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Abstract
This study compared text entry performance of two
stylus-driven soft keyboards for use in hand-held
computing devices: the QWERTY and the T9. Par-
ticipants transcribed text presented on a computer
screen into a personal digital assistant (PDA) using a
stylus and one of these two keyboards. We introduced
a new psychophysical technique for measuring tran-
scription rate that provides a composite measure of
speed and accuracy. Using this technique, we calcu-
lated the maximum transcription rate for each key-
board. The results show that transcription rates were
higher for the QWERTY keyboard than for the T9,
despite the T9 keyboard’s apparent superior physical
characteristics. An ancillary experiment demonstrated
that the poorer performance of the T9 layout may
have resulted from an increase in visual scanning time
due to perceptual grouping of the letters on the keys.
Together these findings imply that the QWERTY
keyboard layout remains the most effective of the
currently available designs for stylus tapping on soft
keyboards.
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1 Introduction
Recent advances in computing technology have led to
a dramatic increase in the availability of hand-held
computing devices. From palm-size computers to
personal digital assistants (PDAs), personal informa-
tion managers (PIMs), and pen tablets, the trend has
been toward the development of smaller, more mobile
devices. This trend has forced manufacturers to con-
sider alternative methods of text entry such as hand-
writing and the use of a stylus for tapping on-screen
soft keyboards.

While hand-writing recognition capabilities con-
tinue to improve, performance under optimal condi-
tions is still fair at best, with reported walk-up accu-
racy rates ranging anywhere from 85%-93% [1, 2, 3],
and entry speeds of around 16-18 wpm [2, 4]. As a
result, there remains a good deal of interest in on-
screen or soft keyboards as the primary means of in-
put for hand-held computing devices. A wide variety

of keyboard designs, differing in the organization of
the alphanumeric characters (e.g. QWERTY, ABC,
Dvorak, FITALY, etc.), and the manner with which
the alphanumeric characters are selected (e.g. tapping,
gestures) are being explored [e.g. 4, 5, 6].

In previous studies comparing text entry perform-
ance using various soft keyboard layouts, the
QWERTY style has consistently outperformed other
designs in terms of both speed and accuracy [e.g. 4,
7]. For instance, in a study of five soft keyboard de-
signs, MacKenzie et al. [7] showed that the
QWERTY yielded an average text entry rate of 21.1
wpm, with the runner-up (ABC keyboard) attaining
an average of only 10.7 wpm. This performance ad-
vantage of the QWERTY keyboard is presumably due
to the subject’s familiarity with computer keyboards
[7]. That is, typing on a desk top computer transfers to
stylus tapping on soft keyboards. It is important to
point out, however, that the nature and extent of this
transference is not yet known. Tapping on a soft key-
board with a stylus is different than touch-typing on a
standard keyboard. The former uses one-handed in-
put, and due to the lack of tactile feedback, requires
continuous visual guidance of the finger or stylus.
The latter employs two hands and relies primarily on
tactile rather than visual feedback for movement
guidance. Nevertheless, familiarity with the location
of the letters on the keyboard does appear to facilitate
tapping performance [7].

Any alternate keyboard design for use with hand-
held computing devices must allow the user to be
proficient very quickly since these devices are typi-
cally designed for the “walk-up” market. That is, con-
sumers who want to be able to approach the device
and begin to use it immediately. The challenge there-
fore is to come up with alternate key layouts that are
organized in a meaningful fashion, allowing faster
and more accurate input rates without the need for
extensive practice.

The T9 keyboard (see Figure 1), recently devel-
oped by Tegic Communication [8], offers an inter-
esting new keyboard alternative. The layout mirrors
that of a touchtone telephone (without the numbers),
with individual letters grouped onto a single key (e.g.
ABC…DEF…GHI). Users are offered larger blocked



keys to tap instead of the smaller individual lettered-
keys. Furthermore, with the T9, the user need not
make multiple taps to identify each letter, as with
some other types of telephone keyboards. Instead, this
system uses

Figure 1. Pictorial representation of the T9 (left) and
QWERTY (right).

keyboards.a disambiguation algorithm, in conjunction
with a dictionary, to determine the word intended.
Obviously, the limitations of such a system are highly
dependent upon the ability to accurately differentiate
between potential words (e.g. “bat” and “cat”). Nev-
ertheless, this keyboard design is appealing as an al-
ternative to the QWERTY for two reasons. First, the
natural familiarity with the layout of the letters on the
T9 keyboard, due to exposure during telephone use,
may allow users to become proficient at entering text
with very little training. Second, because multiple
letters are placed on a single key, the keys are neces-
sarily larger than those on a comparably-sized
QWERTY keyboard. The larger keys would be ex-
pected to yield faster tapping speed and improved
accuracy.

Therefore, the primary objective of the present
study was to compare text entry rate on the T9 soft
keyboard to that of the QWERTY keyboard. A sec-
ondary objective was to introduce a new technique for
measuring text entry performance, which we call tran-
scription rate.

1.1 Transcription Rate
To measure participants’ rate of text entry using these
two keyboard layouts, we adapted a psychophysical
technique originally developed by Legge and col-
leagues [9] for measuring rate of reading. Participants
are required to read words aloud that are presented on

a monitor. The presentation rate (words per minute) is
then increased incrementally until errors are made.
Reading rate (product of text presentation rate and the
percentage of words read correctly) in words per min-
ute is then calculated, and from this, a maximum
reading rate can be determined. That is, the maximum
rate at which the words can be read without errors.
This technique has been shown to provide a conven-
ient and accurate measure of reading performance
[10].

In the present experiment, transcription perform-
ance was measured in a similar fashion. In this case,
rather than reading aloud words presented on the
screen, participants transcribed the words using either
the QWERTY or T9 soft keyboards. Employing this
technique, we were able to arrive at a maximum tran-
scription rate for each keyboard. The primary advan-
tage of measuring transcription rate in this way is that
it provides a composite measure of both speed and
accuracy. It also allows a rapid and easy evaluation of
stimulus parameters (e.g. keyboard layout, font size
and shape, etc.) on text input performance.

2 Method

2.1 Participants
Five right-handed graduate students ranging from 25-
28 years of age (M = 27.4, SD = 1.94), including two
of the authors, from the psychology department at
Wichita State University participated in the study. All
of the participants reported having at least 20/20 or
corrected to 20/20 vision. In addition, all of the par-
ticipants had extensive computer experience, but only
two had any previous experience with the T9 key-
board.

2.2 Materials
Data input was performed on a Texas Instruments
Avigo 10 personal digital assistant (PDA).  The addi-
tional hardware used in this study included a 33 MHz
personal computer with a VGA display monitor (14-
in diagonal screen running a 640 x 480 pixel resolu-
tion) for presenting the on-screen text to the partici-
pant. An additional VGA monitor was used to display
information to the experimenter. The QWERTY and
T9 soft keyboards came standard on the PDA. The
software used to display the on-screen text was devel-
oped by one of the authors for a previous study [10].



2.3 Design and Procedure
Data were analyzed using a completely randomized
block design, with keyboard layout being the within-
participants variable.

The experimental set up is represented in Figure 2.
The participants stood in front of the monitor, located
at a height of 147.32 cm from the floor, such that the
center of the screen was approximately at eye level.
The PDA was attached to a stand located just below
the monitor, at a height of 124.46 cm from the floor,
and at an angle of ~45 degrees.

Figure 2. Pictorial representation of the experi-
mental setup.

The overall dimensions of the QWERTY key-
board were 5 x 2.2 cm, and each letter key was 0.4
cm2. The space bar was 1.9 x 0.4 cm. The overall di-
mensions of the T9 keyboard were 5 x 3 cm, and each
key was 1.2 x 0.8 cm. The space bar was 1.9 x 0.8
cm. The height of the letters was equivalent for both
keyboards (0.3 cm).

In an experimental trial, each participant was
shown text consisting of ten four-letter words ran-
domly selected from a list of 240 words. Words could
be repeated within a 10-block trial, but never in suc-
cession. Moreover, the words selected for use in the
experiment were those that the T-9 algorithm identi-
fied as the most probable word for that series of in-
puts. This was done to keep the display of transcribed
words equivalent in both conditions. The height of the
characters in each word subtended about 0.8 degrees
of visual angle. The words were flashed serially onto

the screen. Serial presentation of the text was used, as
opposed to scrolling from right to left,  removing the
participant’s need to make saccadic eye movements
during reading, and thereby eliminating the additive
effects of eye movements on performance. When a
word was flashed on the screen, the participant tran-
scribed the word with the memo function of the PDA
using one of the two soft keyboards. A word for the
purpose of input was defined as the four letters plus a
space.  Explicit instructions were given to read and
transcribe one word at a time. This was to ensure that
the participants were not reading ahead and then tran-
scribing multiple words.

The transcription rate data was collected using the
method of constant stimuli. The percentage of words
correctly transcribed was recorded for each of a set of
presentation rates (10, 20, 40, 60, and 80 wpm). These
rates were selected such that the resulting transcrip-
tion performance would span a range from perfect
(presentation rate = 10 wpm) to very poor (presenta-
tion rate = 80 wpm).

The experiment took approximately 1-hr to com-
plete, during which time five measures of transcrip-
tion rate were taken for each presentation rate condi-
tion. The order of presentation rates was counterbal-
anced for each participant.

3 Results and Discussion
The transcription rate was computed as the product of
the presentation rate and the mean number of words
correctly transcribed (in percent). In order to estimate
the maximum transcription rate, while avoiding ex-
perimenter bias, a second order polynomial function
of the form Y = A + BX + CX2 was fitted to each
participant’s data. The maximum transcription rate
was the solution to the first derivative of the best fit-
ting function. Figure 3 shows the average transcrip-
tion rates as a function of presentation rate for each
subject. Note that the fit of the second order function
to the data was quite good. The lowest R2 value was
.69 for participant 4 using the T9 keyboard. The R2

values for all other conditions were in the range of .86
to .98. Furthermore, as can be seen in Figure 3, tran-
scription rate tended to drop off rapidly for presenta-
tion rates greater than ~ 40-45 wpm.

The results show that participants were able to
transcribe words faster using the QWERTY keyboard
than the T9 keyboard. More specifically, the average
maximum transcription rate when using the
QWERTY was about six wpm higher than when us-



ing the T9. A paired-samples T-test  revealed that this
difference was statistically significant, [t(4) = 4..99, p
= .008]. It should be noted that the average maximum
transcription rate for the QWERTY keyboard reported
here (22.56) is similar to other published figures [e.g.
4,7]. It should also be pointed out that the time re-
quired for subjects to shift their gaze back-and-forth
between the monitor and the PDA may exacerbate
transcription rates. However, this was simply a func-
tion of the nature of the task chosen for this experi-
ment (i.e. transcribe written text into the PDA) and
would not be expected to differentially affect per-
formance of the two keyboards.

The objective of this study was to investigate the
T9 keyboard as a potential alternative soft keyboard
design to the standard QWERTY keyboard for use in
stylus-driven hand-held computing devices. The T9

was expected to fair well against the QWERTY given
its similarity to a telephone layout, and the potential
speed and accuracy advantages afforded by its larger
keys. Yet despite its apparent physical superiority,
transcription rates for the T9 were lower than that for
the QWERTY keyboard. It is not entirely clear why
we found this discrepancy, however there are at least
two potential explanations. First, it is possible that the
participants’ actual level of experience with the touch
phone layout in terms of letter placement was less
than originally expected. That is, although people use
telephones on a daily basis, these interactions typi-
cally involve the numbers not the associated letters.

An alternative interpretation in terms of visual
scan requirements also seems possible. That is, the
individual letters on the QWERTY keyboard are
visually separated by the boundaries of the keys. This

Presentation rate (wpm)

0 20 40 60 80

T
ra

ns
cr

ip
tio

n
ra

te
 (

w
pm

)

0

20

40

Presentation rate (wpm)

0 20 40 60 80

T
ra

ns
cr

ip
tio

n
ra

te
 (

w
pm

)

0

20

40 S3

Presentation rate (wpm)

0 20 40 60 80
0

20

40 S4

Presentation rate (wpm)

0 20 40 60 80
0

20

40

Presentation rate (wpm)

0 20 40 60 80

T
ra

ns
cr

ip
tio

n
ra

te
 (

w
pm

)

0

20

40 S1

S5

S2

Figure 3. Transcription rate as a function of text presentation rate for the two keyboards.
Circle and square symbols represent data obtained for the T-9 and QWERTY keyboards, 
respectively  



may facilitate rapid visual capture of a target letter
during transcription. The letters on the T9 keyboard,
however, are arranged in groups of 3 or 4, and so by a
common border. This arrangement may result in per-
ceptual grouping of the letters within a key, according
to the principle of common region [11]. This principle
states that elements will be perceived as grouped to-
gether if they are located within a common region of
space or an enclosed boundary. This grouping effect
may in turn make it more difficult to process the indi-
vidual elements within the group…a “can’t see the
trees for the forest” effect. Therefore, in the T9 layout
it may be more difficult for the user to individuate the
letters within a key, and thus may require a greater
amount of visual scan time.

We tested this hypothesis in an ancillary experi-
ment in which we compared paper prototypes of the
standard QWERTY keyboard with a modified version
(QWERTYm). The QWERTYm used the key layout of
the T9, but with the letters rearranged to follow the
QWERTY system (e.g. “ABC” to “QWE”). In this
way, the sequencing of the letters was the same in
both conditions, but in the QWERTYm the letters
were grouped (Note: the keyboard dimensions
matched those of the actual keyboards). Four of the
five participants from the first experiment transcribed
the sentence “the quick brown fox jumped over the
lazy dogs” as quickly and as accurately as possible
using the stylus. Transcription rate was measured
using a stop watch. Consistent with the perceptual
grouping hypothesis, text entry using the QWERTYm

keyboard (M = 11.65 wpm) was significantly slower
than with the standard QWERTY keyboard (M =
25.68 wpm), [t(3) = -6.21, p = .008].

The results suggest that grouping the letters nega-
tively affected transcription performance. One way in
which this perceptual grouping effect may increase
visual processing time is that when searching for a
specific letter on the T9 keyboard, each letter within
each group must be visually inspected until the target
letter is found. Indeed, it has been shown that time to
locate a target letter on a display increases when it is
flanked by adjacent irrelevant letters, due to competi-
tion for perceptual processing resources [12]. In the
present experiment, this added visual scan time may
in turn have negated any potential time savings af-
forded by the larger keys on the T9 keyboard.

4 Conclusions
In summary, our findings suggest that the QWERTY
keyboard layout remains the most effective of the
currently available styles for stylus tapping on soft
keyboards. Moreover, given the performance of the
three participants that had no prior exposure to the T9,
experienced desktop computer users may expect to be
able to enter text with an immediate rate of around 23
wpm. It is important to point out however, that al-
though transcription rates in this study were higher for
the QWERTY keyboard, performance on the T9 was
better, in comparison, than any previously tested al-
ternate key layouts [e.g. 7]. The effects of training on
performance was not investigated in this study. How-
ever, it has been suggested that text entry rates for the
T9 can be expected to reach 25-30 wpm following 1-2
hours of training, and expert rates may reach in excess
of 50 wpm [8]. This would imply that with additional
training, users may reach proficiency levels with the
T9 that are comparable or possibly even exceed those
of the QWERTY. Further research is required how-
ever to determine the maximum transcription rates of
expert T9 users, and the amount of training required
to reach expert levels of proficiency.

Finally, this paper described a new technique for
comparing text entry performance, called transcrip-
tion rate, that provides a composite index of speed
and accuracy. This technique enables rapid and ob-
jective comparisons of different keyboard designs, as
well as easy experimental testing of stimulus pa-
rameters.
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