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54.1 Introduction

Keyboards have been around for over 100 years and
are in widespread use both on typewriters and as input
devices to computers, Early refinements of the type-
writer keyboard aimed at improving its mechanical ac-
tion so that it would operate mote smoothly with fewer
malfunctions. Later work focused on improving typing
speed and accuracy.

This chapter describes keyboard design factors that
affect skilled typing and data entry. The information
presented should apply equally well to typewriter and
computer keyboards. Some data also apply (o tele-
phones and other specialized keypads used for data
entry tasks.

54.2 Keyboard Layouts

The locations of letters and numbers on keys has been
a matter of research, theory, debate, contests and patent
applications since the appearance of the first conven-
tional typewriter keyboard. Although other typewriters
existed previously, the design patented in 1868 by
Sholes, Glidden, and Soule was the first to include
many of the characteristics of modern typewriters
(Yamada, 1980). The letters originally had an alpha-
betic arrangement.
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54.2.1 The Standard (QWERTY) Layout

Fast: typists ran into trouble with the early design of the
Sholes keyboard because the typebars of successive
keystrokes would interfere with each other. The current
QWERTY layout (named for the top left-most row of
letters) increased the spacing between common paits of
letters to reduce the frequency of jamming sequentially
struck typebars!. Touch typing on the Sholes keyboard
was not common until around 1900 (Yamada, 1980).
The first patent showing the QWERTY layout ap-
peared in 1878 (Cooper, 1983; Noyes, 1983b). There
have been several attempts to improve the keyboard
layout by developing non-QWERTY arrangements.

54.2.2 The Dvorak Simplitied Keyboard
Layout

The most well known of these attempts was the Dvorak
Simplified Keyboard (known as DSK). August Dvorak
received a U.S. patent for his design in 1936, Dvorak
designed his layout using principles’ of time-and-mo-
tion study and scientific measurement of efficiency
(Dvorak, 1943). Dvorak assumed for his analyses ten-
fingered touch typing.

The principles underlying Dvorak’s layout in-
cluded assumptions such as simple motions are easier
to learn and perform rapidly than more complex mo-
tions, and rhythmic motions are less fatiguing than er-
ratic ones. With the DSK layout, typists use the right
hand more than the left, with fingers assigned propor-
tionate amounts of work, Almost 70% of the typing is
on the home row. The placement of vowels and fre-
quently-used consonants on opposite halves of the key-
board increases the frequency of two-handed typing
sequences?.

Many experiments, field trials and analytical stud-
ies have compared the DSK with the QWERTY ar-
rangement. Dvorak conducted some of his own tests
with reportedly positive results. Five other studies
comparing DSK and QWERTY keyboards appear be-
low.

! There arc other theories about how QWERTY came into exis-
tence. For a summary, see Noyes {1983). Alleviation of typebar
jamming problems was the explanation appearing most frequently
in the literature,

2 The Dvorak measurements assume English text. For recent appli-
cations of Dvorak-like principles to the design of non-English key-
boards, see Kan, Sumei, and Huiling, 1993; Lin, Lee, and Chou,
1993; and Marmaras and Lyritzis, 1993.
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The Navy Department Study

In the 1940s, the Navy Department compared two
groups of typists who received on-the-job training
(U.S. Navy Department, 1944a, 1944b). The first group
consisted of QWERTY-trained typists who learned the
DSK layout, The second group of QWERTY typists
received additional training on the standard keyboard.

Increases in typing speeds and decreases in error
rates were higher for the DSK group. However, the
gain in net words per minute (nwpm) was not statisti-
cally significant. Also, there were pre-existing differ-
ences between the two groups because the DSK typists
initialty were faster on QWERTY than the other group.

The Navy Department report did not focus on the
final nwpm, but instead described differences between
the groups in terms of percentage gain in nwpm as a
function of the number of hours of additional training.
In measuring this learning rate, the researchers used
zero as the baseline for the DSK group because they
had never used DSK before. The QWERTY group
baseling was their typing rate before additional train-
ing. The use of different baselines affected the calcula-
tion of learning rate. Also, the initial learning rate for
the DSK group could have been quite high because
some previously learned typing skills (such as finger
movements) would be relevant for learning DSK. Later
performance might not show such a rapid rate of
learning.

Navy Department researchers also calculated the
costs and benefits of retraining compared to additional
QWERTY training. However, the cost figure was
“corrected” by subtracting the value of increased pro-
duction during the latter part of the retraining period
for the DSK group only. That is, once typists in the
DSK group exceeded their original QWERTY typing
rates, the increase in production received a dollar
value. The correction factor was the number of hours
each typist worked at greater than 100% of QWERTY
typing speed multiplied by the individual’s hourly
wage. Without this correction factor, the average cost
of retraining was actually cheaper per hour for addi-
tional QWERTY training ($1.27/hour DSK and
$0.90/hour QWERTY).

The Navy Department report concluded with
highly favorable statements about DSK retraining and
recommendations for implementing such retraining.
The following facts invalidate this conclusion: a) dif-
ferences in final typing performance were not statisti-
cally significant; b) measures of learning rates unfairly
favored the DSK group; and c) calculations of costs
and benefits unfairly favored the DSK.
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The Strong Study

Strong (1956) conducted his study for the U.S. General
Services Administration. Strong trained QWERTY typ-
ists on DSK keyboards until they reached their previous
QWERTY typing performance levels. This took an av-
erage of about 28 days. In the second part of the experi-
ment, the DSK group received additional instruction
time to increase their speed and accuracy on DSK. A
comparable group of QWERTY typists began the ex-
periment in the second half and received only this addi-
tional training (but on QWERTY). After training, the
QWERTY group performed better on typing tests than
the DSK group (Aldén, Daniels, and Xanarick, 1972;
Noyes, 1983b). Strong concluded that there were no ad-
vantages to the DSK and that “brush up” training on
QWERTY was more effective (Yamada, 1980). -

Other researchers have questioned the Strong re-
port. Some tried to obtain the original experimental
data for re-evaluation, but learned that all the data had
been destroyed. There has been speculation that the

study unfairly favored QWERTY (Noyes, 1983b) and .

that Strong himself was “hardly an unbiased investiga-
tor” (Yamada, 1980, p. 188). Regardless of whatever
motivated Strong to write such a report, it clearly was a
major blow to public acceptance of DSK and the adop-
tion of DSK by the U.S. government (Cassingham,
1986; Yamada, 1980).

Kinkead’s Simulation

It is difficult 1o conduct a fair experiment to compare
DSK and QWERTY due to QWERTY's widespread
use. Previous experience could affect both DSK retrain-
ing and additional QWERTY training in unknown ways.
To circumvent the methodological difficulties of training
and retraining typists on each keyboard, Kinkead (1975)
collected data on the times required for the fingers to
type each possible sequence of two letters (called a
“digram” or “digraph”) on the QWERTY keyboard. The
second part of the analysis was to obtain the frequency
with which each digraph occurs in English.

Kinkead (1975) assumed that the time to make a
particular finger motion (“keystroke time™) would be
the same for both DSK and QWERTY. That is, the

keys and rows have the same arrangement on both key- -

boards, so they require the same finger motions. The
only difference between layouts was the assignment of
letters to the key locations and thus the frequency of
use for each finger motion. Kinkead used the sum of all
“digraph frequency x keystroke time” values to esti-
mate the typing speed for each keyboard layout.
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The results of this analysis indicated that, at best,
DSK is 2.3% faster than QWERTY. (This value of
2.3% appears below his table of calculations; in the
text, the number is 2.6%.) There are some minor dis-
crepancies between these values and calculations based
on the numbers in Kinkead’s (1975) report. For exam-
ple, using the same numbers as Kinkead, the advantage .
of DSK over QWERTY could be either 3.1% or 3.2%,
depending on the use of Kinkead’s first (155
msec/keystroke) or second (151 msec/keystroke) esti-
mate of average keystroke time.

Another difficulty in interpreting the Kinkead
(1975) data stems from the effect of context on typing
speed and the “leveling effect”. The context surround-
ing a character affects the speed of typing that charac-
ter. If the size of the affecting context is larger than a
digraph, then Kinkead’s estimates might not be accu-
rate. Gentner (1983) reported that the size of the effec-
tive context is two letters before and one character
after the currently typed character. Calculations for tri-
graphs (three-letter sequences) show that when a par-
ticularty slow keystroke occurs, other keying sequences
surrounding it also slow down. Fast keying sequences
tend to speed up surrounding keystrokes (Hiraga, Ono,
and Yamada, 1980). This tendency to maintain a con-
stant typing speed from one keystroke to the next is the
leveling effect. The context and leveling effects could
explain why Kinkead obtained such a low estimate for
DSK’s advantage over QWERTY, because the analysis
used digraphs only.

A Computer Simulation

Norman and Fisher (1982) performed another compari-
son of DSK and QWERTY using “a computer simula-
tion of the hand and finger movements of a skilled
typist” (p. 154). Their model accounted for the context
effect because it “allows for the simultaneous move-
ment of the fingers and hands toward different letters
of the word being typed, thus capturing the parallel,
overlapping movements seen in high-speed films of
expert typists” (p. 515). They calculated that DSK
provides about a 5.4% advantage in typing speed over
QWERTY. Application of the model resulted in a typ-
ing rate of about 58 words per minute {wpm) for DSK
compared to about 56 wpm for QWERTY.

This study addressed some of the criticisms of the
Kinkead (1975) report. The computer model took into
account more than just digraph frequencies in deter-
mining speed of finger motions. Note, however, that
both simulations (Kinkead, 1975; Norman and Fisher,
1982) address only typing speed of expert typists.
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An Automated Search for the Best Key Layout

Noel and McDonald (1989) used an artificial intelli-
gence search procedure to discover the best possible
key layout for the standard keyboard configuration.
Their algorithm used the typing model developed by
Norman and Fisher (1982) to direct the search. Their
program considered 50,000 keyboard layouts from the
first to the final iteration of the search. The results in-
dicated that the DSK was about 10% better than
QWERTY, and that the best possible layout was 1.2%
better than DSK.

Conclusions

Most studies have confirmed that DSK is faster than
QWERTY. However, there is disagreement about the
size of the difference between the two keyboard lay-
outs. Earlier accounts claimed that DSK was from 15%
to 50% faster than QWERTY (Yamada, 1980). More
recent calcolations give much smaller numbers, rang-
ing from 2.3% to 7% (Kinkead, 1975; Norman and
Fisher, 1982; Yamada, 1980). Because the best design
their search procedure could turn up was only 1.2%
better than the DSK, the results of Noel and McDonald
(1989) suggest that it would be fruitless to attempt to
develop a layout in the standard keyboard configura-
tion significantly superior to the DSK.

Because there are so many unknowns (such as how
long it will take a particular typist to retrain), a switch
to DSK would probably not provide a practical im-
provement in productivity. With an estimated 5 10 10%
increase in output over QWERTY (Noel and McDon-
ald, 1989; Norman and Fisher, 1982), the switch might
be cost effective for some typists, but essentially

“worthless for most. Fokexample, a typist with an aver-

age speed of 50 wpm would, after complete retraining,
produce 52.5 to 55 wpm. At roughly 800 words per
single-spaced page, this hypothetical retrained typist,
typing nonstop for eight hours per day, would increase
production from about 30 pages per day up to 31.5 o
33 pages per day. Also, a typist trained on QWERTY
can easily transfer his or her skill to any other standard
keyboard, but a typist trained on DSK could not.

54.2.3 Alphabetical Keyboards

Another method of designing a keyboard is to place
letters on the keys in alphabetical order. Such a layout
has appeared on some children’s toys, on a stockbro-
ker’s quotation terminal, on some portable data de-
vices, and sometimes appears as the default on-screen
keyboard for some touchscreen applications.
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Research Comparing QWERTY and Alphabetical
Keyboards

Hirsch (1970) tested one group of non-typists on
QWERTY and another group on an alphabetically ar-
ranged keyboard. After seven hours of practice, the
QWERTY group improved their typing speed from 1.47
to 1.99 keystrokes per second. The alphabetical group,
however, did not even reach their pre-experimental
QWERTY typing rates (1.47 keystrokes per second for
QWERTY compared to 1.11 for alphabetical).

Michaels (1971) expanded on the work of Hirsch
by including people with a broader range of typing
skills, ages and backgrounds. Results showed that both
the high- and medium-skill groups were significantly
faster on QWERTY, while the low-skill group showed
no significant difference in typing speed on the two
keyboards. Also, skilled typists were faster at keying
numerical sequences on QWERTY than on the alpha-
betical keyboard even though the number keys were
exactly the same on both typewriters, a result that
might haye been due to a leveling effect.

Norman and Fisher (1982) tested non-typists on
four different keyboards: QWERTY, Alphabetical-
Horizontal (letters A through Z. arranged from left to
right starting with the letier keys at the upper left of the
keyboard), Alphabetical-Diagonal (with letters ar-
ranged from top to bottom and then from left to right
starting at the upper left of the keyboard), and a Ran-
dom keyboard (letters assigned to letter keys at ran-
dom). Typing was more than 65% faster on QWERTY
than on any of the other layouts. Statistical tests re-
vealed that the first three keyboards were all signifi-
cantly better than the random arrangement, and that
QWERTY was better than both alphabetical layouts
{which were not significantly different).

A study of small keypads for an enhanced tele-
phone application compared QWERTY and alphabeti-
cal layouts (Francas, Brown, and Goodman, 1983). The
size of the keypads limited typing to a one- or two-
finger strategy. The 2{} participants in the study had
keyboard experience ranging from those who had not
used a keyboard in the previous year to those who used
a keyboard daily. The average time for entering sen-
tences was 54.4 seconds for QWERTY and 97.5 sec-
onds for the alphabetical layout. The typists in the
study strongly preferred the QWERTY to the alpha-
betical layout. The advantage for QWERTY did not
appear to be a function of the typists® experience,

Recent interest in portable data devices and on-
screen keyboards for touch screens have led to addi-
tional research in the evaluation of nonstandard alpha-
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betic arrangements. Lewis, Kennedy, and LaLomia
(1992) used a cost function based on Fitts’ Law? and
English digraph frequencies to evaluate (1) the alpha-
betical arrangement created by replacing the QWERTY
letters with alphabetically-sequenced letters and (2) the
alphabetical arrangement created by placing the letters
in a roughly 5 x 5 key matrix (with “Z” placed just
outside the square matrix, and (3) the standard
QWERTY arrangement given expert (completely
learned) typing with a stylas or a single finger
(hereafter referred to as stylus-typing). (Note that the
problems associated with Kinkead’s (1975) use of di-
graphs are primarily a consequence of typing with ten
fingers, and do not apply to typing with a stylus or one
finger.) For expert stylus-typing, the cost function
predicted that the conventional alphabetic arrangement
would be 3% slower than QWERTY, but that the
roughly square alphabetic arrangement would be about
13% better than QWERTY.

Because one assumption of the cost function was
expert performance, Lewis (1992) studied initial user
preference and performance with the layouts. Although:
predicted expert performance is important in selecting
a typing-key layout, it is also important to evaluate us-
ers’ initial performance with and preference for com-
peting layouts. This is especially true if it is unlikely
that users will work with a device enough to develop
an expert level of performance. In the study, 12 par-
ticipants used a stylus to tap keys on paper models of
the layouts to type four sentences. All the participants
had previous experience with the QWERTY layout,
and had self-reported typing speeds ranging from 10 to
65 wpm. The participants (who were at this point, non-
expert stylus-typists) performed better with and pre-
ferred the QWERTY layout. Thus, initial performance
differed from predicted expert performance, with ini-
tial performance favoring the QWERTY layout. Even
though this study evaluated only initial performance,
stylus typing with the square alphabetic arrangement
was significantly faster than that for the conventional
alphabetic arrangement, as predicted by the user
mode). There are no data on how long a person would
have to practice with these nonstandard layouts to
achieve expert performance.

Coleman, Loting, and Wiklund (1991} also found an

3 Fius' Law (Fitts, 1954) is a model of human performance that describes
the time required to touch a target accurately. Specifically, Fitts' Law states
MT = a + bloga(2A/W), where MT is movement lime, A is the amplitude
(distance to the target), W is the size (width) of the target, and a and b are
empirically determined constants. The law essentially states that increasing
A or decreasing W increases movement lime in a specific and definable
way. See Welford (1976) for a detailed description of this and other ver-
sions of Fitts™ Law.,
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advantage for a touch-screen QWERTY arrangement
over an alphabetical arrangement using a matrix seven
keys across and four keys high. Their experiment, how-
ever, had a confounded variable because only the alpha-
betical layout had an embedded numeric pad, making it
slower for typing numbers. MacKenzie et al. (1994)
compared a touch-screen QWERTY arrangement with
an alphabetical arrangement 13 keys across and 2 keys
high. Fifteen participants with prior QWERTY experi-
ence typed sentences (lower case only, no punctuation)
significantly faster with the QWERTY layout and sig-
nificantly preferred the QWERTY. Quill and Biers
(1993) had 24 participants (both touch and non-touch
typists) use a mouse and cursor keys to select characters
from an on-screen QWERTY layout, a 3-row
(QWERTY-like) alphabetical arrangement, and a 1-row
alphabetical arrangement to type a mixture of words and
nonwords, presented one at a time. The participants sig-
nificantly preferred the QWERTY layout to both alpha-
betical arrangements, with no significant difference
between the alphabetical layouts. Input with the mouse
was always faster than with the cursor keys. Using the
mouse, the typing speed results were the same as the
preference results. For the cursor keys, typing speeds
with the QWERTY and I-row alphabetical arrangements
were not significantly different, but both were signifi-
cantly faster than the 3-row, standard alphabetical ar-
rangement. '

Conclusions

Alphabetically arranged keyboards (apparently regard-
less of specific arrangement) provide no advantages
over QWERTY, even for unskilled typists using a re-
duced-size keypad (Francas et al., 1983), or for typists
restricted to using a stylus or mouse (Lewis, 1992;
MacKenzie et al., 1994; Quill and Biers, 1993). Per-
formance on QWERTY might be better than alphabeti-
cal keyboards because the QWERTY arrangement is
not random, reducing the difficulty of search. Another
possible explanation is that most people, even inexpe-
rienced typists, have some experience using a
QWERTY keyboard. Overall, the evidence suggests
that in most sitnations designers should provide a
QWERTY rather than an alphabetical layout.

54.2.4 Other Keyboard Layouts

A few researchers have developed nonstandard layouts
in nonstandard arrangements for special purposes. Get-
schow, Rosen, and Goodenough-Trepagnier (1986} used
an artificial intelligence search procedure (the “greedy”
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algorithm) to develop a layout that minimized the
weighted average distance between English digraphs
(with keys occupying a roughly 5 x 5 key square matrix).
Theoretically, this should be the best tayout for an expert
typing with a stylus or a single finger, but Getschow et
al. did not perform any user testing with the layout.

Lewis et al. (1992) used a path-analysis program to
design a minimum-distance layout similar to that de-
veloped by Getschow et al. (1986). Using a cost func-
tion based on the frequency of English digraphs and
Fitts’ Law, Lewis et al. estimated that, for stylus typing
by a highly practiced expert, this minimum-distance
layout would be 27% faster than a QWERTY layout.
Using the same assumptions (highly practiced stylus
typing with the layout), Lewis (1992) estimated that a
layout based on that developed by Getschow et al.
would be 31% better than QWERTY.

The cost function of Lewis et al. (1992) predicts
expert stylus typing performance, but is not applicable
to initial, nonexpert typing. Because a designer might
consider a nonstandard arrangement for situations in
which typists might not acquire an expert level of skill,
it is important to understand initial wser performance
with such layouts. In an assessment of initial user pref-
erence and performance with the layouts (Lewis,
1992), however, 12 typists using paper models of the
layouts significantly preferred and performed better
with the QWERTY layout (and had their second-best
performance with a 5 x 5 alphabetical arrangement).
There was no performance difference between the
Lewis et al. and Getschow et al. layouts, but partici-
pants significantly preferred the layout by Lewis et al.

Matias, MacKenzie, and Buxton (1993) developed
a one-handed keyboard called the Half QWERTY, de-
signed to take advantage of a typist’s existing skill with
the QWERTY layout, Taking advantage of cross-hand
skill transfer, the Half QWERTY has two character
functions on each key from the left half of the
QWERTY layout, with a mirror image of the right half
placed on the left half. For example, the Q key is also
the P key; the T key is also the Y key; the B key is also
the N key. Typists press a key as usual to get the nor-
mal letter associated with the key, but press and hold
the space bar to get the alternate, mirror-image letter.
Ten participants learned to use the Half QWERTY as
they typed sentences presented by a computer program
for ten sessions, with each session lasting about an
hour. The average typing speed at the end of the first
session was 13.2 wpm with 16% errors. The average
speed after the ienth session was 34.7 wpm with 7.4%
errors.  Subjects reached 50% of their two-handed
typing speed after about eight hours,
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Montgomery (1982) proposed a wipe-activated ca-
pacitive keyboard. The “keyboard” is a flat tablet that
the fingers glide across or wipe to create characters. To
take advantage of the wiping motion, Montgomery also
developed a new character layout to enable the input of
many small words with a single wiping motion. An al-
ternative method of operation is to use a stylus to inter-
act with the keyboard. Because it has no moving parts,
this device can be almost any size. This keyboard has
undergone no tests other than analyses comparing
number of wipes to number of keystrokes required on
standard keyboards.

Conclusions

The concepts discussed in this section are interesting,
and might have application under certain unusual cir-
cumstances, However, designers should always assess
an alternative layout against 2 QWERTY layowt de-
signed to fit in the same physical dimensions as the ai-
ternative before committing to an alternative design,
especially if it is not reasonable to expect users of the
keyboard to become expert.

w

54,2,5 Keyboard Layouts: Conclusions .

Given the structure of the standard keyboard (three
rows of leiters with an upper row of numbers), there
are many ways to arrange the alphabetic keys. By
starting from an alphabetically ordered arrangement,
then rearranging keys to reduce type bar jamming, the
inventors of the standard keyhoard created the
QWERTY layout. Even if their intention was to reduce
typing speed as well as reduce jamming, separating
commonly co-occurring letters increases the frequency
with which a typist strikes characters with fingers be-
tween hands (from hand to hand). Analysis of skilled
typists has shown that typing with fingers on alternate
hands is faster than typing with fingers on a single
hand (which is faster than typing with a single finger)
(Cooper, 1983), Thus, the inventors of the standard key-
board seem to have accidentally created a layout that
allows skilled touch typists to type with about %0% of
the speed theoretically attainable with the best possible
layout for touch typing (Noel and MacDonald, 1989).
Most recent estimates suggest that Dvorak’s design
closed the gap to about 95 to 99% of the maximum
possible touch-typing speed. To date, no other key-
board layout has received more attention than DSK as
an alternative to QWERTY, but it appears that most
typists do not believe that the relatively minor benefit
of learning the DSK would overcome the costs. Other
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than as an academic exercise, any further redesign of
the QWERTY layout for touch typing appears to be a
fruitless effort, a conclusion consistent with the
ANSIUHES 100-1988 standard’s recommendation to
use the QWERTY layout for typing keyboards (Human
Factors Society, 1988).

A remarkable finding from the more recent evalua-
tions that have compared the QWERTY layout with
other layouts for reduced-size devices and on-screen
keyboards (both alphabetically ordered and digraph or-
dered) is the consistent superiority of the QWERTY lay-
out, at least in the short term, Clearly, the first choice for
designers providing a keyboard or typing layout for al-
most any purpose is the QWERTY layout.

54.3 Data-Entry Keypads

In addition to the main alphanumeric section, most
computer keyboards have a separate numeric keypad
for data entry. Also, use of push-button telephones as
remote terminals to computers continues to rise (a phe-
nomenon originally reported by Bayer and Thompson,
1983; Hagelbarger and Thompson, 1983). This section
considers the design of keypads for telcphone and
other applications.

54.3.1 Layout of Numbers and Letters

Lutz and Chapanis (1955) tested six key configuraticns
to determine where people expected cach letter and
number to appear on ten-button keysets for use by
long-distance telephone operators. The key arrange-
ments were two hotizontal rows of five keys, two ver-
tical rows of five keys, or three rows of three keys with
a single key placed at the top, bottom, left or right of
the block of nine keys. In general, people placed letters
and numbers on keys in the same order as they read
text (that is, from left to right and from top to bottom)
regardless of the key configuration. When numbers
were already on the keys: a) people consistently placed
letters on the keys from left to right and from top to
bottom when the numbers had that arrangement; and b)
if the arrangement of numbers was not from left to
right and top to bottom, about half of the people placed
the letters to be consistent with the ordering of the
numbers, and the other half persisted in arranging the
letters from left to right and from top to bottom. The
most frequent number arrangement was that found on
the majority of modern U. S. telephones.

Detweiler, Schumaker and Gattuse (1990) asked
telephone company employees to assign by memory
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the alphabetic letters of the telephone keypad (which
does not list “Q” or “Z”) on a blank representation of-
the keypad. Only 18% of these subjects were able to
correctly place the letters on the keys with 100% accu-
racy on the first trial. After subsequent training, how-
ever, 72% of the participants achieved 100% accuracy.
Detweiler et al. concluded that despite the thousands of
interactions that people have with the telephonc key-
pad, few people really have learned the mappings be-
tween the leiters and keys.

Other studies have compared performance with the’

“telephone layout (I, 2, 3 across the top with 0 at the

bottom) and the common calculator layout (7, 8, 9 across
the top). Conrad and Hull (1968} asked housewives to
enter numeric codes and found the telephone layout was
superior in both speed and accuracy. Paul, Sarlanis, and
Buckley (1985) tested air traffic controllers and found
that the telephone layout was better for entry of letters
and mixed (letter and number) dala, but that perform-
ance was the same for entry of numbers only.

A related study (Goodman, Dickinson, and Fran-
cas, 1983) used a simulation methodology to determine
the best layout of keys for Telidon (Canadas Videotex
system) keypads. They tested both a horizontal (1
through 0 in a single row) and a telephone arrange-
ment. Speed and accuracy were slightly better on the
telephone layout in a reaction-time task. However, dif-
ferences in more realistic performance were not statis-
tically significant. Preferences were strongly in favor
of the telephone arrangement for a problem-solving
task that simulated expected use of the Telidon system,
but were slightly in favor of the horizontal arrangement
for the reaction-time task.

Magyar (1986a) compared numeric entry through-
put and error rate by typists performing an extended
numeric entry task (5-digit numbers) using either the
keyboard’s horizontal top row of numbers or the sepa-
rate 10-key calculator keypad. Half of the test partici-
pants had experience using a 10-key numeric keypad.
The typists worked as they normally would with the’
two configurations, using both hands to enter numbers
from the top row and one hand to enter numbers with
the calculator keypad. Although the participants tended
to commit fewer keying errors with the 10-key keypad,
there were no significant differences between overall
speed and accuracy with the two methods. Reanalysis
of the data to evaluate performance differences attrib-
uted to user experience revealed that keying time for
experienced keypad users was significantly faster on
the keypad than with the top row. Keypad entry speed
for experienced participants was faster than that by the
inexperienced operators. Although keying speed for in-
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experienced users was faster with the top-row keys
than with the numeric keypad, overall speed and accu-
racy for the top-row keys were equivalent for both
groups. Similar to the findings of Goodman et al.
(1983), the participants strongly preferred using a cal-
culator keypad for the numeric entry task rather than
the top row keys, citing increased speed and accuracy
as the primary reasons for their preference.

Conclusions

The design and use of data-entry keypads depends to a
great extent on the keying task required. For numeric
and mixed input, the telephone layout is slightly supe-
rior to the calculator layout, especially for people who
are not familiar with calculators or adding machines.
Experienced keypad users who need to perform exten-
sive numeric entry tasks appear to benefit from having
a separate numeric-entry keypad on their keyboards.
These data and conclusions are consistent with the
ANSVHFS 100-1988 standard's recommendation to
provide a numeric keypad when the primary task in-
cludes the entry of numeric data, and to consider the
application when choosing the calculator or telephone
layout (Human Factors Society, [988).

54.3.2 Alphanumeric Entry with Telephone
Keypads

Because telephone keypads contain more than one letter
on each key, their use for alphanumeric data entry re-
quires a strategy for designating which letter goes with
each keypress (or sequence of keypresses). Procedures
for differentiating letters located on the same key are
“disambiguation” techniques. Davidson (1966) sug-
gested using the two extra keys on push-button tele-

phones as control keys. The left (*) button would

indicate the first letter, the right (#) button would indi-
cate the third letter, and a keypress without a control key
would indicate the middle letter. Francas, Brown, and
Goodman (1983) compared Davidson’s suggested
method with both a miniature QWERTY keypad and an
alphabetically arranged one. For entering alphabetic
data, the telephone keypad with left and right control
keys was significantly slower than either the QWERTY
or alphabetical keysets, but accuracy was the same for
all entry methods. The authors concluded that the tele-
phone keypad was not suitable for entering letters in
their application. However, for tasks that primarily re-
quire accuracy and have severe space limitations (or
simply require the use of a standard telephone), the tele-
phone keypad with control keys might be acceptable.

Chapter 54. Keys and Keyboards

A particular problem with using the standard tele-
phone keypad for alphabetic data is the absence of the
letters “Q’ and “Z” as well as other punctuation marks
such as hyphens or apostrophes. Marics (1990) exam-
ined the ways that users would attempt to enter special
names (e.g. O'Brien or Razzler) using the traditional
telephone keypad. Results did not indicate a clearly
preferred method of entering the Q, Z, and Hyphen.
About one third of the subjects chose a non-alphabetic
character key (such as “*") for these letters while an-
other third chose the key where the letter should have
been (for example, by pressing “7” (PRS) for “Q”).
Eighty percent of the participants ignored (did not en-
ter) characters such as apostrophes. Thus, there is no
clearly superior method for assigning missing alpha-
betic and punctuation characters to the numeric and
non-numeric keys of the standard telephone keypad,
and a standard has yet to emerge.

A study of data entry for aircraft cockpits com-
pared three keypads designed for one-handed keying
(Butterbaugh and Rockwell, 1982). Task performance
was fastest and most accurate with a keyboard having
separate keys for each letter and number. However,
further analyses showed that this difference was mainly
due to the fact that the two other multifunction keypads
required more keystrokes to enter each letter. Raw
keypressing speed (but not letter input) was fastest
with a telephone layout with letters assigned horizon-
tally to the number keys. Butterbaugh and Rockwell
recommended using a full keyboard if at all possible. If
a space requirement forced the use of a smaller keypad,
they suggested a telephone layout with letters assigned
from left to right and from top to bottom. They also
recommended using three control keys (for left, mid-
dle, and right characters) located in the top row of
keys. .
Brown and Goodman (1983) compared several

methods of entering alphabetic text through a tele-

phone keypad by employing various arrangements of
control keys located above the telephone keypad. In
one condition, subjects entered letters by pressing a
single control key, then pressing the telephone key
with the desired letter on it the number of times corre-
sponding to the position of the letter in its group of
three. In the two-control key arrangement, participants
pressed either the “left control” key (for the first of the
triplet letter per key) or the “right control” key (for the
third letter) or both control keys (for the second letter)
before each letter, then pressed the key with the se-
lected letter. In the three-control key condition, letters
were selected by pressing the “left”, “centetr”, or
“right” control key, then the number key with the given









































































