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ABSTRACT

The IBM Boca Ralon Human Faclors group conducted a study lo investigate infial user performance
wilh and preference for allernative typing-key layouts when users are restricied 10 Iyping with 2 single
finger or a stylus  Recenl analyses have indicaled that, after asymplotic practice with this kind ol
typing, users woukd be able lo type fasier with certain ronstandard tvping-key lavouls than with the
standard QWERTY layoul. Although asymplolic pedormance (performance after extensive practice} is
important in selecling a typing-key layoul, it also is important to evaluale users’ initial performance
wilh and preference for the lavouls  Twelve paricipants used paper models of six dillerent typing-key
layouls 1o fype four sentences. The lyping-key layouls were the QWERTY, Dvorak, standard alphabelic,
square alphabelic, Lewis/Mennedy/Lalomia digraph-based, and Getschow/Rosen/Goadenough-
Trepagnier digraph-based  The participanis averwhalmingly performed better with and preferred the
OWERTY layou! to the other five layouts They achieved their secand-best performance with the
square alphabelic layoul and proferred il 1o the standard alphabebc layoul. Although There was no
perormance difference balwean lhe (wo digraph-based lavouis, parlicipants preferred the
LewisiKennady/Lalomia layoul to the Gelschow/Rosen/Goodenaugh: Trepagnier digraph-based layout
There was no significan! difference belween the preference for the square alphabelic and
Lewis/Kennedy/Lalomia digraph-based layouls. Because inilial pedformance is besl on the OQWERTY
layoul and users strangly prefer i, it should be the defaull layoul even il users can type with only a
single finger or a siylus, For allernative single-fingerfstylus layouls, the beller alphabetic layoul is The
square one, and the befter digraph-based layout is the Lewis/Kennedy/Lalomia

Capytighl iBM Corporaton 1992, All ngais reserved
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Introduction

With the advent of hand-held tablets and portable com puters (including pen-based
Systems), it 15 important to evaluate the best arrangement of keys for typing lavouts when
users fype with one finger or a stylus. Also, improved layouts for one-at-a-time character
selection will help the population of computer users whose special needs limit them
exclusively to this style of typing. The purpose of this study was to investigate initial
user performance with and preference for alrernative typing-key livouts when users are
restricted o typing with a single finger or a stylus

Lewis, Kennedy, and Lalomia (1992) developed a com puterized human
performance maoxdel, based on Fitts' Law and the frequency marrix for English-language
digraphs, for evaluating alternative layouts. They used a path-analysis program to help
determine which letters should occupy which positions to minimize the distance between
commonly occurring pairs of letters in both a conventional {roughly 3 x 10) and a square
(roughly 5 x 5) key matrix. Getschow, Rosen, and Goodenough-Trepagnier (1986) also
developed a square digraph-based key layou, using a variant of a simple assignment
procedure (known as a "greedy” algorithm), Lewis {1992) used the human-performance
maodel to evaluate a slightly modified version of the Getschow/Rosen/Goodenou ah-
Trepagnier layout. Table 1 shows the results of comparing predicted asympiotic
performance (performance afier extensive practice) for several layouts to the
conventonal QWERTY layout. The value in the "Prediction™ column is the value thal
the human-performance model retured for the layout, with smaller numbers being
better.

Tabie 1. Summary of Pradictive Human-Performance Madel Analyses

Improvament/Degradation
Key Layow Arangement Erediction Relative 10 OWERTY
Gatschow/Rosen'  Square 1504 +31%
Goodenough-
Trepagniear
Lewis/Kennedy, Square 1654 + 27
Lal.omia
Alphabetic Square 2006 + 13
OWERTY Conventional 2318 ]
Alphabetic Convenlional 2389 -3

Dwarak Conventional 27T - 20
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Although asymptotic performance is important in selecting a typing-key layout, it
also 18 important to evaluate users' initial preference for and performance with the
layouts. The purpose of this study was to obtain preference and performance data for the
initial use of these six typing-key layouts 1o help designers decide which layouts 10
include in their products.

Method

Partic

Twelve people participated in the study. Two were IBM employees, and ten were
from a iemporary-help agency. Five participants were male, and seven were female.
Ome participant was lefi-handed. All had experience with QWERTY keyboards, with
self-reported typing speeds ranging from 10 1o 65 words per minute.

Materials

| made paper models of the six typing-key layouts (see Appendix A). The keys
were 1} mm honzontally and 13 mm vertically, with 3-mm interkey spacing. I wrote a
computer program o analyeze sentences from the Brown Corpus, a collecton of magazine
and newpaper articles representative of comemporary English-language usage. The
program identified sentences that ranged in length from 90w 110 characters. 1 randomly
scelected 24 of these sentences, arranged in six sets of four sentences, 1o use as stimul,

{see Appendix B).
Procedure

[ used a pair of Latin squares to counterbalance immediate sequential effects for
both typing-key layouts and sentence sets, and to counterbalance the pairing of typing-
key layouts and sentence sets (Lewis, 1989). Participants read the following standard
instructions.

Instructicns

The purpose of this sludy is to evaluate your inffial experiences with six different
typing-key layouts. The standard QWERTY layoul is fine lor normal, ten-finger
lyping, but if you have to lype on a reduced-size keyboard with a stybus or a
single finger, then other layouts might be batter. You are going to help us find
ot

You'll be typing with a simulated stylus (this pen, with the cap closed so you donl
get ink on the key layout) on simulated layouts that are printed on sheets of

paper.
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| will grve you the layouts one at a ime, Take as much ime as you like to study
the tayout, Then | will give you a sheet of paper with four 2entences on il
Please set up the simulated layout and the sentences so you will be as
comiortable as possible while you are typing. Do nol worry about capilalization,
and if you make a mistake, just try 1o type the correct latter and continue. Try to
e as fast and as accurale as you can. | will time how long il takes you 1o lype
the sentence. We will do that for the other three sentences, and then | will ive
you & rating form for that layout. (Don't make 100 much of the times that | write
down for @ach sentence. Keep in mind that different sentences are not equally
easy 1o type ) After you complete the sentence lypinig for all six layouts, | will
give you twa imal evaluation forms to fill out, and then the experiment will be
aver,

Do you have any questions about the study? <Wail for questions » OK, lat's
start

Following their assigned order of sentence sets and typing-key layouts,
participants typed the scntences and completed the rating forms. Finally, they arranged
the layouts in order from most to least preferred, and stated why they chose their most
preferred, second-most preferred, least preferred, and second-least preferred layouts,

Fesults

Performance

For each sentence that participants typed, I calculated the typing speed in
characters per second (CPS). A two-factor (typing-key lavout by sentence trial) analysis
of variance indicated significant effects of typing-key layout (F(5,55)=118.9, p=<0001)
and sentence trial (F(3,33)=292 p<.0001}, but no significant interaction (F(13, | 65)=1.1,
p=.38). Table 2 and Figure 1 show the mean typing speeds for each layout and each trial.
A post-hoc Newman-Keuls test (o=10) showed that typing with the QWERTY lavout
was faster than with all other layouts, and that typing with the square alphabetic layour
was faster than with the remaining four layouts, which were not significantly differemt
from each other. A planned comparison of the square versus conventional alphabetic
layouts showed that the square alphabetic layout was faster (F(1,1 1}=103, p=(18), with
no layout by trial interaction, The square alphabetic layout started faster and stayed
faster than the conventional alphabetic layout. A planned ¢comparison of the Lewis et al.
digraph-based layout versus the Getschow et al. digraph-based layout showed no
significant performance differences. On average, typing with the QWERTY layout was
75% faster than typing with the square alphabetic layout, and was almost twice as fast as
typing with the other four layouts,
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Table 2. Mean Typing Speeds (in CPS) for Each Layout and Each Trial

Pasi-
Hoco
Ky | avout Trigl 1 Tuajzt 2 Trial 3 Trial 4 Mean  Tesl
OWERTY 205 206 215 226 214 £
Alphabedic 1.16 1.21 1.23 1.29 1.28 B
{Square)
Alphabetic 1.06 1.12 1.16 1.13 P &)
(Comnventional)
Lewis/Hennady! 1.02 1.09 1.00 1.15 1.09 C
Lalomia
Getschow/Rosen 0.93 1.12 1.10 1.13 1.08 C
Foadenaugh-
Trepagnier
Dwarak 0.93 1.04 1.06 140~ 103 G

Table Note: Means with the same letter are not significantly different according 1o a post-hoc
MNewman-Keuls test, with =10,
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Figure 1. Meaan Typing Speeds (in CPS) for Each Layout 25 a Function of Trial
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Preference: Rating Data

The rating for cach layout was the mean of the si1x ftlems on the Key-Layou
Raung Form {see Appendix C), which was given after panicipants finished typing
sentences with each layout. An analysis of variance indicated a significant main effect of
layout (E(5.35)=10.4, p<{¥}11). A Newman-Keuls post-hoc comparison {ge=03) showed
that participams rated the QWERTY layour as significantly better than all other lavouts.
and rated the square alphabetic byvow as bever than the Gewsehow/Rosen/Goodenoush
Trepagnier digraph-based layout. A planned comparison of the digraph-based layouts
showed that participants rated the Lewis/Kennedy/Lal.omia layout as better than the
GetschowiRosen/Goodenough-Trepagnier layout (1(11)=2.30, p=04). As shown by a
planned comparison of the alphabetic layouts, participants rated the square layout more
favorably than the conventional layout (¢(11}=2.55, p=03). Table 3 and Figure 2 show
the mean mating results.

Table 3. Mean Ratings for Each Layout

Kew Layout Mean Bating  Posi-Hoc Test
QWERTY 1.60 bt - -
Alphabetic 3.32 B
(Square)

Lewis/Kennedy! 381 B
Lalomia

Alphabetic 4.21 BG
(Conventional)

Dworak 436 BC
Getschow/Rosen/ 432 G
Goodenough-

Trepagnier

Table Notes; Means with the same letter are not significantly different according to a post-hoc
Newman-Keuls test, with a=10. A lower rating is better.




Figure 2. Mean Ratings as a Function of Layou
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Alter participamts typed sentences with all the layouts, they ranked them from
most-preferred (o least-preferred. Table 4 and Figure 3 show the mean ranks as a
function of layour. Analysis with a Fricdman test showed a sigmificant effect of layout
(*(3)=30.1, p<.0001). A post-hoc analysis based on Friedman rank averages (o= 10
indicated that participants significant! ¥ preferred the QWERTY layout, and the
remaining rank averages were not significantly different, A planned binomial
companson between the digraph-based layouts showed that participanis significantly
preferred the Lewis/Kennedy/Lal.omia layout o the Getschow/Rase n/Goodenough-
Trepagnier layout (p<.05, ten participants preferred the layout by Lewis et al., and two
preferred the layout by Getschow et all). A similar comparison between the alphaberic
layouts was not significant {p>. 10, cight participants preferred the square layout, and four
preferred the conventional layout). Table 5 contains the users' comments describing the
reasons, both pro and con, that they ranked lavouts as nost-preferred, second-most
preferred, least-preferred, and second-least preferred.
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Prefergnce: Ranking Data
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Table £ Mean Rankings for Each Layout

Key Lavout Mean Rating  Post-Hog Test
OWERTY 1.4 A
LewisiKennedy: 325 B
LaLomig

Alphabatic 3.58 B
{Squara)

Dvaorak 417 B
GetschowRoseny 4.42 E
Goodenough-

Trepagniar

Alphabeatic 4,58 B

{Conventional)

. 3

Table Notes: Means with the same lefter are not signhificantly different according o a ;:rusl-hm:
test based on Friedman rank-averages, with a=10. A lower ranking is better (closer 1o first

place).
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Frigure 3. Mean Rankings as a Funclion of Layou
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Table's. User Comments Associated with Ranking Layouts

OWERTY
FPra

Most familiar.
Con

=MNa comments =

Dvorak
Pro

Groups letters i understandable patterns and is laid oul like a keyboard.

Vowels togethar made i easier.
Easy to find latiers.

Corn

Mo kaqical patten

Common latters not near each other - nething nice about it
Letter associations nol organzed; uniamiliar; spread out.
Too spread out.,

Mo pattem; uncomiartabbe.

Alphabetic {Sauare)
FPro

Liked compact layout. easker 1o lind kays than other alphabetic layoul.
Easy o reach leflers.

Con

Still difficult 10 locate needed keys, although easier than other alphabetic layout

Vowels nof convenient.

P

Harder alphabetized because words are nol alphabetical; narrow layout difficult. 1

10
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Tabla 5. User Comments Associgted with Ranking Layouts (Cont.)

Alphabetic (Conventional)

Fro

Knew where letters were because of alphabatic EEQUEnca
Lo

Most difficull to find the letler

Have lo remember where in the alphabet latters were lacated.
Too hard to find keys even though alphabatic.

Couldn’ find logical layout.

Alphabet is not conducive 1o typing out small words.

Words are not alphabetical, but larger spread better than narrow spread.

LawisiKennedy/l sl oma

Hro

amiall words were well placed

Letlers and words that are common are near each othier
Leters in better location.

Can

Hard ta find letiars,

Gelschow/RosenGoodenough-Treapagnier
Fro

Comman letiers in center, easy to locale.
Con

Mo pattern to help remember lacation.
Some lotlars, especially L and B, 1o hard 1o find
Letters were illogically placed.
Most-used lettars still were not near each other.
. Mot familiar; letter associations weren'l obvious.

e B % ]

e T P Y

L
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[Mscussion and Recommendations

The swrongest finding from this research is the initial supenonty of the QWERTY
fayour o all other lavouts, despite the theoretical projection that other lavours should be
supenor 10 the QWERTY lavout after extensive {asympiotic) practice when uscrs tvpe
with one finger or a styius (Lewis, 1992; Lewis, Kennedy, and Lal.omia, 1992%, In the
initial stages of expericnce with these layoms, this result is reasonable because the
populanon of computer vsers {in fact, the popelaton-at-large) has strongly overlearnesd
the QWERTY layout. Forexample, previous research (Francas, Brown, and Goodman,
1983) showed that participants, regardless of the extent of their keyboard experience
duning the previous year, typed about 80% faster with a reduced-size QOWERTY
keyboard than a reduced-size conventional alphabetic keyboard. In the current study,
participants typed about twice as fast with the QWERTY layour than with the
conventional alphabetic layout, the Dvorak lavout, and both di graph-based layouts. The
QWERTY layout was about 75% faster than the square alphabetic layour. It is clear
from this research that the QWERTY lavour is the appropriate default for consumer
products that require a keyboard, even a reduced-size keyboard.

Participants typed faster with the square alphabetic layout than all other layouts
except the QWERTY layour. Participants also rated the square alphabetic layout better
than the conventional alphabetic layout, The participants’ comments suggested that the
basis of this preference was that the square Layout made it easier 1o find and reach
consecutive letters than the conventional lavoul. Therefore, product developers should
provide square rather than conventional alphabetic arrangements. )

Although performance with the two digraph-based arrangements was about equal,
participants significantly preferred the Lewis/Ke nnedy/Lal.omia layour to the
Getschow/Rosen/Goodenough-Trepagnier layout. Participants’ comments indicated that
the basis of this preference was that the Lewis/Kenned y/Lalomia layout more clearly
suggested the advantages of a digraph-based layout. Accordin g to a human-performance
maodel, the Getschow/Rosen/Goodenough- Trepagnicr layout should allow users to type
slightly (about 4%) faster than the Lewis/Ken nedy/Lal.omia layour after practice to
asymptote (Lewis, Kennedy, and Lalomia, 1992). Despite this, product developers
should offer the Lewis/Kennedy/LaLomia layout instead, because the stron ger initial user
preference should increase the likelihood that users will use the layout {and be 27% Faster
then QWERTY after practice to asymptote) (Lewis, Ken nedy, and Lal.omia, 1992},

For now, it is not clear how much a user would have 1o type with the square
alphabetic layout or Lewis/Kennedy/Lalomia digraph-based lavout 10 equal initial
performance with the QWERTY Jayout. The extent of additional typing to achicve
asymptotic performance with the alternative layouts is also unknown. Knowledge of
both of these issues is important for determining the potential usefulness of these
alternative layouts. The Boca Raton Human Factors group will investigate these issues in

“the future. However, until this information is available, product developers should offer
both the square alphabetic and Lewis/Kennedy/Lal.omia layouts as alternatives to the
default QWERTY layout when a product allows this flexibility, especially when the
keyboard is provided on a touch-screen or pen-hased system.

12
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Appendix B. The Six Sets of Sentence Stimuli

Sentence Sample 1

Itis going o take time for investors to learn how many of the toll road
bonds will pay out in full.

Time:

A stantlingly high percentage do not exceed 500 dollars annually, which
includes library salaries.

Time:

A skilled worker on the assembly line, for example, eams at least thirty
seven dollars a week.

Time:

Within a year, without reducing wages, their production cosis were cut one
third and prices were slashed.

Timea:

20
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sentence Sample 2

The jails were filled to overflowing with politicsl prisoners whi
had incurred his displessure.

Time:

The budget expansion can be abtained without a tax raise due 10 growth of
the tax digest.

Time:

There was considerable evidence of 4 1aci approsach wirh Castro in
Cuba, previously a bete noire to Trugillo.

Time:

I they have wouble exporting, the global bill for their support
will grow larger than it otherwise would.

Time;

21
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Sentence Sample 3

Japan, since 1957, has been voluntarily curbing exports of textiles 1 the
Limtted Siates.

Time:

The Dominican Republic could tum toward Communistic authoritarianism as
casily as toward Western freedom.

Time:

We need 3 in Southern New England, where we have 60, and 1000 Rhode
Iskind, where we have none.

Time:

1t 1s better to both maintain the nuclear deterrent and pear our
military forces o fight conventional wars.

Time:
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Sentence Sample 4

He maintained amply financed lobbies in the United atates and elsewhere
o chant his praise and leadership,

Time:

It 15 a recond year and carries with it the promise of no tax increase to
make 11 balance,

Time:

Such a twist would be 3 wragedy for the Dominican people, who deserve 10
breathe withour fear.

Time:

We cannot consider ourselves educated if we do not read and do not know how
to wse what we do read.

Time:;
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Sentence Samiple 5

A fundamental source of knowledge in the world 1oday is the book found in
our librares,

Time:;

Both these types, and those in berween, are in existence by reason of a
legislative interest in libraries.
Time:

Thas left the Soviets plenty of room 1o star Jow grade brushfire
aggressions with considerable i U PRy,

Time:

P::rhaps the army will be able o maintain stability, but the vacuum of free
institutions creates a danger.,

Time:










