual disambiguation approach is
concurrent disambiguation; here users use an
alternative input method, e.g. tilting the phone
(Wigdor & Balakrishnan, 2003) or a small chord-
keyboard on the rear of the phone (Wigdor &
Balakrishnan, 2004), to disambiguate the letter as
. ~ it is entered. While clearly potentially much faster
Fig 5: 12-key phone pad (Nokia N73) and  than multi-tap and relatively easy to use, this
stretched phone pad (Blackberry™ 7100)  approach has not yet been picked up by device

. . . manufacturers.
While the 12-key mobile phone pad is the Aimed at overcoming the problems of

smallest commonly found keyboard layout, there ulti-ta redictive text entrv aoproaches use
has been some work on very smal% P, P y app

keyboards/devices with as few as three keys. Te nguage modelling to map from ambiguous codes

entry on these usually involves cursor moveme onc\:léorf(cj)sr s;a:]]areunsqgrs igeet?]eolr(](ley zgesus each key
through the alphabet using the 3-keégte-stamp . "~ P Apping Y sequetieid
hgwectly to good While there are clearly cases

method widely used in video games (left and rig Uhere there are more than one match to the
scroll through an alphabetic strip of letters with fire umeric key sequence (e.4663 also maps to
entering the current letter) and 5-key variant usin Yy s€q ' P

ome and gone amongst others), these are

a joystick with a 2D keyboard display. rprisingly rare for common words. The problem
Experiments have shown users of 3-key date-stargp LNl Ny P
multiple matches can be alleviated to a large

entry can achieve around 9wpm while with a 5-ke L ) .
QWERTY layout users can reach around 10_xtent by giving the most likely word as the first
15wpm (Bellman & MacKenzie 1998 suggestion then allowing users to scroll through

MacKenzie, 2002b). These experiments also triegicrnatives for less likely words. Based on a
ictionary of words and their frequency of use in

dynamically - adjusting the ' layout based o e language, users get the right word suggested
probabilities of next letter but these didn't have th%t around 95% of the time (Gong & Tarasewich,

expected speed-up, probably due to the ext C :
. . 05). AOL-Tegic's T9 (Grover, King, & Kushler,
attention load of users cancelling out the reduce 98: Kushler, 1998) industry-standard entry

time to select a letter. An alternative approach fo othod is based around this approach and is now
non-ambiguous very small keyboard entry is to us%; pp

. eployed on over 2 billion handsets. Controlled
short-codes representing the letters, for exampexger?/ments have shown this form of text entry

short sequences of cursor keys. (Evremovaonsiderably out-performs multi-tap (Dunlop &

Evreino, & Raisamo, 2004) showed that user i . .
could achieve good entry speeds with 3_ke§rossa_n,_ 2000; James & Reischel, 2001), with text
ntry rising from around 8wpm for multitap to

combinations of cursor keys, e.g. left-up-left Agr . o )
and that, despite high initial error rates, users couﬁfounc.j 20 for_ Tg: Wh'le predictive text entry is
learn the codes quickly. very h_|g_h quality, it is not perfe_ct_ and can lead to
superficially unrelated predictions that are
Disambiguation undetected as wusers tend to type without

The traditional approach to disambiguating texfnonitoring the screen (e.g. a classic T9 error is
entry on a mobile phone keypad is the manu&€nding the messagmll me when you are good

multi-tap approach: users press keys repeatedly {gther than are homg. The main problem,

achieve the letter they want, e.g. on a standaftwever, with any word prediction system is
phone keypa@ translates ta with 22 translating 1andling out-of-vocabulary words — words that are
to B etc. This approach has also been adopted fIpt known to the dictionary cannot be entered
many other domestic devices such as video remdtsing this form of text entry. The usual solution is
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to force users into an “add word” dialogue whersame users using a 1D date-stamp approach on a
the new word is entered in a special window usintpuch-wheel.

multi-tap — clearly at a considerable loss of flow to The letters on an ambiguous phone keypad
their interaction and reduction in entry speed. Ado not, of course, need to be laid out
most people do not frequently enter new words alphabetically. Here the disambiguation method
place/people names, this is not a major long-terintroduces an additional aspect to designing an
problem. However, it does considerably impact ooptimal layout: the letters can be rearranged to
initial use and can put users off predictive texminimise the level of ambiguity for a given
messaging as they constantly have to teach néanguage in addition to looking at minimising
words to the dictionary in the early days of using inger movement. However, experiments predict
new device. This in turn impacts on consumethat a fully-optimised phone layout would improve
adoption with many people not using predictivdext entry rates by only around 3% for English
text despite it clearly being faster for experiencefGong & Tarasewich, 2005). We found a larger but
users. still small improvement of around 8% in

An alternative approach to dictionary andkeystrokes for a pseudo-optimised 4-key letter
word-level disambiguation is to use letter-by-lettetayout (Dunlop, 2004). Gong & Tarasewich do,
disambiguation where letters are suggested baskdwever, show that stretching the standard phone
on their likelihood given letters already entered ipad from eight to twelve keys for text entry (see fig
the given word or likely letters at the start of &) is likely to reduce prediction errors by around
word (e.g. in the clearest case in Englishy &8 65% for optimised keyboard layouts (Gong &
most likely to be followed by a&). This gives the Tarasewich, 2005).
user freedom to enter words that are not in t
dictionary and considerably reduces the memorﬁ;OUCH'SCREEN TEXT ENTRY
load of the text entry system (no longer an issueompared to mobile phones, personal organisers
with phones but still an issue on some devicesfPDAs) have made more use of touch screens and
Experiments using this approach (MacKenzieStylus interaction as the basis of interaction and this
Kober, Smith, Jones, & Skepner, 2001) showei$ now emerging on high-end phones such as
key-strokes halved and speed increased by arouA@ple’s iPhone. This frees up most of the device
36% compared with multi-tap. They also claim thafor the screen and leads to natural mouse-like
this speed is inline with T9 entry and that theiinteraction with applications. Lack of a physical
approach out-performs T9 by around 30% when dgyboard has led to many different approaches for
few as 15% of the least common words are missirigxt entry on touch-sensitive screens that will be
from the predictive dictionary. Predicting lettersdiscussed in this section: on-screen (or soft)
based on previous letters is actually a specifi§eyboards, hand-writing recognition and more
implementation of Shannon's approach télynamic gesture-based approaches.
prediction based on n-grams of letters (Shannon,
1951). Some work has been carried out to extend
this to the word-level and shows good promise: for
example bi-gram word prediction in Swedish with
word completion reduced keystrokes by between 7
and 13% when compared with T9 (Hasselgren,
Montnemery, Nugues, & Svensson, 2003).

In work on watch-top text entry we
(Dunlop, 2004) found that moving to a 5-key pad
reduced accuracy from around 96% to around 81%
with approximately 40% reduction in text entry
speed — however, still considerably faster than 2D
date-stamp approaches for very small devices. An . g
interesting alternative input method for small Fig 6: iPhone™ on-screen QWERTY keyboard
devices is to use a touch-wheel interfaces, such as
those on iPods (Proschowsky, Schultz, & On-screen keyboards

Jacobsen, 2006) developed a method where Us@gimple solution to text entry on touch-screens is
are presented with the alphabet in a circle with & resent the user with an on-screen keyboard that
predictive algorithm increasing _the target area_fo[rhe user can tap on with a stylus, or on larger
letters based on the probability of them beinggch_screens with their fingers. The most common
selected next, so that users are more likely to hﬁwplementation is to copy the QWERTY layout
the correct target when tapping on the touch-whe&nts 5 small touch sensitive area at the bottom of

User trials showed around 6-7 words per minutge screen (fig 6). Following a similar experimental
entry rates for novices, about 30% faster than thr?rotocol to (James & Reischel, 2001) we
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conducted an initial experiment on three experntered, while offering alternative corrections and
iPhone users. James & Reischel measured expentrd completions as well as the letters actually
performance on chat style messages at 26wpnyped (fig 8). XT9 technologies have been
using the same phrases our initial study showedtveloped by Tegic for multiple platforms,
iPhone entry around 50wpm (mean 51.6, stdev liBcluding hand-printing and small physical
with similar error rates, though the iPhone spekeyboards.
checker corrected about half of thes&}hough a _
very small independent sample study, this does @ €& english T
indicate that practiced iPhone users may be up to
twice as fast as T9 users.

As with physical keyboards and keypads,

Exactly as typed
Most likely ~ Spell-check word

there has been research into better arrangements of \ Word completion

the keys for touch-screens. Mackenzie and his team W R —
have conducted a series of experiments on qUOkaWLk'ﬁNh!Ch ol
alternative layouts that are optimised for entry quack quickly quickened o

using a stylus (single touch entry). They

investigated both unambiguous keyboards and an
optimised 12-key ambiguous keypad, inspired by
the success of T9 and the fundamental rule of
interaction that large targets are faster to tap than
small ones (Fitts, 1954). Their results estimate that
an expert user could achieve 40+ wpm on a soft
QWERTY keyboard with novice soft-keyboardHandwriting

users achieving around 20 wpm (MacKenzierg many the obvious solution to text entry on
Zhang, & Soukoreff, 1999). The alternative layoutg,;ngheld devices is handwriting recognition.

were predicted to give higher entry rates for expegy,qern hand-writing recognition systems, for

use: the unambiguous Fitaly layout was predictegxamp|e on Windows™ Vista™ tablets, are

to reach up to 56wpm and ambiguous JUStTYPgremely good at recognising in-dictionary words
44wpm (Fig 7). However, novice users achieveg . struggle on words that are not previously

only around 8wpm using these alternativg,n and are inherently limited by writing speeds
keyboard layouts — highlighting the carry-oveligpout 15 wpm (S. Card, Moran, & Newell,

ilgwertyuiop|«e|1(2]|3]»
"asdfghijkl|{]4|5[6]«
@.zxcvbnm|._|7(8

O
o

Fig 8: Sample XT9™ Mobile Interface

effect of desktop QWERTY layout. 1983)). Furthermore, handwriting recognition
[ ety = needs a reasonably large physical space people to
H4 : ¥ 't: h "'I‘" Jdd write in and processing power that is more in line
r'"’i : alllyp.fje with modern laptops/tablets than phones. To target
aps d nle . :5;6 e mobiles better, the unistroke (Goldberg &
crijg|d|o |;‘1 s — ud; Richardson, 1993) approach introduced a
Enaq jump £ simplified alphabet to reduce both the processing
shit RPQADF|/NBZ complexity_ and the space, gnd for_ e>_<perien_ced
users the time, needed for writing while increasing
Delete OLXEWYV IMG accuracy. Here each letter is represented as a single
stroke with letters typically drawn on top of each
Space CYK THJ| su other in a one letter wide slot and requires users to

learn a new alphabet (Fig 9). Palm popularised a
Fig 7: Fitaly and JustType keyboard layouts more intuitive version, Graffiti™, on their
npalmtops — a mostly unistroke alphabet, Graffiti™
s composed mainly of strokes with high
milarity to standard capital letters. CIC's Jot™
r?éphabet provides a mix of unistroke and
multistroke letters and is deployed on a wide range

Communications attempts to address this probleﬂ{. handhelds. Experiments comparing hand-
by including a level of disambiguation in anPrinting with other text entry methods are rare, but

otherwise unambiguous keyboard (Robinson ?cqrr:lpa;insgnAté%t\_/:gen_nhar(l)dn—prig;t]ij:?é SXVEET;
Longe, 2000). For example, if the user taps lette pping pping P S vices

. : ; acKenzie, Nonnecke, McQueen, Riddersma, &
adjacent to the letters in the intended word, the ' ’ ' !
the more likely letters are used instead of the lette eliz, 1994) showed that a standard QWERTY

; t can achieve around 23wpm while hand-
actually tapped. Their approach defaults to th you . .
most likely full word given the approximate lettersP""tNg achieved only 17wpm and alphabetic soft-
keyboard only 13wpm.

While simple and fast, the on-scree
keyboard approach can be tiring for users as th
are required to repeatedly hit very small areas
the screen. The patented technology underlying t
XTQ™ Mobile Interface  from  Tegic
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A B C D E F G e
s » Word carnpl
l _> C’ d r "’) COmplation |,
J\ E C b 8 rg 6_ [0y T Y 100 —
& b <o d @ f g
Fig 9: Unistroke, Graffiti™ and Jot™ sample
letters
Textentryl -
Word suggestion systern |[while ko
. . tem that th
Word completion and suggestion can also be used 123|1|27“§|;”|5f5|f|;°[’;pf3‘[_ B0
to help users by allowing them to pick full words TablalwlelrT+TvinTiTninirh
W|thout_enter|ng all the letters. This was first Text entry has been a long running
popularised with CIC’s WordComplete™ (figure issLe,
10 left), which suggested common word Text entry | _ -
completions for partially entered words. Similar has [erstem __Jiwhile
technologies are used on the eZiType™ and XT9 123|1|2|3|Tis~5b|eifr?algr|13|0|-|—|<-
technologies deployed on some mobile phones. Tanlolwle e Lt e lulilolnlrl]
While tempting, word suggestion and word Fig 10: WordComplete™ (left) and Apaptxt™
completion needs to perform very well in order to (centre and right)

give users a real benefit — savings in terms of _
letters entered can be dominated by extra tim@esture-based input

reading and reacting to on-screen suggestions. Wsssture-based interaction attempts to combine the
(Dunlop & Crossan, 2000) estimated that simpl@est of visual keyboards with easy-to-remember
word completion would reduce keystrokes by 17%tylus movements to gain faster and smoother,
but our model-based evaluation (see section 4.Jile still easy-to-learn, text entry. Building on our
predicted an approximate halving of entry speeghotor-memory for paths, approaches such as Cirrin
Some recent advances, however, have shown t@gg) and Hex (Williamson & Murray-Smith,
when based on more complex language modej§)os) are based on the user following a path
word suggestion and completion can be beneficighroughthe letters of the word being entered (Fig
with novice users increasing typing speed by 1) For on-screen approaches this achieves faster
around 35% using Apaptxt™ suggestions on a sofintry rates than single character printing with
keyboard (Dunlop, Glen, Motaparti, & Patel,reduced stress and fatigue when writing.
2006). Apaptxt language models also self-tungyrthermore, in the case of Hex, the approach can
over time by learning patterns of use in the userilse ysed in one-handed on devices with
individual user and his/her context of use (fig 10
centre and right shows off the shelf suggestions &sk\[O<JA/pf 5
and those after repeating a single phrase). 3 /,/x”

u

~

v ]
W t
ogz/V[:;CXb d1

Fig 11: Quikwriting (left) and the Hex entry for
"was" (omitting letter display)(right)

nn'.:!/.ﬂ

Gestures can be combined with more
conventional soft keyboards so that users can
choose to tap individual letters, improving pick-up-
and-use usability, or to enter words in one gesture
by following the path of the letters on the touch
keyboard (experts can then enter the gestures
anywhere on screen) (Zhai & Kristensson, 2003).



accuracy (DA) and keystrokes per character

esc[b [k [d[g[.[5,[(2) | (KSPC).

cas|claln]iJm[q] == The average ranked-list position (e.g.
It el slylx = (Dunlop & Crossan, 2000)) for evaluating
st [j[h ]t [o[p|V]ed ambiguous text entry methods is calculated in two
@ I [rulw]z] phases. First language models, e.g. in the simplest

case word frequencies, are learned from a corpus
appropriate to the target language. Once trained,

the second phase involves processing the same
i R corpus one word at a time. Each word taken from

the corpus is encoded using the ambiguous key-

_ the word il coding for the target keypad (efgpmeis encoded
Fig 12: The ATOS'\QL}?tES%'Sboard with SHARK as 4663 and a ranked list of suggested words

produced for that encoding based on the learned
Dasher is a drastically different approach tdanguage model. The position of the target word in
text entry that attempts to exploit interactivethis list is averaged over all words to give the
displays more than traditional text entryaverage ranked-list position for that corpus and
approaches. In Dasher (Ward, Blackwell, &keypad. An ARP value of 1.0 indicates that the
MacKay, 2000) (fig 13), letters scroll towards thecorrect word was always in the first position in the
user and (s)he picks them by moving the stylus ujgnked list of suggestions, a value of 2.0 that, on
and down as the letters pass the stylus. The spe&erage, the correct word was second in the ranked
of scrolling is controlled by the user moving thdlist. We predicted an ARP value of around 1.03 for
stylus left and right with predictive text entrya large corpus of English language newspaper
approaches dynamically changing the spacarticles using a standard phone keypad layout.
allocated to each letter (so that likely next letter&RP naturally biases the averaging process so that
are given more space than less likely ones, but alords are taken into account proportionally to their
letters are available at each stage). Experimengscurrence in the text corpus.
show that users can enter at over 30 words per Disambiguation accuracy (e.g. (Gong &
minute. Tarasewich, 2005)) reports the percentage of times
the first word suggested by the disambiguation

Hello, how are_ process is the word the user intended — a DA value

I of 100% implies the disambiguation process

w " always give the correct word first, while 50%

% indicates that it only manages to give the correct

= ] ymﬁf word first half of the time. Gong and Tarasewich

reported DA of 97% for written English corpus and
92% for SMS messages (both on a phone pad).

_ ! This is a more intuitive and direct measure than

Fig 13: Dasher ARP, but does not take into account the

performance of words that do not come first in the

EVALUATION list.

Unlike many areas of mobile technology where KSPC (MacKenzie, 2002a) reports the

market forces and commercial ingenuity dominateéiverage number of keystrokes required to enter a
the field of text entry has benefited fromcharacter, for exampleomefollowed by a space
considerable scientific study to establish th@n a standard T9 mobile phone requires 6
benefits of one method over another. These studikgystrokes — 4663* where * is the next suggestion
have been conducted by academic and industriégy, giving a KSPC fohello of 5/4=1.25. As with
research groups, often in collaboration, and a®RP and DA the value is normally averaged over a
used both to compare techniques and to tune théafge corpus of appropriate text for the target
usage to how users actually enter text. Much of tHanguage. A KSPC value of 1.0 indicates perfect
related evaluation work and results have alreadjisambiguation as the user never needs to type any
been discussed above, in this section we focus @gditional letters, while a higher figure reflects the
the evaluation methods themselves. proportional need for the next key in

) ) disambiguation (and a lower level, successful word
Technical evaluation completion). Full-sized non-ambiguous keyboards
The literature commonly uses three methods fachieve KSPC=1.00, standard date-stamp method
reporting the performance of text entgverage for entering text on 3 keys achieves KSPC=6.45,
ranked list position (ARP), disambiguation date-stamp like interaction on 5 keys achieves

KSPC=3.13 and multitap on a standard 9-key



mobile phone achieves a KSPC of around 2.0@ser to move his/her fingers to the correct keys.
(MacKenzie, 2002a). Hasselgren et al. (Hasselgréviackenzie's group have conducted considerable
et al., 2003) reported KSPC of 1.01 and 1.08 fowork using Fitt's law (Fitts, 1954) to calculate the
T9 using Swedish news and SMS corpordimit of performance given distance between keys
respectively, improving to 0.88 and 1.01(e.g. (Silfverberg, MacKenzie, & Korhonen,
respectively for their bigram model with word2000)). The basic form of their distance-based
completion. KSPC does take into account rankeahodelling predicts 40.6 wpm for thumb-based
list position for all words and compares easily wittpredictive input — assuming mextkey operations
non-predictive text entry approaches; however, it iessentially equivalent to no thinking or homing
a rather abstract measure being based on lettetimjes in equation 1). Later work modifies the Fitt's
especially for dictionary-based approaches that adéstance models to take into account two
inherently word-based. inaccuracies that can noticeably affect predictions:
To gain an insight into potential expert userepeated letters on the same key (Soukoreff &
behaviour with different keyboards, differentMacKenzie, 2002) and parallel finger movements
approaches have been taken to modellinghere users move one finger at the same time as
interaction in order to predict expert (trainedpressing with another (MacKenzie & Soukoreff,
error-free) performance. There are two basi2002).
approaches: physical movement modelling and These models are useful in predicting
keystroke level modelling. We (Dunlop & Crossanperformance but focus on expert error-free
2000) proposed a keystroke level model based gerformance. More complex modelling approaches
Card, Moran and Newall's work (S. K. Cardhave been researched to support novices to model
Moran, & Newell, 1980). Our model was based omore complete interaction, and to model error
predicting the timéT (P) taken by an expert usay  behaviour (e.g. (How & Kan, 2005; Pavlovych &
enter a given phrase. The model calculates this Btuerzlinger, 2004; Sandnes, 2005)). Although
an equation that combines a set of small timasers studies are the acid test for any interactive
measurements for elements of the user interactiosystem, these models are valuable either in the
In the case of text entry: the homing time for thearly stages of design or to understand methods
user to settle on the keyboafd (0.40 seconds); where user experiments are difficult, e.g. by being
the time it takes a user to press a Kg(0.28s); the biased by users' prior experience of current
time it takes the user to mentally respond to #echnologies.
system actioT,,, (1.35s); the length of an average .
word Kk, (in our study, 4.98); and the number Oster studies
words in the phrasev (in our model, 10). In Models that predict text entry performance only
addition, for predictive text entry where give us part of the picture, proper user studies often
disambiguation occurs by the user moving througgive a truer indication of how text entry methods
the ranked list of suggestions, the ARP value igerform in reality. While there are many
required here given a&=1.03). The overall time parameters that can affect the design of user
equation for entering a phrase is then given &fudies, the two prominent issues for text entry

follows: experiments are the environment in which the
experiments are conducted and the phrases that
T(P) = Th +w (KNTk + a(Tm + Tk)) users enter.

Equation 1: Dunlop and Crossan's keystroke Most user studies into text entry have been
model conducted in laboratories. A laboratory is a

This model, as reported in (Dunlop &controlled environment that leads to a more
Crossan, 2000) and corrected by (Pavlovych &onsistent user experience than the real world and,
Stuerzlinger, 2004), predicts a text entry time for #1us, considerably easier statistical analysis as
10 word phrase at 31.2 seconds, equating tot@ere are fewer confounding variables from the

speed of 19.3wpm — matching closely withenvironment to interfere with measurements taken.
experienced user experiments with T9 of 20.4 wprhlowever, conducting experiments on people
(James & Reischel, 2001). entering text on mobile phones in quiet office-like

In this work we modelled keystroke speedettings where they can focus exclusively on the
at 0.28s based on a fixed figure from Card et al.tg€xt entry tasks is arguably not representative of
work that is equivalent to "an average nonhormal use! There is a growing debate in mobile
secretary typist" on a full QWERTY keypad. ThisHCI research on the validity of laboratory
gives fairly accurate predictions but cannot takéxperiments with some researchers arguing that,
into account fine grained keyboard design elemenéhile the focus of most common errors is different
that can have a considerable impact on typinj the real world, laboratory experiments do not
speed in practice: for example different keyboardniss errors that are found in real-world
layouts clearly affect the average time it takes @xperiments (Kaikkonen, Kekalainen, Cankar,
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Kallio, & Kankainen, 2005) while others claim athat are very close to desktop keyboards, through
wider range of errors were found in the real-worlglight variations, to radical novel interaction
than in laboratories (Duh, Tan, & Chen, 2006)designs. We have looked at different hardware
(Kjeldskov & Graham, 2003) report that "71% [ofkeyboard designs, different on-screen keyboard
studied evaluations were] done through laboratorayouts, handwriting-based approaches and more
experiments, 19% through field experiments andovel approaches such as gestures. We have also
the remaining 10% through surveys". As a specifiboked at ambiguous and unambiguous designs,
example, (Brewster, 2002) showed usability andnd the related approaches to disambiguation.
text entry rates were significantly reduced for usesluch of the work reported has experimental
performing an outdoor walking circuit, while backing to show the potential benefits of each
entering on a soft numeric key-pad, than thosapproach. However, when comparing the wide
conducting the same experiment in a traditionaliversity of approaches in the literature to widely
laboratory. Whereas (Mizobuchi, Chignell, &available implementations on real devices, the
Newton, 2005) showed that, while walking wasoverriding message we see is that guessability, the

slowed down when using a device, it did notinitial pick-up-and-use usability of
impinge upon the text entry rate or accuracy. Someardware/software, is paramount to success.
researchers have tried to get the best of both It is extremely hard to predict future trends

worlds by conducting experiments indoors thator mobile devices: while there is considerable
attempt to mimic some of the distractions from theesearch showing the benefits and strengths of
real world, while maintaining the controlled different approaches, market forces and the views
laboratory environment (e.0. Lumsden,of customers and their operators have a major role
Kondratova, and Durling 2007). in deciding which techniques become widely

In experiments users are typically requirechdopted. Predicted gains in expert text entry
to enter a set of phrases on devices to measure tha#rformance are of no use if people do not
text entry speed. While there is no widespreadnderstand how to use the text entry approach out
agreement on phrases that are used, (MacKenzieof the box. To this end, we see considerable scope
Soukoreff, 2003) proposed a standard set of shddr entry methods that provide a smooth transition
phrases that has been used by other researchers frath novice to expert performance: XT9™ is one
provides a valuable baseline for comparisons. Orsiccessful example of novice-to-expert support, as
problem with mobile phone text entry is that it isusers get faster they'll learn to be sloppier and type
often used for short casual messages and testifagter, without necessarily being consciously aware
with formal phrases from a traditional text corpuof why. Context-aware word completion that learns
is not appropriate (see differences discussed aboabout individuals is another area that shows good
for those who have experimented withpotential: good for slow novice typists as they start,
formal/newspaper English and SMS). This idut building context and personalising as they gain
compounded by the original multi-tap text entryproficiency.
approach and short length of SMS messages Finally, looking at current market directions
leading to considerable use of, often obscur@nd the increasing desire to enter more text on
abbreviations that are not normally found in amall devices, we see the 12-key keypad slowly
corpus. To address this, (How & Kan, 2005disappearing from phones to be replaced with less
developed a large set of phrases extracted fronumber-centric entry methods. Despite its sub-
SMS users' real text conversations. Althougloptimality and problems on small devices, both
somewhat skewed to local Singaporean phrasesarket trends and some user tests point to the
and abbreviations (much &MS speaks heavily QWERTY keyboard taking on this role, either as a
localised and even personalised within a group gghysical or an on-screen keyboard.
friends), the corpus is a valuable insight into th
language often used on mobile phones. %EFERENCES
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