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CHAPTER 1

INTRODUCTION




PREFACE .
The desire to make a permanent record of one's thohghts

and conversation has existed for many centuries. The.development

of writing instruments was a slow process. It took over 4000

years for the quill pen to replace the reed pen (Mussin, 1980),

and it was not until 1785f£hat the pencil - -was invented. In 1884,

the fountain pen was introduced, which was followed by the more

recent development of the ball-point pen ('biro') towards the

end of the second World War (1944). One of the reasons for the

continuing production of writing implements was the requirement

for speed. The need to go faster has always been fundamental

to Man's existence. For example, as long ago as 63 BC Marcus

Tullius Tiro invented a system of shorthand in order to ensure

he had a complete record of Cicero's orations. Since then over

a thousand systems of shorthand have been devised for the English

ianguage alone. This method of abbreviating words provides one

approach for speeding up the 'speech-to—text' process. An

alternative is to use a keying device.

The development of keying devices was similar to the invention
of writing instruments, in that initial production was siow, but
the number and versatility of devices rapidly increased as their
potential was realised. The first 'writing machine' is thought to
have been invented in 1714 (Richards, 1964), and during the nine-
teenth centurf many typewriters were manufactured. As a;result
the number of keying devices produced has steadily incregsed
throughout the last 100 years. This trend has continued, during
the last two decades and it is hypothesised that many mo?e keyboards
will emerge during the 1980's as technology becomes more

sophisticated.



HYPOTﬁESISED ADVANTAGES OF KEYING SKILLS

The history of keying devices is intrinsically linked with

the development of the printing industry and communication aids
for the disabled. It is unlikely that the speed potential of the
alphanumeric keyboard would have been realised, since speed was
not a primary factor whichﬁthe early typewriter inventors would
have taken into consideration. Early keyboard operators (circa
1870) hit the keys with one or two forefingers (Beeching, 1974).
Therefore it could be hypothesised that the main reason for the
production of the printed word on a typewriter was legibility
and style. McGurrin in 1877 was one of the first individuals to
touchtype and after this date, the concept of the secretary
sitting behind a typewriter emerged (Beeching, 1974). Today,
the speed of keying provides one of the primary reasons why this
mode of communication is preferred to other techniques such as
ﬁandwriting. An 'average' keyboard operator will enter between
20,000 and 30,000 keystrokes per hour, which is approximately
28 - 4 times faster than writing at a speed of 24 words per

minute (Turn, 1974).

As a sensori-motor skill, touchtyping is comparatively easy
to learn. After ten hours of training, individuals can expect to
type at a speed of 10 - 12 words per minute (Sight and Sound
Education Ltd. - Personal Communication). A comparison of learning
to type with learning to write suggests that the former may have
certain advantages over learning to handwrite. There are many
difficulties inherent in producing an 'A' on paper. For example,
the rules of writing English demand that the letter a is oriented
in the correct spatial position otherwise it could become another
letter (o) and the individual has to learn that an extra stroke
also converts the letter a into another letter (d). In 1975, there
were estimated to be two million illiterate adults in this country
(Richards, 1978). The use of keying devices for these individuals
might help them communicate the 'written' word, since it is easier
to.learn‘to press buttons to produce letters than learn to write
(Campbell, 1973).



Illiterate adults cannot write, which usually implies that
they cannot read as well. Campbell' (1973) found that the use of
typewriters facilitated the acquisition of reading skills.
Therefore it could be predicted that the application of keying
devices may offer certain benefits for the illiterate population

;

of this country. /



JUSTIFICATIQN OF THIS RESEARCH

This research is primarily concerned with alphanumeric
sequential and chord keyboards. The term 'sequential keyboards'
may be slightlf misleading, since not all keyboards in this
category are covered. For;example, the linotype machines used

in the printing industry are omitted.

The most well known of the sequential keyboards is the
standard QWERTY keyboard. This origigal typewriter layout has
been in use for over 100 years and, despite doubts about its
efficiency, attempts to establish alternative_designs.and develop
new keyboard layouts have met with little success. One of the
reasons for this research is to assess the controversy surrounding
QWERTY and to make recommendations with regard to the future of
this century old keyboard. A research thesis provides one of the
few means by which an unbiased, non-commercial view of the

situation can be attained.

Recent technolougical trends have shown an increase in the use
of micro-electronics and hence the miniaturisation of equipment.
There are several advantages to be attained from reducing the
size of the standard keyboard. For example, a pocket sized key-
board would be easier to transport, and hence its portability
could increase its frequency of use as well as making operation
possible in hostile énvironments. Small keyboards are more likely
to be powered by batFeries,'thus eliminating the need to locate
electric points and disguise trailing wires. This has resulted in
a revived interest iﬁ alphanumeric keyboards. Some individuals
have designed small keyboards retaining the full alphanumeric set
of keys: for example, the Pocket TTY 'alphanumeriec calculator',
manufactured by G.R. Electronics Ltd. Often keyboard designers
have reduced key dimensions and the spacing of keys to such an

extent that keying is awkward, slow and uncomfortable.{for example,

‘MINNIE — the National Physical Laboratory's experimental keyboard).

A further solution to the problems which arise by miniaturising a
keyboard is to convert it into a chord keyset. A typical chord
keyboard would consist of between five and 12 keys: alphanumeric

characters dre attained by 'patterned pressing' of the keys.



The increase in the development of alphanumeric keyboards
demonstrates the current interest in this field. Hence this is
an appropriate time to investigate these keyboards and evolve

recomrendations concerning future developments,

A further reason fo;/ihe revived interest in keyboards stems
from an increase in their use by a wider range of occupational
groups and level of staff. Many more individuals now use keyboards
as part of their daily work - examples include micro—computer
programmers, process control operators, journalists, gnd office
managers who have their own 'personal’ computers. Many of these
groups do not find the standard QWERTY unit wholly saﬁisfactory
for their needs. This keyboard allows rapid touchtyping over long
periods of time, but often the training needed to achieve this is
not justified or wanted by the occasional user. Hence a chord
keyboard might suit their requirements. There is a paucity of
knowledge about chord keying and this research éttempts to rectify

this situation.

The hypothesised advantages of keying discussed in thé previous
section stress the importance of this area of human skill. Further
research on keying skills may benefit both those individuals who
use alphanumeric keyboards on an occasional b;sis and those who use

them frequently.



4. THE STRUCTURE OF THE THESIS

.

The thesis is divided into three parts. Part I (Chapters 2,3
and 4) covers the sequential keyboards, while Part II (Cﬁapters 5,6,
7,8,9) concentrates on chord keyboards. The final section of the
thesis (Part III - Chapters 10 and 11) includes the general

/!
discussion chapter and the’ conclusions.

After this introductory chapter, the thesis commences with the
genesis of the QWERTY keyboard. Much.controversy surrounds this
standard keybqﬁrd and the agthor decided to approach some users of
QWERTY in order to find out their attitudes. It is perhaps surprising
to note that no previous practical research of this nature has been
carried out and reported in the open literature. The merits and
shortcomings of the QWERTY keyboard have usually been debated

theoretically.

Throughout the thesis, a standard usage of 'keyboard layout'
and 'keyboard design' have been closely adhered to. 'Keyboard
layout' refers to the arrangement of the alphanumeric keys, tﬁat is
which alphabet letter belongs to which key, while 'keyboard design’
defines the shape etc. of keys and the génefal form of the keyboard.
Chapter 3 reviews the literature on sequential keyboards, refers to
the Maltron Keyboard, and concludes with some experinﬁntal work on
‘keyboard design.

i .

Chapter 4 is a discus3ion chapter for Part I of the thesis.

;It reviews the evidence collected from the two experimental studies

concerning the QWERTY and the Maltron keyboards, and makes various

recommendations on sequential keyboard layout and desipgn.

Part IT of the thesis begins with Chapter 5, which covers a

literature review on chord keyboards.

Chapter 6 describes a preliminary experiment investigating
the general form of chord keying devices. This study was conducted
in order to design the chord keyboards to be used in the experiment,

described in Chapter 7.




This seventh chapter concentrates on the motor aspects of
chord keying, and studies various chord keyboard designs through
a reaction time experiment. It also discusses the problems of
{1) whether the time taken to form chords relates to the shape of
the keying device, and (2) the allocation of chords to alphanumerics.

/—/

In contrast, Chapter 8 studies the cognitive aspects of chord

keying, and again the problem of allocating chords to alphanumerics

is tackled, but from a different angle.

Chapter 9 surveys users' attitudes towards chord keyboards.
The results from the experimental work in Chapters 6,7 and 8 are
combined to set up a chord keyboard system. An experimental
assessment of the attitudes of the potential user population is

conducted,

The final part of the thesis (Chapters 10 and 1l1) consists of
a general discussion encompassing‘all the previous chapters.
Chapter 11 lists the conclusions of this research and makes a

series of recommendations.




PART 1:

THE SEQUENTIAL KEYBOARDS




CHAPTER 2

THE GENESIS OF QWERTY AND A QWERTY USERS' SURVEY
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INTRODUCTION
The QWERTY Keyboard

The need to provide writing machines for the blind was one

of the primary factors influencing the experimental development of
the typewriter. During the late eighteenth and early nineteenth
century there were twenty<three different methods available for
making embossed printing (Richards, 1964). These developments,
together with the fact that Man has always been keen to increase
the speed at which thought and speed gan be recorded, led to the
concept of a 'writing machine'. 'The first patent (British Patent No.
395 (Richards, 1964)) for such a device was granted to Henry Mill
in 1714. Unfortunately no details exisf either of its appearance
or its mechanism. It was not until 1829 that the first machine
known to have been capable of practical work was invented by
William Burt (U.S. Patent No. 259 (Richards, 1964)). This device
was called the ‘Typographer' and resembled a sundial on a wooden
box: it had a complex mechanism by which detachable racks slid
across the paper to give both narrow and wide line spacing. Four
years later in France, Xavier Progin produced a typewriter with the
familiar circular typebar basket (French Patent No. 3,748) and

made the claim that he could 'write' almost as fast as a pen
(Richards, 1964). All subsequent developments were based on

this desggn.

It was not until 1866 that the first typewriter to become
a commercial success was deﬁeloPed by two Americans, C.L. Sholes
and C. Glidden. At that time, both men were working on a
machine for consecutively numbering rail tickets, bank notes and
the pages of books, and it was from this device that the concept
of a machine to print lettérs emerged. The end-result, the
Sholes, Glidden and Soulé typewriter was patented in June 1868
(U.S, Patent No. 79,265 (Richards, 1964)). This patent was later
superceded by other patents as the mechanical structure and
keyboard of the typewriter were modified. The first patent which
acéually shows the QWERTY layout is dated August 1878; previous
patents ﬁad shown a two row keyboard with the letters arranged
in alphabetical order (that is, from N to Z, and A to M) (Beeching,
1974). .
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In 1874 the Remington Arms Company began manufactu;ing the
typewfiter in quantity, but it was another two years before the
device made its first public appearance. The original
typewriter keyboard positioned the M immediately adjacent to
the letter L. This is the only change that has occurred and
the ubiquitous QWERTY 1ayoﬂt now serves as a model for
keyboards of computer keysets, cash registers and the more

recently developed word processors (Figure 2.1).

1 23 4567 89 0 - =
QWERTYUIOP;_-.
A°S DF GHJ X L ; °
Z X CVBNM, . /

Figure 2.1: The Standard QWERTY Layout (ANSI X4.7 —~ 1966,

American National Standard Typewriter Keyboards)

The ariginal QWERTY keyboard was intended for 'hunt and peck'
operation and met touch typing, although the inventors' aim
was to design a machine that could print words at a "speed
equivalent to handwriting. In 1877, McGurrin astonished
observers by typing with all ten fingers (Beeching, 1974).
Over the years, researchers and keyboard designers have been
concerned with the logic behind the placement of the letters
on the QWERTY .keyboard. One common idea was that letters
which frequently fell together in English text (for example,
Q is always followed by U, and TH and E) were located in
diffe%ent quadrants of the typebar circle. This was to avoid
the-mechénical problems of typebars claghing as they-returned
to their rest position. It is thought that Sholes and
Glidden were not interested in the keyboard layout and that
it was Densmore who conceived the idea of separating common
digfams. Densmore compiled a list of the frequency of
juxtaposition with which the letters in English text occurred
and this list formed the basis for the layout. Hence, the
suggeétion that the QWERTY keyboard was deliberately designed
to slow down the typist (Cocking, 1970).



Stage I: The Alphabet

- - AB
CDEFEGHIJKLM
’ NOP |
QR
S T|U:
v
W XY |
left hand £ " |? ‘= right hand

Stage II: Spread Horizontally

A B
CDEFG|HIJKLM
N 0P
a R
- | T :
left S; y UL.M
| , rig
hand : = :
A wx v hand
Z AEE - S

St'age Il: The Preproduction Layout
. QWE-T YIUO-
ASODFG HJKLM
ZCXVB N?: RP
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Although this concept of conflicting ty?ebars‘is plausible,

it is not supported by statistical examination. Griffith (1949)
defined 'close' typebars as any two having not more than four
others intervening on consecutive strokes: statistical analysis
of the English language revealed that the QWERTY keyboard
actually uses more 'close}/typebars (26Z) than a randomly
arranged keyboard (22%Z). Griffith put forward the idea that
the QWERTY keyboard was merely alphabetical in origin. By
clever manipulation of the letters of the alphabet] he was able
to arrive at the QWERTY keyboard (see Figure 2.2). Although
such a manipulation is feasible, is it a realistic assumption
that Sholes, Glidden and Densmore would have Qorked through
such aﬂ elaborate procedure in ordér to achieve their keyboard

arrangement?

A third explanation is connected with the fact that Sholes
and Glidden were compositors in,the printing industry. It has
been suggested that the QWERTY layout was similar to the printer's

lower case font arrangement of letters (Phillips, }968).

There appears therefore to be no obvious reason for the
placement of letters in the QWERTY layout, and doubts concerning
its prigin still remain. However, it would appear to be a
realistic assumption that the. QWERTY keyboard is alphabetical in
origin, since F,G,H,J,K,L and M appeareé on the home (middle)
row., U.S., Patent No. 79,868 (Sholes, Glidden and Soul%, 1868)
shows the typewriter keyboard arranged'élphabetically over two
rows, and it is hypothesiséd that DenSmére in order to avoid
the mechanical problems experienced with the typebars, rearranged

some keys to arrive at the QWERTY layout. ’

The -Disadvantages of the QWERIY layout

It was not until the early 1930's that the efficiency of
the standard keyboard was seriously questioned. Dvorak and a
team of industrial engineers tested 250 variations of keyboards and
concluded that the QWERTY design was one of the worst .possible
arrangements for touch typing (Dvorak, 1943).

13



Dvorak went even further than this and argued that .it was
possible to achieve better arrangements than QWERTY by
drawing the characters from a hat. He stated that the
defects in the QWERTY layout created difficulty and delay
in mastering the skill of typewriting, and also resulted
in lowered typing rates, more errors, and increased mental

tension and fatigue.

Dvorak's main criticisms of the QWERTY layout wWere:

(a) 1t overloads the left hand - 57Z of typing is carried out
by the non-preferred hand for the majority of the
population. -

(b) It overloads certain fingers. For example, the little
fingers are overworked in that on a manual machine they
have to s;rike the shift-keys, shift-lock and the back—
space - the heaviest key of all.

{c) Too little typing is carried out on the home (middle) row
of keys (327), for example, only about 100 words can be
typed exclusiyvely on the home row. Consequently too much
typing (527) is carried out on the back row, and too
little (16Z) on the front row.

(d) Excessive row-hopping is required in frequeﬁtly used
sequences, often from the front to the back row, and
.back to the front again. For example, in such high
frequency'éama finger letter sequences as ‘br, ec, ce,
ry, ny, my, um, un,-mu,'nu,;mi, ni, im, in, om, on,

-mo, no', ' .

(e¢) Many common words are .typed by the left hand alone.
Davis (Ward, 1936) discovered that 300 words from a
sample of 3,000 words from Fin& and wagnall's Collegiate
Dictionary were typed with the right hand alone, while
‘2,700 words were typed with the left hand. Examples

included 'was, were, extra, address’.

Griffith (1949) supported Dvorak's view that a well
designed keyboard should minimise consecutive strokes on different
keys typed by the same finger (that is, (d) above). Typing on
a QWERTY keyboard results in about 7% of all motions being
consecutive strokes on different keys using the same finger,

whereas on a well-designed keyboard, these can be reduced to
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It can thus'be seen that the QWERTY layout cgnfers
anomalies of work load across the hands, fingers and rows
when typing English text. Ferguson and Duncan (1974)
further demonstrated this point by calculating the distribution
of finger strokes on individual typewriter keys using a large
sample of the English 1ang;age (see Figure 2.3). It can be
shown that the load is distributed haphazardly and iﬁappropriately,
with the main exceptions of Z and X. It would be a natural
assumption for the load to decrease from the index to the little
finger'in accordance with the‘decreasing order of strength of

these fingers.

left hand | o right hand

\
% row total Cy Y% row total
-  QWERTY UIOP
o1 02 4 21 12 15,3 6 15 17 & L5
\
. ASDFGHJKL
39 % 1 7 3 311 01 2 13 25
\
Z X CV BONM - " caps.
.10 o1 05 5 -1 3\v18 8 1 2 3 31
HERB BHEM
:’/cafingef load % finger load
left hand = right hand

Figure 2.3: Distribution of Finger Strokes on

Individual Typewriter Keys




It is worth noting that on the home row of the QWERTY
layout, only A, S, H and L Fank among the ten most common
letters; moreover the unimportant letters J and K are under
the most agile fingers of the right hand.

;

When typing, two—handed motions are easier and faster
than only using one hand - analogous to beating a drum with
two drum-sticks, as opposed to one. Hinting, L3ubli and
Grandjean (1980) have shown that digrams requiring the use of
two hands are faster to execute than those made with different
fingers on one hand. Griffith (1949) stated the following
disadvantages of the QWERTY layout:

(a) Forty-eight per cent of all motions to reposition the
fingers laterally between consecutive strokes are one-
handed rather than easier two-handed motions. Om a
well-designed keyboard, such one—handed motions can be
reduced to 33%, making 677 two—handed.

(b) Thé QWERTY layout requires reaches from the home row
for 687 of all typing: on a well-designed keyboard
these reaches can be reduced to 29%, thus enabling 7%
of all strokes to be on the home row.

(¢} It has been established that the easiest movements for the
typlst to make are two-handed motions without reaches from
the home row, for example, dkdkdkdk. On the QWERTY
keyboard, such motions are 4% and the word ‘'half' appears
to be the only commou'wo;d that c¢an be written with them.
Griffith suggested that on a well-designed keyboard,
two—handed motions without reaches could be increased to

347, and whole sentences written with them.

One of the characteristics of the QWERTY keyboard is that
the Qertical lines of keys slope diagonally from left to right.
On the early typewriters, it would have been necessary to space
. the keys accordingly in order to conform to the mechanical
constraints of the typebars. Martin (1972) put forward the’
idea that this resulted in the letter most likely to be typed
next being obscured.by the typist's hand. Hence, épeed of
operation was'reduced, and the risk of the typebars jamming

was luassened.

16



The original typewriter would have been intended to be used
for 'sight' typing, that is, when the typist looks at the keyboard,
rather than 'blind' typing, where each finger of each hand has a
number of keys assigned to it. The fingers rest on the row of
'home keys' and each finger moves from this position to strike
a key and then returns. Eéch finger has a defined and limited number
of tracks, so the typist can type withOut-looking at the keybecard.
It is standard practice for typing schools to teach 'blind typing'
(for example, Sight and Sound Education Ltd.) Since it enables
faster typing and less movement of the head. However it is
thought that most typists abandon 'blind typing' once their
training is over, and adopt 'sight typing', since the shape and
arrangeﬁent of the QWERTY keyboard are unsuitable for 'blind
typing'.

Biegel in 1934 pointed out the following criticisms of the
QWERTY keyboard:-

(a) The ring (third) finger and litde fingers have to be
stretched when moving from the home row of keys to the
third and fourth rows. This reduced the strength of
the stroke, and leads to.the edge of the fingertip rather
than the centre being used to hit the keys.

(b) The diyision of the keys into ‘'‘strips' for the different
fingers is made by oblique lines which are parallel, so
that the strips for the-fingers of the right hand are the
same shape as those for the fingers of the.left hand,
erga;dless of the fact that the hands are not coqgruent,
but inverse images of each other.

(c) Tracks from the home keys are difficult to follow so that

often the wrong key is struck.

With the advent of the electronic era, the design of the
QWERTY keyboard could have been changed with the ﬁinimum of fuss
to’ remedy the points mentioned above. However, the QWERTY
keyboard remains the de facto standard for communications and
computer interface keyboards (Alden, Daniels, and Kanarick,
1972) despite suggestions that the arrangement and design are
less than efficient (Phillips and Kincaid, 1971):
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In Defencé of QWERTY

Kinkead (1975) found that the standard 6WERT? layout is
operated during touch typing at near maximum speeds. He made an
analysis of keying tiﬁes and concluded-that an imaginary 'optimal'’
layout usiﬁg a higher percentage of fast keystrokes would be only
B%Z faster. However researéh of this nature on a device such as
the ubiquitous QWERTY keyboard is fruitless, since it merely
supporxts the fact that given time and motivation, an individual
can become skilled on any inefficiently designed device, with%n

reason.

It Has‘already been established that the QWERTY layout’
confers anomalies of load on the fingers, hands and rows of keys.

Kinkead timed and analysed 115,000 keystrokes from 22 typists

"in order to determine the real differences in keying time between

hands, rows, columns and indiyidual keys. If some fingers, rows
or types of Keystrokes were constantly faster tﬁah others, then
an optimal keyboard layout could be determined which -matched
these faster keystrokes to the occurrence of letter groupings

in the English language. Tﬁe data generated was used to predict
keying times for the 135 most frequent digrams in the English
language.  Thesé 135 account .for 83Z of all digrams; the other
17% occufripé so rarely that their analysis is non-productive

and tedious. ‘Results sﬁowed'that more than 957% of all keystrokes
on the QWERTY ‘layout are made within 0-333 seéonds, and that

the keying times for the QWERTY and Dvorak layouts were the same,
that 1s, 125 milliseconds/keystfoke for the 8?% of keystrokes
analysed. Research into digfam keying times %or typists (Fox

and Stansfield, 1964) has shown that the highest rates are
achieved and maintained over short bursts, and when successive

taps are produced by fingers on alternate hands.

Kinke;d concluded therefore that the ideal keyboard would
ensure that almost all keystrokes alternated from one hand to
the other, the slowest keystrokes being those made by the
same finger. The QWERTY keyboard does this, whether by
accident or design, very well, and hence in Kinkead's opinion

the standard-keyboard is nearly optimal in layout for speed.



Kinkead (1975) is supported by Thomas (1972). Thoqas suggested
that the QWERTY layout to sSome extent helped to speed up the
typing operation. He came to this conclusion because some of
the most frequent digrams (Baddeley, Conrad, Hull, Longman,
Rabbitt, Skoulding and Stewart, 1958-1962) are keyed by alternate
hands. Thus common 1etterfsequences involve either alternate
hands Seing used, the whole hand being moved over the keyboard
or non-adjacent fingers being moved sequentially. This results
in more overall kinaesthetic feedback from the control move-
‘ments than from the sequential movemeﬁt of adjacent fingers.
When . learning to type, feedback (visual, tactile, kinaesthetic)
is an important factor, although this is not érue for the

skilled keyﬁoérd operator (Alden et al., 1972). One explanation

for QWERTY's success may be the extra feedback that is gained from

stretching, reacling, and alternating hands when learning to
type, Support is given to this explanation by the fact that
'hunt and peck' typing, which relies heavily on visual scanning
of the keyboard, does not reach the speeds gained by touchtyping.
Touch typing courses such as 'Sighf and Sound' can train novices
to speeds of 20 words per minute in 12 hours, whereas 'hunt and
peck' typists rarely meet such speeds even after much lengthier

self-training sessions.

It is therefore apparent that coutroversy still revolves
around the QWERTY keyboard, and it is disputable wﬁether this
original typewriter layout, which has-monopolisad.tﬁe keyboard
ﬁarket, should have been adopted as- the International Standard.
Howeyer, although many analytical and experimental investigations
have been carried out on QWERTY and other keyboards (see the
literature review in Chapter 3), there appear to have been
relatively few studies of the attitudes of users. It was
therefore decided to approach a sample of everyday users of
QWEﬁTY in order to discover their opinions of the merits and

shortcomings of the keybeoard. ,

19
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The Questionnaire

It was decided that a questionnaire survey was the most
appropriate way to discover the views of a large population of
QWERTY keyboard users. A questionnaire of 30 questions,
divided into four sectioné.(see Appendix A2.1) was formulated

as follows.

Questions 1 and 2 (description of job and age of subject,

respectively) were asked in order to supply background

information, so that the user population could be classified.

Questions- 3, 4, 5 and 6 were specifically interested in
the training that the typists had undergone. One of the reasons
for exploring this area was that the author was developing a

keyboard training programme.

Question 3 (How did you learn to type?) was particularly
interested in whether individuals were motivated enough to
teach themselves keying skills. It also provided background

information to the user population.

Questlon 4 (How long did this training last?) gave the
author an 1nSLght into the length of time required to learn to
type. This question was followed by Question 5 (At what
speed were you typing af the end of this training?), and it
was anticipated that statistical analyses would Teveal the
degree of association betWeen'lgngtﬁ‘of training and typing

speed: the optimal training period~c6u1d then be calculated.

Question 6 (Time taken after training to become competent
using a keyboard) was designed to reveal whether there was a
COfrelation between length of training and time needed to reach
proficiency after training. Improvement in keyboard skills
has been shown to continue for over 12 months after the end
of formal learning (Conrad, 1960; Klemmer and Lockhead, 1962).



Section B: Keyboard Arrangement

Question 7 (Are you satisfied with the arrangement of
keys on the typewriter keyboard?) was an open-ended question
asked in order to gain some feedback on whether the users of
QWERTY were satisfied with the layout. As outlined in the
introduction, past researcﬁ has suggested that tﬁe QWERTY

layout may not be the most efficient for rapid touch typing.

Unlike Question 7, Question 8 (Are there some finger
moyements: between keys which are more difficult to do than
others?) and Question 9 (Are there any keys or sequences of keys
with which you.seem to make more errors than others?) were
more specific. They were asked to clarify some of the points
raised in the introduction. For example, Biegel (1934)
suggested that the ring and little fingers have to be stretched
when moving from the home row of keys to the third and fourth
rows. Question 8 attempted to discover if this was true in
practice. It also endeavoured to find out if typists feel that
they make moré mistakes on some keys, or rows of keys than
others. If a typiét repeatedly mistakes a particular letter,

it would suggest that the key is wrongly placed.

Question 10 (If you could move the typewriter keys
around, aré there any.keys that you would change?) probed

how satisfied “the user was with the QWERTY layout.

‘Question 11 (Would. you prefer it  if the thumbs were
given more.work to do?) was asked with the recently marketed
Maltron keyboard in mind. This keyboard utilises the thumbs
by giving them up to eight keys eaéh to operate. - For example,
the most common letter of the English alphabet 'E' is allocated
to the right hand thumb. The reason for using this design is -
that the thumbs have a larger area of the brain controlling
their use than the fingers; hence they have greater mobility
and flexibility (Malt, 1977). Haaland (1962) verified that the
thumb is the most resistant to fatigue, and that susceptibility
to fatigue increases progressively from the index to the little

finger.
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Question 11 was aimed at discovering what the typist felt about
increasing the use of the bhumbs, since at present, the left
hand thumb is totally redundant and the right hand thumb
operates the space bar. Question 12 concluded the section on
keyboard arrangement. Thig.question asked the users to imagine
that they were designing a keyboard from first principles, and
was intended to establish where individuals would expect to

find the keys in an alphanumeric- array.

Section C: Fatigue

Questions 13-21 dealt with the comfort of operating a
keyboard. Over the last 100 years, many keyboards havé
challenged the QWERTY layout; the main emphasis for improving
the layout has been placed upon speed, that is, increasing
speed of learning the keyboard and speed of operation. This
facet of past research is interesting, since there are
relatively few keyboards that seriously require the use of
high speed keying. As Dunn (1971) pointed out - "the highspeed
' keying promoted during the so-called 'World Championships’

might have had some significance in 1945, but not today."

In recént years, keyboard designers have moved away
from the question of speed to reducing tension and fatigue
(Kroemer, 1972; Duncan and Ferguson, 1974; Malt, 1977).
ﬂuncan and Eeréuson suggested that the QWERTY layout influenced
iunnatural' postures of the frunk, head, shoulders, arms and
hands. Kroemer had previously pointed out that the tension
in the forearm and shoulder muscles necessary to maintain the
position of the fingers on the QWERTY keyboard leads to muscular
fatigue and strain. Experimental evidence concerning ill
health. amongst keyboard operators has been provided by Osanai
(1968) and Kamoike and Horiguchi (1971). Osanai stated that

the -most frequent complaints had concerned pains in the shoulders,

the arms,. the hands and the back. He predicted that these pains
wefg caused by repetitiye quick motions of tﬁe hand and the
fingers, as well as static -musculaxr tension to sustain the
.working posture, and he noticed an increased hardness of the

muscles, and ‘tenderness when pressure was applied'tb them.
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Komoike and Horiguchi studied the health hazards of typists
during the years between 1961 and 1971. They concluded that
skilled keyboard operators suffered from stiff shoulders,
myalgia, arthralgié espec{ally in the right upper limb and
finger tremor. Ferguson {1971) interviewed 516 male operators
of teleprinter, teletype and telex keyboards. He identified
14% of subjects with occupational cramp and 5% with occupational
myalgia. TFerguson and Duncan {1974) supported the findings
of this Australian study by staﬁing that occupational cramp
in the ring and little fingers was found amopgst QWERTY
keyboard operators, This would appear to result from the
relatively great load of typing which falls on these weaker
digits, '

H

duestions 13-21 covered various aspects of fatigue.
Question 13 was concerned with whether it was a problem for
the typist to move her head 56 frequently; Questions 14, 15,
16, 17 and 18 were interested in whether the tyﬁist suffered
from neck-ache, back-strain, aching shoulders, tired arms,
and aching fingers, respectively. These $ix questions were
adapted from a survey carried out amongst keyboard operators
in the newspaper industry (Malde, Heller and Stewart, 1978).
Question 19 asked the typist to remember if she suffered from
parts of her body aching, when she first began learning to
type. This question was related to the.keyboard training
programme, in order to discover what one_might expéct from
begipner typists and to try and alleviate any problems.
Question 26 was an open;ended question included to ensure
that ‘all aspects of .this topic had been covered. Question 21
concluded this section: i;'asked the users to recommend any
improvements that would make operation of a typewriter more
comfortable. '

. :/

The aims of this section were threefold: it was intended
to find out how severe the problems of discomfort were, to
locate areas in which improvements were warranted, and to make

some suggestions to this effect.
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" Section D: Miscellaneous.

The final section of the questionnaire was an assortment of
questions. Question 22 (Do‘you enjoy typing?) and question 23
(Do you prefer typing to hﬁndwriting?) plus questions 24 and 25,
covered the likes and dislikes of typing and the typewriter:
they were important qUestiéns since they attempted to find out
how the user felt about typing. The keyboard as a data
entry deyvice has many theoretical advantages over such methods
as -yoice recbgnition and éhgracter'recognition systems. It was
therefore a worthwhile exercise to diécover the popularity of
the keyboard amongst the everyday users. There was also a trend
in the 1970's towards personal computing and the continuing
need fof handwriting may be questioned. Hence questions 22 and

23.

Question 26 was a remnant from Section B on keyboard
layout and user satisfaction. The question, '"Do you think
that the typewriter is equally suited to both left and right-
handed people?" was asked because research (Dvorak, 1943)
has shHown that it overloads the left-hand. This question aimed to
find out if the user population was aware of this. ~Retrospectively,
it might have been adyantageous to ask individuals if they were
left or right-handed. This finding could then have been correlated

with the .data from questim 26,

The next question, "Dd you know of any other devices like
the typewriter which produce typeﬁritten words?" was asked purely
for the author's peace of mind. It helped ensure that she was

familiar with all the major alternatives to typewriters.

Question 28 was asked with the Maltron keyboard in mind -
the most recently developed QWERTY keyboard, which weighs only
15 1bs. The question.read, "Do you think that a smaller,
lighter, more compact version of the typewriter would be useful?"

Question 29 was sekking the subjects' views towards a -
hand-sized, chord-keying device by asking the question,

"Do you think that you would like to use a handrsized, typing
device with only five keys - typing would be carried out by

pressing combinations of these keys?" It also indicated the
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trend towards smaller keying devices (for example, the Canon
Comunicator, which is worn on the wrist) and personal

computers.
The final question, number 30, ‘invited. comments and
; .
criticisms from the users with regard to the questionnaire

and typewriting in general.

Selection of Subjects

Unive;siﬁy secretaries constituted the group of skilled
keyboard operators who were approached for the questionnaire
survey. Questionnaires with an accompanying introductory
letter were sent to 140 female secretaries working at Loughborough
University of Technology. Subjects were asked to complete
the questionnaires and return them via the internal mailing
system. Two reminder letters were posted to those subjects
who had not returned their questionnaireés: a. total of 112
questionnaires (80%) were returned. TFigure 2.4 shows the

range of subjects' ages.

Pilot Study I

After the 1nitial compilation of the questionnaire, it was
circulated amongst researchers and lecturers who were skilled
in questionnaire design. Tpe original draft consisted of 51
qpestions (se€ Appendix A2.2). This was piloted using

secretaries in the Department of Human Sciences as subjects.

H
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Figure 2.4: Freguency Distribution of Subjects' Ages
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This study indicated the qgestionnaire was too long and that
the prospect of completing 51 questions might deter some
individuals. The number of questions examining the subjects'
satisfaction with the keyboard was reduced and the questions
concerned with keyboard pagameters (that is, spacing, feel,
travel of the keys) were eliminated. The wording of several

questions was altered to avoid possible ambiguity.

Pilot Study II

The questionnaire, after the changes had been implemented
following Pilot Study I, was-posted to 20 University secretaries.
Data collected from these subjects enabled a practice run on
the computer to be carried out. No changes were made to the
format of the questionnaire, and it was then posted to the
remaining 110 subjects. This constituted the main study. Over
a period of three months, reminders were sent out and when it
seemed likely that no more replies would be received, the data

analysis: was initiated.

Analysis of Data

The results from the questionnaire were analysed both
quantitatively and qualitatively. All answers (excluding
unquantifiable data) were classified and coded onto punch-

cards; one card was allocated to each subject. The Statistical

~ Package for the Social Sciences (SPS5) 'Crosstabs' program at

Nottingham (Nie, Bent, -and Hull, 1970) was used to obtain
frequency distributions, contingency coefficients and chi-
squared tables. A computer package program, called 'Nonpar
Corr', was used to calculate Spearman's rank correlation
coefficients on appropriate ordinal data (Siegel, 1956)}. Content

analysis of the answers was also carried out.
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3. RESULTS
* The results are presented by a series of histograms, and

correlation matrices. These data are discussed and related to

other findings in the next section.
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Figure 2.6: Frequency Distribution of Speeds Obtaimed at
End of Training

%o

217, 2;3'/.

n% | 7% . ne
‘ ° e b /. lt
Jmmedabdy 2 L l (0 2 Connal
mnthe.  madhs.  yr. Yes.- Yri.  remgnbes

Figure 2.7: Frequency Distribution of Time Taken to Reach Proficiency
.
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Spearman's Rank Correlation Matrix

Speed of Typing Time Taken to Reach
. . Proficiency
Length of Training P £ 0.003 Not sig. (p< 0.227)
Time Taken to Reach Not sig. X
Proficiency (p < 0.423)
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Figure 2.8: Frequency Distribution of Subjects' Satisfaction
-with Keyboard Layout
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Figure 2.9: Frequencéy Distribution of Subjects Experiencing

'Difficulty in Certain Finger Movements
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Errors on Some Keys than Others
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‘Figure 2.11: Frequency Distribution of Subjects' Preferences with

" Regard to Change in the Position of the Typewriter Keys
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Figure 2.12; Frequency Distribution of Subjects" Preferences
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Figure 2.17: Frequency Distribution of Subjects Experiencing Tired Arms .




Yo

70%,

179, . 139,

Yes - Sormzbaes No
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Figure 2.20: Frequency Distribution of Subjects' Preferences with

Regard to Typing and Handwriting
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Figure 2.22: Frequency Distribution of Subjects' Reactions to a Smaller,
Lighter, More Compact Typewriter
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Aching Tired Aching
Neck—ache Back-strain Shoulders Arms Fingers
Q.14 Neck-ache X X X X X
Q.15 Back-strain q539592** X X X X
Q.16 Aching shoulders | 0.49025%% 0, 45823*% X X X
Q.17 Tired arms 0.30141% 0.33188%* 0.16159 X X
: : n.s.
Q.18 Aching fingers 0.09646  0.14621 0.1902 0.11961 X
(n.s.) {n.s.) (n.s.) (n.s.)
* Values significant at 5% level
*% Yalues significant at 1% level
(n.s.) = not significant
Contingency Coefficient Matrix IT
Satisfaction Enjoy Prefer Small Chor.
Q.7 Satisfaction with X X X X X
QWERTY layout '
Q.22 Do you enjoy 0.13095 X X X X
typing? (n.s.)
Q.23 Do you prefer 0.03765 0.01906 X X X
typing to (n.s.) {n.s.)
handwriting? 1
Q.28 Do you like the . |€.16920 0.14586 0.09771 X X
idea of a smaller,| (n.s.) {(n.s.) (n.s.)
more compact
typewriter?
Q.29 Do you like the 0.21997 0.13505 0.22681 0.16901 X
idea of a chord (n.s.) (n.s.) {n.s.) ~  (m.s.)

keyboard?

* Values significant at 5% level

*% Values significant at 1% level

(p.s.)

= not significant
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DISCUSSION

Training of Keyboard Operators

The first section of the questionnaire was concerned with
the training of the typists. The majority of the typists (over
95%) had_attended technical. college or privately run courses.
Only three individuals weré motivated enough to teach themselves
to type and then take up employment using théir new skill. The
average time spent training was in the region of 18 months
(see Figure 2.5) and the typing speeds, obtained af the end of
the training period ranged from less than 20 words per minute to
over 70 words per minute (see Figure 2.6); The average typing
output was between 40 and 50 words per minute. A significaﬁt
correlation (p <% 0.003) was found between length of time spent
learning to type, and the eventual sPegd reached, This supports
the logical conclusion that the longer spent learning to type, the
faster the keying output in words pef minute. The relationship
between the length of training and the time taken ép reach

proficiency was not found to be significant (p %= 0.227).

It has already been established that keying performance
continues to improve for over a year (Klemmer and Lockhead, 1962)
and from this survey the modeé training length has been shown to be
18 months. It is not.realistic to expect an experimental keyboard
training programme to continue for such a long period of time.
Therefore a shorter more intensive training course would result

in lower typing speeds.

‘Keéyboard 'Arrangement

Eighty-four .per cent of typists questioned were satisfied
wi'th the keyboard layout. 'Of the 152 who answered 'no’ to this
duestion, there were two main complaints. They requested greater
standardisation of the QWERTY layout, namely the positioning of
the question mark, the comma, tﬁe apostrophes, the underscore and
the. hyphens. One SUbject said that ofteﬁ'after changing the
géifhbali, the keys-did not correspond to the head being used.



This statement was supported by another comment involving

the fact that a éolf ball océasibnally has no semi-colon.

The other criticism of the layout concerned the questim mark,
which is frequently placed on the shift above the comma. When
typing in upper case, the typist has to release the shift lock,

- ! - - )
in order to type a comma.’ This arrangement creates unnecessary

work for the typist, due to the frequency of the comma in English

prose, Some subjects disliked the use of the capital 'L' for
the number one, and the capital '0' for a nought, and suggested

‘that these symbols had their own keys.

Question 8 was concerned with which finger movements
between keys created problems for the typist. Forty-seven per
cent of typists experienced difficulties with some finger
" movements between keys. Content analysis of the answers to this
question revealed that the keys typed by the little fingers,
especially those of the left hand (Q, A, Z and shift—lock) were
awkward to reach. One typist stated that it was difficult to
apply.pressure with the little fingers, because of the angle
that they were hitting the keyboard, and another complained that
tﬁe little finger movement from 'A to Z' was awkward to carry
out. The keys that. are operated by the little finger of the
left hand also came under criticism, in particular 'P, 0, I and
‘U%. . One Subject:stated that she diéiiked typing sequences such
as QUA-and PLOY;fbecause the little fingers had to hit adjacent
keys xepeatedly. Other subjects elaborated upon this point by
saying that theyédisliked typing words, which only warrantéd the
use of one hand. Examples given included, OPINION, RESERVED,
'DESECRATE, SEWERS, EXCAVATE. TFinger movements involving the
little finger create so many problems for one typist that she
wrote |

"Little fingers — I never use them for typing."

Several typists found it a problem reaching the top row
of.numbérs and due to low fréquency of use, touchtyping on the
top row was difficult to execute. Likewise, reaches to the
bottom row, especially the keys, Z, X and B were not easy.
Suggestions to overcome the former problems includéd placing
a separate keyboard (for numbers and fractioms) adjacent to the

-main keyboard.
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Question 9 continued the theme of the previous two questions,
and was concerned with keys, or sequences of keys which ftequently‘
resulted in errors being made. Again the keys operated by the
little fingers and the numbers came under attack, and to a lesser
extent the bottom row. Fifty-eight per cent of subjects
indicated that they repeafédly made errors on some keys. The
keys C and V on the bottom row were cited on 10 occasions as
freqﬁently causing errors. One typist said that often common
sequences take over, and the word AN becomes AND, and IN becomes
ING, A similar pfoblem occurs with letters that commonly end
words, for example, tolerated becomes tolerates. Straight
forward. transposition errors often occur because the typist is
ke&ing too fast, for example 'FROM and FOR' would become"FORM
and ‘FRO', and are probably not sgecifiqally related to any letter

or key position.

Further analysis of the answers to this question revealed
that every letter had been cited as creating errors. Each

typist probably has her own quirks and subsequent errors.

Two other points of interest did arise from this question;
one typist found that the characters J, K, L and '-' had
unintentionally intruded into her work, because she was resting
her hands lightly on the home row which she returned to after
each key preséing. A second typist found that upon returning
her hands to the home row, her right hand would rest  over the
keys X, L, —, ", instead of the home kéys J, K, L, -. This
would suggest that even for a skilled typist who has mastered
the keyboard layout, some tactile feedback of the positioning
of one's fingers could be 1mportanﬁ.h As would be'expected,
there was a significant correlation between difficult finger

movements and errors made (p £ 0.002).

Question 10 also probed hbw satigfied the subjects
were with the QWERTY arrangement of keys. Twenty-five per cent
said that they Qould change the position of some of the keys
on thé keyboard. Again the letter A came under criticism:
suggestions included changing its position with the key J or S.

Stutsman (1959) investigated the effects of reversing only



the A and J keys with a sample of four typists; but details

of the experimental results are not available. The adyvantage
of this approach is that it does not involve readjusting to a
completely alien keyboard layout. It would also aid the
beginner typist who is struggling to depress the A key with

a rarely used little fingef~on a manual machine. Two subjects
suggested changing the posifion of the keys 'B and C' for 'M
and N', and these letters, 1ikg the letter V were found to

be unsatisfactoril§ placed. Reallocation of these letters

would however create a massive upheaval in the QWEREY layout.

On the IBM golf ball, the positioning of the erasing
key nexf to the shift-lock was thought to be é bad design.
The presence of the fractions, }, 3, § and } was thought
unnecessary and it was suggested that these keys should be
replaceﬁ by-the fractions 1/3 and 2/3 .and square brackets.
Evans and Martin (1970) pointed out the need for half-size
numbers for use as indices in place of the redundant fractions.
Likewise the dollar sign found on an IBM standard typeﬁriter
was deemed a superfluous extravagance. One subject when asked
which keys she would move around replied "most of them!"
Another interesting observation was that it was not the
positioﬁipg of the letters which created the problems, but
the diagonal configuration of the keys; hence a change in
keyboard design ‘might prove profitabie. An example of such a

change, can be demonstrated by the Maltron keyboard.

The. next question was specifically asked with the
Tecently. deyeloped ‘Maltron.keyboard in mind. The majority '
of the 'user population (86%) were against the introduction of
keys for the thumbs; one subject admitted that she'never used
her' .right thumb to operate the space bar, instead she operated
it with her index finger of her right hand. The majority of
§ubjects;(772) thqugﬁt that the typewriter was equally suited
to both left and right handed individuals, but seyeral typists
noted that the QWERTY layout overloaded the left hand, and hence
the left-handed might be at an advantage.
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Question 12 invited the subjects to design their own
alphanumeric keyboards. Two popular sqggéstions involved
arranging the letters according to Dvorak's Simplified Keyboard
and an alphabetical layout. Other ideas included laying out

the letters according to frequency of use, for example, placing
the vowels in the middle oé_the keyboard and the other letters
around them with the least used letters such as X and Z on the
periphery. A similar suggestion was to place the numbers on the
top row, the letters on the middle two rows (arranged according

to frequency) and the punctuation symbols on the bottom row.

Spggestions were put forward for various modifications
to the positioning of the numbers on the QWERTY keyboard. One
subject suggested that they should be paired with the letters,
for example, Aél, B-2, C-3, but offered no explanation for
what would.occur to the upper case capitals. A similar
proposition was to pair the numerics and place on the same
keys, so thaﬁASOZ of the numbers would be typed using the
shift lock. Again the suggestion for a smaller separate
numeric keyboard was-made, and one Subject proposed that the
keys should be laid out in an arc and the keyboard separated

into two halyes to make operation more comfortable.

Forty-eight per cent of those questioned said that if
they had to design a keyboard layout, the} would keep to the
standard QWERTY arrangement of keys. There could be several
reasons for this. Skilled typists are'coéditioned to accept
the QWERTY layout, as ome subject said - ﬁonce you have learnt
to type, it is immaterial where the keys are as typing becomes
‘automatic". Again the idea that givén time and motivation any
keyboard layout can be learnt and operated at high speeds is
resu;rectéd. This suggests that a questionnaire survey of
béginner typists might be a more valid exercise tq find if-

naive users are satisfied with the QWERTY keyboard.
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A second reason originates from the fact that skilled
typists are reluctant to change to a different letter layout
because of the amount of re-training necessary. As one subject
succinctly put it, "it is more difficult to learn the layout,
than to operate it once learnt'. Although it has been suggested
{(S.W. Hobday - Personal Cd&munication) that learning different
keyboard layouts is analogous to learning to play various
musical instruments, there is no reason, at present anyway,
why a typist should motivate herself to learn a new alphanumeric

array.

.

Section C of the questionnaire examined. the extent to
which‘subjectsrsufferéd:from fatigue during typing. The first
quesﬁion,of_this~section enquired'wﬁether it was a problem for
the typist to moye her head when typing. It was assumed that
a typist did move her head during operation of the typewriter:
there is in fact some dispute amongst the user population as

to whether this does occur.

It was-disco?ered‘ftom the next three questions that over
50% of the typing population ‘'did suffer from aching necks,
backs- and shoulders. Arms and fingers were not seriously affected
by fatigue, as shown by the results- from Questions 17 and 18,
érQSSTtabulqtibn of these tesults, as would be expected, reached
significant levels. TFor exémple,'there was a'vefy high
correlation between neck and back ache (p<£ 0.0005), neck and
shoulders- ache (p< 0.0000), and shoulders and back ache
(p & 0.0000). These findings are supported by two Swedish-
studies. In 1976, Skandia'insurancéhcompéﬁy carried out a

survey among computer operators in order to determine the

discomfort they experienced (Datasaab, 1976). The percentage

distribution of discomfort was as follows: eyes (54.8%), head
(30.3%), neck (15.2%), back (43.7%), shoulder (25.1%) and wrist
(lé.BZ). A similar survey was conducted by the Swedish National
Board of Occupational Safety and Health in July 1979. They
studied operator discomfort in computer terminal operation and
reached the following percentage distribution: eyeg (75%),
back/shoulders (55%), head/meck (352), arms/wrists (25%) and
legs (157).



However neither of .these studies supply full experimental
details or references, so the results should be treated

accordingly.

Grandjean and Vigliani (1980) carried out an investigation
into the incidence of 'almgst daily' pains experienced by a
sample of 78 typists. They found that 3% of these individuals
suffered from "more or less permanent ached' of the neck,
shoulder and right hand, and 4% from pains in the right arm.
However, direct cdmparison with the results from the study
described in this Chapter is not possible, because of the

difference in the questions asked to collect the data.

Quantitative results from the next question can only be

" considered tentatively as more than 15% of the user populationm
could not remember if parts of their body ached when first
iearning to type, thﬁégreducing the validity ofrthe results .
{Oppenheim, 1966). Some sﬁbjeqts, who did remember, declared
that "éverytﬁing" ached when they first began to learn to type.
The most common complaints included the back, shoulders, and
the little finger of the left hand and the right thumb, through
the repeated action of hitting the space bar. Stiff wrists were
another symptom. It seems 1ike1y therefore to expect beginner
typists to suffer fiom a multitude of 'aches and pains' as

part of the paékagelof learning a new skill.

Forty-three per cent of typists étated that they suffered
from some-other form of fatigue. Thirty of these 48 subjects
were troubled by eyestrain and related headaéhes, Some of
these suggestions might have stemmed.from‘fhe reéeht controversy
concerning eye problems and visual display termimal (VDT)
operation. Various factors were attributed to this eye fatigue;

- these included the glare from the white walls of the office and
thg.white'paper, and on the IBM standard typewriter the continual
straining to see what has been typed, because the golfball
obscures the letters just produced. This latter situation is
éggravated by the fact that there are no paper props at the

back of typewriters.
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Other factors included bad handwriting, small print, artificial .
light, pencil written work, the immense concentration needed

to type figures and equations and excessive amounts of copy-

typing. Other typists suffered from general tiredness, fpr_

example, boredom from sitt%ng and typing all day, and mental

faﬁigue resulting from an/office environment with noisy

ventilation fans in the roof and the continual ringing of

telephones.

Many improvements were suggested to make operation of the

typewriter more comfortable. The repeated request was for

more comfortable, better designed, adjustable chairs with

_ greater back support and arm rests. One typist stated that

"the machines are 0.K. = its the awful chairs". There were

also requests for adjustable desks, because the ability to alter
the height of the chair was wasted if the end-result was knees
pressed undef the desk. One subject thought that ‘chair and

desk design was more important than keyboard and typewriter
design. Other suggestions included desks with wells, because
all typewriters gradually slide across the desk, and a foot stool

for .those typists who cannot place their feet flat on the floor.

There were ‘many feqUests for a document holder that could
..be attached to the back of the typewriter. This would prevent
the typist continually having to look down at her work. Another
frequent request was for a sound-proof typewriter with perhaps
a detéchable keyboard, anﬂ more automation of the typing
operation. For. example, an automatic carriage return key on

all typewriters, an automatic change-over of golf-ball heads,
and paper insertionm. A half-space bar or key, a key to move the
carriage up and down a half-space and a warning sign to signal
the ‘approach of the bottom of the paper were other suggestions.
One: subject thought a smaller keyboard would aid operation of
tﬁe-typewriter, while others stated that more consideration

should be given to the office environment.
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As with any lengthy, repetitive, motor task, typing will
eventually result in fatigue. The problem is to decide how
severe the situation is and to discover ways of alleviating it.
Various suggestions were proposed by the typists, which are
feasible and easy to implement, and several recommendations
could be made to keyboard’designers and manufacturers to improve

operation of the typewriter.

Beginner Typist§ Questionnaire Survey .

Since the qQuestionnaire for the skilled University typists
had been extensively piloted, it was decided to administer an
abbreviated form of this queétionnaire to individuals learning
to type. The author had visited three London typing schools
and from these selected Sight and Sound Education Ltd. to
provide the .source of beginner typists; They were willing to
co—operate and 75 questionnaires (see Appendix A2-3) were
delivered to their London headquarters. Sixty—three questionnaires
were returned. However, the author did not have direct control
over the administration of the questionnaires and hence the level
of typing skill of the subjects was unknown. Since it was evident
from the questionnaire results, that some individuals had only
just begun to learn to type, little emphasis shoﬁld be placed

on the reéults, The main findings from this study were:-

(a) Sixty‘per'ﬁent of the beginner typists were satisfied with
the arrangement of keys'on the. QWERTY keyboard. This was
markedly less than the number of skilled typists (84%).

(b) Fifty seven of the sixty-three beginner typists experienced
difficulties with some finger movements. These included
touch typing on the row of numbers and on the periphery of
the keyboafd (that 1s, the letters Z, A, P and shift key),
‘and the letters on the battom left-hand row, that is, Z, X,
C, B. The only other key to be repeatedly mentioned was
the letter F, especially the finger movement from the F
to the B key. This latter difficulty could be alleviated
by uéing the right index finger to type the B key and not
the left.
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(c) Forty of the sixty-three unskilled typists consistently
made errors on some keys. It was very interesting to see
that these keys included those which had caused difficult
finger movements, plus the top right-hand row (Y, I, 0, U,
P) which had not been mentioned previously.

{d) Fourteen individuals séated that they would change some
of the typewriter keys. Suggestions included omitting
the fractions, exchanging the keys Y, u, I, 0, P for
0, P, I, ¥, U, and "moving the A key, which is typed by
the weakest finger of the left hand".

(e) Thirt&—seven of the beginner typists said that they
enjoyed typing, while s&venteen stated they preferred
typing to handwriting. Eighteen individuals were

indifferent.

A comparison of the skilled and beginner typists'
results showed findings in keeping with the level of the skill
of the subjects. For example, more unskilled typists experienced
difficult finger movements and created more errors. Approximatel&
227 of the beginners wanted to change the QWERTY keyboard, whereas
25%Z of the skilled individuals requested a change. This was
the only result, which showed a similarity across the two groups.
Fewer beginner typists (59Z) enjoyed typing, but this may
be explained by the fact that the individuals who dislike typing
are more likely to have abandoned this skill ﬁbfore becoming
expert typists; hence more skilled typists (81%) stated that
they enjoyed typing. ’ |

4.5 Implications for the Future

Typing was enjoyed by 81Z of the skilled subjects and 747%
of the beginner typists: 782 of those questioned in the main '
survey preferred typing as a medium for 'written' communication.
Subjects liked the speed and efficiency of typing and the neatness,
clarity and professionalism of the finished piece of work.
Several individuals compafed typing with handwriting and
concluded that typing was easier and less fatiguing to do.
It is easier to read and to correct, but frequent typing leads
to poor handwriting and impatience at the slow output. Subjects
disliked manual and heavy typewriters, the noise that they made,

messy correcting fluids, correcting errors and typing mathematical
equations and symbols.

e
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In the main questioﬁnaire survey, questions 28 and 29
were concerned with discovering subjects' reactions to a smaller,
lighter typewriter and a chord keyboard. The former was
received with mixed feelings; some subjects (35%) thought
such a device would be useful, and a number (37Z%) rejected the
idea. The chord keyboardf;oncept did not fare so well with a
larger percentage of subjects (that is, 507) disliking the

proposition of using such a device.

. Recent rapid developments in electronics have produced
enormous implications with regard to-the use of computers.
Within the last couple of years there has been a universal

trend towards personal computing, in particular, the use of
chord keyboard. Although the prospect of a smaller, lighter
keyboard, such as the Maltron or a portable typewriter, was
Teceived favoufably by the subjects, the concept of chord keying
was, not. However, the context in which the latter question
was asked suggests that little attention should be paid to the
results. It 1s unfair to expect individuals to comment on a
device which they have not seen or experienced and against which
they may be considered to have a vested interest because of

their own acquired skill at typing.

There appears to be obvious potential in extending the
use of keyboaras in the general population. Although it must
be borne in -mind that thé sdbjects in the main study constituted
a specialised group of Tegular keyboar& "users, 1t appears that
keying is a preferred medium for communication than hand-writing.
One problem;whiéh does emerge with keying for long periods
of time, i's the detrimental effect it has on one's hand-

writing, and there appears to be no obvbus solution to this.



CONCLUSIONS
) The primary objéétive of the questionnaire survey was
to establish skilled users' attitudes towards the QWERTY
keyboard. It was concluded for the following reasons that
QWERTY users were not satisfied with the standard keyboard.
g /, .
(a) Fifteen per cent of skilled typists answered 'mo' when
asked if satisfied with the QWERTY layout.
(b) Forty-seven per cent experienced difficulties with
some finger movements between keys.
(c) Fifty-eight per cent repeatedly made errors on some
keys. i
(d) Twenty-five per cent stated that they would change the
position of ﬁhe keys on the keyboard.
(e} Over fifty per cent of the typists suffered from aching

necks, . backs and shoulders.

If the individuals who use the QWERIY keyboard every day
are not fully satisfied with the standard, the problem of
developing a more efficiently arranged keyboard arises. Hence
a literature review of sequential keyboards was carried out,
in order to assess the possible alternatives and the reasons

why they have failed to become accepted in the keyboard market.

The majority of Eypists are unwilling to change to a
different keyboard, bécause of the amount of re-training
required. It is difficult with 2 skilled group of QWERTY
users to justify the ﬁeed or create the motivation ta learn

a new layout. It was concluded from the survey that moderate

" changes in the design of the keyboard, and more attention given

to the work-place and environment, would aid rather than
hinder the skilled and beginner typist, and would lead to more

comfortable, less fatiguing operation of the keyboard.
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CHAPTER 3

A REVIEW OF THE LITERATURE AND
RECENT RESEARCH ON QWERTY SEQUENTIAL KEYBOARDS




LITERATURE REVIEW OF SEQUENTIAL KEYBOQARDS
Early Challenges to the QWERTY Keyboard

The QWERTY keyboard was designed in 1874 but it was not
referred to as the standard and universal keyboard until 1905
when a large international meeting was called to establish a
standard keyboard (Mares,fi909). During this period other
keyboards, for example, the Prduty (1888), the Fitch (1889),
the Ideal Keyboard (Hammond, 1893), the Blickensderfer (1897)
and the Caligraph (date unknown}, were devised and publishedt
but their only impact on the alphanumeric keyboard world was to
appear on the pages of history books. The Blickensderfer keyboard
(see Figure 3.1) was based on a scientific anélysis of the
letters in English text since no less than 70% of letters could
be written using only the bottom line. This finding is
significant since it demonstrates that within thirty years people
were challenging the origins of the QWERTY keyboard. It also
strengthens the hypothesis that the standard keyboard existed
purely because it was part of the first practical.typewriter on

the market.

Z X XK G B V qQ J
P W F U L C W MY
D HTI A TZENS O R

Figure 3.1: The Blickensderfer (1897)

Ffom 1909, a steady procession of alphanumeric layouts
claiming to be more efficient than QWERTY were developed.
Rowell (1909) rearranged the QWERTY keyboard by grouping the
most commonly used letters in the centre of the keyboard.
Computation showed that nine letters (H,0,R,S,E,A,T,I,N)
represented 697 of the total number of letters used, whereas
the éix letters (F,C,M,D.L,U) were present 197 of the time.
The end-result was the arrangement of keys for the typewriter

ke&board shown in Figure 3.2.

All these keyboards are quoted in Mares (1909).
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Z J FHORTUDUW, ;
X K C S EATLTY G .
Q VMTTINTUTP B

Figure 3.2: The Rowell Keyboard (1909)

4
/s

During the vear 1920, keyboard designers were excepticnally
prolific and three keyboard layouts were patented. Nelson (1920)
produced the 'Combinational Keyboard'.which was based on a study
of the manual, iinguistic and psychological habits of Man. This
keyboard was the outcome of seven million separate scrutinies of
various styles of English prose and the end-fesult was the
discovery of the 38 most frequent digrams upon which the keyboard
layout was based. Nelson also studied consonantal and diphthongal
combinations, and the frequency of vowels and semi-vowels.

) .
*

\ \
ZzvG D N I 0 U “FQ
'V WWH T S E A R\B J

KN C P L M Y N
N .

\ .
1Y

Figure 3.3: The Combinational Keyboard (1920)

Note: The letters between the dotted lines make up 977 of English

words.,

1

In April 1920, Banaji patented his typewriter keyboard. His
layout was a mcdification of QWERTY, $ince teﬁ letters remained in
the same position (see Figure 3.4). The reas;ﬁing behind this
layout was concerned with allocating the letters Q and X to the
index fingers in order to reduce the amount of typing that these
digits had to do. Banaji obviously felt that the index fingers were
under preSSure typing the letters G and H. The letters V and P were
' a%sé moved since Banaji concluded that VE and PO were common -

.prefixes.
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G VERTVYUPOUH
F A D S Q X L K I
Z - WMBCNJ ; ,

Figure 3.4: The Banaji Keyboard (1920)
/ |

it is interesting to note that a common criticism of the
QWERTY keyboard is the placement of seldomly used letters under
the index fingers of both hands, namely G and H. Therefore,
Banaji's reasoning is contrary to common belief since he places
two of the least frequently used letters in the most privileged
keyboard position. Banaji admitted that the main feature of his
keyboard concerned the punctuation marks which were located on
both shifts and perhaps this rather than the modification of

layout should be remembered.

The third keyboard designer of 1920 was Wolcott who
rearranged the QWERTY layout so that no lateral shifting of the
hands occurred. To achieve this hé based his keyboard layout on
the following three features.

(a) Division of the most frequently used characters

into two groups separated by a group of less
frequently used characters.

(b) The arrangement of the least frequently used

chdaracters in a group at the centre of the keyboard.

(¢) The arrangement of the letter keys sc that those

on each side of a median lihe through the keyboard
represent approximétely half of the total .characters

used.

Wbléott's layout (see Figure 3.5) is based on the same
principle as Banaji in that the least frequently used letters
'(J,Q;Z and X} are placed. under the index fingers. No
experimental work has been carried out on these three 1920 key-
boards and since they were granted their patents there has been

no further interest in their existence.
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2 3 4 56 7 8 9 -

G Y NI 2 XS R M P

B UATJOQEOTDW
K F ¢CL ; / 8B , .V

Figure 3.5: The Wolcott Keyboard (1920)

Hoke in the 1920s was the first individual to consider
altering the design of the keybecard i;self. He split the keyboard
(see Figure 3.6) and placed the heaviest keys im the centre, but
still retained the diagonal sloping of the columns of keys.

Hoke's main emphasis was on developing a 'balanced' keyboard, so

that both hands carried out a similar amount of keying.

Y D M ¢ WHIFJGQ F V L K
KEY

R NT H U S I E 0 A

B P G J X|sHIFT|z 2?2 ; . ,
LOCK

Figure 3.6: The Hoke Keyboard (1924)

None of the keyboards HeveIOped to challenge the QWERTY
design before 1930 had any lasting-effects. Presumably by this
time the 1ncrease in the number of typewriters had made more

people aware of the shortcomlngs of the original layout, and after
this date more publicity was given to reforming the typewriter
keyboard. Moreover, designers were uéing a more scientific and

analytical approach to redesigning the QWERTY keyboard.

The Orthographic Keyboard'

Gilbert -(1930) proposed an improvement of the QWERTY layout
based upon the principles of the English language. He worked

through all the alphanumerics and punctuation methodically reviewing

‘the merits and occurrence of digrams, trigrams, diphthongs, etc.

His reformed keyboard was named the Orthographic Keyboard* (see

Figure 3.7), and retains some similarity to QWERTY.

* "Orthos = correct, and orthographic = correct writing".
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For example, the positioning of the letters Q, W, T, H, I, K, X, V,
and N. Again less frequently used letters (F. P, B and H) are placed
in the centre of the keyboard, and since Gilbert made no reference to
previous keyboard research it is not possible to determine whether

he was continuing the theme/of the 1920 keyboards. At the end of his
94 page book om this keyboérd, Gilbert predicted that the QWERTY
keyboard would fail. His reasons for this forecast were that QWERTY
was not co-ordinated for the English language and not adapted to the

hands of the typist.
QW S T-F P C L Y ?
J RE A BUHUOTIK

X VDMZGN , . ;

Figure 3.7: The Orthographic Keyboard (1930)

Six years after the conception of the orthpgraphic keyboard,
Dvorak and his colleagues made a serious, prolonged attempt to
reject the QWERTY keyboard and replace it with the Dvorak Simplified
Keyboard (D.S.K.).

The Dvorak Simplified Keyboard

This keyboard was designed on the basis of scientific data
relative to the frequenéy of use of different letters, and the
frequency of tﬁo, three, four and five letter sequences. Dvorak's
alm was to arrange the keys in a four row, 42-key keyboard, over-
coming the defects that he saw in QWERTY.

? , . PY F GCURTL /
A OEUTIDUHTNS -
' Q J K X B MWV Z

Figure 3.8: The Dvorak Simplified Keyboard .(1936)
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Figure 3.9: QWERTY Keyboard: Percentage workload on each finger,

for left and right hands
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v Figure 3.10: Dvorak Simplified Keyboard: Percentage workload on
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each finger, for left and right hands

'D.S.K. was designed to the following criteria:

The right hand was given more work (56Z) than the

left hand (44%)-- see Figure 3.10.

The amount of typing assigned to different fingers is
proportionate to their skill and strength. For example,
frequently used letters such as 'E' were placed

under strong fingers.

Seventy per cent of typing was to be carried out on the
home row — the most frequently used letters 'A, O, E,
v, I, D, H, T, N, S' were arranged on this row.
Consequently, only 22% and 8% of typing was carried out
on the back and front rows, respectively.

Letters often found together such as QU were assigned positions

so that alternate hands could be involved in striking them.



{(e) Finger motions from row to row were reduced by more
than 90%. Difficult and awkward reaches from the
home row were minimised by assigning the least
frequently used keys to these positions.

(£f) Thirty-five per cent of all words (used in English
text) were typed’exclusively on the home row. This

amounted to more than 3,000 words.

The primary aim of Dvorak's keyboard was to allocate more
work to the home row and hence achieve a more equitable

distribution of work between the eight fingers:

Although the key placement on the Dvorak keyboard has
been carefully planned, it does not seem to offer the advantageous
load redistribution suggested. If the.finger-typing loads for
the weaker digits (that is, the ring and little fingers) are
examined for both the Dvorak and QWERTY layouts, it can be seen
that only the load on the little finger of the left hand has
been reduced, and then by a mere 0.1%. The load on the left
ring finger has increased, and 'A' is still typed by the little
finger of the left hand on the Dvorak keyboard. The identical
positioning éf the 'A' on the QWERTY layout has received much

criticism from skilled typists (see Chapter 2).

Several ‘experimental studies comparing the Dvorak and QWERTY
keyboards have been conducted. During the Summer of 1932, Dvorak
trained 83 students at Washington University. He found that there
was a general gain of 1.1 net words per minute for every hour of
practice compared with a gain of 0.2 net words per minute for

every hour on QWERTY. Seé Figure 3.11.

Senior High School Junior High School
QWERTY DVORAK | QWERTY | DVORAK
Semester T | 16.5 - - 37.5 10.6 27.1
Semester IIL 28.4 26.1 25.6 48.0 21.4 36.1
Semester IIT | 35.5  35.0  34.4 - 26.8 -
Semester IV 40.9 41.0 39.3 - 33.4 -

Figure 3.11: Summary of Dvorak's Findings
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During the period 1931-1935, Dvorak and Dealey experimented
extensively with the new keyboard. However no details of these
studies were published and this has led individuals to doubt the
superiority of the Dvorak Simplified Keyboard. Although no
comprehensive account of a.controlled experiment has been
published, many studies hd;e supported the claims of the rearranged
keyboard: Seibel (1972) concluded that it is quicker to learn

and leads to a higher output in terms of words per minute.

The Dvorak layout was the SUbjeét of intensive investigation
by the U.S. Navy (1944) and the Australian Post Qffice (1952-53).
They concluded that if adverse factors in training and work situations
were altered, the Dvorak keyboard would probably result in a "'very -

substantial increase in the efficiency of typists."

In 1939 the University of Chicago reported that the Dvorak
keyboard had been successfully employed as part of a programme
to teach school-children touchtyping (TIME, March 20th 1939).
Teachers reported that the children were learning to type twice
as fast on the Dvorak keyboard and were able to exceed 50 correct
words per minute. An unpublished H.M. Treasury Organisations and
Methods Department Report (circa. 1948) described a very thorough
study in which approximately 50 females were trained on the Dvorak
keyboard over a three—month period (B. Shﬁckel.* Personal
Communication). Results obtained were favourable towards the
reformed keyboard, but although a statistically significant
improvement was found it was concluded that this was not large
enough to justify changing over to the Dvorak ﬂeyboard. The
U.S. National Bureau of Standards carried out an investigation
into the Dvorak keyboard and surveyéd the assessments made from
1930 onwards by U.S. Agencies and Universities (Phillips, 1968).
Again, no concrete experimental evidence was published, but this
report concluded that the Dvorak keyboard was superior to the
.standard QWERTY keyboard.

It is nearly 50 years since Dvorak challenged QWERTY's
monopoly of the keyboard market, and the Dvorak keyboard, unlike
more recently developed keyboards, 1is still in existence and

struggling to be recognised.
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In 1970, Cocking listed some of the advantages of the Dvorak
keyboard in the national press:-
(a) It improves typing speeds by an average of 35%.
(b) It cuts training time by half.
(c) It reduces fatigPe enormously. Finger travel
for a fast typiét is cut from about 20 miles’
per day to about one mile.
(d) By eliminating 98% of 'finger hopping’, the error

rate is considerably lessened.

The Dvorak keyboard was also discussed in 'Computers and
Automation' (February 1971). Questions raised in this article
concentrated on the problems of relearning a new keyboard after
QWERTY. Again, scanty reference was made to an experiment in
which beginner and skilled typists trained on the Dvorak
keyboard. - Although no quantitative data are presented, conclusions
favour the Dvorak keyboard for speed and ease of learning.
Harnett (1972) described two, one-subject, experiments on the
Dvorak keyboard. Both females achieved spectacular results, for
example, 50 words per minute after five hours of training for
a novice typist, and four hours for a 50 words per minute QWERTY
typist to learn accurate typing at 35-40 words per minute.
However because there are no experimental or statistical details

available, such findings must be regarded with scepticism.

Experimental Comparison of the QWERTY and Dvorak Keyboards

Although there is suggestive evidence available that the
Dvorak keyboard is superior to QWERTY, only one coﬁtrolled
experimental comparison has been reported in the open literature.
This was by Strong in 1956. Strong trained 20 female subjects on
the standard QWERTY and Dvorak Simplified Keyboards. All subjects
were initially skilled QWERTY operators. A group of ten subjects

were trained on the Dvorak keyboard until each individual had

‘reached the speed she had typed on the standard keyboard prior to

beginning her training on the Dvorak keyboard. Each subject was
then tested to determine typing speed, accuracy, manual dexterity,

general intelligence and mechanical ability.
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The second part of the experiment involved more training
for the experimental group on Dvorak's keyboard and supplementary
training on the QWERTY keyboard for the control group. Subjects
learning the Dvorak keyboard received a minimum of 100 hours
of instruction. The Dvorak group did not fare as well as the
control'grOup on the tests and it was concluded thathadoption
of this keyboard could not be justified based upon the findings
of this'éxperiment. The study was however unfairly biased
in favour .of the.QWERTY control group, because the experimental group
had to cope with the confounding effect of previous experience

on the QWERTY keyboard.

Review of Post-Dvorak Alphanumeric Keyboards

Three years after the invention of the Dvorak Simplified
Keyboard, a Dutch designer Biegel (1934) developed a sequential
keyboard according to the following criteria:

{a) The load on the little fingers must be reduced by

placing the keys that are heaviest to strike in
the middle of the keyboard, where they can be
struck by the strongest fingers. )

(b) The shape of the keyboard must be such that the
hands can take up a natural position, oblique
to the body. '

(c) The keys must be arranged so that the groups of
keys for the right and left hands are the inverse
images of each other,

(d) The keys ﬁust be arranged so that every finger,
wﬁen moving from one row to another, always
follows the same straight line.. These lines
must be pérallel for the fingers of each hand.

See Figure 3.12.
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Figure 3.12: Rearrangement of Typewriter Keyboérd (1934)

The only research carried out on this modified QWERTY
keyboard was by Biegel himself: he concluded that it was no

more difficult to become accustomed to the rearranged keyboard

_than to a new make of typewriter. Although Biegel retained

the original QWERTY layout, thus overcoming many of the problems
of retraining typists, and improved upon the design of the
keyboard, his rearranged typewriter keyboard has never been
adopted. In contrast to Biegel's work,Ward (1936} concentrated
on keyboard layout and used a methodical approach to the

positioning of alphanumeric keys.

The Ward Keyboard

Ward (1936) approached designing a keyboard through a

-study of the English language. He analysed:

(a) The use-frequency of each letter.

(b) The rank of letter-frequencies in order of occurrence.

(¢) The ratio of vowel strokes to consonant strokes.

(d} The optimal position of letters of varying use-
frequencies on a keyboard, so that a minimum number

of words can be typed with one hand.

Ward anticipated that a keyboard designed using principles
he had obtained from the above, would reduce difficult finger
reaches and stroking patterns to a minimum, and help to balance
hand, finger and row loads. The end result was a keyboard

layout, as shown in Figure 3.13.
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753/ 9 0 2 & 6 8
? + , UV CDHT P M~-— )
. I 0 AERTSNTL -
Z QJ X KF G WY B

Fipure 3.13: The .Ward Keyboard (1936)

Ward concentlated on the use—frequency of letters as one of the
major factors in positioning letters on his keyboard. He attempted
to centre the hand, and finger loads 6n the keyboard, and on the
fingers with the greatest motor control. No experimental
evidence has been found to support the Ward kéyboard and Lt appears
to havé generated minimal interest amongst keyboard designers and

researchers.
Although the Dvorak keyboard has been the most persistent
alternative to QWERTY, there have been others. These include

the Minimotion and Alphabetical layouts.

The Minimotion Keyboard

This keybdard was designed in 1949 by Griffith with the aim
of overcoming the defects of the QWERTY layout. Griffith's
general design objective was to determine the optimum arrangement
of letters for typing 'average' English with the greatest

possible ease; The objectives can be summarised as follows:-

{a) To minimise one—-handed motions.

(b) To minimise reaches from the home row and to
maximise two—handed motions on the home row.

(¢) To minimise hurdles (that-is, one—handed motions
over the home row),

(d) To divide the stroking load equitably between the
hands. .

(e) To minimise awkward fingerings of one-handed motions,

yet load the fingers equitably.

In order to achieve these objectives, Griffith carried out
a very thorough analysis of the English language. Using a
representative sample of 100,000 words, Griffith performed a
statistical analysis of word usage, single and adjacent letter usage,

anmd nunctitatian.

59



60

" The end result was the Minimotion keyboard (see Figure 3.14).

2 3 45 6 7 8 9 0 Z
. , UY - WPFGDG GCJ
1 AEO HLNT S R Q
s /" K ? B M P V X

Figure 3.14: The Minimotion Keyboard (1949)

The Minimotion keyboard has received little support, although
experimentally it has been demonstrated that slightly better keying
rates than QWERTY can be achieved (Stewart, 1973a). See Figure 3.15._

Expert Operators -Inherent Inherent

(Similar skill and Relative Relative

proficiency levels) Speed Time
QWERTY 101 39
DVORAK 111 90
MINIMOTION 112 ' 89
RANDOM 100 100

Figure 3.15: Performance Ratings

Griffith's keyboard layout is unusual in that it has 11
alphabetical keys on the home row instead of the expected ten.
It is therefore not immediately apparent which hand types the
keys.in the centre of the keyboard. Such a layout will also

result in one of the little fingers being overworked.

_ A similar approach to the design of .an alphanumeric keyboard
layout was made by Maxwell four years later. Maxwell (1953)
analysed the 5,000 most frequently used words in the English

language and based his layout on the results.

1.8 The Rhythmic Keyboard

This keyboard, as the name suggests, was designed to give
the typist the maximum amount of rhythm in her typing. Unlike
Griffith, Maxwell (1953) was primarily concerned with arranging
the keys so that alternate hands would be required fo type the

most common words.
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Maxwell studied the types of movements made by the typist on
the QWERTY keyboard. He'divided them accordingly:

(a) Balanced hand movements, requiring the alternate
use of the hands (47%).

(b) Inward rolling hénd movements (22.27%).

(¢) Outward rolling hand movements (18.6%).

(d) Repetitious stroking with the same finger,
but not on the same key (9%).

(e) Repetitious stroking with tﬁe same finger on
the same key (3.2%).

Maxwell concluded that approximately 88Z of typing on the
QWERTY keyboard was carried out using synchronized hand and
finger movements. He then continued to assign the maximum amount
of work to the strongest fingers, and after having made 44 |
changes to the QWERTY layout, Maxwell arrived at the 'rhythmic
keyboard'. See Figure 3.16.

2 3 4 5 6 7 8 9 0 @
. B0OI QFRCZP , ?
Y S A E UDUHTUNW -
} ; X K Z L M G J V

Note: the § is thd only letter in the same

position as on’ the QWERTY keyboard.

Figure 3.16: The Rhythmic Keyboard (1953)

It soon becomes apparent that "a petfect rhythmic setting
will be impossible to obtain; rearranging a keyboard becomes a
compromise. This layout however, unlike QWERTY, the Dvorak
Simplified Keyboard and the Maltron Keyboard, has avoided assigning
the 'A' to the little finger of the left hand - a feature much
disliked by skilled typiats. The rhythmic keyboard also changed
the position of several punctuation keys, exchanging the quotation
mark, back space, margin release, and the hyphen keys, with the
one-half (), left—hand shift-lock, right-hand shift-lock and the
cent (c) sign keys.
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Several of these changes have been recommended by skilled typists

(see Chapter 2).

The Alphabetical Layout

The alphabetical keyboard as the name suggests is an
arrangement of the keys ié the sequence of the alphabet. The
advantage of such an arrangement is that it is easy for the
unskilled user to find a key, but once training has made touch
typing automatic, the alphabetical array confefs anomalies of

load on the fingers. .

There is some evidence however, that for typists who do
not use the typewriter frequently, the alphabetical rather than
the QWERTY design is more sultable, for example, airline
reservation systems. Bodenseher (1976) produced a special
purpose keyboard with the keys arranged in alphabetical order
on the grounds that this was the layout that people would expect
and be familiar with. He arranged the numerals as on a desk
calculator, while function keys were grouped in patterns for
identification, according to function and frequency of use.
Bodenseher concluded that this keyboard showed a reduction in

error-rate of about 25% when compared with a typewriter keyboard.
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He also claimed that it reduced learning time, and allowed experienced

users to enter statemeﬁts about twice as fast as on the standard
QWERTY keyboard. It is not clear héwever, whether these
advantages arise from the alphabetical layout or the arrangement
of the numeral and special function ?éys, and the fact that there
was no shift operation, thought to bé a major source for errors

on a typewriter (Bodenseher, 1970).

The alphabetical layout after QWERTY is one of the most
resgarched keyboards. Unlike the Dvorak keyboard, studies on
this layout have been well documented thus allowing the observer
to reach.-a less biased decision concerning its merits. One of

the first experimental comparisons was by Hirsch in 1958.

Hirsch carried out an investigation into the typing
performance of 'mon-typists' on the standard QWERTf keyboard and

an alphabetically arranged keyboard.
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An 'independent subjects' design wasused and 40 subjects
completed seven hours of practice interspersed with ten-minute
test sessions. All subjects were administered a pré—practice
and a post-practice test. It was shown that the pre—test
scores of the group using the alphabetical keyboard were not
as high as the pre—test sé;res of the group using the QWERTY
layout. Hirseh {1970) provided a possible explanation for
this result. He stated that the standard typewriter was designed
with the most frequently used letters clustered in the centre
of the keyboard. Secondly, the alphabetical keyboard probably
required a memory search to locate the letter in its.position
in the alphabet, followed by a visual search to find the key
on the board, where it is located regardless of its frequency

of use..

Hirsch obtained his subjects by requesting non-typists
and received 55 volunteers from which, on the basis of a typing
pre—test, he selected 402 Since Hirsch classified 15 of the
initial 55 (self-styled non-typists) as typists, it seems
reasonable to assume that a fair proportion of the actual subjects
were at least partially familiar with the QWERTY keyboard. The
two keyboards used, were different in shape; for exampie, the
alphabetical layout had 11 keys in the third row and four in
the fourth row, whereas QWERTY had nine in the third row and
seven in the fourth row (see Figure 3.17). All these factors
would have favoured the QWERTY layout. Consideration should
also be given to the fact that Hirsch 'used 'plain language'
material familiar to the subjects. Examples included the subject's
name and address, so the results may not be applicable to coded
or highly non-redundant material. "This approach also introduced

variability in the training tests.




64

Figure 3.17: The QWERTY and Alphabetical Keyboards
used by Hirsch (1958)

A second experiment comparing the QWERTY keyboard with an
alphabetical ﬁrrangement was carried out by Michaels (1971).
Michaels used a 'repeated méasures' design with 30 subjects.
The subjects Qere divided into three groups according to the
level of.typihg skill they professed, and were pair—matched

across the two keyboards.

Subjects keyed for two sessions of about 1} hours daily
with_a 30 minute break. The complete test sequence for each
subject included 25 five-minute periods on the keyboard used
first and 25 on the other keyboard. Again, it was concluded
that the alphabetically arranged keyboard showed no advantages
over QWERTY for speed of typing, error rate or learning speed.
Operators with little or no typing skill, for whom the
alphabetical arrays are frequently intended, were as fast or
faster with the QWERTY arrangement, while skilled typists

produced nearly twice as much work using the QWERTY keyboard.
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It is also of interest to note that the skilled typists keyed
numerics more slowly on the alphabetical keyboard, although thés
field on both keyboards was identical. The experiment was
unfairly biased towards the QWERTY keyboard, because the skilled
users were obviously more adept on this. layout than the

alphabetical.

The Alphametric Keyboard (A.M.K.)

In 1972, Martin revised the Dvorak Simplified Keyboard to
take account of metrication (see Fiéure 3.18). He stated
that thefé could be no doubt about the superiority of the
Dvorak keyboard over QWERTY. Martin Suggeste& that the alpha-
metric layout should be adopted as a standard, since it appeared
logical to couple an international agreement on metrication with

an-international agreement on a keyboaid layout. Although, Martin

declared that the best features of an IBM standard typewriter and

the Dvorak keyboard had been combined in his proposed alphametric

keyboard, little has been heard of this development.

= 17 5 3 9 2 46 8 — [/ &
( : , . PYFGCTR R L)
A OEUTID-HTNS -
' Q J K X B MWV Z

Figure 3.18: The Proposed Alphametric Keyboard (1972) ’

+

The Kroemer Keyboard

Klockenberg in 1925 published a book dealing with the
efficient design and operation of the typewriter. He proposed
that the keyboard sections allotted 'to each hand should be tilted
concurrently to the left and right sides. Kroemer used this
suggestion when designing his keyboard, in an attempt to reduce

postural muscular strain in typists. He separated the two halves

.0f the kéyboard, and angled them backwards 15° from the centre,

and tilted them down laterally. Klockenberg alsc suggested that
the key rows should be slightly arched on each half of the keyboard -
in keeping with the natural arcs that the fingertips make (see

Figure 3.19). .
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Kroemer (1972) conducted a comparison of the QWERTY and the
Kroemer keyboards, although the latter differed from the standard
keyboard in both layout and physical design. Kroemer was only
concerned with one particularly highly practised sentence (for
whiéh the letters on both Eeyboards were specifically arranged),
so that he could study performance at a high degree of efficiency.
His results favoured his modified keyboard in terms of error rate
and keystroke frequencies. Subjects weré asked to type as long
as they could and when asked why they had stopped, those on the
standard keyboard blamed 'aches and pains', whéreas those on the
Kroemer keyboard continued until they could concentrate no more.
This tentatively supports the idea that a change in keyboard
design mipght benefit the QWERTY'user. After discussing Kroemer's
keyboard, Stewart (1973a) reached a similar conclusion and
stated that "the value of the split keyboard has yet to be

rigorously established but certainly seems to merit further attention'.

1.12 Suggested Revision of the QWERTY Layout

The keyboard shown in Figure 3.20 was an attempt to revise
the QWERTY layout, but can only be regarded as a basis for
development (Ferguson and Duncan, 1974). The proportion of
overall load sampled (7,000 keystrokes) on the left hand is 477
and on the right hand is 537, thus improving upon the QWERTY
design. . : '

- X
J UY I CMHEPEB Z
F DTAUOMNTSSETRG
X Q@ L . Sh Sh. ,. W V K

Figure 3.20: Revised QWERTY Layout (1974)

Various principles have been used in arranging this layout

of the typewriter keyboard:—

(a) The total load on each finger was in descending order
of keystroke frequency from the index to the little
finger on each hand, but not necessaril& on each row.

(b) The load on each hand was roughly equal (any inequality

was not intended to give more work to either hand).

67



63

{c) The load was distributed so that most fell on the
home row of letters, and more work was given to the

back row of keys than the front.

The placement of letters has been arbitrary, except that

s
common sequences of two leétters which would have resulted in

+ hopping from the back to the front row have been avoided as far

1.13

as possible (Ferguson and Duncan, 1974).

It is worth noting that the col&mns of keys on each half
of the keyboard are inclined inwards. This was in order to
overcome the tendency of the typist to ulnar deviation associated
with the present inclination to the left of all the rows of keys
on the standard keyboard. For example, ulnar deviation of the '
left wrist is increased on the QWERTY keyboard, when it is
necessary to hit Q at the left end of the back row and even more
to hit the shift key to the left of the front row. The design
of the recently developed Maltron keyboard also attempts to

overcome this problem.

The P.C.D. - Maltron Keyboard

This electronic keyboard was designed by Lillian Malt in
conjunction with P,.C.D. Limited around 1975 and it continued the
trend of dividing the keyboard into two halves. The design of
this keyboard ‘was claimed to be "entirely ergonomic' and one of
its principle features was the key heights, which were designed
to fit the unequal lengths of the fingers. Malt (1977) stated
that by forcing fingers of unequal lengths to key on.a horizontal
plane resulted in a reduction of speed, increase in errors and
unnecessary discomfort. The Maltron keyboard helped to compensate
for the ipequality in the relative strengths of the fingers, and
also provided immediate tactile feedback should the typists's

fingers stray to the wrong row of keys (see Figure 3.21).



Figure 3.21: The P.C.D. - Maltron Keyboard

There are two keyboard arrangements available for this
keyboard; these are the QWERTY layout and the Maltron letter
layout. The Maltron layout was based on an analysis of letter
frequencies in 1013232 words (Kucera, 1967) and it éttempted to
avoid some of the limitations laid down by the QWERTY design.
Ninety per cent of the letters in the 100 most used words in
English were placed on the home row, and similar rates were

maintained for six other European languages Gee Figure 3.22).

It is predicted that this keyboard will reduce learning time
because the fingers will receive more tactile feedback. Accuracy
will be induced, because it is anticipated that spee& will be
almost automatically increased by between .20-407%, and that optimum
output will be maintained for longer periods because of the delay

in the onset of fatigue (Malt, 1977).

' The Maltron keyboard is the latest keyboard to challenge
"tHe Qbiquitous QWERTY design. It is available with the QWERTY
layout, as well as the Maltron arrangement of alphanumerics.
Therefore it would be possible to discover if the ergonomic
'claims' of .the inventors are appreciated by the user population.
No evaluation of this keyboard has ever been carried out and

Floyd (1979) was the first to attempt such a task.
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Figure 3.22: Diagrammatic Representation of
the Letter Layout of the Maltron Keyboard
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EXPERIMENTAL STUDY OF THE MALTRON KEYBOARD

Since there is a choice of layouts for this keyboard, it
would be possible to conduct an experimental investigation into
the design of the Maltron QWERTY keyboard and a-standard typewriter
unit. During the Spring of 1979 the author supervised a final
year student's project caréying out such an investigation. The
Maltron QWERTY layout wés chosen for two reasons. At present,
there is no incentive for individuals to learn to type on a new
alphanumeric layout because of the dominance of QWERTY. Hence it
would be unfair to train subjects on éhe Maltron and standard
keyboards because of the lack of motivation to .learn the former.
Secondly, results from the questiomnaire survéy of skilled typists
indicated that a modification in keyboard design might be more

realistic than a change in letter layout.

A 'repeated measures' statistical design was chosen in
preference to an 'independent subject's' study. There was a
time limitation on the loan of the Maltron equipment, so it was
decided that a balanced repeated measures design was more
appropriate as each subject acted as her own control and hence fewer
individuals were required. The other advantage of allowing
subjects to undergo both treatments was that subjective comparisons
of the two keyboards could be obtained. Six female non~ typists
were sélected from a pool of 52 individuals who replied to
advertisement$. Equal numbers of subjects started training on
each keyboard and at a suitable point (the cross—over point) they
changed to the other keyboard. Due to the severe time limitations
on the piece of work, it was only possible to train subjects for a

period of eight hours each.

At the end of their first lesson, the subjects were
administered a questionnaire (see Appendix A3-1). This procedure

was repeated again at the end of the first keyboard training

.period, after their first lesson with the second keyboard and on

completion of the experiment. The questionnaire was given to
the subjects on four occasions to ensure that the wealth of

subjective data was recorded.
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Flgure 3.23: Graph of Mean Keying Rate against Exercise Number
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Summary of Results

Statistical analysis (Winer, 1971) of the keying and error
rates showed that there was no significant difference between
the two keyboards at the 5% level. Visual examination of the
graph of mean keystrokes per second plotted against the exercises

did show a trend towards faster keying rates on the Maltron

‘keyboard (see Figure 3.23). This trend continued after the cross-—

over from the standard to the Maltron keyboard. From the graph
it could be concluded that it was easier to change from the
Maltron to the standard keyboard than‘vice versa. This can
probably be partly explained by the fact that subjects were not
surprised by the appearance -of the standard kéyboard, whereas
the more unusual Maltron design might have been quite unexpected.
After the decrease in performance caused by the cross-over, the
Maltron curve rose at a similar rate to the standard curve and

eventually overtook it. v

Floyd concluded from the qualitative results that the
subjects preferred the Maitron keyboard. Only two individuals
favoured the standard design, which appeared to be a result of
the difficulties they experienced in adjusting to the Maltron
keyboard after the standard.. However, they both preferred the
split keyboard to the more traditional design of the standard

typewriter unit.

Analysis of Questionnaire Data

At the end of the touch typing programme, all subjects were
administered a questionnaire similar to the one developed in the
preceding chapter. See Appendix A3-2. This was separate from
the experimental work being carried 'out by Floyd. Since the
previous questionnaire study had concentrated on skilled typists,
it appeared a natural progression to investigate unskilled
typists. The aim of this small study was to fin&_out if the
theoretical advantages of the design of the Maltron keyboard were
appreciated by the users. As there is no skilled group of
keyboard operators using the Maltron, the only individuals

available were the six beginner typists of Floyd's experiment.



The results indicated that the subjects were having
numerous problems with the positioning of the keys on both
keyboards. The letters most frequently cited as being the
cause of difficult finger movements and a source of errors
were 'C, V, B', and "I, O, P'. The former are located on
the bottom row on the 1eff/side of the keyboard, while 'I,

0 and P' can be found on the right—hand side of the top row.

On the standard QWERTY keyboard, the bottom left and top right
rows would be difficult to reach because of the diagonal
sloping of the columns of keys from left to right. This
problem should be alleviated by the design of the Maltron kéyboard.
One individual stated that she found it difficult to move her
middle finger from 'E, to 'C and V'. Another subject brought
attention to the fact that the QWERTY layout has resulted in
three vowels being placed on the right side of the top row.

She suggested that two of these vowels, namely 'O and I',
should be exchanged with 'F and V'. Another suggestion was

to move 'B and M' nearer to the vowels, because they frequently

occurred together.

The location of the letter B created problems for the
beginner typist. On the standard keyboard, this key was
operated by the index finger of the right hand, whereas on
the Maitron keyboard it was typed by the index finger of the
left hand. éﬁbjects having learned one position found it
difficult to adjust to a different layout. Therefore it could be
predicted thét more errors would be associated with this letter.
One subject étated that she often missed the B key. and hit

'Y' instead.

It was common for the subjects to complain of 'aches and
pains' when learning to type. Two subjects stated that their
fingers were aching whilst using the Maltron keyboard, although
no similar complaints were received about the standard keyboard.
This could be due to the Maltron keyboard having different
keying characteristics, for example, greater key displacement,

than the standard unit.
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The other body aches would stem from the use of unpractised
muscles involved in the acquisition of a new skill. Several:
comments Were made concerning the comfort of the Maltron keyboard;
this was partly due to the fact that individuals can rest the
heel of their hands beneath the rows of keys. The Maltron
keyboard also has a possiﬁie advantage over the standard unit

in that it looks less cluttered, so individuals would expect

keying to be easier.

The primary reason for the favourable comments received
about the Maltron keyboard was the division of the keys into
two halves. When using the ‘'standard keyboard; it appeared to be
a problem for the subjects to decide which index finger
operated the keys clustered in the middle of the keyboard. Such
a decision was not necessary with the Maltron; this would imply
that it was easier to use. Two subjects complained of the lack
of tactile feedback on the standard keyboard since the straight
rows made it difficult to know whether one's fingers had
returned to the home row of keys. The Maltron keyboard with its
curved rows having keys of unequal heights provided more feed-
back for the subjects, and one subject commented that after the
Maltron the keys appeared too close together on the standard.
Subjects also preferred the Maltron because it only needed one
verticél movement from the home row to strike other keys, whereas
the standard keyboard required an up and down motion plus a @

movement sSideways.

Criticisms of the Maltron keyboard included the 'spacez
key' instead of the space bar found on the standard keyboard.
Five subjects did not like the positioning of the space key on
the Maltron because they had to reach over one key with their
right thumb to press it. It was a frequent suggestion that the

bottom right thumb key should be the space key. This key due

.to its frequency of use should be placed in an easily accessible and

comfortable posifion. One subject commented that she kept losing
the location of the space key, because it was so small after the
space bar. When asked if they would like the thumbs to do more
keying (other Maltron keyboard models allocate'the‘thumbs up to

eight keys each) the general consensus was no.
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Although the split keyboard design with its associated advantages
was popular with the subjects, they were not enthusiastic about
using the thumbs for keying. This can probably be explained by
the anatomical position of the thumb in relation to the other
digits. When the four fingertips are depressing keys, the pad

of the thumb does not lief%lat on a horizontal surface. Hence
the thumb keys on the Maltron keyboard are being hit by the edge
rather than-the pad of the thumb.
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3. CONCLUSIONS
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-

As a result of this study the following conclusions were

reached.'

(a)

(b)

()

(d)

(e)

The division of the keyboard into two halves - each
half being a mirror image of the other increases the
ease with which;the keyboard is operated. '

The curved rows of the Maltron keyboard in keeping
with the natural arc of the fingertips are more
comfortable for the beginner typist.

Different key heights provide the typist with more
tactile and kinaesthetic feedback.

The allocation of keys to the thumbs is disliked
and this practice should be avoided.

The elimination of the space bar and its subsequent
replacement by a space key is unpopular with the
beginner typists. Hence the space bar should be

retained.

e



CHAPTER 4 -

THE 'STATE OF THE ART' ON SEQUENTIAL KEYBOARDS
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SUMMARY OF RESEARCH ON ALPHANUMERIC KEYBOARD -LAYOUTS
The QWERTY keyboard has monopolised the market for

alphanumeric sequential keyboards since its conception over a
century ago. Within a couple of decades, QWERTY was established
and numerous individuals began challenging the supremacy of the
QWERTY keyboard with their own arrangements of keys. Between
the two world wars, there was a peak of activity by enthusiasm
keyboard designers. There were two main trends for reforming the
standard keyboard. These involwed either placing the most
frequently used letters in the centre of the keyboard (Rowell,
1909; Dvorak, 1936; Ward, 1936) or assigning thgvleast common
letters to this position (Banaji, 1920; Wolcott; 1920; Gilbert,
1930). It is difficult to justify placing the less frequently
used keys under the index fingers, and the apparent reasoning
behind this action, namely to reduce the load on these fingers,
is suspect. After Dvorak had developed his simpiified keyboard,
the approach towards designing a new sequential keyboard became
more complex and scientific. This is demonstrated by Griffith
(1949) and Maxwell (1953). Griffith analysed statistically a
representative sample of 100,000 words in order to devise the
Minimotion keyboard, while Maxwell studied the 5,000 most
frequently used words in the English language to produce the
Rhythmic keyboard. When one considers how many keyboard layouts
have been invented, it is surprising that some individuals

are still producing reformed keyboards in the 1970s: for example,
the Alphametric, the Ferguson and Duncan, and the Maltron
keyboards. It is also worth noting that the Maltron keyboard
design was based on the most sophisticated letter analysis to
date, which involved studying the letter frequencies in 1, 013,
232 words (Malt, 1977).

It becomes apparent that there is a wealth of literature
concerned witﬁ reforming the QWERTY keyboard, which has resulted
from an immense amount of théught and work. It is unfortunate
that the majority of these keyboards never passed the stage of

being patented. Rearranging the letters of the QWERTY layout has

been shown to be a fruitless pastime, but it hag demonstrated

two important points: first, the amount of hostile feeling that the
standard keyboard has generated and second, the supremacy of this

keyboard in retaining its universal position.



Dissatisfaction with the QWERTY keyboard was further
demonstrated by the University typists surveyed in Chapter 2.
However they also illustrated c¢learly the principal reason
why QWERTY has remained ubiquitous: unwillingness to change to
a new keyboard layout because of the re-training required. When
the crucial decision between continuing on the QWERTY keyboard
and relearning a completely different layout has to be made,
individuals gravitate towards the familiar situation which
requires less effort, -Hanes (1972) stated that historical
precedent should always be followed unless there was a very good
reason to change. In 1981, the amount of commercial, financial
and skili investment in the QWERTY keyboard is of greater
importancé than the fact that.it is not the most efficiently
designed :layout. If a change were to be implemented, the problem
then would arise of deciding upon the new standard keyboard layout.
A glance at the literature review and the numerous permutations
which have been advocated demonstrates that this would not be an

easy task.



L%

PAST RESEARCH ON KEYBOARD DESIGN

The majority of the research on keyboards has concentrated
on the letter layout. Several designers however have modified
the keyboard itself. Hoke (1924) was the first to suggest that
the keyboard should be divided into two and the heaviest keys
placed in the centre. In 1934, Biegel echoed Hoke's suggestions
and went even further by eliminating the sloping Qiagonal
colums. Klockenberg (1926), Kroemer (1972) and Malt (1977) all
continued this trend for logically designing a keyboard in keeping
with the shape of the typist's hands. No experimental testing of
this revised keyboard design was carried out until Kroemer
compared a standard QWERTY unit with the Kroemwer keyboard, which
differed in both layout and physical design. Due to the problems
in an experiment of this nature, the results should be treated

with extreme caution.

It was concluded from the experimental study of the Maltromn
keyboard (described in Chapter 3) that there were certain
advantages to be achieved by altering the design of the QWERTY
keyboard. The benefit of this type of approach is that it requires
comparatively little re-training; hence the increased comfort

obtained would probably justify the modest re-learning necessary.
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THE FUTURE OF THE QWERTY KEYBOARD

Introduction

In general, keyboard designers have worked in isolation
and usually they make no reference to previous research. It
could be predicted that unawareness of the histoty of alpha-
numeric.keyboards (which is not easy to locate) will result in
more keyboard layouts surfacing during the 1980s. These will
not undermine the position of the QWERTY keyboard, so perhaps
the development. ¢f a more efficiently arranged layout shoulgd
remain purely an academic exercise. In 1929, Ostrey at
Nebraska University and Riemer at New York University both
revised the standard typewriter keyboard for their maste{'s
degrees. The future reform of the sequential keyboard layout

might perhaps best be conducted at this level. :

The QWERTY Layout

It could be concluded that the QWERTY layout will continue
to monopolise the sequential keyboard market, although there
might be scope for limited changes in the arrangement of keys.

It emerged from the questionnaire survey that the key which
created the most problems for the skilled typist was the letter
'A'. This situation might be alleviated if this key could be
exchanged with the J key, which is in one of the most prominent
positions on the QWERTY keyboard. Stutsman {(1959) investigated
the effects of reversing only the A and the J keys using a
sample of four typists. Unfortunately details of this study are
not obtainable, and so the outcome of exchanging the two keys is
not known. .Gordon, Henry and Massengill (1975) also adopted this
approach and carried out a comparison of the standard QWERTY
keyboard and six modified keyboard configurations. Keys that
were interchanged are shown in Figure 4.1 with their corresponding

tapping rates and finger loads.



Letter Interchange Tapping Rate* . Finger Load (%)

Highload Keys

J-U 70 19
F-R 66 ) T 22
D - E 63 20

Lowload Keys

K~ 1 T 69 8
L-0 62 12

S - W 57 9

* The tapping rate was defined as the number of strokes that
a finger was capable of making during a 15-second period,
while the load referred to the proportion of typing

performed with each finger.

Figure 4.1: Table of Results {Gordon et al.1975)

The basic finding from this researcl was that skilled
typists tended to maintain their relative level of typing speed
and accuracy regardless of the keyboard configuration they were
using. It was also found that the recovery of original levels
of typing speed and accuracy was a function of the number of
key reversals on the modified typewriter. Many researchers
regard the changes that occur to typing speeds and error rates
as the most prominent aspects of habit interference between
different keyboards. This has important implications with regard
to the reluctance by manufacturers to experiment with new
keyboard layouts. Results also showed that the subject's usual
typing speed on QWERTY was more predictive of his/hef ability to
learn to type on a modified keyboard than it was of his/her
ability to make a successful immediate change from one keyboard
configuration to another (Massengill, Gordon and Henry, 1975).
This research suggests that it might be a feasible proposition
to reverse the A and J keys, and perhaps the L and O
keys, since the I and "0 keys also created problems for -the

typists.
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Keyboard Design

When reviewing the keyboard research over the last 100
years, it becomes apparent that the emphasis for designing
keyboards has moved from increasing speed of operation to
reducing fatigue. The introduction of word processing equipment
will further reduce the emphasis on speed, as it will be met
by the use of sophisticated editing facilities provided by
the software, for example, the automatic carriage return.

Kinkead (1975) measured 7-8% savings in time using the automatic
carriage return. Similarly a system which inserts RETURN codes
when the space bar is hit at the end of the line will save a
minimum of 250 milliseconds per line. The Kroemer, Duncan and
Ferguson and Maltron keyboards of the 1970s have been designed

to reduce the amount of discomfort experienced by the operator.
The results of the questionnaire survey (Chapter 2) reinforce the
experimental findings of Osanai (1968), Komoike and Horiguch: (1971),
Ferguson (1971) and Ferguson and Duncan (1974) that the QWERTY
keyboard is not optimal in design for the user to withstand many
hours of typing. This is not surprising, since Sholes, Glidden
and Soulé& (1868) could not predict the impact their typewriter
was going to have, and so did not design it for am individual to

use all day.

The basic design of the typewriter has remained unchanged
since its developmental stages. Results from the questionnaire
survey and the findings of the Maltron keyboard éxperiment
suggest the design of the standard QWERTY should be modified. In
1979, Interﬁational Business Machines (LBM) proposed a contoured
keyboard (see Figure 4.2). This was based on similar principles
to previous keyboar& designs with the keyboard being split into
two, with keys of different heights. Perhaps of more significance
than the keyboard design is the fact that it is pessible to
purchase a separate overlay device to be placed over an existing

keyboard and hence create a contoured layout (Conway, 1979).
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Figure 4.2: The Contoured Keyboard (August 1979)

Standardisation of Keys

Having discussed the future of the layout and the design
of QWERTY, the third area which warrants attention is that of
standardization. There were many requests by the skilled typists
for more standardization of the punctuation keys. However it is
unlikely that any changes of this nature will occur to the
standard QWERTY keyboard. An example of the strength of tradition
associated with this keyboard was the retention of the semi—colon
on the home row of the American National Standard Code for
Information Interchange (ASCII) keyboard. This recommendation
was made by the U.S. Standards Group despite evidence that
the semi-colon has a lower incidence of occurrence than the

colon.
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DIRECTION OF FURTHER RESEARCH

The history of alphanumeric keyboard research is
important for three reasoms. It places the present QWERTY
keyboard into perspective, it demonstrates the lack of
experimental work throughout the last century and it indicates
the futility of continuing to develop new keyboard layouts.
However further research and publicity is needed on kéyboard
design, and a follow-up study using the Maltron keyboard
would be a beneficial exercise. A more elaborate analysis of
beginner typists' errors and a study of the re—training of
ski}ied typists on this keyboard could be carried out. Three
professional typists attempted to use the Maltron keyboard during
the previous study, and it was apparent from the large number

of ‘errors they were making that practice was needed.

There is scope for further researching the impact of
exchanging keys on the keyboard. Such an exercise would require
a thorough evaluation and comparison with other keyboards.
However there are several problems associated with comparative

keyboard experiments, and these could be listed as follows:—

(a) The length of the training period. Ideally
training should be continued until further
improvement is negligible, that is, until subjects
have reached a plateau of performance. However it
is often more realistic, due to the long time
scales, to continue to a point where comparison
cén reasonably be made, and hence comparing
improvement rates sometimes overcomes the problem

(Conrad and longman, 1965).

(b) Selection of subjects and the problems of defining
non—-typiLsts. Hirsch;(1970) tried to overcome this
by suggesting that non-typists can be selected by
taking those individuals who classed themselves as
non—-typists and who fell below a certain level of

. skill as measured by a pre-test.



{(¢) The need to have two groups of subjects with an
acceptable justificattion for regarding them as
matched.

(d) The problem of motivation. Keyboard comparisons

 are usually of long duration and the interest of
the subjects needs to be sustained over this
period, especially when the individual is learning
a new keyboard which will not offer the benefits

of training on a QWERTY keyboard.

The main finding from the review of alphanume%ic keyboard
literature was that all the rasearch had been carried out after
the QWERTY keyboard had become established.:. For exsample, what
did Strong in 1956 hope to achieve from comparing the QWERTY
and Dvorak keyboards? The Dvorak Simplified Keyboard had been
in existence for over two decades and was still struggling to be
recognised; the only justification for such an experiment appears
to be curiosity. Because of the large amount of human effort
already expended in researching sequential keyboards and because
of the supremacy of the QWERTY keyboard, it would appear to be
more worthwhile to research a less documented and established

area — the chord keyboard.

The chord keyboard is in an embryonic state compared to
the century old QWERTY keyboard znd merits further attention and
research to prevent a repeat of the '"QWERTY episode', where the
first keyboérd to be developed capable of practical work becomes
recognised as the standard. In 1978, the late Dr, Christopher Evans
stated that it was important, since we had time for foresight,
to start looking at the best way to use chord keyboards. Otherwise
they would be made by the billion and sold without any proper
research being conducted into whether the product being marketed
was a sensible one. There is the danger that chord keyboard
development may proceed by a patchwork approach instead of looking
ahead over the next couple of decades (Computer Weekly, 5th October,

1978). .
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'THE KEYPEN CONCEPT'

Iﬁ 1976, Professor Brian Shackel of Loughborough University
made the following proposal. Since the QWERTY keyboard is unlikely
to be replaced by a more efficient design, one way to overcome
this problem and take a greater leap forward, would be to develop
the equivalent keyboard input for general usage into any computer
system. This device would have in effect the characteristics and
therefore would achieve the ubiquitous acceptance of the pen or
pencil. Hence the concept of the need for a 'keypen'. The shape
might be very different and could perhaps take the form of a small

three-dimensional object with suitable gripping holes for the

thumb and touch pads or keys for finger operation,

The success of this concept would depend upon the research
achieving a truly optimised layout and general form. If successful,
then children would learn to use the device at the same time as
learning to use a pencil. Only when the majority of individuals
have achieved the same degree of skill as they now have with a pen
can complete 'unthinking' Man—-computer interaction be expected to
develop. It is hypothesised that it would be easier for children
to learn to use the keypen than the c0m§1exities inherent in

learning to write conventional letter characters.
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6. CONCLUSIONS : s

The

following conclusions were reached from the

literature review and appraisal of the current 'state of the

art’'.

1. The situation with regard to the QWERTY keyboard is not

satisfactory. It could be improved by attention to the

following aspects.

(a)

(b)
(c)

The reversal of some of the keys, for example,
the 'A' and 'J' keys.

Modification of;the design of the keyboard.
Increased standardisation of the punctuation

keys. 1

2. It is intended not to carry out any further research into

sequential keyboards, because

(a)

(b)

3. (a)

(b)

This area has been thoroughly researched in
the past.

The QWERTY keyboard is well established and
unlikely to be replaced by another sequential

kevboard.

The field of chord keyboards is still in its
developmental stages and requires much research.
The concept of the keypen needs to be investigated

more fully,



PART II:

THE CHORD KEYBOARDS




CHAPTER 5

A LITERATURE REVIEW OF CHORD KEYBOARDS
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INTRODUCTION

In order to investigate the concept of the keypen, it is
necessary to conduct an extensive review of the literature on
chord keyboards. This will enhance the thoroughness and
direction of future work. It has been established from the
precediﬂg chapters that the standard QWERTY keyboard is
usually adopted as the standard Man—computer link. However
the chord or 'multipress' keyboard may be a useful alternative
for some systems: As-the term suggests, one or more fingers
are needed to key a single character. In its simplest form,

a chord keyboard would consist of five keys, one for each
finger and the thumb. Such a device would enable 31 different
characters to be transmitted. - If a second thumb key is added,
this increases the number of alternative chord combinations

to 47. It is possible with a two—handed chord keyboard to

make available 1023 different combinatiomns.

When considering keyboard systems, the rate of entry of
information appéars to be highest when using chord keyboard
systems {(Ratz and Ricchie;1961). Seibel (1964) discussed this
aspect of speed in relation to the 'information theory'. For
example, if ail N keys of a sequential keyboard are used, an
upper limit of log N bits of information per keystroke can be
transmitted. Utilising all possible chords of a N-key keybeard
(N£10) allows an upper limit of just under N(logz(ZN—l)) bits
per chordstroke. If more fingers are used and more than one
key is controlled by each finger even larger amounts of information
may'be entered with each chord keystroke. Therefore a chord
keyboard of 10 to 20 keys permits the entry of more than twice
as much information per stroke as can be achieved with a 40

key single stroke keyboard such as the typewriter.

A 'very good' typist (100 words per minute) enters
approximately 8-3 strokes per éecond, whereas a stenotypist
of equal calibre (200 words per minute) enters approximately
three chord strokes per second. Therefore, the information
rates are in the ratio 2:1, while the stroke rates are in the

ratio 3:8-3.




The stenotypist is entering 5-6 times as much information per
stroke as the typist. Hence it can be concluded that chord
keyboards allow the entry of larger amounts of information per

stroke, although the stroke rate is lower.
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BRIEF HISTORY OF CHORD KEYING UP TO 1970

The Printing Industry

Early printing keyboard designers attempted to provide a
chord keyboard with the characters in the correct sequence for
common digrams and trigrams. In 1879, Wicks arranged the
alphanumeric keys in two parallel rows (see Figure 5.1) thus
enabling 34 logatypes to be obtained on this keyboard.
(Phillips, 1968). The Unitype chord keyboard was a further
attempt to devise a keyboard that would be operated by pressing
groups of keys. It was not based on a statistical analysis of
digrams and trigrams, but on the hypothesised advantages of
bringing common 1ogétypes such as 'the' and 'and' together
‘(see Figure 5.2).

1

However the chord appreach was abandoned in favour of
a sequential arrangement. Legros and Grant (1916) stated
that the problem with chord keybecards was the number of
transposition errors produced. The time saved through making

chord pressings was lost because of the time required for error

- correction. It is interesting to note that Legros and Grant

did not mention that the keyboard operators found it difficult

to generate the chords.

Early Attempts at Chord Keyboard Design

A patent for a mechanical chord typewriter was requested
by Achille Colombo in 1942. This worked on the principle of
one left-hand and one right-hand key being pressed simultaneously
to type a letter. However no further details of this device
are available and it is thought that the machine was never marketed

{(Conrad and Longman; 1965).

NOTE:

Part of this chapter was publiéhed by the author in an Infotech
DP Management Report, ''Communication Interfaces", Report III -

18 (1981), Infotech Limited, Maidenhead, England.

-
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Figure 5.1: Wicks Composing Machine Chord Keyboard (1879T
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Figure 5.2: The Unitype Chord Keyboard (1898{

Both these keybocards are quoted in Phillips (1968).
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One of the first chord keyboards to be developed was by
Dvorak. During the 1930's, he concentrated his efforts on
producing a sequential keyboard, the 'Dvorak Simplified Keyboard'
to challenge the ever—-increasing popularity of the QWEQTY
layout. But in 1950, Dvorak reported a keyboard for one-handed
operation. Unfortunately no further information concerning the
design or application of this keyboard has been located (Seibel,
1972).

Chord Keyboards in the Post Office

" In the formative years of chord keyboards, their develop-
ment was mainly concerned with systems for the sorting of mail.
The Canadian, American and British postal services experimented
extensively with the use of chord keyboards., Levy (1955) was one
of the first to describe a 10-key 'binary' keyboard consisting of
two 5-key keyboards (see Figure 5.3). By pressing the correct
combination of keys, each hand coded a letter. Three female
subjects were trained for three hours daily over a period of 28
weeks, by which time they had all reached chord pressing speeds
of 70 words per minute. The practice material was four letter
code lists, and for comparison the same lists were also typed
by a good average typist. Her ceiling 5peedAwas 95 words per
minute. When calculating the speed of the typist, Levy used
the criterion of four‘letters per word, compared to the standard,
widely accepted five letters. The skilled typist was therefore
typing at a speed of 76 words per minute; this allows direct
comparison with the chord keyboard operators. No experimental
details or accuracy data were available about this study. It is
well-known that there is a trade-off between speed and accuracy,
and comparing typing speeds is a fruitless exercise unless error
data are available. The main disadvantages of Levy's experiment
(apart from the fact that one control subject was totally
inadequate) included the inéroduction of independent variables
through having two different kéyboards and hence two different

training programmes.
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Figure 5.3: The Levy Keyboard (1955)

Five years later in 1960, Conrad reported a letter sorting
machine involving simultaneous'depressiqn of two keys (one by
each hand) in order to sort letters into one of 144 possible
destinations. Each hand had one of 12 keys to select, which
were arranged in two rows of six keys. Sorting rates improved
from approximately 35 sorts per minute to about 60 sorts per

minute over the practice period of nine months.
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Cornog, Hockman and Craig (1963) reported a study of
their 'double-binary' chord keyboard, which was used in
America for the sorting of mail (see Figure 5.4). Keying on
this keyboard produced a binary code, which was fed into the
computer and it has been suggested that the keyboard was
inappropfiately named 'double-binary'. The keyboard training
console consisted of four banks of six keys, an arm-rést bar
and a panel of lights. After 36 weeks of practice, the experimental
results suggested that the keyboard was a satfsfactory proposition
for mail sorting, and no significant performance differences were
found between different kinds of code, between having or not
having speed-reading training, between various age groups, or
between the two sexes. It is not clear however what criteria for
satisfaction were adopted. Cornog et al. concluded that this

keyboard was satisfactory in providing a medium for computer input.

Q0O QO
00O OO0
O~ OO
O O
O O

LEFT HAND RIGHT HAND

O
0 O
O o

Figure 5.4: The Double-banked Binary Keyboard (1963)

Two years later, Cornog and Craig (1965) described several
chord keyboards for use in mail sorting. These included the
Burroughs keyboard, the Levy keyboard, the so—called FMC keyboard,
and the Sack Sorter keyboard. vThe Burroughs keyboard consisted of
10 piano-like keys, which enabled mail to be sorted to 3000
destinations. Two hundred and seventy-nine chord combinations
were assigned to numbers, which represented the 3000 destinationms.
The average output was about 45 chords per minute with a 2% error

rate.
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The Levy keyboard was mounted on a training console, which

provided feedback of results. Error rates were low (about 1%).

In comparison, the FMC keyboard had two banks of 12 keys, which

were in a mirror image to each other. It was found that two-

handed operation of this keyboard wa about 25% faster than one-—
handed. 'The fourth keyboard, the Sack Sorter, was a gpecialised
keyboard with a 10-key adding machine layout. However, comparison
with the other three keyboards was not justified since speed of
keying was not a-critical factor in the sorting of mail sacks.

The authors concluded that the FMC was faster than the Levy keyboard
for éomparable error rates of about 1}7 when processing city mail.
For outgoing mail, the output was substantially greater for the FMC,
that is, 39 words per minute compared with.27 words per minute. The
error rate for the former keyboard was more-than double that of

the Levy at 2.2%. However, due to variations in the training
periods (the FMC keyboard operators spent five weeks longer
training) it was not possible to draw any firm conclusions from

the results.

IBM Chord Keyboard Developments

There have been other chord keyboards.devised besides those
involved with mail sorting. As long ago as 1958, IBM produced a
10-key chord keyboard with five keys arranged in a semi-circle for
each hand. Klemmer allotted the most frequently occurring letters
in the English alphabet (that is, ADEHLNORS T) to single
keys, while other characters were represented by depressing two
of the ten keys. Klemmer trained two subjects on his keyboard,
one of whom was a skilled touchtypist. He found that after 40
hours of training, tﬁe_;yp@stdhad reached a speed of 47 words per
minute with a 0.37 érror rate,'qompayed'wifh 29 words per minute
and 0.77 errors for the naive typist. It was concluded that the
learning curves for the acquisition of chord keying were comparabie
with those expected on a conventional typewriter.

In 1959, IBM carriéd out an evaluatim of an 8-key word writing
typewriter. This keyboard cons@sted‘of four keys arfanged in an arc

and allotted to:each hand. The thumbs were -redundant.
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Four subjects trained for 50 sessions lasting 50 minutes each.
They were taught to enter 100 common words with a single chord
keypress, the 35 alphanumeric chords and two punctuation marks.
The 92 most frequently occurring words in the English language
were chosen from Thorndike and Lorge's (1952) word list. Eight
nouns wefe added to this list and each word was assigped a pattern
using between three and seven fingers (one and two finger patierns
and the eight finger pattern being reserved for letters, numerals
and punctuation). The 137 chord patterns were learned in less
than 30 hours, and word patterns were entered at a rate of between
36 and 45 words per minute. Results obtained with this keyboard
were not as good as-with the 10-key keyboard, because simultaneous
pressing of several keys was required as more chord combinations

were involved (Lockhead and Klemmer, 1959). - 1

Review of Other Chord Keyboards

Webb and Coburn (1959) designed a 'hand-configured' keyboard
with three curved rows and five straight columns of keys. The
prototype keyboard had the following features:

(a) A keyboard tilted at an angle of 12° from the

horizontal.

(b) A compact key arrangement for operation with

finger movements only, that is, no gross motor movements.
{c) Four keys grooved to differentiate them from the

others and identified as the "home keys'.
(d) Three dividers to aid the operator to locate the

home keys by touch.-

The rows were‘curved to conform to the pattern of finger
tip épacing for a relaxed hand. Webb and Coburn intended that
this 16-button keyset should be operated with the left hand
(the operator's right hand would be needed to operate a track

ball), without visual guidance and for long periods of time.

A second keyboard was built with the keys in a 4 x 4 matrix

and an experimental comparison carried out. Six subjects were

used and results showed superior performance in terms of speed and .

accuracy, and preference for the hand-configured keyboard.
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After an extensive statistical énalysis‘of letter, digram
and trigram frequencies, Ayres (1965) patented his word writing
machine. This device was designed for chord keying and the keys
were so arranged that they could be operated simultaneously.
Typing worked on the principle that letters would be selected from
each verkical column of five characters from left to ;ight across
the keyboard. By selecting these initial consonants, ‘intermediate
vowels and final consonants, theoretically whole words could be

printed with one 'stroke of the keys (see Figure 5.5).
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Figure 5.5: Ayres" Word Writing Machine (1965)

However as with most chord keyboard developments, no
evaluative work was carried out and apart from the U.S. Patent

No. 3,225,883, no other publication of this work has been located.

In April 1966, a five button keyboard was developed for one
hand entry of alphabetic information. Data were only reported for
one subject (Englebart the designer) who eventually reached 35
words per minute. Little information is available about this keyboard, .
although it is known that it took 10 hours for Englebart to reach o

a speed of 10 words per minute.
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After training he was able to type at a speed of 35 words per
minute with his right hand and 25 words per minute with his

left (Barmack and Sinaiko, 1966).

Englebart and English (1968) reported a system which
used the.S-key handset for entry of control cadeS. They concluded
that one-~handed typing with the keyboard was slower than two-
handed typing with the standard keyboard, but that enough skill
could be acquired within five hours of practice to make using the

keyboard a worthwhile exercise.

Amann and Kletrer (1967) described an 8-button keyboard,
which they developed at Columbia University. Depressing one of
the eight buttons caused the device to efit-a serial string of
parallel eight-bit codes. This resulted in a set of typing actions
in an input/output typewriter terminal. No evidence of any

research has been found concerning this keyboard.

One of the most comprehensive studies of chord keyboard design
was carried out by Hillix and Coburn (1961) at the Navy Electronics
Laboratory (NEL). They compared seven different designs of keyset
and used time and error measures combindd in a single performance
index to indicate the number of bits of information that were being
transmitted per second. The keyset units are shown in Figure 5.6.
No significant differences were found between the 8, 16 and 32
patterns per hand and Hillix and Coburn found that "practised
subjects took no longer to 'encode' octal or decimal stimuli on
binary keys than to enter binary digits on binary keys or decimal
digits on decimal keys". This indicated that keysets relying on

- position are not always superior to those based on patterns.

General conclusions made by Hillix and Coburn were as follows:-

(a) "The design of keysegé for high information tramsmission
rates must be based on a thorough analysis of the human
keysetting processes involved in the particular
situation for which the keyset is intended".

(b) "Within fairly wide limits, tHe physical features of
kejset design, for example, key sizes and pressures, are
less important tﬁan those features that relate to

continuity of the process!.



(c) "Speed and error properties of keysets are related
through operating curves: keyset operators can trade
speed for errors".

(d) "Patterned pressing in some situations yields
transmission rates as good as the traditional
sequential pressing'.

{e) "Simple encoding tasks may be carried as paft of

keyset entry without slowing the overall process'.

Hillix and Coburn recommended that:-—

(a) "Keyset designers should consider a wider range of
entry devices including those using patterns of
presses which may result in a saving of time and
money' .

(b) "Experience with a keyset in one situation should
not result in the design being labelled 'good’ or "bad' -
the keyset should always be judged with respect
to that particular situation".

{c) "Keysets should also be designed for trained
operations, as those designed for the naive users
are likely to Ee inefficient and rigid".

(d) "The maximum potential of the keyset as well as its
simplicity and initial ease of operation should be

evaluated".

Hillix and Coburn (1961) concluded that the aims of the chord
keyset were to be flexible, efficient, cheap and to transmit
information at a comparatively high rate. They suggested that the
ideal keyset should have the following optional features
incorporated into the design. These included a touch operation
facility, a hand-configured layout, provision for two—handed
operation with maximum alteration facility, provision for individual
character error correction and an easy-to-learn 0pefating procedure.
A typical chord keyboard does nﬁt have many of these features and,
for the occasiohal user, operating instructions and extensive
feedback mechanisms would have to be provided for such a keyset

to be successful.
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Figure 5.6: Keyset Units used by Hillix and Coburn (1961)
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EXPERIMENTAL COMPARISONS OF SEQUENTIAL AND CHORD KEYBOARDS
Discussion of Methodology f '-l

There are several methodology problems to be conf £ ) when

designing an experiment to compare a sequential and q/ . 'keyboard.
!

One of the most important aspects is motivation: éuﬁ; s !earning
to operate a chord keyboard are unlikely to be as n/ . totivated
as individuals learning to type on, for example, ?l i} { keyboard.
At the present time, reducing the imbalance between tne/incentives
of learning to key appears to be an insurmountable problem. Other
aspects include the nature, content and length of the training

programme and the instructor. These could be listed as follows:-—

(a) The two groups of subjects must be matched with regard
to the qualities considered to be relevant to the® study.
Since naive sequential keyboard users, unlike nai@e
chord keyboard beginners,-are likely to be familiar
to some extent with their keyboard layout (especially
if QWERTY is being compared), some experimenters have
administered a typing pre-test and discarded those
individuals who attained a certain level of skill
(Hirsch, 1970).

(b) The groups should be trained either by the same instructor
or 'matched' instructors.

(c) All subjects must receive the same amount of practice, and
whenever possible the training material for the two
groups should be kept constant. Conrad (1961) has shown-
that the nature of the practice material can be a
méjor factor in determining keying. speed. This latter
requirement provides a major drawback when comparing
sequential and choxrd keyboards, because it is not
possible to standardise the training programme.

(d) Improvement on keyboard tasks has been shown to continue
for a year or more (Cohrad, 1960; Klemmer and Lockhead,
1962), so the problem arises of when to cease training.
'Ideally, training should be continued until further
performance improvement is negligible, that is, until
subjects have reached a plateau of performance on .each

keyboard being compared.



However, if performancé is compared’ at the nth week,
besides there being problems deciding the nth week,
the subjects will register an improvement by the

(n + 1)th week. Thus it can be shown that there
are many experimental difficulties associated with
keyboard training experiments comparing sequential

and cherd keyboards.

3.2 Brief Review of Experimental Work®

In 1955, Levy carried out an experiment comparing the
perfdrmance of three chord keyboard cperators and a standard
keyboard typist. However due to the small number of subjects,
and lack of performance data, this study warrants little merit

and minimal interest.

Ten years later in 1965, two studies both concerned with
the coding of mail for electronic sorting at the Post Office
were carried out. Conrad and Longman compared the performance
of two groups of postmen on a chord and a sequential keyboard.

The chord keyboard is shown in Figure 5.7.

The keyboard has ten “home' keys, which are depressed in
pairs using the left and right hands. Fifty milliseconds was

the time allowed to depress the two keys, and if more keys were
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depressed or the 50 milliseconds time ran out, an error was registered.

Both these situations did not arise with the standard keyboard.

Postmen:in the 30-40 years age group Were subjects for the
experiment and 24 were randomly allocated to the typewriter group
and 22 to the chord group. No subjects had prior typing experience.
They received training for three and a half hours daily, five days
a week for seven weeks. This seven week course took place on four

occasions making the total length of the experiment about ten months.

Conrad and Longman discovered that the group using the chord
keyboard became 'operational' about two weeks earlier than the
standard typewriter group, that is, in two weeks instead of four
(31 hours instead of 73) and after that their improvement rates could

be regarded as parallel.
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Figure 5.7: Conrad and Longmans' Chord Keyboard Layout (1965)

While Conrad and Longman were experimenting at the British
Post Office, Bowen and Guinness (1965) were investigating chord
keying with the aim of designing the optimal keyboard for sorting
mail in the United States. They reported some pilot experiments
comparing the chord keyboard with a standard sequential keyboard
for two types of encoding - 'memory' coding (learning a large
list of paired associates) and 'extraction' coding {applying
basic rules of extraction to provide a different code for each

address).

A chord keyboard with few keys generally demands many keys
per stroke. For both sequential and' chord keyboards, there is a

trade~off between the number of keys required to be struck in order
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to type.a given amount of information anﬁ the total number of
keys on the keyboard. Smaller keyboards require fewer lateral
movements of the hands and fingers than large keyboards. A small
keyboard usually entails making more difficult fingef movements
which could result in increasing the keying error rate. Bowen
and Guinﬁess experimented with two chord ke&boards having 12 and

24 keys each, and a standard typewriter keyboard (see Figure 5.8).
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Figure 5.8: The Three Keyboards used by Bowen and Guinness (1965)

The ﬁaterial that the subjects typed consisted of three
digit numbers. Bowen and Guinness experimented with the three
keyboards for both types of encoding. The first study used
encoding as follows: for the typewriter, two keys depressed
sequentially; for the small chord keyboard, 1, 2, 3 or 4 keys
depressed simultaneously; for tﬁe lérge chord keyboard, 1, 2
or 3 keys depressed simultaneously. It was concluded that
the large keyboard was preferable although it was slower than the
small chord keyboard by 6-3 encodings per minute, it was more
accurate by 4-5 encodings per minute. This finding can be
explained by the trade-off that exists between speed and

accuracy of keying.
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The higher speeds obtained with the smaller keyboard produced
more errors. In general, large keyboards also have advantages
in that they do not require such difficult finger patterns.

The second study was concerned with 'extraction' coding
and only-the standard typewriter and the large keyboard were
used. It was found that there were no significant differences
with regard to speed and acecuracy of sorting between the
keyboards. Bowen and-Guinness concluded that the chord keyboard
was preferable to the seguential keyboard for mail sorting in

the Post Office.



4.2

CHORD KEYBOARD DEVELOPMENTS WITHIN THE LAST DECADE

Introduction

Between the years of 1950 and 1970, the majority of
chord keyboards developed were for specific tasks such as
mail sorting. Only IBM explored the possibility of using a
chord keyboard in place of a sequential layout, and hence
they called their inventions - the 10-key typewriter énd the
8-key word writing typewriter. Throughout the last decade,
rapid electronlc advances have been made and a trend towards
personal computing has begun to develop. This manifested
itself in part by the pocket calculator, which soon became
ubiquitous amongst school children. Hence it is not surprising
that the chord keyboard has come under review and been developed
with the view to being a personal connection to the computer

for general use.

The ANTEL Chord Keyboard

One of the first researchers to recognise the potential of the

chord keyboard was Tom Stewart, who in 1973 patented the ANTEL
chord keyboard. This device was basically a 12-key keyboard
(see Figure 5.9), which was operated like a sequential keyboard,
when one of the 12 keys was depressed and as a chord keyboard,
when an appropriate chord or group of keys was depressed
simultaneously. The letter A is obtained by pressing the key
labelled A, while B is obtained by pressing the keys A and C.

It is possible to press up to four keys with one finger, due to
the compactness of the keyboard. The letters G an& I would be

obtained in this way.

The advantag&;of this keyboard include the following:-

(a) Only 12 keys are necessary to provide a full
alphanumeric keyboard generating up to 39 characters.

(b) One handed operationi?% possible.

{c) The compactness of the design results in a reduction
of the number of hand movements without incurring

higher mis-keying rates.
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(d) No previous training is required.

(e) The simplicity of the chords avoids overloading
the user's short term memory.

(f) The design facilitates clear graphic labeiling which
is likely to assist understanding and éccepéability

for new users.
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Figure 5.9: The ANTEL Chord Keyboard (1973b)
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4.3 The Writehander

Within the last three years, three chord keyboards have been
developed. In January 1978, details of a chord keyboard called
the 'Writehander' were published in Interface Age (Oﬁenw 1978).
The Writehander was originally conceived and developed for

physically handicapped people.

Ii is operated by one hand, leaving the other omne free
perhaps for some other function. The hand chosen to carry out
the keying rests on the half sphere with the four fingers
resting on their own keys; the thumb has eight keys (see Figure
5.10). As each finper only operates one key, this reduces the;
likelihood of mis-keying. Unlike the conventional typevriter
keyboard, the thumb is used extensively. This is logical sincé
the thumb has a greater range of movement, and a larger part

of the brain controlling its use (Haaland, 1962).-

Eight
thumb

positions

Four
- finger-

positions
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The thumb is the only digit to change position and hence
it controls the selection of control characters, numbers and
symbols, lower case letters and capital letters. During keying,
the fingers never move from their single keys - they simply press
or relax the keys, while the thumb rocks forwardé and backwards
to close one of two switches. By using various combilnations of
fingers and thumb the Writehander generates the entire 128
characters of the ASCII code. Although the Writehander has been
evaluated by the Post Office, no details of this investigation

are available.

The Microwriter

The Microwriter is a portable, battery operated, chord keyboard
about the size of a medium—sized electronic calcdator. There are
five basic keys (one for each finger and thumb), plus a key which
controls functions, enters figures, punctuation marks and editing
control, and a key for entering capital letters (see Figure 5.11).
There are 16 editing functions including back~space, insert,

delete, etc.
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Figure 5.11: The Microwriter (1978)
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The Microwriter has a single line l6-segment LED display
of up to 12 characters. The text is recorded in the maghine's
8K byte memory, which is able to store up to 8000 characters.
Extra storage can be provided on cassettes. The Microwriter
does not itself produce words on paper, but plugs into an’
electronic typevriter, or television set, or computer system.

No published evaluation of this keyboard is available.

However, Endfield (the inventor) claiqs that learning to
use the Microwriter takes about .30 minutes, and after one to two days
useful work could be carried out on:it, and after three to four
weeks a reasonable level of skill could be attained. Endfield
also claims that after using the device for a period of seven
months, he was keying at a speed of:about 40 words per minute

(Sunday Observer, June 18, 1978).

The IBM Chord Keyboard

For the last five years, IBM have been developing a chord
keyboard for one-handed operation (Rochester, Bequaert and Sharp,
1978). The right-handed chord keyboard is shown in Figure 5.12,
It has a five by two array of square keys operated by the fingers.
ard a row of four rectangular keys operated by the thumb, The
finger keys have rounded depressions, called 'dimples'. The IBM
chord keyboard works on similar principles to the ANTEL keyboard
(Stewart, 1973b). If the B dimple is pressed, two keys go down
and a B is typed, while depressing the W dimple results in four
keys being pressed and a W being typed. The keyboérd consists
of 27 dimplés, which allows the full alphabet to be typed.

The IBM keyboérd differs from the Writehander and
Microwriter in that a three finger chord would produce a string
of three letters. The dimples have been arranged so that the
fingers can produce common trigrams such as 'the' in one key—
pressing. The little finger is redundant since it does not function

well independently from the ring finger.

The thumb has a separate keyboard consisting of seven
troughs, and as 'no response' from the thumb is a valid action,
the thumb has eight possible positions. The following example of

a typical sentence demonstrates the chords to be formed.



/1/n) thi/s/ se/g/me/nt/ of/ te/xt/ the/ chojrd/
bo/und/ar/ifes/ ha/ve/ befen/ s/hofwm/ by/ 1li/nefs.

The Writehander and Microwriter are traditional chord
keyboards where ‘patterned pressing of keys results in single
characters being emitted. The IBM chord keyboard, on the other
hand, has many of the features of a stenographic keyboard.
Therefore, higher keying speeds would expect to be reached. A
good stenotypist ‘can reach typing speeds of 3-3-5-0 words per
second {Turn, 1§74).
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Figure 5.12: The IBM Chord Keyboard (1978)
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CHORD KEYBOARDS - AN APPRAISAL

The feasibility of using a chord keyboard as a data entry

input device was first seriously investigated in the mid-fifties.
The trend towards research into chord keying reached a peak
around 1960, and it is interesting to note that ét the end of

the sixties there were no commercially available chord keyboards.
Following the impact of the micro-processor revolution and the
technical ability to reduce the size of the electronic components
of keyboards, the chord keyboards returned to the market place in
the mid-seventies. Although four chord keyboards have been
deveiaped within the last decade, it is apparent that there is a
lack of fundamental research into chord keying. Ratz and Ritchie
(1961) and Seibel (1962) have ‘been the only individuals to lay

the foundations for some basic fact-finding research into chord
keyboards.‘ Other keyboard designers have continued a similar
trend to that deéeloped by sequential keyboard inventors. Namely,
the only preliminary investigation into their chord keyboards has
taken the form of an evaluative study after they have been developed.
The lack of experimental work in this field coupled with the
minimal amount of research by chord keyboard inventors suggests
that more effort should be concentrated in this area. As long ago
as 1963, Pollock and Gildner suggeséed research into chord keying,
before enthusiasm for a new and novel input technique led to
improper incorporation into a computer system. A repeat of the

QWERTY keyboard situation should if possible be avoided.

One of the primary characteristics of the chord keyboard is
that the individual has to learn and to remember the various
chords in order to be able to operate the device. It is immediately
obvious with a sequential keyboard how to type any word, which has
advantages for the naive or occasional user. Once this initial
hurdle of learning has been overcome, the chord keyboard should
allow much faster speeds to be,éttained. Since there is no group
of skilled operators other than those trained for specialised tasks,
it has not been possible to carry out a controlled study to support

this hypothesised increase in speed.
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A second requirement of a chord keyboard concerns the
allocation of the alphanumerics to the wvarious chord combinations.
This task 1s equivalent to arranging the letters in a sequential
keyboard layout. The optimum way of choosing the aiphanumeric-
chord cqmbinations has yet to be decided. This area warrants

further investigation.

There are several theoretical advantages associated with a
chord keyboard. "The Trélatively small number of keys mnecessary
to produce a full alphanumeric set allows the device to be very
compéct and hence easy to transport. For example, the Micrqwriter
could be used whilst travelling, when writing or dictatien Qould
not be feasible. As with many other writing devices, a chord
keyboard provides several opportunities for disabled indiviuals.
A recently televised case study was suggested to demonstrate the
benefits that the Microwriter could provide for the handicapped.
A haemophiliac boy had learned to use the device because it was
stated to reduce the likelihood of injury when compared to a
typewriter. Endfield (1978) suggested that it was easier to learn
to type fast on his device than to learn touchtyping, because

the fingers never have to move between the keys.

Chord keyboards are still a novelty and whereas executives
and office staff would not want to learn to touchtype, chord keying
might appeal to them. This might have certain advantages in that
it could perhaps eliminate thé typing pool, thus making the conversion
of thoughts into type faster and highly confidential. The
Depértmenf of Health bought four Microwriters in 1978. They found
then to be successful for specialised uses involving technical
language (for example, the names of drugs), when dictation to a
secretary was difficult (article by Peter Large in the Guardian on

Thursday May 15th, 1980).



117

PROPOSED EXPERIMENTAL WORK

The chord keyboard, unlike the sequential, is a relatively
recent innovation. A review of the literature demonstrates a
trend away from specialised tasks (for example, maii sorting)
to a more general application for chord keyboardé. The increase
in computer technology and the flexibility of the chord keybeard
indicate that this device has much potential. A lack of
fundamental research pertinent to chord keyboards has resulted
in there being no standards or recommended keying paré:meters.
It would appear imperative to carry out some basic research into

chord keying for the following reasons:-

{(a)} The foundations need to be laid for a chord keyboard
standard.

(b) Some basic research on chord keyboards will be of
value for future keyboard designers.

(c) A repeat of the QWERTY episcde should be avoided
where the first keyboard to be developed and marketed

monopolises the keyboard sales.

There are a number of alternate ways of designing a chord
keyboard and hence a decision has to be made concerning the basic
parameters of the chord keyboard to be investigated. It was

decided to study a one-handed, 5-key chord keyboard for the

following reasons:-

(a) The sequential keyboards are all two-handed, therefore
a one-handed chord keyboard is in direct contrast.

(b A 5-key keyboard provides the most basic form a chord
keyboard can take, and hence it appears a suitable
point from which to start.

(c) 1t was predicted that some recommendations could be
produced from this bégic chord keyboard which could

be applied to more complex multi-key chord keyboards.
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Between the two concepts of sequential and chord keyboards,

there lies a group of keyboards which show characteristics of

both sequential and chord keyboards. The Ayres word writing
machine, and the ANTEL and IBM chord keyboards could be said to

fall into this category. However the author decided to investigate

the 'true' chord keyboards in direct contrast to the sequential

keyboards.

It was decided to investigate the following aspects of

chord keying:-

(a)

(b)

(c)

(d)

The general form and désign of a chord keyboard
(Chapters 6 and. 7).

The speed of executiontof the various chord patterns
(Chapter 7), as a possible means of allocating chords

to alphanumerics.

The ease of learning the chord patterns as a possible
means of allocating chords to alphanumerics, and the use
of memory aids to help the retention of these chords
(Chapter 8).

User attitudes towards chord keying and the chord

keyboard system (Chapter 9).



7. CONCLUSIONS

The following conclusions were reached from a review of

the literature concerned with chord keyboards:-

(a)

(b)

(c)

(d)

(e)

There is a lack of experimental work associated

with chord keying.

The trend in the seventies was towards one—handed

chord keyboards for general use as writing devices.

The use of the chord keyboard for specialised tasks

is declining.

The need for some fundamental research into the motor

and coghitive aspects of chord keying is warranted.

This would lead tog the eventual production of a

Standard for chord keyboards.

It was decided to investigate several keying parameters

working from the base of a 5-key chord keyboard.

These parameters included the following:-—

(i) the general form and design of a chord keyboard;

(ii) the motor aspects of chord keying, in particular
the problem of allocating chords to alphanumerics;

(iii)the cognitive aspects of chord keying, in
particular the allocation of chord patterns to
alphanumerics and the use of memory aids to help

the retention of these codes.
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CHAPTER 6

A PRELIMINARY INVESTIGATION INTO
VARIOUS SHAPES FOR A SMALL CHORD KEYBOARD




INTRODUCTION

It was apparent from the literature review of sequential
keyboards that the design and general form of the keyboard, unlike
the layout of keys had received relatively little attention. When
considering sequential and chord keyboards, the ﬁroblems éurrounding
the arrangement of keys are different. On the layout of a
sequential keyboard, a decision has to be made concerning the
positioning of the alphanpumeric keys. This issue does not arise
with a chord keyboard, since the alphanumeric characters are
gene;ated by patterned prgssing of keys. However, the problem does

arise of allocating the alphanumerics to the chord patterns.

It is evident when reviewing the literature on chord key-
boards that there is a lack of reference to 'the general form of
the keyboards being developed. Webb and Coburn (1959), Hillix and
Coburn (1961) and Endfield (1978) were the only researchers to
discuss the design of the keyboard shape. The few references to
keyboard design could be a function of the fact that chord key-
boards are still in their developmental stages and attentioﬁ to the
design will follow at a later date. For example, IBM investigated
a 10-key keyboard (Klemmer, 1958) and an 8-key keyboard (Lockhead
and Klemmer, 1959}, but did not follow up these developments.
Hence in 1960 IBM not knowing the trends in keyboard design over the
next 20 years would have been foolish to devote a large amount of
time to researching this area. However the state of the art in 1981
results in the design of the keyboard being of paramount importance.
This was one of the reasons why an investigation into the general

form of the 5-key keyboard was initiated.
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BRIEF REVIEW OF THE RELEVANT LITERATURE

In 1959, Webb and Coburn developed and tested a hand-
configured keyset. They examined the various keysets available
and found they all had straight rows and most had straight columns.
As a result of this study, Webb and Coburn produced a prototype
keyboard with the rows curved to conform to the pattern of the

fingertips in a relaxed hand. See Figure 6.1.

Endfield,. the inventor of.the Microwriter experimented with
plasticine models of his keyboard based on the position of the hand
in a horizontal posture. Although no written account of the
developmental work has been documented, the two prototypes of the

Microwriter are in the Science Museum, London.

Owens (1980) discussed the biomechanical considerations of
chord keyboard design. He evaluated a hemispherical keybeard and
suggested a keyboard shape which should avoid the need for
unsatisfactory joint/limb positions. This shape was a modification

of the hemispherical design (R.D. Owens — Personal Communication).
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Figure 6.1: The Qutline of Webb and Coburn's Keyboard (1959)
NOTE: This is the most detailed pictorial description of this
keyboard available.
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METBODOLOGY

Three basic shapes were selected for study; these were a
hemisphere, a cylinder with sealed ends and a rectangular box.
The first, a@ hemisphere was an example of a rounded,-curved, shape
and was partly chosen because of its similarity to the Writehander
chord keyboard (Owen, 1978). The cylinder was chosen by the author,
because‘such a’shape fits the anatomy of the human hand, that is,
the plane in which the four fingertips lie is at right angles to the
plane in which the thimb lies. "It was discovered after this
experiment had been conducted that Mamerow (1916) patented a
cyliﬁdrical 5-key chord keyboard identical to the one used in this
study. Similarly, Jarmann (1952) patented a typewriter keyboard
which consisted of two cylinders each having six keys. The third
design, a thin rectangular box represented an angular shape with no
curvatures and was the basic model behind the Microwriter (Endfield,
1978) and many alphanumeric 'calculators'. Three cardboard proto-
types.with the use of hard plastic for the curved part of the
hemisphere were built. The exterior of each model was made as
neutral as possible, so as not to influence the subjects' reactions
to it. The size of the models was governed by anthropometric hand
data (Churchill, Kuby and Daniels, 1957; Jones, Kobrick and Gaydos,
1958; Garrett, 1971). See Figure 6.2.

At the start of the experiment, the subjects were given a
standard introductory explanation about the purpose of the study and
what was expected of them. Emphasis was placed on the fact that it
was an exploratory pilot study and subjects were encouraged to

'brainstorm' and do most of the talking.

The shapes were presented one at a time in a random order.
The author placed the model on the table and subjects were expected
to handle and explore the prototypes. The following questions were

then asked: i

Question 1 : If you were given this object, how would you operate it?

Question 2 : What do you feel about the size for your own use?
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Question 3 : Do you think such a device would be comfortable to

operate for long periods of time?

What modifications would you make to the basic shape

Question 4
to improve it?

Question 5

Have you any other comments?

This procedure was repeated for all three prototypes. At the
end of the experiment the subjects were asked to rank the shapes in
order of preference and to suggest alternative shapes, which they
believed would make good keying devices. A paper trace of subjects'
hand'gizes was taken, in order to discover whether the size of the
subjeét's hand was instrumental in affecting his/her views on the
variods shapes. The experiment concluded with a question asking the

subjegts for any comments or suggestions that they might have.
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Figure 6.2: The Three Models used in this Study

(not drawn -to scale)
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4.  RESULTS

Order in which the

shapes were ranked Number pf subjects (n=20)

2 )
; 9 subjects selected
) the hemisphere as
) the best design.
O Ej -
F:: 1)
' )
) 4 subjects chose
~— ) the cylinder.
- )
Q 3)
6 )
) 7 subjects chose
; the rectangular
) design.
[j@ h

As the experiment was a preliminary study, elaborate
statistical analysis was not thought necessary at this stage.
It was apparent however that oﬁﬁthe three prototypes, the hemi-
sphere was the most popular, with the cylinder being the least

preferred.
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DISCUSSION

Shape 1 : The Hemisphere

The most common way to operate such a keying device was to place
the model on the desk and to rest one's hand over the top of the
hemisphere - this position was selectad by 14 subjects., Other
suggestiéns included holding in the left hand and keying with the
right, and secondly, resting the arm on the work-top so that the
fingertips only covered a quarter of the sphere. Only one subject
suggested holding the curved pait of the sphere in the palm of the

hand and keying on the base.

Seven subjects felt that the size of the hemisphere was
satisfactory as a keying device, whereas the other 13 believed that
the model was too large. Suggestions included a reduction in the

diameter and height to make the shape less rounded.

Eleven of the 20 subjects were satisfied that a keying device
of this shape would be comfortable to operate for long periods of
time. The other individuals cited the thumb and the muscles of the
lower arm as possible targets for chronic fatigue. The problém with
the thumb was that its range of movement and the angle at which it

would hit the keys was different from the fingertips.

The hemisphere was found to be an aesthetically pleasing shape
to work with. However, there was a demand for more flexibility in the
device; for example, grooves for the fingers were requested to
provide more tactile feedback and a more comfortable operating position.
One idea involved elevating the hemisphere at an angle; this over-—
comes the problem of being unable to see the keys on the other side
of the model; which could hinder the beginner. A further elaboration
of this was to place the device on a ball and socket type apparatus,
which could stand at the edge of the desk. Two subjects thought that
elevated keys would be necessagfton the basis that it is easier to key
with arched fingers. When learning to type, beginner typists are
always encouraged to hold their wrists up high and to arch their

fingeré. This idea could stem from there.

.
.
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Shape 2.: The Cylinder

The majority of the subjects (that is, 12) operated the
cylindrical shaped device using the power grip. The two other
popular suggestions were to place the thumb key at the end and the
finger keys down one side, and to place three fingers on the sealed
end with a thumb and digit key either side on the rounded surface.
Two subjects suggested operating the device in a horiéontal plane.
In order to do this, the object would have to be attached to a
static fixture, -similar to a kitchen roll holder or would have to

be flattened on one side, to prevent rolling.

Although seven individuals thought the size of the shape was
appropriate, the rest felt that it was too bulky and large in both
diameter and length. Suggestions included reducing:the shape by

50%, and increasing the diameter.

There were doubts as to the comfort of operating such a device.
Problems arose from the fact that it was impossible to hold and
operate such a device using the power grip, and the resulting small
movements of the fingers placed pressure on the joints. Only omne
individual thought that the shape would be comfortable to operate

for long periods of time.

Modifications to the model centred around making the ends more
rounded and the basic ghape elliptical. Again, indentations for the
digits were requested, and it was thought that the ﬁower grip could
result in excessively sweaty palms. The addition éf some sort of
strap or attachment to a stand was felt to be vital. The cylindrical
shape does not inspire confidence in the user, because of the
likelihood of dropping it. One subject pointed out the problems of
carrying cylindrical shapes about the person as opposed to flat,

rectangular shapes.
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Shape 3. : The Rectangular Box

This shape was treated by the majority of the subjects as
being analogous to a numeric calculator. They suggested placing
the five keys on the largest surface area which would lie flat on
a horizontal work-top. Other variations included placing the thumb
on the narrow edge and the four fingers on the largest face of the
shape, or alternatively placing the little finger on the opposite
narrow édge. Both these latter cases would have to be operated
with the longest -side-of the model in the vertical plame.

" There we;e mixed feelings about the size of the device:
several individuals-felt the shape was too large and cumbersome,
while others suggested that the dimensions could be increased in
some directioﬁs. The feelings of the group could be summarised in
that they felt the size of the rectangular box was too 1arge to be
handheld, but too small for a keybocard. However subjects were

reasonably happy that the device would be comfortable to operate.

One of the most frequent podification requests was for a
wedge shaped attachment to the back of the keyboard in order to be
able to vary the angle of the device for keying. Again, the request
for rounding off the edges and corners was made; and a strap to attach
the device to one's hand was suggested. It would be necessary to
have a 45° piece cut cut for the thumb, if the thumb key was placed
on the narrow edge. Sone subjects suggested a slimline version of
the model, which would enable individuals to carry the device
quite comfortably.

Suggestions of Alternative Shapes for Future Development

The various shapes that were suggested can be divided into two
categories; namely, those that were handheld, that is, in the palm
of the hand, and those which were operated on a desk—top, or while

held in the other hand. /

Shapes for one-handed operation included a small sphere, which
would fit comfortably into the palm of the hand known as the 'Collet
enclosure' (Roebuck, Kroemer and Thomson, 1975), and a shape based

on the 'handle-bar rubber grips' of a bicycle.
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This latter shape was also described as the 'gear-stick knob'
device used to operate model racing cars. A reduction in the
length and diameter of the cylinder would result in the latter
shapes. A further modification was to make the hand sized
spherica} shape pear-shaped, with provision for a thumb kéy at the
narrow end of the pear. Another popular suggestion was for an
ovoid shape with a hole in the middle, through which one placed

one's hand.

There were several ideas which kept recurring when considering
shapés for two—handed or dessk-top operation. One was a horse-shoe
shape with the keys arranged in an arc, in keeping with the
natural positioning of the fimgertips. Another was a wedge shape
- an extension of the rectdngular box model: A small cylinder with
a flattened side to prevenf movement on the work-top, and elevated

finger keys (the thumb key being at the end) was also suggested.

It was interesting to note that the majority of the subjects
found it very difficult to think of appropriate hand sized keying

" devices and some individuals could offer no suggestions.
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SUMMARY: OF RESULTS

It has emerged from the pilot study that some basic decisions

concerning the nature and form of the keying device will have to

be made. The first of these is to decide whether the device will
be developed for one—handed desk-top operation or handheld use.
There are certain advantages connected to the former, since
portability is increased and the other hand is freed, perhaps to
perform some other task such as answering the phone or turning the
pages of a book. ' The'main disadvantage, which far outweighs the
advantages, is that the hand is under tension when in the disc grip
neceésafy to grasp small objects. When considering the question

of fatigue, the optimum position for the muscles of the hand is
relaxed, that is, when they are at their longest. Hands that have
fingers curled around a small object are under stress, since the
lumbrical and interosseus muscles are contracted. A further
drawback concerns the close proximity of the fingers’in the disc
grip. When the hand is relaxed the fingertips are spaced out, but
as soon as the hand is flexed the fingertips are brought into close
contact with each other. 1In this position, movement of the fingers
is restricted, and it is hypothesised that keying for long periods

of time would be uncomfortable.

It was very apparent from the subjects' comments that the models
were a lot larger than expected, hence a reduction in size is
warranted. The subjects repeatedly stressed the need for hand-
configured keyboards contoured to the anatomy of the hand. The
experiment was interested in the basic shapes of the keying devices
and not at this stage in the attractiveness and colour of the
finished pro&uct. Although unfortunately the hemisphere was in
white plastic, compared to the wood finish of the other two models,
several subjects expressed the view that the hemisphere was more
'exciting' as a keying device. This and the fact that it was a
curved design probably partly aéc0unt for this shape being the most

popular.



CONCLUSIONS

It has already been stated that the aim of this preliminary
investigation was to study various hand sized shapes for a future
experiment. From the findings of this work, it was decided to
concentrate on the development of a small chord ﬁeyboard for one-—
handed desk~top operation, in preference to a handheld chord
keyboard. Reasons have already been given for this choice, but

this area of work requires further investigation.

_ After having analysed both the subjective and the objective
data, it was decided to continue working with the three basic
designs, but greatly modified. The new modified shapes are shown

in Figure 6.3 on the next page.
4
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Figure 6.3: The Three Modified Shapes

(not drawn to scale)



CHAPTER 7

A STUDY OF THE MOTOR ASPECTS OF CHORBD KEYING
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INTRODUCTION

After the rash of enthusiasm towards chord keyboards in
the fifties, there followed a series of experiments on chord
keying in the early 1960's. It was concluded from the
literature review of chord keyboards that in genefal there
was a lack of experimental work in the field, although Ratz
and Ritchie (1961) and Seibel (1962 - 1964) tried to rectify
this situation. Both these researchers studied information
rates and investigated the problem of deciding which message

units should be assigned to the combinations of chords.
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TWO STUDIES OF PERFORMANCE ON CHORD KEYBOARDS -

Ratz and Ritchie's Experimental Work on a Chord Keyboard

Ratz and Ritchie suggested that the relative difficulty
of the various chords could be measured in terms of the reaction
time in responding on the keyboard to a visual présentatidn of
the chord pattern. When the lights, fingers and keys are in
direct correspondence, the stimulus-response codes aré-highly
compatible and hence mental recoding of the information is
avoided. This would enable the more frequently used message

units to be allocated to the easier responses.

As a result of this hypothesis Ratz and Ritchie
experimented with six subjects.who practised for ten minutes
a day on random sequences of thirty-one chords. Recordings
were made for the first and last one hundred seconds of each
ten-minute interval. As with any keying experiment, there
was a learning period and surprisingly Ratz and Ritchie found
little performance improvement after the second day. The
average ranking of chords by increasing reaction times is shown
in Figure' 7.1, where the right hand is used. 1t was found that
the average corrclation coefficient among operators for all

thirty-one chords was 0-91.

It can be seen from the chord rank chart that chords
inyolying one finger were keyed fastest, as might be expected.'
However, it was surprising to find that tﬁe weakest finger
(the little finger) was in first position. The Ch&rds
requiring the longest time all have patterns using three or

four fingers.
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Rank Chord_gatterﬁ Rank Chord pattern
1 - — - =% 17 X - % — -
2 * - - — - 18 X - - % -
3 - -k - - 19 - — % % &
4 - - - % - 20 X — — % %
5 -k - - - 21 * k — —- %
6 * k - — — .22 * -k - %
7 X - — — * 23 -k - = %
8 ik ok - - 94 X - %k k %
9 X x k - - 25 - -k - %
10 -k x k — 26 X - k k -
11 - — % %X - 27 X &k - k -
12 - - =%k % 28 ' ok kK — %
13 x % kX k % 29 Tk k- ok ok
14 - % k k % 30 -k k — %
15 x k k Kk — 31 -~ % - k% %
16 -k - k -

Figure 7.1: The Chord Rank Chart (Ratz and Ritchie, 1961)

NOTE: The digits of the right hand are indicated, thar is,

the thumb being on the left.

The second part of the experiment was concerned with
information rates. The information rate {measured in bits per second)
was obtained from the product of 'H' and the average number of
responses per second measured over a three minute peribd for five

fingers apd six minutes for ten fingers.

Hence
H = log2 (number of choices)

The following results table was formulated.
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TABLE 7.1
STIMULUS - PATTERNS  OBSERVED OBSERVED
H RESPONSE TIME DATA RATE
EXPERIMENT CHORDS (bits/ T H/T
stimulus) (secs/response) (bits/sec.)
ONE HAND
A 1-finger 12,32 0.94 2.4
B 1-,2-,finger 3.91 1.07 3.7
c 1-,2-,3-,finger  4.64 1.15 4.1
D All chords 4.95 1.20 4.1
TWO HANDS
1 -
E 1 finger per hand 4.64 2.08
All chords - 9.91 2,63 . 3.8

It can be shown from the data (that is, comparing A and E,
and D and ‘F) that -an operator using'only one hand performed at least
twice as fast as an operator using both. Hence the increase in
choice obtained from ten keys was offset by the slower reaction

times.

‘Ratz and Ritchie ranked the thirty-one chords according
to the time taken to respond to each chord combination. They
based their experiment on the assumption that the motor system
predominated over choice reaction time. In order to help to
achieve this they used a highly compatibje stimulus (display)
and response {keyboard). They concluded that for one hand the
information rate increases with.ﬁhe complexity of choice of
patterns, but with two hands a'ioss of speed in the response

occurred with the increased choice of stimuli.
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2.2 Seibel's Experimental Work

A year later in 1962, Seibel carried out a similar
experiment measuring Discrimination Reaction Times (DRTs) for
the thirty-one chords possible with a five finger chord,
keyboard. Seibel's prime reason was to demonstrate that Ratz
and Ritchies' claim that "little improvement took place after
the second day" was erroneous. Four undergraduate students
reported daily for a thirty-minute experimental session.over a
period of either thirty or forty-eight days. Each subject
showed performance improvements over 4000 to 11,000 DRTs on the
chord keyboard despite prior practice. The thirty-one chords

were ranked according to speed and accuracy (see Figure 7.2).

Seibel's study only used four subjects, who did not 1
provide statistically reliable data. For example, from
Figure 7.2 it can be seen that 'Pattern 4' yieldéd the fastest
DRT for the four subjects, but this was primarily due to the
performance of one subject. The other three subjects showed
'Pattern 3' to be the fastest. It was also of interest to note
that the correlation between average DRT and percentage errors
was high (0.836), which would imply that the longer DRTs also

have more errors.

Whereas Raté and Ritchie had carried out an experiment
to determine the relative speeds at which the thirty-one chords
could be executed, Seibel's prime objective was to carry out a
similar study to disprove some of Ratz and Ritchieé' findings.
Hencé he shoﬁed that improvement in performance continued at
least up to 11,000 response times. Seibel's ﬁRTs were also
less than one-third sf the values reported by Ratz and Ritchie.
It was found, hbwever, that the order for the thirty-one chords
in both experiments was highly correlé;ed (0.896). Ratz and
Ritchie applied the "coding theory' (Mandlebrot, 1954) .to the
thirty-one chords. This involved working out the average
‘response time (fhe cost) for each chord and applying this to

the relative frequencies of the use of the chords.



141

From this optimum distribution, Ratz and Ritchie deduced

that improvements in the order of 5% in the net information

rate were to be expected. Seibel suggested that a gain in
information rate of between 200Z and 300% might have been
achieved. He supported this hypothesis by referfing to-.a

study wﬁich Klemmer and Muller (1953) carried out. Using an
almost identical experimental situation they reported 'information

rates twice those found by Ratz and Ritchie.

In 1963, Seibel carried out a second study of DRT using
a 10-key keyboard which gave 1023 alternative chord combinations.
He was primarily interested in researching aspects of
information transmission rather than chord keyboard design,
which simply provided the task to enable his ideas to be
developed. .Hicks (1952) and Fitts and Switzer (1962)
summarised the controversy over DRT by stating that it was
generally acceptéed that DRT ihcreased lineérly with the
information contained in the stimulus. Other investigators
(Klemmer and Muller, 1953; Leonard, 1954; Mowbray and Rhoades,
1959) concluded DRT and the information transmission rates
were independent of each other. Seibel trained three subjects
for more than 75,000 DRTs and found that DRT did not increase

linearly with information transmitted.

A year later in 1964, Seibel moved his attention towards
comparing the sequential and chord keyboard in terms of information
per stroke, stroke‘rate;¥motor difficulty of chord strokes,
motor learning for.chord keying, memorization of code, and
characteristics of use and users'of the device in terms of

skill level and trainability.

Seibel concluded that in general chord keyboards resulted
in larger amoumnts of informatiog'per stroke, but the stroke rate
was lower. This was due to the.difficulties of producing chord
‘strokes compared with striking single keys on a sequential

keyboard.
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DRT ' Error
Chord Pattemmn (Milliseconds) - (percentage)
4 281 5.9
3 285 2.4
1 289 1.8
2 292 ' 5.0
5 294 K 5.6
1 4 306 3.8
2 3 ' 306 o 8.8
34 . 306 S 10.3
12 310 " 6.2
234 311 9.1
1 33 ' T 312 5.0
12364 314 4.1
123 315 5.3
1 315 5.6
4 316 11.5
2 4 316 . 12.1
2345 317 A
1 4 320 © 10.6
45 321 - 7.6
12345 325 7.4
5 326 12.4
1 5 , 328 8.2
12 4 328 . 13.2
1 345 - 330 - . 12.4
12 5 335 11.8
3 5 343 13.2 )
123 5. 345. .. .18.8 .
1 3 5 349 - 15.0
5 349 20.9
12" 45. 351 ‘ 25.9
23 5 352 © o221

NOTE: The above data were obtained from the last five:
sessions of practice for each subject. The digits

of the-right hand are indicated.

Figure 7.2: The Chord Rank Chart showing Average DRTs and

Percentage Errors (Seibel, 1962)
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He suggested that the choice of a single—-stroke keyboard,
c¢hord kéyboard or some combilnation depended on several
considerationé, but that for skilled typists a compromise
keyboard with characteristics of both sequential and chord
keyboard appeared most pro%jsing.

s
/

Conclusion:

In 1964 there were no commercial chord keyboards available,
and hence it is not surprising that Ratz, Ritchie and Seibel
never applied their findings to a chord keybosard system.

Robert Seibel at this time was ﬁrimarily.intepested in

learning curves and the problems associated with the training
period for keyboard operators. Both studies ranked the thirty-
one chords according to speed of response, but this was a by-
product of the experiment and nét the objective. There is a
slight di3crepan§§rbetween these fesults, which could be explained
by the fact that Ratz and Ritchie used a 10-key keyboard and
Seibel a 5-key keyboard. Both studies employed émall numbers

of subjects (n=6 and 4 respectively), which would not enhance

the reliability of the results,

The problem of allocating chord patterns to alphanumerics
still exists,to&ay, dlthough recent éhord keyboard designers
(Oweny 319j8§ Endfield,.1978) appear to have paid little
attentién to this feature of chord keyboards. It was therefore
decided that a response timé experiment should be conducted
based uéon the findings of the preliminary pilot study in

Chapter 6. The aims of this study were:-—

(a) To. investigate various chord keyboard designs. by
means of a reaction time test and subjective preferences.
(b)-Td test the hypothesis that chords:are keyboard shape
”;pecific.- ' ) )
(e) To rank the chord qombinations according to speed of

execution, and locate trends in the pattern of responses.

(d) To work towards producing a standard for chord keybeoards.
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Pilot Study I

3.1.1 Experihental Design

" It was decided that a 'repeated measures' design
similar to that used in the Maltron keyboard experiment
(see Chapter 3) was the m&gt appropriate since it allowed
subjective comparisons to be made. The preliminary pilot study
provided the basis for the design of the three response keyboards.
Eight subjects (six females and two males) were presented with

the keyboards in a random order.

3.1.2 bescription of Equipmeht

The following experimental apparatus was set up.

| EXPERIMENTER
ELECTRONIC CONTROL | rED STIMULUS
TIMER BOX LIGHT DISPLAY
RESPONSE
- SUBJECT
KEYBOARD
A

Figure 7.3: Diagrammatic Represen;atibn of the Apparatus

- 3.1.3 Experimental Procedure

Iﬁitially, subjects were givénhinsérﬁctioﬁs'explaining
that they had to respond as quickly and as accurately as
poséible'by pressing the identical combination of keys on
their keyboard té the patterﬁ of 1ights.onithe diSplafi
The stimilus Aisplay consisted of a r;ctqngular box with a

horizontal row of five green 11ghts.
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The experimental procedure was as follows. After the
start key had been pressed by the author, a red light acting
as a warning siénal appeared telling the Subjecﬁ that he/she
had x number of seconds* until the pattern of green lightsr
flashed up. The subjecﬁ was expected to respond as quickly
as possible to this a;ray;éf stimulus lights, by pressing the .
identical combination of keys on his/her keyboard. All chord
patterns were generated randomly and an electronic timer
provided the response times, that is, ﬁrom_fhe appearance of
the green lights until the subjects had pressed the keys.
Errors were noted by the author; since the subject's response

was observed on the control box.

It has already been estiblished that there are thirty-one
chords (25—1).possib1e with one hand. All three keyboards were
S—Rey devices for right handed operation only, hence a totél
of ninety-three experimental trials were carried ﬁut for
each keyboard. Data were collected for all .279 @rials, but
it was intended to use in calculations, only the third set for
each keyboard. As with all keyboard experiments, there is

a learning period that has to be taken into consideration.

3.1.4 Analysis of Data

- Each subject .generated a large quantity of experimental
~data, which was suitable for statistical scrutiny by analysis .
of variance (2-way bldck.deéign test — M.A. Sinclair, Personal

Communication).

! % This time.lag was undex the control of the author who could

éetiit as a constant up to approximately four seconds.

AV

N
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Since the primary objective of Pilot Study I was to tést
the experimental apparatus, no formal‘subjective data were
collected, although the subjects were questioned about the
keyboardé and the experiment. However, it was intended to
administer a questionnaire as a part of the main study, in
order to investigate variois aspects of comfort and fatigue, and

subjective preferences, which would be piloted in Pilot Study II.

Due to the number of problems experienced with the
apparatus (for example, two electronic timers were used and
"both proved ﬁnsﬁitable, which resulted in'lost_data),-it was
decided not to indulge in any elaborate statistical analysis.
The results showing total keying times can be seen in the

Appendices.

3.1.5 Discussion of Pilot Study I

3.1.5.1 The ‘Physical Design of the Keyboards

The results from the preéeliminary study combined with the
anthropometric data determined the design of the three
keyboards. However, all three were built with standard
typewriter keys. These keys increased the effective size
of the models making simultaneous key-pressing impossible.
They..were also-very cumbersome in appearance. After several
‘subjects had attempted to use tﬁe keyboards, low profile
rectangular keys with green tops to match the stimulus lights
were substituted. The sensitivity of these keys and the
tactile feedback that they frovided ﬁigfed the requirements
of the experiment, but not a commercially viable keyboard.

Due to the increased ceomfort achieved with these keys, subjects

found it easier to carry out simultaneous key-pressing.

C After the new keys had been installed, slight alterations
to the ‘positioning of the little finger keys on the cylinder
én& hemisphere were made on the recommendétion of the subjects.
The wooden support on the cylinder was also moved to increase
the ease of operation of this device. The rectangular box had
been built at the recommended angle of 25° (Cooper, 1976)
but subjects complained that this angle was too steép. However
due to the 1enéth of the new keys, it was not possible to reduce

the slope of the box without removing the keys.
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The thrée keyboards had been constructed from wood,
white plastic and aluminium. To ensure that the subjects were
commenting on the ﬁhysical shape of the keyboard, and not the
appearance of the material of construction, all three keyboards

were sprayed with black gloss paint.
£

3.1.5.2 Stimulus-Response Compatibility

The three response keyboards have already been described
in .detail. The stimulus display was a rectangular box with a
Tow- of five_gréeh'ligﬁts. In a reaction time experiment, the
amount of thinging that the subject has to do must be reduced
to a-minimum so that the resbonse time is essentially measuring
the motor reaction.. The experimental set-up for the pilot study
demanded that the Subiects-rememberéd‘thé position of the greeﬁ
ligﬁts-withﬂrespett.to the five digits. Therefore the
cénstruction of:a-ﬁofe compatible stimulus display was
recommended., This display would show a hand with green lights
piaced,at the fingeftips, and would be‘applicable'for'all three
keyboards. The comnstruction of three stimuli for the different
keyboards was considered; each stimulus being a replica of a
keyboard. However the difficulty arose of placing a three-
dimensional keyboard display'on a two-dimensional surface, so
that the subjects can 5éé a;l thellights;‘the revised

presentation device is described later in Section 3.3.3.

3.1.5.3 The Experimental Environment:

It is imperative with a reaction time study to ensure that
"the subjects'have a quiet, non-distracting sefting for the
. experiment. Suggestions included placing a screen between the
experimehﬁer and subject to minimize the distraction. The
subjgctgl ability to' concentrate also affects the length of
the experiment. It was concluded that three trials for each
keyboard withAa break after the second keyboard provided a
sagis{actory'length for tﬁe experiment of approximately 45-50

minutes.
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Due to the amount of work generated by the study it was
found necessary to have two experimenters, one controlling the

experiment and the other collecting the results.

3.1.5.4 Problem Areas ;

In this experiment,'ihe appearance of the stimulus was
controlled by the author. Previous reaction time studies have
been self-paced, that-is, when the subjecte have released the
keys, the next stimulus pattern has appeared. It is important
therefore to try and maintain a constant period of time between
each key-pressing. The pilot study deeermined.the time that
was suitable between the appearance of the warning light and
the stimulﬁs lights. This time must be suitably short to prevent

the subject becoming bored and his/her attention wandering.

The:otherlpoteﬂtial problem area was concerned with
simultaneous pressing of keys. Seibel (1362) allowed 0.1
secbnds:in"whieh to press all the keys, otherwise an error was
registered. It woisld be useful to incorporate. such a system

into the present apparatus and this was done (see later description).

A group of subjects having a wide variation in their ages
was.delibetately.chOSen:for this pilot stugy. Fiye subjects
- Were oyer. thlxty-flye years, and it was noted that reaction times
increased w1th age as the flex1b111ty of the joints decreases.
Therefore, conSLderatlon should be glven to the age-group of

subjects selected for the main study.

It was evident from the pilot: data that there was a
considerable learning effect between ‘the fxrst and third trials.
This- coupled with the effects of transfer between keyboards
suggests that 'repeated measures' might'not be the coptimum

experimental design.
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3.1.6 Conclusions

The following conclusions were reached after the first

pilot study:

(e)

{a) The three keyboargs should be further modified and
more appropriate’keys should be found. '

(b) Due to the learning effect present when using the
keyboards, the éxperimental'ﬁod21 for the main study
should .be ‘reconsidered,

(p)iData generated from this study were not analysed
.statlstlcallyy because of problems experienced with
the equipment resulting in missing data.

(d) An-upper age 1imit for subjects (for example, thirty-

fiye yeayrs) should be defined. ‘

i

It would be more approprlate to COmputerlse the
system.. This would eliminate the need’ for two
experimenters, standardise the time between the
stimulus patterns, and overéome.the problem of non-

simultaneous pressing of keys.

Pilot Study II

The changes which resulted from the first pilot study

were implemented. The manual system was replaced by a PDP-11

computer and the experimental design of the experiment was

altered. Pilot Sfudy II employed four individuals, who

essentially tested out the ehuipment and experimental

procedure for the author. The aims of this second pilot study

were:

(a)'To ensure the smooth runniﬁg of the computer and
associated apparatus.
(b) To allow the author practice in giving verbal

instructions and running the experiment.

(¢}’ To-make any -necessary final changes before the

" main study began.
(d) To study the learning effect by providing some
dummy data for statistical analysis.
(e) To certify that the electronic problems e%perienced

with keyboard 2 in Pilot Study I had been rectified.
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Pilot Study II was successfully conducted and allowed the author
practice in setting up and running the experiment. No major changes

~ weré made and it was concluded that the main study could begin.

The Main Study )
3.3.1 Experimental Design’

Pilot Study I employed a 2-way block design, which resulted
in every subject being tested on each keyboard. It was decided
that an ‘'independent éubjects desigp'.should be used for the
main study in preference to 'repéated measures'. Poulton '
(1969, 1973) suggested if the same individuals.work with all
the pigces of equipment in a balanced order, the results may be
biased by hiﬂdgn asymmetrical transfer effects. Therefore
performance in the second trial benéfits or suffers from what
was léaxned during the first trial. This is overcome by only
testing.subjects.oﬂ'one.keyboard. Therefore it was decided to

test ten different individuals on each keyboard.

Subjects can be allocated to the three keyboard groups
in two ways. This can be carried out by a pre-test on a "neutral’
keyboard with high and low scorers being eyenly distributed
across the three groups, or by rgndom allocation. The use of
a pre~test in this ;itdation might also introduce transfer
effects,-ana because the subject pool is being artificially
created, this might affect the sensitivity of the findings.
It was decided therefore ﬁo'assign each of the thirty subjects
at random to oune of-ﬁhe three keyboards. This was carried out

using random number tables (Snedecor and Cochran, 1967).

3.3.2 Selection of Subjects

Reaction times are kmown to be influenced by experience,
sex- and age (Andreas, 1972). Thus it was decided that thirty
‘naive individuals (fifteen females and fifteen males) who had
not paiticipated in the pilot studies, and were between the
;agés oﬁ:twenty and thirty—-five years of age, should be selected

for the experiment,
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Potential subjects were questioned about their background, because
piano-players and typists would be at an advantage in an experiment
of this nature and hence were not selected (Klemmer, 1958).

These pre-test questions are shown in Appendix A7-3.

3.3.3 Description of Eq_;pment

One of the conclusions from Pilot Study I was to utilise
the facilities provided by the Department's PDP-11 computer.

The following experimental set—up was impleﬁented.

A display board was constructed show1ng the outline of a
whlte hand on a matt black background. Green 11ghts were present
on the flngertlps and the red warning light * was positioned three

centimetres above this display.

EXPERIMENTER
PRINTER PDP-11 RED STIMULUS
) COMPUTER LIGHT | DISPLAY
RESPONSE | SUBJECT
KEYBOARD

- 1§

‘Figure 7.4; Diagrammatic Representation of thé Apparatus

K

The stimulus display, the red warning light and the response
keyboard were located in a small experimeﬁcal psychology cubicle
away from the computer room. This windowless cubicle was quiet,
had few distractions, and little extraneous noise. The author
cont;olled the experiment from the computer room and was
concealed from the subjects. The level of lighting in this
cubicle was kept constant since environmental illumination
conditions have been shown to influence response times (Andreas,
1972). '

_* A red cue light has been recommended by John (1969) and Green,
"Sime and Guest (1972) for use as a warning signal in reaction

time experiments.

J e .




152

The three response keyboards used in Pilot Study II and
the Main Study are shown in Appendix A7-4.

3.3.4 Experimental Procedure

Upon arrival at the psychology cubicle, subjects were
presented with the keyboaré which they were to use. This
choice was pre—determined by the random number tables.
Subjects were told that they could operate the keyboard either
on the desk-top (height = 70 cms.) or held in the.hand.
The emphasis was always placed on a relaxed, comfortable sitting
and keying position. A padded Ehair with wooden arms . (height

of seat of chair = 46 cms.) was provided for this purpose.

It was then explained to the subject that-a pattern of
green lights on the stimulus display would be illuminated and
he/she should respond as quickly and accurately as possible
by pressing the identical combination of keys on his/her
keyboard. Subjects were told to watch the red light positioned
directly above the stimulus display as this indicated that
there would be two seconds until the green lights appeared.
The author later found out that this time lag was recommended
by Fitts -and Pearson (1964). - The green lights faded as soon
as the subjects résponded and the signal fqr the next chord
combination to be generated was provided by releasing the
_green keys on the response keyboard. A pr&nted set of instructions
(which,the author memorised)” was used in qrder to standardise
this procedure (see Appendix A 7-5). r'

The emphasis ﬁas placed on both speed and accuracy.
Howell .and Kreidler (1963) studied the trade—off between
speed and accuracy and found that reaétion time results we;é
influenced by the experimental instructions., They investigated
three conditions: conditions one and two stressed speed and
accuracy respectively wﬁile the third condition placed emphasis

on'both.




They found that the data generated by the three groups of

‘individuals corresponded to the type of instructions provided.

Thirty-one chords are available on a 5—kéy chord keyboard
and the subjects worked through nine trials of thirty-—omne key
pressings. The order of pfésentation of the chords was-
determined at random, and differed for every trial and
every subject. No feedback (other than self-detection of
errors) was provided. There were two main reasons for this.

It was found from tﬁe pilot studies th;tAindividuals make very
few incorrect keypressings. Errors were in the. region of one
to two per triél of thirty-one chords, and hence it was
surmised that an eléborate feedback mechanism was unnecessary.
It was also anticipated that showing the correct combination of
lights either on the stimulus display or a second display
would merely add coﬁfusion to an experiment which relied on

alertness and simplicity.

Tﬁo hundred and seventy-niné responses per subject

constituted an expgriment which was suitably sﬁort to avoid

the subjects becoming bored. It was intgnded to provide a
short break of a few minutes after the first trial in order

to sort out any problems and again after the third and sixth
trials. It was anticipated that the last three trials would

be used in the’ statistical analysis. However when the learning
curve of the group means was plotted for the nine trials, it
was decided to use trials 4, 5, 7, 8 and 9 in the statistical

analysis.

Data from trial 6 were omitted-because of the relatively
high response times, which were probably due to fatigue.

See ‘Figure 7.5 in Section 4.

At the end of the experiment subjects were questioned

about the keyboard (see Appendix A.7-6).
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3.3.5 Data Analysis

Regponse times and keying efrors were stored on a floppy
disc in the PDP-11 and then transferred to the University's
1900 computer for analysis (Dixdn, 1970). A hard copy printout
allowed visual inspection of the results. The data were
suitable for a 'three way/énalysis of variance with replications’
statistical test (Winer, 1971). This was performed using
the GENSTAT analysis of variance (ANOVA) statistical package.
Error scores for the three keyboards were aﬁalysed using the
OMNIBUS computer program (Meddis, 1980). This unique package
was developed by Dr. Ray Meddis of the Department of Human
Scienceg, Loughborough University, and consists of an ANOVA
_ by ranks procedure dealing with non-parametric data from a
very wide range of experimental designs. For a fuller explanatibd
see Appendix A7-10. '

A secondary aim of the experiment was to rank the thirty-
one chords according to speed of execution for each keyboard.
It was anticipated that this could be done using a simple
computer program. However, -due to time limitations, the author
carried out this part of the data analysis herself. In order
to cdntrol for undetected errofs, an independent observer
checked a random sample of the data and found no errors in

the author's work.
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RESULTS

The-objective results are shown by a graph (indicating
the learning curve for the 279 trials) and two tables. These
tables arise from the GENSTAT and-bMNIBUS statistical packages,
and indicate the results of, the speed and error analysis,
respectively. There was né statistically significant difference
between the three keyboards with regard to reaction times,
although there was a significant difference between the error

scores for the three keyboard groups.

The ranking of the thirty-one chords are shown in

Table 7.4 at the end of this' section.

The subjective data obtained from this experiment are

discussed in Section 5 of this Chapter.
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ANALYSIS OF VARIANCE

VARIATE TIME
SOURCE ' OF vmziﬁon DFQMV) 55 ss‘z: us VR
* UNITS * STRATUM
KEYBD . 2 80579 0.07. 40289 0.460  mn.s.
CHORD 30 - SE 7 38.76 1539300  17.577 sig
KEYBD * CHORD 60 718118 0.60 11969 0.137 n.s..
RESIDUAL 830(75 E 7 61.01 87572
TOTAL 922 IE 8 100. 44 129786
GRAND TOTAL : 922 1E 8 100. 44

NOTE: The data from trials 4, 5, 7, 8, 9 were used in this analysis.

S3TNE3Y VAONV IVISNAD &4l :2°f d19VL
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TABLE 7.3: The OMNIBUS Test Results on the

Error Scores

Keyboard Frequency Rank Mean
. /f ; .
1 (Hemisphere) . 50 - 68.25
2 (Cylinder) 50 80.03
3 (Box). 50 - 78.22

** Overall test for finding any effect among group means
H = 232.684 _ p<0.001

Conclusion :' There is a significant difference between
the error scores for the three keyboard

groups.

NOTE:

The data from trials 4, 5, 7, 8, 9 were used in this analysis.
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"TABLE 7.4: The Ranking of the 31 Chozds

Chord Pattern _ Response Time (M.Secs) ' Error Score
5 ‘ 1004. 97 - 0.66%
2 1005. 20 : 0.66%
i © 1008,90 0
3 1074.53 . 2.0%
4 1076.63 _ 1.33%
1 2 1077.87 o . 4.0%
1 5 1080. 43 . 2.0%
1 2 3 4 5 1091.58 22.0%
©2 3 - 1099.40 - 4.66%
2 3 4 1142.30 | 12.66%
3 4 1154.40 4. 663
4 1157.83 7.33%
L34 1162.23 - _ 21.33%
1 2 3 ©1177.40 8.0%
1 2 4 1204.74 14.0%
1 4 1223.77 . T 2,662
2 4 1230.00 - 6.0%
34 1253.30 ' 16.66%
2 5 -~ 1270.37 3.33%
1 3 - 1276.13 . | ©7.33%
1 2 5 1373.03 - , 4.66%
1 4 1393.47 7.33%
1 4 1424.37 14.0%
1 4 5 1454.27 , ‘ - 18.66%
12 4 1512.40 ' | 20.663
12 45 1612.30 | '31.33%
1-2.3 5 . 1655.30 - B | 21.33%
2 45 1656.50 T 41,332
5 1673.63 o 16.0%
2 3 . 5 - 1679.50 30.0%

1 3 5 1682.97 : -+ 19.33%
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DISCUSSION ’

Summary of Keyboard Results

The difference between the mean keying times for each
keyboard was small and not statistically significant. However
the difference between the;error scores was significant. Hence
the subjective data were dﬁosely exaﬁined.in order to find if

the subjects favoured one keyboard.

5.1.1 First Impressions of the Keyboards

The general concensus was-that'the three keyboards when
first seen were larger than expeéte&. Some individuals found
the designs satisfactory, others were indifferent, while others
complained about minor points such as the key surfaces being
slippery. A myriad of answers were emitted in response to the
question 'What do you think of. the keyboard?". Often these
réSponges were more appropriate fo the other questions and

hence will be dealt with accordingly.

5.1.2 Enjoymént of Keéyboard Operation

Several individuals enjoyed the experience of using a
chord keyboard. The expressions 'good fun' and 'very novel'’
were used to describe the‘keyboards. Fourteen of the thirty
subjects declared that they did enjoy using the ke&board, and
nine responded negétively to this question ("Did you like
using it?"). It was noticeable that more negative responses

emanated from the gfoup usiﬁg the cylindrical keyboard.

5.1.3 Ease of Operation

All the subjects apart from.one using'the hemi spherical
chord keyboard found operation of the devices easy. Several
individuals commented that it was difficult at the start of

the ‘experiment to make the appropriate key pressings, but

"this phase soon passed. Other comments included the fact

that the keys were heavy and some of the chords difficult to
form. Responses to this question showed little variation

across the three keyboard groups.
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5.1.4 The Size.and Shape of the Keyboards

Few conmments were received about the size of the
hémiépherical chord keyboard; tﬁese all requested a reduction
in size. It was concluded if the keyboard was to be used for
handheld operation, the diameter would have to be considerably
reduced. More feedback waé provided'from;the subjects concerning
the shape of the keyboard. It was suggested by four of the
ten subjects rthat the shape was deceptive because it implied .
that the user could rest his/her hand pvéf the top of the
keyboard. 1In practice it was..not possible'to maintain this
position when keying. However it was anticipated a flattened
hemisphere would permit this. This newrshape would also allow
the subjects to rest their hands and hit the keys with their

finger-tips and not the length of their fingers.

The cylindrical shape did not generate as much criticism
as the hemisphere. The general concensus was that the shape
was good but the size could be reduced. Other suggestions
included providing some support for the hand and grooves for

"

the fingers. This would be particularly advantageous for the

little finger.

Although six of the ten subjects were pleased with the
size and shape of the rectangular box, there was one major
criticigm. Originally it was intended that this design
should be based on a model of the hand in a relaxed position.
Howeveg due to the élope of the keyboard and the thumb key positioned
on the edge, which pulled the whdle hand to the left,. this design

was deemed not to be satisfactory.

5.1.5 The Position of the Keys

. There were three requests to move. the thumb key nearer
the finger keys on the heﬁisphere. It was also suggested that
the little finger key should be highér: varyiﬁg the key heights
to'be.compatible.with the length of the four fiﬁgers is a

characteristic of the Maltron keyboard.



It was also the thumb key which attracted many comments
from the users of the cylindricallkeyboard. Two subjects
suggested moving the thumb key onto the same surface as the
four finger keys. However unless a special purpose thumb
key was built this would entail hitting the key with the
side of the thumb. This ébuld become  uncomfortable after a

period of time.

‘Comments about. the rectangular box shape also focqséed
around the pqsition of the thumb_key; ‘These ranged from stating
that the thumb'kej was the "most comfortable"”, the "most
awkward! and "a bit peculiérh. The position of the licttle finger
key also came under  attack: it was suggested that this key
should be moved closer to the three finger keys to avoid

stretching.

5.1.6 The Weight of the Keyboards

There was a general concensus across the three keyboard
_ groups that the weight of fhe chord keyboards was acceptable*,
All the suggestions invdived increasing the weight in crder to
help solve the problem of the keyboard moving around on the
desk—-top. However rubber feet would help to alleviate this
occurrence. |

. . t
5.1.7 Mode of Operation

There were two main ways of positioning the keyboards.

These could be summarised as follows:— i

162

On the desk-top Resting in the lap
‘ -and supported by
 the hand.
Hemisphere o 2 subjects ' 8 subjects
Cylinder 1 subject - 9 subjects

Rectangular. Box 4 subjects ’ 6 subjects

* Total weight of the hemisphere chord keyboard = 175 grams.
Total weight of the cylinder chord keyboard = 225 grams
Total weight of the rectangular chord keyboard - @ = 300 grams.
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It could be concluded” that when given the choice,
individuals preferred-toIOperate‘the keyboard resting in
their laps and supported by the other hand. The summary of
results indicated that the rectangular box was least likely
to be positioned in the lap. This was probably due to the
bulky size of the keyboaré. '

5.1.8 Comfort of QOperation

‘Nine out of the ten individuals-using the hemispherical
chord keyboard.found it comfortable to operate. The tenth
subject said that the diameter of the hemisphere was too
wide. This could have been a purely individual comment,
since this subject could have had small hands. If this was
the case, provision will have to be made for the various

hand sizes across the population.

Similarly nine out of ten subjects in the cylindrical
chord keyboard group made positive comments about the comfort

of operation of this keyboard.

In comparison, only five individuals answered positively
when questioned about the rectangular keyboard. It could be
concluded from these results that the latter keyboard was not

comfortable to operate.

5. 1 9 Aspects of Fatigue

Seven out of the ten 1nd1v1duals using the hemlsphere
declared.that, by the end of the experiment, no. part of
their body ached. The other three subJects were sufferlng

from an assortment of achlng forearms, wrists and fingers.

. Approximately 507 of the cylindrical keyboard group
suffered from body fatigue., This included aching wrists,

the upper part of the arm and the back of the hand.

_ It could be predicted from the previous answers concerning
the rectangular keyboard that this design would result in more

fatigue,



This prediction was correct Ssince enly two individuals stated
outright that they did not suffer from any aching. Complaints
of aching covered the forearm, the wrist and the back of the -
hand.

’

5.1.10 The Stimulus Displé}

Favourable comments were receiveﬂ about the stimulus
display. One individual felt that the thumb light was too
distant from the other lights which resulted in it being on
the periphery of the visual field. Another gﬁbject commented
that by the end of the experiment he became mesmorised by the
lights flashing off and on. ‘This suggests that the number of
trials executed by the subjects was appropriate and could not

be increased.

5.1.11 Conclusions from the Subjective Data

It becomes apparent when studying the comments about the
three keyboards that the rectangular box was the Teast
preferred. This is particularly noticeable from the answers
concerning comfort of operation and fatigue. Therefore it is
concluded there would be little advantage in pursuing this
keyboard de51gn, and it was decided that this shape should be

abandoned. There was llttle difference between.the results

concerning the hemlspherlcal and. cyllndrlcal keyboards, although

the former mlght have fared sllghtly better in recelv1ng
favourable comments. The cyllndrlcal chord keyboard was more
liked during thls experiment than in the prellmlnary pilot

study described in Chapter 6.

TheAsubjective data-éﬁggeéted-éany ﬁiable‘modifications
for the keyboards. For example, the weight of the devices
shquid be,increasgd and rubber feet attached. The size of all
three keybéards should be reduced, and -the shape of the
heqispherical keyboard alte;ed by flattening the dome.
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It could be deduced from the remarks concerning this keyboard that

individuals like to rest the palm of their hands when pressing keys.

- The Maltron keyboard might have an advantage over the standard

typewriter unit for this reason,'since it provides for the heei
of the hand to rest on thefedge of the keyboard. Users of the
cylindrical keyboard requégted a hand-configured layoutnwith
grooves for the various fingers. There was an assortment of
answers concerning the position of the keys from all three
keyboard-groups. This can probably be.accounted for because

of the difference in hand sizes. It was ev1dent that. there
was a severe lack of approprlate anthropometrlc data on thlS
topic. . But' common sense suggests that more than one keyboard

for the user population would be necessary,

'Summa;ﬁ of Chord Results

The GENSTAT statistical package showed that there was a
significant difference between the times taken té form each
of the thirty-one chord patterns. Analysis of hariance tests
also demonstrated that the pattern of the chord responses did
not relate specifically to the keyboards. For this reason
and the fact that using the data from all thirty subjects
strengthened the validity of the ranking, the thirty-one
chords were. ranked using the results from all three keyboard

groups.

The ranking of the thirty-oﬁe chords showed that the
single digit chords were the fastest to execute. Individuals
also made less errors on these chords, and sﬁrprisingly no
subject 1n the three grOups made’ any errors uslng the thumb key
on its own. This result suggests that prevxous research
(Hajland, 1962; Malt, 1977) 1mp1y1ng the superiority of the
thumb over the fingers may be correct. These single digit
results are in keeping with those found by Ratz and Ritchie
(1?61) and Seibel (1962), It should be noted that direct
comparison of the results was not possible since fhere was an

unknown but constant system delay due to the PDP-11 computer.
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The Department Programmer estimated that this unavoidable time

lag would be in the region of 550 milliseconds.

‘Two and tﬁree digit chords were bunched in the middle
of the rank of thirty-one chords, while the four digit chords
were at the end. It shoulé be noted that the last four chords
were identical for Ratz and Ritchies’, Seibel's and the present
study. The last six from this experiméntal work corresponded
exactly to the last six in Ratz and Ritchies' study. The litle
finger featured in all six chords, while the middle finger
appeared in four of these and the ring finger_in therother'two
ﬁhords. Thié‘suggests that the execution of a ﬁhord invelving
the mid&le and little fingers (that is, chord 3, 5) is one of
the most difficult. It should be noted that chord 3 5 is among
this end group of chords. The other difficult move is to place
the index, riﬁg aﬁd little fingers (that is, chord 23 5) down
at the same time. Again, this chord (23 5) appears in the
penultimate positiom in the cherd rank table. - Siﬁilarly it could
be predicted that the-chord 1 3 5 would create problems for
the user. A study of the experimental findings demonstrates that
this was the most difficult chord to execute. Seibel's four
subjects also supported this conclusion by placing chord 1 3 5

in the penultimate position.

A strong"correlation was found between the time and
error scores (Spearman's Rank Correlation — 0°74). The chord
pattefn that éas conducive to‘most errors was 2 45, with
a 41°+33Z% grro£ rate. The problem appeérs to emanate from the
index and the ring fingers which are difficult to use without
the intervention of the middle digit.” Hence chords. 2 .45, and
12 45 appeared in the last six on the chord rank table. Chords
2 4 and 12 4 were found to be easier to execute although they

appeared in the latter half of the ranking.
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5.3 Criticisms of the Experiment

Several of the subjects commented at the end of the
exﬁeriment that the task became tedious and slow as they became
more skilled at pressing the combinations of keys. In retrospect,
it would probably havé beeg a worthwhile exercise to modify
the computer program so tHat the preéentatioﬁ of 'light" chords
was faster towards the end of the nine trials. A more exfensive
pilot study would have detefmined by how much the two second
interval would have to be reduced. Another area which warrants
consideration is that of feedback. The provision of 'knowledge
of results' for the subjects migﬁt have relieved the tedium of
the experiméﬁt besides encouraging greater speeds. However the
actual mechanism for providing the feedback would have to be
determined by pilot studies. A further modification to this
experiment would be to change the spacing of the breaks through-
out the nine trials. It emerged during the experimental period
that two individuals were predicting the single digit chords
in the groups éf thirty-one. This problem could very easily be

solved by grouping the chords across two or three trials.

It was apparent from the subjective comments that the
keys on the chord keyboards were far from ideal, although
Galanter and Owens (1974) had concluded that modest changes in
the design of a response key are an irrelevant variable in
reaction time experxments. However the author was aware of thlS
problem before the models were built and was unable to improve
the choice of key-switch withiﬁ the limits of availability,
finance and time. The major criticism was that the switches
were too heavy, although they were adequate for the purposes of
this expefiment. The location of dppropriate switches is a
problem experienced by other keyboard designers and it is
becoming gvident_tﬁat keys will have to be specifically designed
and built, ' '

.The final criticism of this experiment concerned the
questioné asked at the end of the nine trials. In retrospect,
it might have been more advantageous to structure these questions
in the form of -'attitudes’ scales: this would havelresulted in

more accurate subjective data being obtaimed.
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5.4 Implications of the Experimental Findings

Several minor criticisms of this experimental study have
been discussed. However the original hypotheses were
successfully investigated, which resulted in the following
findings. It was apparent;from the objective and subjective
data that the hemisphericél and cylindrical chora keybdards were
superior to the rectangular box desigq; Small modifications such

as the addition of rubber feet would be a beneficial exercise.

"An interesting finding was that more subjects from the

¢ylindrical keyboard group enjoyed using the device than the

other  two groups. There is no apparent explanation for this.

It could be concluded from this experimental study that the
hemispherical and cylindrical designs warrant further inﬁestigation
and that the rectangular box shape has little potential as a

chord keying device. However if a choice has to be made between the
hemisphere and the cylindér, the former would be selected.

The overall impression gained by the.author from the subjective

data favoured the hemisphere, especially the replies to the
questions on fatigue.- The error data also clearly supported

the choice of the hemisphere.
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6, CONCLUSIONS

The

following conclusions were reached from this

experimental study:

(a)

Objective performance measures showed no
‘7 . .
significant differences for the response times.

The error scores showed a significant difference

~ between the three keyboards, which favoured the

®

(c}

(d)

(e)

hemisphere.

The épbjective data demonstfated a preference
for.the‘hemispherical chord keyboard. Therefore

it is recommended that the cylindriéal and rectangular
box designs should be discarded.

Statistical analysis revealed thatlthe chords did

not relate specifically to the design of the keyboard.
Single digit chords had the fastest response times,
while four digit chords were positioned at the end of
the chord rank chart. These results corresponded to
Ratz and Ritchieés' and Seibel's findings.

A good correlation wasrcalcuiated between response
times and error scores, namely those chords which

were fastest to execute had the lowest error scores.



CHAPTER 8

A STUDY OF THE COGNLTEVE ASPECTS OF CHORD KEYING




INTRODUCTION

It has already been discussed in Chapter 5 Section 5
that, when designing-a chord keyboard for general use, there
are two main problem areas to be resolved: namely, the fact
that the individual has to,learn and to remember the various
chords in order to be ablé:to operate the device, and the N

determination of the allocation of chords to alphanumerics.

The first area is concerned with‘learning the chord
patterns in relation to the.alphanumeric symbcls to be keyed.
This is where the chord keyboard might have its greatest
disadvantage for general use. It is important therefore to
discover how individuals learn the different chords in order

to incorporate these findings into an optimal system.

Chapter 7 described an investigation into the motor aspects

of chord keying, and one of the findings from this study was

the ranking of the thirty-one.chord patterns according to speed
of execution. If only motor aspects are to be considered when
allocating chord patterns 'to alphanumerics, the more frequently
occurring letters of the alphabet would be given to the 'faster’
chord patterns. However there is an alternative method for
determining the allocation of chords to alphanumerics. This
would be. to allocate those chord patterns which are easiest to

learn to the most frequent letters in English text.

The merits of these two bases fo? allocating choxrds to
alphanumerics has yet to be determined and a combination of
both might proye the most suitable. This problem is discussed
in Section 3.2.4 of Chaptei‘lo. It ﬁas concluded to be
worthwhile to rank the thirty-one chords according-to ease of
learning. The experimental work on this topic is described in

this Chapter.
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BRIEF REVIEW OF THE RELEVANT LITERATURE

Since several chord keyboards have been developed, the

problems already discussed must have arisen and attempts been made

to overcome them by keiboard designers. One of the first
individuals to create a 'working' chord keyboard was Levy in
1955. He apparently seemeé unaware of the human factors
problems and not illogically used.the binary code as the basis

for his keyboard (see Figure 8.1).

For example:4

A 10000 N 01110
B 01000 0 11110
c 11000 P cooo1l
D 00100 Q 10001
E 10100 R 01001
F 01100 s 11001
G 11100 T 00101
H 00010 U 10101
1 10010 v 01101
J 01010 W 11101
K 11010 X 00011
L 00110. Y 10011
M 10110 'z 01011
S

Figure ‘8.1: Levy's Allocation of Chords to Letters
NOIE: _
The digits of the left hand are indicated. If the
right hand had to type the letters, the equivalent
fingers would be used (that is, thumb for. thumb).

For further clarification, see Page 96.

Klemmer {1958) comsidering a 10-key chord keyboard
allotted the most frequently occurring letters to single keys, while
the other characters were represented by depressing two of the

ten keys.
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However he does not'justify this approach and presumably it
was based on his own instinctual logié. A year later,
Lockhead and Klemmer experimented with a different chord
keyboard which allowed the entry of 100 common words with

a single chord keypress. ?his keyboard was probably the
precursor for the IBM chord keyboard developed in the seventies.
Neither the 1959 nor the 1978 IBM-chord keyboards have been
developed by individuals who have justifiéd their designs with
practical research. Rochester et al. (1978) stated that the
letters were arranged on the dimples in order to optimise the
average numbgr of characters produced per chord for English
text. No further support or reason was provided. A similar
situation exists with the recently marketed Writehander and

Microwriter chord kéyboards.

It has already been established that some chords are
physically more difficult to execute than others. Therefore
it is logical to give easier chords to the more common letters
of the English alphabet. The designers of the Writehander
tried to strike a balance between this and laying out the

chords and their combinations in a systematic way in order to

facilitate remembering them (R.D. Owens — Personal Communication).

This is demonstrated in their chart showing.the ASCII code and
the corresponding position requirements of the digits. See

Figure 8.2 . The Writehander has eight keys for the thumb to

operate and one key for each finger. Hence there are eight possible,

positions for the thumb and only- two for each finger, namely,
when theJkey is depressed and when it’'is not. The chart shown
in Figure 8.2 shows the thumb key and the corresponding fingér
keys, which need‘to be preééed in of&e; tb‘genefhte the ASCII

code, alphanumeric characters, etc.

It becomes apparent when studying this chart that the
designers  of the Writehander placed more emphasis on the
cognitive aspects of chord keying than the physical difficulties

of making the various chord patterns.

173



THUMB KEYS FINGER POSITIONS
1 2 3 4 5 e 7|8 1 2 3 4
NUL DLE 0 SP N @ P
SOH | DCI 1 ! a A Q .
STX DC2 2. " B R
ETX pC3 3 Y c s C S °
EOT DC& 4 $ d t D T °
ENQ NAK 5 % e u E U o 0
ACK SYN 6 & F v 0
BEL ETB 7 g | w G | W . o o
BS | CAN 8 ( h | x | H | X .
HT 1 EM 9 ) i y I Y . ®
LF ' SUB ' K j. | = J z (]
VT ESC : + -k ( K L (Y Y
FF FS < 1 ; L \ . .
CR GS = m ) M {2 ® ° .
50 RS > n |~ |N |V * o o
SI Us g / o [DEL | O - 0 ] (] ]

. ® indicates the key
is depressed.

Figure 8.2: Chart of ASCII Code and Corresponding Finger and Thumb Positions

Lman sl o 13wd o o o 1 o

L7A
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<3l Tyl s[4 7 4]
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Ne)
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€

Figure 8.3: Endfield's Mnemonic Chart




2.1

Unfortunately the only evaluation of this keyboard has been

carried out by the Post Office who are unwilling to disclose

‘the results. It could be hypothesised that individuals would

learn the alphanumeric chord combinations relatively easily
when laid out in this way.
;

The inventor of the Miprowxiter_églécted a different
approach to the learning problem by frying to design mnemonics.
Endfield (1978) has chosen combinations of keys that he claims
are easy to remember making the shape of the letters cut of
the five keys (see Figure.8.3). Like the Writehander, the
more common letters are alloﬁated easier Ehords, but some
mnemonics, for example, F, M and Q are not particularly

representative of their letters.

Experimental Proposals

It was concluded from the review of the literature that this
area of chord keying is little researched and no substantiated
plan for allocating chords has been proved. Therefore, an
experiment was planned to find the chords which were easiest
to learn, so that they could be assigned to the most frequently
used letters of the English alphabet. The subjects’ task was
to learn abstract éssoqiations between alphanumerics and their
randomly allocated chord cdmbinations. At the end of the
experiment, sub;ects were closely questioned on how they had
learned the chords and what memory alds (if any) they had
used. It was envisaged .that this b331c research into chord
keying would help to overcome the two problem areas already
mentioned. Surprisingly, no research of th1s nature has been
carried out, but this could be 1nterpreted as merely reflecting

the embryonic state of the art concerning chord keyboards.

The reasons for carrylng out the proposed experimental

work could be summarised as follows:—

(a) The cognitive aspects of chord keying should
not be overlooked; because they play an important
part in the operation of a chord keyboard.

(b) The optimal system for assigning chords to

alphanumerics needs to be located.
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(o)

(d)

177

To study some 6f'the_approaches that have already

been taken, for example, Endfield's.mnemonics chart.
There is a need toofind'out if flexible memory retention
aids decrease the learning time of chord codes, so that
they can be incorporated into the system if found to be

. . / :
beneficial. ’ :
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3. METHODOLOGY

3.1 Pilot Study
3.1.1 Introduction

There are thirty-one possible chords that can be executed
by one hand, that is, fivejdigits, see Figure 8.4. In order
to keep this variable of éﬁirty—one chords constant, it was
proposed to teach subjects a chord for each of the twenty-six

- letters of the alphabet and five numerals. The chord combinations

were randomly assigned to the alphanumerics so that each subject
received a different set; this reduced the effect of some chords
being learned more quickly because the chord combinations had a
special association with thelletter, for example, the letter
'A' and the ring'fiqger -~ A4 (paper), or 'P' and the ring and
little fingers - P45 (a form). The ten subjects (five females
and five males, having a wide variation in ages from twenty to
sixty years) were presented with the chords via a tachistoscope
and in a random order. All alphanumeric eombinatiOns appeared
for a fixed amount of time (that is, six seconds). See Appendix

A8-1 for an example of a tachistoscope card.

After the subject had been shown the alphanumerics and
the corresponding codes, the procedure was repeated but with
only the alphammeric aﬁpearing. The subject was asked to

" complete the assoclated code verbally; he/she was then shown
the correct chord combination. This experimental procedure
contInued until all the chprd codes had been successfully
identified;, Each time the subject worked through the list of
alphanumeiics, this constituted one trial. A random order of
presentation of the list was used for each successive trial to

prevent the influence of order effects on 1earn1ng

It was hoped that repeated randomization (that is, of
‘alphanumerlcs to choxds, and to subjects) minimised the effects
of bias in the experlment. The Prime computer was used to

_ generate random numbers for the study.
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By combining the group results, it was possible to rank the .
chord codes accordlng to the number of trials that were needed
until the subjects had successfully learned all the cheord
combinations.

f

Assignment/bf Codesxto Chords

16

0O 00000 00001
1. 10000 17 10001
2 01000 18 01001

'3 11000 19 11001
4 ©00100 20 00101
5 10100 21 10101
6 01100 22 01101
7 11100 - 23 11101
8 00010 24 00011
9 10010 25 10011

10 01010 26 01011

11 11010 27 11011

12 00110 28 - 00111

13 10110 29 10111

14 .01110 30 01111

15 11110 31 11111

Figure 8.4: Chord Combinations Available with
"‘a 5-key Choxd Kéyboard

.3.1.2 Results

It was realised before the start of the experiment that
it would not be possible for the majority of the general population
to learn thlrty-one chord combinations without a great deal of
hardship. So the p110t study used groups of ten flfteen and
sixteen chord combinations (some 1nd1v1dual$ learned fifteen

and some sixteen because fifteen and sixteen total thirty-one).
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It was found that there was little difference between the
times taken to.léarn the group of ten chords and the group of
- sixteen. All subjects completed the leérning session 1in nine
trials. It was not felt necessary at this stage to carry out
a closer analysis of the resgults data.

;
3.1.3 Discussion

3.1.3.1 The Aims of the Pilot Study

One of the main reasons for running the pilot study was
to locate any problems in the experimental procedure. At the
start of the_experiment, the Subjécts were'given the background
to the study and instructions about what they had to do. Two
points arose from this: it was not emphasised eﬁough that
subjécts had to make a conscious effort to learn the code
assignments — this was probably due to the fact that the
- author was trying to avoid discouraging the subjects, and
secondly, it was not made clear that there was no logical association
between the alphanumerics and thé chords. Some subjects throughout
the first few trials were desperately looking for an association.

hinsrtal Lol Be )
a of the subjects' reactis

th

3
1
0
(©
£
{®
H

A pattern be
After the first trial, subjects were thoroughly confused but still
willing to continue. . By theVSecond and third trials, they were
becoming despondent and would start making excuses to justify

" why they could not remember the chord combinations. A trial was
then—reached_wﬁéreby they remaﬁbered several chord combinations,
and quite Quickly after this; they would learn the complete

list. At the end of the_experiment,‘thé subjects were pleased
with their performance and satisfied with the experiment. It was
decided that the criterion for completing the experiment was to
identify successfully all the chord combinations on two successive

occadiong.

It could be concluded from the pilot study that the experimental
procedure ‘was a feasible proposition and would achieve what the

study aimed to discover.



3.1.3.2 Length of the Experiment

It has already been stated that it is not realistic to
expect subjects to learn thirty-one chord combinations.
Thefefore, it was anticipated that the pilot study would help
to determine the length of the experiment. When subjects
were given sixteen chord d;mbinations_to learn, they did this
in thirty to forty minutes. In view of the subjects'
attitudes and feelings of despondencyiduring the experiment,
it was felg sixteen chords were the maximum that could be
used. The author was very reluctant to increase the average
time span of thirty to forty minutes, becéuse_Ehe_concentration
needed ﬁﬁr a learning experiment cannot be sustained for
much longer than half an hour. There was the added problem
of low motivation; subjects volunteering for this study had
little incentive to complete the task. However, this could

partly be overcome.by financial encouragement.

3.1.3.3 Selection of Subjects

It was neceséary for this experiment to obtain individuals
who were neither bhrilliant nor inept at learnin
subject who could learn the associations in one trial would be
useless with regard to this experiment and likewise the
individual wha dould never learn the list of chord combinations.
However, the information providéd by the latter subject might
indicate some trends. A.population Df;individuals who learned
the task in a similar time was requireq for this experiment,
A person who spent an abhormally long éeriod of time learning
the associations would distort the average results for the whole

group.

It was relatively easy to locate variables that'affected
learning time, but this experiment was particularly interested
in’tﬁe pattern of learning and hence it was more difficult to
decide upon influencing experimental variables. A random sample

of the general population was~testedl Age and sex variables

were taken into account in order to avoid using a biased sample of

subjects,
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3.2

3.1.4 Conclusions

The following conclusions were reached from the pilot

study:-

(a)

(b)

(c)

(d)

(e)

(£)

(gi

Sixteen chord-code alphanumeric associations

should be.preseh;éd to each subject.

It was decided to modify the diagrammatic
represeﬁtation of the chord pattern as shown on

the tachistoscope card (Appeﬁdix A8-1). The
chordhwgé to be shown solely'by the numbers, thus
reduéing tﬁe amouht of unnecessary 'cognitive clutter'
introduced by the hand and shaded fiﬁgertips.

If a subject cannot complete the learning of the list
of codes, his/her results will be discarded.

Although this implies that. the allocation of chord
codes may be determined bﬁ the more skilled members
of the population, it was hoped that such an event
would not occur. )

A fipancial incentive should be offered to the
subjects due to the relatively boring, taxing and
unrewarding nature of the task.

Subjects would be randomly selected from the general
popﬁlation taking into account sex and age variables.
An upper age limit of fifty years was applied to

subjécts .because of the decrease in the power of the

memory with old.age.

The problem of deciding upon othér variables that

affect the pattern of learning remains unsolved.

Subjects would be verbally examined on how they learned

the chord combinations - this was for future

reference on a follow-up experiment.

’

The Main Study

3.2.1 Experimental Deéigg

.

tachistosbope cards showing randomly associated alphanumerics and
chords to the sﬁbjects.

to learn and no repetitions of .these combinations occurred.

~ It was concluded from the pilot study to present.sixteen

to reduce the effect of 'special associations'.

This was

182

Each subject had a unique set of associations
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An alternative experimental deéign was to let subjects return
on a seconﬂ occasion and learn the remaining fifteen associations.
This design was not chosen because of the learning effect and
the practical difficulties of experimenting with subjects'on two
different occasions. . .

/':/

3.2.2 Selection of Subjects

Thirty subjects (fifteen femalesjand fifteen males)
participated in this experiment. The age of tﬁe subjects ranged
from fwenty to forty-seven years,.and they were located by
advertising in a monthly ﬁniversity publication. Subjects who
volunteered for the study came from.a variety of semi-professional and
professional backgrounds ranging from teachers and computer
programmers to technicians énd nurses. Although the group was
diverse in this respect, the common factor that linked the
subjects was thaﬁ the majority had ﬁndergone specialised training.
No undergraduates were used and a minimum number of graduates. -

It was intended that the subject pool. should emulate the predicted
user population of the chord keyboard as fully as possible. A

description of the thirty subjects is given in Appendix A8-5.

3.2.3 Description of Equipment

Plain white cards showing the alphanumeric and its associated
chord pattern (see example in Appendix A8-2) were presented to the
subjects. The'rﬁasons behind expressing the pictoriai concept of
the chord ﬁatterns in this wéy are described in the pilot study.

A ;achistéscope was chosen to present the chords for two
main reasons. It directed attention towards the learning task
and away from the author, and it aIleed'the cards to be exposed

to the subjects for a constant fixed amount of time. .

3.2.4 Experimental Procedure’

At the start of the experiment, subjects were briefed about
what was required of them. The procedure waé standardised
(see Appendix A8-4 'Verbal Instructions to Subjects'). The
objectives of the study were explained and it was stressed that

they should try and learn the associations as quickly as possible;



but not to be concerned if they were slow at learning, because
it was the pattern of learning and not the speed that the
experimenter was interested in. From the pilot study, it had
been concluded that sixteen cards could not bg learned
immediately, but most individuals had learned them after eight
experimental trials. Subjéﬁts were constantly encouraged

throughout the experiment, regardless of their ability.

Initially, tachistoscopic cards showing the alphanumeric

and chord pattern were presented singly to the subjects. Subjects

had been instructed to concentrate on the association, and were

told that the general feeling after viewﬁng all sixteen would be

of total confusion and lack of confidence that ﬁhey would ever

complete the experiment. The next time through the list, subjects

were asked if they knew the correépqndiﬁg chord. This.

- constituted the first trial. The experiment continued until all

sixteen alphanumeric chord associations had been correctly

identified on two consecutive trials.

At the end of the experiment, the subjects were closecly
questioned about how they had learned the pairs of alphanumeric
and chord patterns. They recéived a nominal payment to
compensate for the low level of motivation associated with an

experiment of this nature.-

Eight subjects were unaware that they would be approached
approximately a week later and asked to recall as many of the
chord patterns as possible. They were provided with a list of
alphanumeriés to help them do this. This 'long term memory'
study was essentially an exploratory exercise to find out how

many of the chord patterns could be recalled.

3.2.5 Data Analysis

One -of the objectives of the experiment was to rank the

thirty-one chord patterns according to ease of learning.

"Therefore extensive statistical analysis was not appropriate for

the data generated.

184



The chords were ranked according to ease of .learning and
the OMNIBUS computer program (Meddis, 1980) was used to detect
any significaﬁt'differences between the times taken to learn
the various chord patterns (that is, the one, two, three, four
and five digit chords). _ -

The results of the secbnd part of the experiment on how
individuals learned the alphanumeric chord combinations were

examined by content analysis.
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RESULTS

The results are shown by a series of t;bles. Tables 8.1 and
8+2 demonstrate the thirfy-one chords ranked according to ease
of learning for the first five trials and all the trials,
respectively. The correlation between these fwo chord rank

!

charts was 0-93. s

Table 8.3 shows the results of the OMNIBUS test on the
times taken to learn one, two, three, four and five digit chords.
It was concluded that there was a statistically significant

difference in the times taken to learn these various chord patterns.

The final table in this Section indicates the results
obtained from the 'long term memory' study. The subjective data
collected during the experiment are discussed in Section 5 of

this Chapter.
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TABLE 8.1
The Chord Rank Chart

CHORD PATTERN MEAN NUMBER OF TRIALS*

1 ~1.80
2 y, : ) 1.89

4 2.06

1 2 3 4 S ‘ 2.06
' 2.21
3 4 5 ' 2.64

1 3 . 2.69.
3 : 2,75

1 2 2.78
1 2 3 . - 3.00
3.07
3.53
3.66
3.71
3.71

3,72

-

3.73
3.77
2 3 : 3.82
3.86
3.87
3.94
4,00
4.00
4.06
2 3 4 . L 4,12

4.25

4.26
2 3 5 4.27
_ 4.50
2 4 5 4.53

NN RN
Lo
~ e e

[ ]
L R RV Y Y Y ) n L oW

o

* using first five trials,
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« TABLE 8.2
~ The Chord Rank Chart

CHORD PATTERN ' MEAN NUMBER OF TRIALS*

1 . 1.80
2 - ' 1.89

1 2 3 4 5 - 2.06

2.21

_ 2,24

5 . ' 2.64

1 3 . _ - 2.71-

' 2.75

1 2 " 2.85

1 4 3.06

1 2 3 : 3.07

' 4 o 3.53

1 : 5 . 3.80

2 4 '3.82

3 5 ' 3.94

12 5 4.00

2 3 5 4.07

1 2 5 4.11

6 5 4.12

1 3 5;- 4.14
1 3 4 5 4.18

2 5- _ © 4,23

1 3 4 i  4.23
2 3 5 _ 4,25

2 3 4 . 4.26

1 2 3 4.35

2 3 4.36
12 4 5.00 "

2 55 © 5,14

L1 4 5 ' 5.33

1 2 3 5 5.35

* pysing all trials.

NOTE :
The correlation between the two chord rank charts was 0-93
{Spearman's Rank Correlation test - Siegel, 1956)
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TABLE 8.3: The OMNIBUS Test Results

on the Time Taken to Learn One, Two, Three, Four & Five Digit Chords

Chord Pattern Frequency ' Rank Mean'
1 digit 5 4
2 digits 10 14.85
3 digits 10 T 21.35
4 digits L 5 22.20

5 digits ' 1 -3

**% Qverall test for finding any effect among the group means

H = 16.705 p = 0.003

Conclusion: There is a significant difference .
between the times taken to learn one, two, three,

four and five digit chords.



TABLE 8.4

Long Term Memory Results

SUBJECT 6 SUBJECT 7 / SUBJECT 8 SUBJECT 9
CODE RESPONSE| CODE RESPONSE | CODE |[. RESPONSE CbDE RESPONSE
134 |12 4 245| 235 v 4 4

s v 1245 | 1235 | 24 - 23 5 v
2 45 v liss) - 3. v 13 v
1 4 v 4 v . 35 32 |7 s v
2 4 34 123451 - 12 45 v 135 v
23 5 v 23 5 - |12 - |1 v
2 v 12 4 - 1 34 2 4 345 v

5| v 2 5| - 1 45| 135 1 34 v/
12 5 v 2345 - 4 v 14 v
1 45 |1 34 1234 - 1 v 2365 |V

35 v 34 - 1 os{ Y 123. [\ 7
2 5|1 s 234 - 2 5| 2 12 45 /

45 v 45 v 12345 v 12345 v
123 v 23 - A 35 2 45 v
13 v |1 s v 12 4 v 1235 | 1 345
234 v 3465 | 135 1234 | 1 34 1345 {1235

KEf;

v represents a 'correct response'’

- represents 'no response'.
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TABLE 8.4 (Contd.)

SUBJECT 11 SUBJECT 13 SUBJECT 14 SUBJECT 15
CODE |RESPONSE| CODE |RESPONSE| CODE [RESPONSE| CODE |RESPONSE
12 4 v [13s)] v 12 5 < l1as| v
1 345 - 12345 v 13 |[13s5 3 v
1234 - 2 45 - 3 v 35 v
35 v 12 4 v 12 4 = 5 v
4 - 351 « 5 v 12 5 v/
34 - 2 v 45 v 12345 v
12 5| 2 5 |13 - 345 v 123 5 v
1 45 - 123 5 v 2345 - 234 v
1 S - 1 v 13 v 1234, v
3 v 12 45 { 123 5 2 4 v 1 345 v
2 45 - 4 v 23 2 7] 123 v
2 4 - 35 v 1 4 v 34 v
12 123 12 - 34 2 4 135 v
23 5 - 12 5 v 2 v 2 45 v
1 34 v 234 2345 35 v 12 v
1 v 345 - 12345 v 345 v
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DISCUSSION
Implications of the Chord Rank Chart

All subjects completed the task of_léarning sixteen
alphanuﬁeric chord combinations. The mean number of trials for
the group was 75, with a range of five to ten trials. There
appeared to be little différence (0*3 trials) between the

performance of males and females.

The data were analysed and ranked accofding to two different
methods. Since three éubjects had successfuily identified the
chord patterns twice by thé fifth trial, it was decided to use
this as a cut-off point and only study the daté generated in the
first six trials. It was anticipafed that this method would
avoid biasing some'chord patterns which by chance had beén
allocated to sloﬁ_learners..‘One of_the drawbacks of this method
was that even if a éhorﬂ had not been successfully idgntified
by the ninth trial, it would still be counted as if it.had been
learned by the sixth trial. The résults using this method are

shown in Table 8.1

The second method of analysis was to take all the data

~ generated into account and Table 8.2 shows these results. It

should be noted that it is the chords towards the bottom of
the rank charxt which change position, namely those which took
longer than foﬁr trials to learn. Nevertheless there was a
strong correlation (0-93) between the two sets of data derived

using different methods.

Several generalisations can be made from the results
tables. The single digit chords and the five finger chord
were the easiest to learn as would be expected. .The simplest
of the thirty-one chords, namely 'L' and (FX were rémgmbered
in the shortest number of trials. The chords 1 3.and "

345 were also quickly learned. The'remembering of the fdrmer
chérd.was probably explained by the assoéiations that the |

number thirteen has in our Society.



193

It remains a.mystery why chord 345 should be learned so
quickly, particularly since chord 2345 falls so low down the
list. The chords 12, 14, 34 and 123 were the next to be

" . remembered. Therefore it would appear that two-digit chords

5.2

are the next most easily rgtained. The simplicity of the chord
123 probably placed this péttern so high on the list. The '
last third of the list consists almost entirely of three and
four digit chords. The only unexpected results are finding the
chords 23 and 25 among this group. The far most difficult
chords to remember are 124, 245, 145 and 1235. It is perhaps

of interest to note ﬁhat the number 3 only appears once in these

four chords.

Application of these Findings

‘Much research has been éarried out into single letter,
digram and trlgram frequencies (Hardy, 1978). Examples of
these single letter frequencies can be found in Appendix A8- i.
Although it has been a common occurrence to design sequential -
keyboards based upon a statistical analysis of English words
(Nelson, 1920; Dvorak, 1936;'Halt, 1977) this trend has not
been demonstrated with chord keybocards. This important area of
research has been neglected,.so this experiment was designed
to provide one basis for the allocation of chords to alphanumerics.
The proposéd allocation is given'in Table 8.5. An alternative
method would be to use the results obtalned from Chapter 7
(see Figure 7.6). The merits of these two approaches are
discussed in Section 3.2.4:of Chapter 10.

It-can be seen from the féur lists of letter frequencies
derived from continuous English text"that there is a slight
disagreement Setween them. This is similar to the results
shown in Tables 8.1 and 8.2 and is useful in that it allows a
certain amount of flexibility to be built into the alphanumeric
chord allocation system. The material from which the letter
frequencies were calculated is not specified and the six lists
shown in the Appendix A8-7 were constructed over a forty-year
period, so these letter frequencies provide only a crude guide

to which letters have the most. common cccurrence.




5.3

TABLE 8.5: Proposed Allocation of Alphabet Letters .

to Right Hand Finger - Chords

E 1 U 24
T 2 P 35
A 12345 M 12 45
o s W 2345
N 4 G 12 5
I 345 Y 45
R 13- B 135
s 3 vV 1 345
H 12 K 2 5
D 1 4 X 134
L 123 J 235
c 34 Q 234
F Z 1234

Long Term Memory Study

' A week after eight of the subjects had participated in
the experiment they were presented with a list of the
alphanumerics and asked to complete the corresponding code.
Subjects were not aware at the time of the main experiment that
this would occcur, so that no conscicus effort was made to
remember the alphanumeric code CUmbinations._ This part of the
experiment was considered to be of minor importance and for
the purpose of this study little attention should be paid to the

results.

The main discovery to emerge from this study was the
variability in individuals' long term memory. Two of the
subjects were able to complete ;Be sixteen code list, whereas
two could only remember six and.seven codes out of the sixteen.
As woulﬁ be expected single digit codes were the easiest to
remember and on only one occasion a single digit chord could
not be recalled. From a cursory visual inspection of the
results, the chord combinafiohs 34, 134, 145 and 12345 proved
to be the most difficult to ;emembe:J This finding could provide

useful information when allocating the alphanumerics to the

194




5.4

195

chord, combinations, since the chords 134 and 145 were at the

lower end of the chord rank chart (Tables 8.1 and 8.2).

Methods used to Remember Chord Patterns

It was stated in the dntroduction that one of the objectives
of the experiment was to discover how individuals learned the
various chord combinations. To éttainAthis, subjects were asked
to describe how they remembered the cﬁord patterns, It is of interest
to note that 'fast' learners (that is, subjects who completed
the task in five trials), were not as fruitful at providing
information as 'slow' learners. The former group could often

not explain why or how they had learned a pattern.

. It . emerged from this study that individuals were learning
the chord combinations using several different methods. These
could be'broadiy classified into five groups. The igast common
way of memorising the chords was by rote learning. Thirteen
examples of rote learning were given: seven of these involved
the chords 134, 235 and 245. It is a significant finding that

there were no. single, four and five digit codes amongst this

~group. Thus it could be concluded that the three combinations

stated aboye were the most difficult to learn. This is supported

by the chord rank chart, which showed these chords to be amongst

the s%owest to be learned.

i .
'The second ﬁethod of iearning was based upon a simple

association. For example,.the chords C/23, E/23, G/3 and P/3

wete éll_associated because the letter aﬂd the number rhyme.

Other more .self evident examples included P/2 (Pz), 5/14

5 =1 + 4), 2/4'(22 = 4);'N/123, G/1234, 2/12345, and 2/34.

A more frequently used means of learning the chords was to
depend on an abstract association bétWeen the alphanumeric and
the chord pattern. On several occasions the chord 13 was learned
beéause of the connotations of the number 13 being unlucky

in our Society.



Some individuals learned a chord because it had special mganing
‘and personal significance. For example, some chords corresponded
to bus routes, chronological ages and house numbers and, although
there was no obvious association between this number and the
alphanumeric, subjects use@fthis mechanism in order to be able

to remember the chord. Aléhough this method of abstract
association concentrated on the chord pattern, the alﬁhanumeric
was also treated in this manner. Examples included remembering
" that the chord pattern was associated with one's own, husband

or wife's, or boss' initial. Another example included the Q which
was remembered as 'question' and then associated with 24.

Thus the indiyidual learned 'question 24', which had apparently
no special meaning to them. Perhaps one of the most bizarre
associations occurred with'EIIZhS,.which the subject learned

as 'Egg and the_B.miésing‘. He was unable to explain his reasons
- for choosing this abstract association, but .it did enable him to
-remember the chord paftern. Angother interesting ﬁemory aid was
provided by the'gubject who learned L/125; he learned this
chord by remembering thét there was no association between them.
It 1s apparent that individuals iely on any small indicators

to enable better retention of the alphanumeric chord combinations.
R 1

Although some chords were learned using an abstract
association, it was more common for individuals to create a
logical-asspci;tion. Several of these logical associatio;s
would be universally recogniéed. " For example, the letters A
and. M were often associéted with roads.and motorways. Other
examples -included U/14 (a battery), K/2 (the mountain), K/4
* (a chess move), B/1345 (a chord on a guitar), X/45 (a plane)
and K/145 (the music chord.K). 'Soméhsubjééts mﬁdé a phonetic
phrase from the alphanumeric and chord combinatién;. U/4 was
learned as the word 'euphoria', T/4 as 'tea fbr...', Y/2
as 'why two?', G/13 as 'gradient one in three', and R/124 as
'R one to four’. Other chord patterns resulted in quite
complex manoeuvres being made in order to rememb;r them.

For example, D/345 was remembered as 'Decline 345!, H/12 as
'H20 with the two replacing the one', C/123 as 'ABCl123', E/124

as 'E1234 with the three missing because it was a similar shape
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to the E', Z/2345 as 912345 with the one being associated with
A and then Z', Q/1234 as 'QE234 with the E being replaced by the
one' and 0/235 as '2 + 3 +5=10"'. Other frequent logical
-associations included making a word from the letter of the
alphabet which was related to the chord. T/12345 was learned
as 'Total = 12345' and P/1£345 was similarly remembered as
'"Perfect = 12345'. T/125 was identified as a '125 Train' and
Q/134 was remembered as 'Queue for a 134 bus'. It became
apparent during the experiment that subjects were overcoming
the problem of non-association between the alphanumerics and
the chords by inventing their owﬂ,‘sametimes ﬁery imaginative,
rélatiopships. Therefore, it could be hypothesised that given
a novel situation such as ‘using a chord keyboard, individuals
would attempt to overcome the problems of learning the chord

patterns by applying their own retention aid.

_ The fifth and most popular method‘employed to learn
the chord patterns was based on the shape of the alphanumeric.
Subjects learned the chérd by arranging it spatially on the
letter of the alphabet.

For example:

T/345 = 345
T
Y/1235 = 23
. ' Y
15
W/135 = ' 135
) W
V/234 = 24
v
3
E/24 = 1 (the three horizontal strokes
E3 of the 'E' represented 1 3 5 -

5 the gaps being 2 4).
' Points on the letter were frequently used to locate the
numbers of the chord, although on some occasions the curved

part of the letter was employed.
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For example: . 2 .
. B/234 = B3 )
. 4
U/345 = 1]
35
. '.. 4
0/123 = 2
103
Q/1245 = 24
Q
15

Some individuals concentrated on the shape of the leter
and found similarities between this and the chord. An obvious
example is $/5, although H/4, K/4, S/2 and Z/2 were also treated
in this way. An extension of this method was to relate the
number of strokes in a letter to the numbers in the chord
pattern. - For examﬁle, X (2 strokes) and the chord '12'.

F/234, E/1234, X/14, N/345, L/14, V/24, L/15 etc. . The use of
symmetry was also encountered and in particular with the letters
H, T and X. On three occasions, a more complex memory ald was

used. V/1245 was learned as '12V45 where the V had knocked

out the three', 5/1235 was interpreted as 'jumping into five',
and M/134 and W/25 were learned because 'the shapes of the
letters and the chords were opposite'.
1
It is of interest to note that this method of learning

the chord combinations was used moée with the three and four
digit chqfds, whereas the first ané second methods described
(that is, rote learning and simple association) were employed
more extensively with the 2 and 3 digit chords and with 1 and 2
digit chords respectively. In this experiment,_26,1étters of
the alphabet and five numbers were presenfed as stimuli. Due
to the lack of feedback from the numbers concerning the methods
“used to learn their associated chords, it might have been
wiser in retrospect to eliminate the five numbér tachistoscope

cards.
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The ways in which individuals learned the chord patterns
were broadly classified into‘fiVe categories. It would appear
from the results that the method employing the shape of the
alphanumeric and/or chord pattern has the most potential for
incorporation into a chord/keyboard system for general use.
Unlike the abstract and 1oéical associations, this method
did not depend upon personalised,-specific connections, although
there was scope for this. The rote leérning and simple association
methods have obvious disadvantages in their application to a task
of this nature;  Rote leatniﬁg-provides-an arduous and tedious
aﬁproach to the_léarning of the éhord'patterns and their
associa;ed alphanumerics, while the simple association methpd
has limitations when applied to the three; four and five digit

chords.
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CONCLUSIONS

- One of the objectives of this study was to rank the
thirty-one chords according to ease of learning. If the
chord-code allocation was to be based solely on the cognitive
aspects of chord keying, thg following recommendations
shoﬁld be taken into accouét:- .

(a) Single digit and five digit chords shﬁuld be
allocated to the most frequeﬁt letters of the
alphabet. -

-(b) There was-a significant difference in the time
taken to leatn two, three and four digit chordé.

(¢) The chords 12 4, 2'45, 1 45, and 123 5, were
the most difficult to learn and should be allocated

to the least frequent letters of the alphabet.

The..second part of the study investigated the ways in
which indiyiduals learned the chord patterns. ‘Although the
effects of meaningfulness of some associations could never be
eradicated across a group of individuals, it was concluded
that a system based on the shape of the chord had the grecatest
potential. Therefore, it was decided that a further experiment
to support and clarify the findings of this study should be

undertaken.



7.

7.1

7.2

THE FOLLOW-~UP STUDY - AN INVESTIGATION INTO-THE USE OF MNEMONICS

FOR LEARNING THE CHORD COMBINATIONS )

Introduction

The experiment described in the previous section
distinguished the various approaches individuals used in order
to learn the chord patterné. It was concluded that a mnemonics
system based on the shape of the letter would be the most
appropriate across a population of individuals. It was
hypothesised that the incorporation oﬁrsuch a system would
increase the rate of learning. An experiment was executed in

order to test this hypothesis.

Methodology

_ The experimental design, equipment-and procedure were
identical to the preyious study. Ten subjects (five females
and five males) were selected on a similar basis, as it was
important to maintain constancy and avoid bias*. The only
change to be implemented concerned the tachistoscope cards.
The chord patterns were replaced with the shape of the letter.
See Figure 8.5. The most freguent letters of the alphabet
were allotted to the chord patterns which were easiest to
learm and the author arranged_the digits of the chord around
the shape of the letter. . Whenever possible the five numbers
of the chord pattern were arranged spatially in keeping with
the arc shape ‘previously used on the tachistoscope cards. The .
numbers 1 to 5 were noc'assigned to chords, since without a
specific application it was not possible to determine their
frequenc§ of use. Hence in this study only 26 chord patterns

were used.

* No subject was used on more than one occasion throughout the
'Cognitive Aspects of Chord Keying' pilot, main
and follow—up studies. Therefore the total number of subjects

tested was 50.
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Figure 8.5: Chord Pattern plus Letter Shape Integrations Proposed and
’ Tested '

Sixteen randomly generated tachistoscope cards were presented
to eéch subject in a similar manner to the pfevious experiment.
At the end of this follow-up experiment, subjects were asked how
they had remembered the various chords. No mention was made by
the author about the arrangement of the chord around the letter,
in order to find out if this mechanism was being used by the subjects

to aid learning.
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7.3 Results
Table 8.6 shows the mean number of trials taken to learn
the chord patterns. Each chord related specifically to one

letter of the alphabet throughout this study.

TABLE B.6

v
4

LETTER CHORD PATTERN MEAN NUMBER OF TRIALS*

2 ' 1.14
) 1.28
1 2 3 4 5 1.50
1 ' : - 1.57
1 2 ' 1.75
1.75
2.33
2,50
5 2.60
3 5 : 2,83
2 3 4 2.86
1 5 3.00 .
3.00
3.17
3.17
13.25
3.33
3.33
1 ' ©3.33
1 2 5 S 3.57
1
1

P I -

|
W W W W W
Lo AR S I Y

| 3.75
3 4 3.87
2 - T 400
- 4.00

4.14
2 3 5 5.17

GO = R X O o m R B < £ 2 5 94 082 N ©c D Emos oo
|—I
~
(WL

* Using all trials.
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Discussion

Visual inspection of the data suggested that the new

method had reduced the learning time. The t-test for independent

‘samples was applied to the data (Snedecor and Cochran (1967))

which showed that there was.a significant difference between

the two sets of data shown’in Tables 8.1 and 8.6 (t=2.745,
significant at the 1% level). However these results should be
treated cautiously. Although an effort was made to maintain
the'constanéy of the experimental conditions for the main and
fdllow—up studies, there was oné fundamental difference, namely,
the removal of the five numerics from the pack of thirty-one
chords. Tt was not possible to quantify the effects of this
change but it was hypothesised that this variable might affect
the experimental results. In the previous study described

in Section 5.4, it was found that Fhere was a lack of feedback
from the numbers concerniné the methods used to learn their
associated chords. This could be interpretated as indicating
that the number chords were more diffiéult to learn. Hence,

it was concluded that the‘significant difference should be viewed

LA A e sk 4+ TFAaAn v
bl ALili gy A. LUI.I&I. in wao p

faster 1earni ng was demonstrated in the follow—up study.

Content analysis of the results indicated that individuals
were relying on the shape.of the letter to aid retention. Eight

of the ten subjects declared that it was the arrangement of the

"digits around the letter which helped them to learn the chord.

Often the placement of the chord patterfn resulted in a pictorial
representation of some object which the subjects remembered.

For example, H/12 represented rugby posts and B/135 was a road.

The most common methods used for 1earn1ng the letters

could be summarised as fDIIOWS'“

A/12345 A" represents the word 'all' which is
o directly related to the chord.
B/135 Shape of the letter/road number.
C/34 Shape of the letter/C3P0O - robot in 'Star Wars'.
Djls 14D is similar to chemical '13D'/shape of

the letter.
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E/1

F/15
G/125

H/12
1/345
J/235
K/25

L/123
. M/1245
N/4
0/5
P/35
Q/234

R/13

s/3
T/2

U/24
V/1345
W/2345

X/134

Y/45
Z/1234

Learned because of its simplicity/that is,

(i.e.).

Flying 15 was a boat.’

Shape of the lecterlé chord on a

guitar ¥ 125 is the position of the fingers.
Shape of the letter/rugby posts.

No explanation provided.

Rote learning. '

Two subjects related '25" to the shape

of 'K', while a third individual found this
confusing. _

Shape of the letter/L = 'learmer' 123.

Shape of the letter.

N = 4, a term often used in statistics.
'Hawaii 5-0°'

Shape of the letter/form P35.

Remembered as a sequence /Q.9 (2+3+4=9)
from Spike Milligan.

Shape of tﬁe letter/similar to B/135/unlucky
number.

Similarity of shape.

Shape of letter 'T' that is, two strokes/

'tea for two'.

’ Shaﬁe of the letter.

Shape of the letter.
Shape of the letter/similarity.to 'V'/the

- missing 'l'.

Position of the numbers on the X/rote learning,

because the shape is misleading.
Why 457 . .
Shape of the letter.

It becomes apparent from these results that, for 17

out of the 26 letters, the integration of the chord pattern into

the shépe of the letter was being used by the subjects to help

them learn the chords. tetters which were doubtful in this

respect included the 'F, I, J, X and Y'. Others which were not

cited were probably learned because of their simplicity,
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namely 'E, N, and O0'. Surprisingly the letter N in this
experiment appeared quite low down the list.-for a single

digit chord. No explanation for this can be provided.

It could be concluded: from the decrease in the learning
times and the subjective data that the method used for

presenting the chord patterns was successful. This coupled

with the fact that individuals were inclined to make up their

own personal associations and would not normally learn chords
separately (and hénce would gain the advantage of sequence
effects) suggested that even faster learning times could be

attained.

Conclusions

On the basis of these experimental fin&ings it is
recommended that a 'memory aid' be incorporated into any
chord keyboard system. The major requirement is that the memory
aid should Be applicable to a large proportion of the
population. The method of using the shape of the letter to
aid retention was found to be successful. It is anticipated
that the system of mnemonics used in this foilow-up study,
which was similar in principle to Endfield's approach, would
make learning the chord patterns easier, faster and more

enjoyable.
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CHAPTER 9

A SURVEY OF USERS' ATTTITUDES TOWARDS CHORD KEYBOARDS
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INTRODUCTION

This research has focused upon the development of the sequential

keyboard, the introduction of the chord keybbard and the concept

of the keypen. A natural conclusion to a piece of work of this

kind would be to try and assess the reactions of the eventual user
.population to this chord kgfﬁoard. Although there are many
foreseeable problems in such an éxeréise, the author decided to
instigate a study in order to gain individuals' first impressions

of the concept of a chord keyboard system. It was hoped that this
work would indicate whether there is any potential advantage in
developing the chord keyboard, as attitudes towards such a device

are going to be an important factor in determining thé success of the

concept.

There are a great many ways of assessing peoples' attitudes
and feelings to-an object or new device. One approach would be
' to adminster 10 to 20 questions coﬁering different aspects of the
object and calculate the number of respondents giving various
answers. A slightly more elaborate approach would-involve the use
of rating scales. Rating scales usually result from intense pilot
work and are administered to a sample ¢f the individuals whose
attitudes are being assessed. The end-result of such a scale is
to place people on a continuum in relation to one another in
relative and not absolute terms. Such an exercise would provide

useful information concerning the attitude in question.

Problems of Attitude Testing

Research on the measurement of attitudes is plentiful and
this area of Psychology has been well documented. However problems
arise when measuring attitudes, because like other components of
behaviour they-are abstract. Most definitions agree that an
attitude could be interpreted as acting in a certain manner when
presented with a particular stimulus. The intepsity of the
attitude is an important consideration, and Social Psychologists
make a rough distinction between the different levels of an
attitude. These levels range from the most superficial attitudes
which could be termed beliefs through to the deepest levels which

could be interpreted as the personality of the individual.
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However the concept is not as straightforward as this since there
are interrelations and patterﬁs of connection ébart from the
logic of feelings and emotions. It is important to realise that
attitudes are not always the product of a balanced conclusion
after a review of the evidegce (Oppenheim, 1966). They can be
highly emotional, both in the sense of irrational or illogical

and in the sense of arousing powerful needs and ego defences.

It is usual practice to measure attitudes by administering
a series of questions (Moser and Kaltomn, 1977), as it is not
possible to determine accurately an attitude from the answer to
a single specific question. A solitary belief is a poor indicator

of a person's general attitude, which in order to be measured

more precisely needs to be based upon a range of questions covering

. the various aspects of the attitude. This approach also avoids

- wefghting the saﬁble of questions towards one-particular facet of
the attitude. Besides this, it will reduce the effects of
idiosyncracies of particular respondents with regard to some
questions. Again the problem arises of determining the nature of

the attitude and its subsequent aspects, due to its abstract form.

There are also problems' associated with the rating scale
itself. For example, the more extreme attitudes are usually held
with more vehemence, whereas the more neutral position may be

defended with.far less intensity. Another factor to be taken

into consideration is that subjects tend to avoid the two extremes.

This effectively reduces the length of the rating scale, and
results in the 'error of central tendency’. An&ther difficulty
associated with such rating scales is the 'halo effect'; subjects
classify the object on each scale according to their general
impression rather than the meaning of the scale. . If an individual
likes the object, he/she Williscore it favourably on all the

scales.
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Compilation of the Attitudes Questionnaire

One of the major problems associated with the attitudes
questionnaire concerned the extensive pilot work that would be
required. For example, Thurstone rating scales prov{de one of
the best known approaches, but this method relies heavily upon
the pilof procedure ' (Summers, 1970). This laborious procedure
employs.50 — 100 judges who assess about a hundred statements
along a éohtinuum. From these statements a sample is selected
to form a questionnaire, which is administered to the subjects.
Subjects are asked to agree or disagree with the statements,
and from these results a score for each individual is calculated
(Moser and Kalton, 1977). Due to the unfamiliarity of the chord
keyboard among the general population, it would be difficult
(if not impossible) to locate a large number'of individuals

qualified to partake in a pilot study.

A second well known approach is to use the semantic
differential scale (Osgood, Suci and Tannenbaum, 1957). This
rating scale has six divisions between the two end points
which are described by adjectives opposed to each other. The
seven positions along the scale are allocated scores one to
seven, and the data are then analysed by célculating mean
scores for each item. Osgood et al. have developed and tested
many adjective pairs to provide the basis for semantic differential
scales. However due to the unsuitability of the majority of
these adjectives {because of their apparent irreleyance), the
semantic differential was not ‘considered appropriate for this

Studf.

The actual format of the rating scale provided one of the
most difficult decisions connected with this research. None of
the scales briefly reviewed was considered wholly suitable.
However it was decided to uiiliﬁé some of the material collected
from a previous e#perimental sfudy, by following a method suggested
by Edwards (1957). After subjects had participated in the reaction
time experiment (Chapter 7), they were closely questioned about

the chord keyboard.
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From their comments, which were readily expresséd on the basis
of the keyboard they had dsed, it was possible to compile a
list of statements describing the keyboards. By contrast, in
the questionnaire survey of skilled typists (Chapter 2) a
modest attempt was made to obtain skilled typists' opinions
about chord keyboards withdut giving them one to use. This
approach was deemed totally unsuccessful, because it asked
individuals to comment upon a device wﬁich they had probably .

never seen.

Based upon the subjects' statements (from Chapter 7), a
questionnaire (see Appendix A9-1) was composed. It was divided
into two parts, sections A and B. Section A consisted of 16

rating scales; each statement was followed by a five point scale

. ranging from "agree to disagree'. This technique is similar to

- that used by Likert (Oppenheim, 1966). Likert Scales normally

have five response categories with the middle of the scale
providing the neutral response, for example, 'undecided'.

Some Likert rating scales use three or seven categories. Each
category is assigned a score, so that résults can be calculated
for each subject: factor analysis is widely used with Likert
scales. When constructing thé 16 rating scales, recommendations
laid down by Edwards (1957) were followed. For example, all
statements which could be regarded as factual were eliminated,
and ambiguitieé;'double neéatives, the usé of certain words {(all,
always, never, none) and ;eférences to the past were avoided.
Section B of the questionnaire consisted of seven questions.

The reason for this part of the questionnaire was to explore

more fully some of the areas covered by the 16 rating scales.

Objectives of the Experimental Investigation

' The primary reason for conducting this study was to try to
gain an impression of individuals' reactions to the chord keyboard
concept. There were also several secondary objectives for the

work. -These could be listed as follows:-

(a) The experiment incorporated the findings of the previous

studies described in Chapters 6, 7 and 8.




(b)

It was anticipated that this simulation would provide
useful information concernipg the physical design of
the chord keyboard and the mmemonics chart. Although
these areas had already been investigated, this had
occurred in isclation. Therefore it was a more valid
exercise to conéider the keyboard and the mnemonics

chart in an applied situation.
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METHODOLOGY
The Pilot Study
2.1.1 Selection of Subjects

Six individuals'(threg females and three males) participated
in the pilot study. They were all qualified researchers and
chosen deliberately by the/;uthor in order to draw on their
professional knowledge and gain criticisms concerning the

questionnaire and the experiment.

- 2.1.2  Description of Egquipment
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Figure 9.1: Diagrammatic Representation of the Chord Keyboard

System
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2.1.2.1 The Chord Keyboard

The hemisphericai chord keyboard was used in this experiment.
It had been concluded from the experimental investigations into
the physical design and motor aspects of chord keying that the
hemispherical shape was more suitable as a keying device than the
cylindrical or boxshapedAké§board. Hence the decision to incorporate

this keyboard into the final study.

2.1.2.2 The Role of the Commodore PET Computer

The hemispherical chord keyboard was interfaced to a Commodore
PET computer. This enabled the screen of the PET to be used
as an output medium for the chord kéying device. The keyboard
of the PET computer was not operated by the subjects, although
the author used it to locate the keying exercises on the computer
. programs. A specially constructed wooden box completely concealed
. the PET's keyboard from the subjects. The mnemonics chart

conveniently fitted the top of the box.

The computer programs for the experiment were stored on
cassette and 'floppy diskette'. The latter method allowed much
faster retrieval of the keying programs, so the author employed
the use of the diskette. The cassette tape acted as a back up

copy, in case the disc system crashed.

2.1.2.3 The Mnemonics Chart

The problem of allocating chords to alphanumerics, which has
been discussed in previous chaﬁters, was also present in this study.
It was decided to use the 31 chord patterns suggested. in Chapter 8.

Reasons for this choice were as follows:-

(a) This allocation of chord patterns to alphanumerics
had been successfully investigated during the follow—
up work to the 'Cognitive Aspects of Chord Keying' study.
(b)- There was a good correlation (0:'64) between the ranking
of the 31 chords using the 'reaction time' data (from the
Motor Aspects study — Chapter 7) and the 'learning time'
results. Hence it was hypothesised that the latter

could be used without major modification.



Some amendments had to be made to these 31 qhord—alphapumeric'
combinations, namely, changing the use of four chords from
numerics to punctuation. These chords were 23 for 'space',

the chord 123 5 for the period (full stop), the chord 1 45 for
carriage return and the choFd 12 4 for delete (which included
automatic backspace). The/mnemonics chart.was letra-set on
plain white A4 sized card and positioned on the box covering

the PET's keyboard.

2.1.3 Experimental Procedure

The experiment was dividéd into three parts. Subjects upon
arrival at the Computer room were seated in a comfortable chair
facing the screen of the micro-computer with the chord keyboard
resting in their laps or on the worksurface to the right of the
. PET. They were given the set of verbal instructions as outlined

. in Appendix A9-3.

The first part of the study involved working. through the
letters of the alphabet three times. Subjecté were instructed
to make the appropriate chord pressing when a letter appeared.
If they were correct, the word 'CORBECT' appeared in the middle
of the screen and the prdgram'moved to the next letter of the
alphabet. If the subject had made a wrong keypressing or had not
pressed the keys simultaneously, the wogd 'INCORRECT' appeared,
and the subjecf would have to attempt to make the chord again.
This procedure continued until subjects‘had worked through the 26
letters on three occasions. Due to time limitations, the
computer program was very basic and did.not have an elaborate

feedback mechanism written into 1it.

The second part of the experiment required .the subjects to
key in lines of prose. In order to be able to do tﬁis, the
additional chords for space, full stop, carriage return and delete
had to be- supplied. The prose (an extract from a Pitman's Teach
Yodrself Typing book) appeared one line at a time. The characters
that the subjects keyed in appeared immediately beneath each line

of text (see Figure 9.2).
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GOODS MAY BE TRANSPORTED BY LAND SEA OR AIR. IN THIS COUNTRY
THE GREATEST TRANSPORTATION OF COMMODITIES IN LARGE BULK IS
BY RAILWAY ALTHOUGH A VERY CONSIDERABLE QUANTITY OF GOODS IS
NOW TRANSPORTED BY FLEETS OF LARGE MOTOR LORRIES FOR WHICH
TRUNK SYSTEMS COVER THE WHOLE COUNTRY.

7

Figure 9.2: The Text Used in this Part of the Experiment

It was stressed to the subjects that no speed of accuracy
measures were being taken. However all individuals were asked
to correct errors using the delete kKey (which included automatic
backspacing). The only chord which could not be deleted was
carriage return, so if the chord 1 45 was inadvertently pressed,
the next line of tekt would appear. However this only occurred
. on a couple of occasions and subjects were instructed to continue

. on the next line (that is, from the position of the cursor).

Performance measures. were not collected during the experiment

for a variety of reasons, as follows:

(a) Learning curves for the very naive user are atypical

of later performance, and the slow 'speed' of keying and high error

rates can greatly distorq the group means. )
(b) This study was primarily concerned with attitudes

towards the chord keyboard system.m Therefore the emphasis was

placed on the questiomnaire administered at the end of the experiment.
(¢) Due to time limitations, the computer programs were

made as simple as possible for the Departmental Computer Programmer.

The third and final part of the experiment involved filling
in the questionnaire. Subjects were required to complete this
questionnaire in the experimental room, while the cﬁord keyboard
system was still 'fresh' in their minds. Throughout the experiment,
the.author remained outside of the computer room, but within
earshot. It was felt that the presence of another individual
within close proximity of the subject could be distracting and
unsettling for the individual, especially if he/she was making a

lot of errors.
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A formal data analysis was not carried out on the pilot study
resuylts, since the éroup of subjects were-biased as they were

all researchers.

'2.1.4 Discussion of the Pilot Study

There were two main objectives for running the pilot study.
These were to improve the questionnaire by seeking comments
from individuals skilled in compiling duestionnaires and to
allow the author practice in conducting the experiment and

operating the micro-computer,

" The results of the pilot study indicated that several minor
adjustments had to be made to the wording of the questionnaire.

These included the addition of question 7 "Have you any further

. comments to make concerning the chord keyboard system or this

. experiment?",.

The only other change concerned the cursor on the computer
screen. The computer program was adjusted so that the underscore
cursor was replaced by a hyphen. It was concluded that the

latter had greater clarity.

2.1.5 Conclusions

Several valid observations emerged from the pilat study
and the necessary 5djustmenis were made to the questionnaire and
the computer program. After these changes had been implemented,

it was concluded that the main study should be initiated.

The Main Study

2.2.1 Selection of Subjects

Twenty subjects (ten females and ten males) constituted the
expetrimental group. Individuals were selected on the basis of
representing a variet& of backgrounds. A profile of the subjects
is provided‘in Appendix A9-2. It was intended that the pool of
sub}ects,should not be biased towards one group of individuals
(for example, students) and that it should attempt to represent

the potential user population of chord keyboards.



Subjects who had pafticipated in the response time experiment
(Chapter 7) were not considered eligible for this study, and

were not used.

There weére no specific:personal requirements needed for
the experiment. Individualsfunder the age of 45 years were
selected, because with the approach of old age, the flexibility
and agility of the fingérs decreases. Hence the middle-aged
and the elderly might have problems operating the keyboard
which may result in their attitudes towgrds it being affected
by their inability to use it. Although the chord keyboard
was intended for right-handed-individuals, two left-handed
subjects participated in the study and did not have any problems

using the device with their right hands.

" 2.2.2 Description of Equipment/Experimental Procedure

The experimental equipment and procedure were identical in
the main study to that used in the pilot study. See Sections
2.1.2 and 2.1.3,

2.2.3 Data Analysis

The questionnaires were.analysed manually and frequency
tables constructed to demonstrate the results. Content analysis

was carried out on the answers to Section B of the questionnaire.
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3. RESULTS

3.1 Section A of the Questionnaire

These results are shown by a series of histograms, which

indicate the number of responses to each of the 16 rating scales.

;

1. I FOUND THE CHORD KEYBOARD AWKWARD TO USE.

3 8 3 L 2
AGREE | DISAGREE

2. I THINK MY ARM WOULD ACHE AFTER KEYING FOR LONG PERIODS
OF TIME, ' '

<, 6 9 i 2
AGREE . - - S DISAGREE

. =

o

3. I THOUGHT THE MAJORITY OF THE CHORDS WERE EASY TO MAKE.

E— e ——— . -

|
AGREE | DISAGREE




4. I WOULD ALTER THE POSITION OF THE KEYS.

N e s el o v

/
3 7 A 8 A
AGREE ' | DISAGREE -
e 5. _'TH_E__._CHQRD KEYBOARD WAS COMEO_RTABLE TO__ OPERATE
3 . 3 g, 8 A
AGREE ‘ : DISAGREE
T T iE MNEMDNICS GHART VAS GLRAR, o
11- ST ‘ A T ]
AGREE DISAGREE
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7. I WAS UNSURE WHEN I HAD DEPRESSED THE KEYS,

L 5. 1 4 B 5 5
AGREE o | DISAGREE

: 8. I WOULD ALTER THE SHAPE OF THE KEYBOARD.'

| 5. 5 3 2 5 |
AGREE DISAGREE

9. THE CHORD KEYBOARD WAS GOOD FUN TO USE.

6 | 9 2 y ]
AGREE : ' : NDISAGREE
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10. I THINK THAT I WOULD HAVE PROBLEMS REMEMBERING THE VARIOUS
CHORD COMBINATIONS.

ltii_ - 4 _6 3

AGREE . © o - DISAGREE

'+ 11._  SOME CHORDS WERE DIFFICULT TO FORM.

I < I - T 1 1 ]
AGREE- - | DISAGREE
T 7 12077T1WOULD |.LIRE TO USE THE KEYBOARD .FOR "LONG PERIODS OF TIME,

4 1 & 1 9

- AGREE : o " DISAGREE




13, I FOUND THE DEVICE INTERESTING TO USE.

AGREE | ~ DISAGREE
14. I THINK MY HAND WOULD ACHE IF I USED THE KEYBOARD FOR T

LONG PERIODS OF TIME.

AGREE

o 10 3 I O
_AGREE ... . ___ . DISAGREE
15. OPERATION OF THE DEVICE WAS STRAIGHTFORWARD. ’
8 5 a T 2
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16. ., I THINK THE CHORD KEYBOARD IS A NOVEL IDEA.
7 _6 5 1 ]
DISAGREE

Section B of the Questionnaire

These results are summarised in a tabular form.

The responses

to each of thé seven questions have been classified according to

the number of subjects who responded with each comment.

1. How would you modify the size of the keyboard to suit your

particular needs?

Number of Subjects

12 6 1 1
Comment: { "Reduce the ''The size "Increase No
: size" the size" Comment

is 0.K."

2. How would you modify the shape of the keyboard to. suit four

particular needs?

Number of Subjects

-7 6 1 2 4
Comment: | "Make the "The shape “Increase "Prefer a No
' shape less is 0.K." the height rectangular Comment
rounded" of the shape"

keyboard"



3. How would you alter the position of the keys for your handsize?

.

Number of Subjects

12 ’ 3 ' 5
r'/"
Comment: | ""Move the , "The . Miscellaneous
keys closer positioningf comments, see
together" of the keys 4.1.3.
is 0.K."

4. Do you think that the 'mnemonics chart' was the best way of

representing the chords? Can you suggest a better alternative?

Number of Subjects

10 ' 5 4 1
Comment: : iSatisfied "Keep the “Gave No
with the arc of numbers alternative Comment
mnemonics around the suggestions"
chart as it letters in the
is" same_position"*
4

* This alternative is discussed more fully in Section 4.l1.4.
5. Which chords were easy?

4 subjects said "all the chords".

7 subjects said "single chords".

6'subjects said '"chords involving two digits".r
2 subjects said "chords involving the first
three fingers".

1 subject said "the chords 1 4 and 1 - 5".

4 subjects said "the chord 12345".
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6. Which chords were difficult?

12 subjects said '"the chord 1 3 5",

7 subjects said "the chord 23 5".

4 subjects said '"the chord 3 5".

4 subjectsfsaid "the chord 12 45".

8 subjects said "the chords which required the use
of finger 4, and not 3 and 5, for example, 12 4".

7 subjects said "chords involving the digits 4 and 5".
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DISCUSSION _
General Form and Physical Desigﬁ Aspects of the Keyboard

The reaction time experiment described in Chapter 7 was

‘intended to lay the foundations for the optimum chord keyboard

design. However the use of the keyboard in a rigidly controlled
laboratory experiment cannoé generate reliable comments and
criticisms compared to a 'real-life' simulation. Several guidelines
concerned with the development of the design of the hemispherical
chord keyboard emerged from the reaction time study and it was
anticipated that further evidence would be collected in order

to optimise the shape of the chord keyboard.

4.1.1 The Size of the Keyboard

The £first question in Section B of the questiconnaire was

. .concerned with the size of the keyboard. Answers ranged from

. stating that the hemisphere was 'too large' to 'just right'.

Twelve subjects thought that the keyboard was too large, six
stated that the size was acceptable and one individual said that
the size should be increased.(plus one questionnaire which was

left blank). The general concensus was therefore, that the
hemisphere was too large and the dimensions described in Chapter 6,

éhould be reduced.

4.1.2 The Shape of the Keyboard

This design aspect was p;ébed in Sections A and B of the
questionnaire. When asked if they would change the shape of the
keyboard, a range of replies weée made by the subjects, which
were 'evenly' spaced along the éive-point continuum. . Content
analysis of question 2 gave more insight into the subjects'
feelings about the shape of the keyboard. Seven individuals
requested a less rounded, more flattened out design while six

subjects were content with the present shape. Only one of the

' remaining seven individuals stated that the keyboard was too

small and. suggested increasing its height. The conclusion from
the.subjective results of question 2 was that the chord keyboard
shapé should be modified. Firstly, the human hand is not
symmetrical; therefore, it does not follow that the design of the
keying device should be symmetrical. '
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The second point concerns the gripping action of the hand. When
all five digits depressed the keys, the inward ﬁotion created by
the fingertips would result in an ovoid-shapéd keying device.
Anatomically, there is a trend for the thumb and litfle.fingers
to gravitate towards each other when making chordAkeypreséings.
Hence it.is suggested that the design of the chord keyboard

should be approached from first principles,

The most "natural' position of the hand occurs when the
fingers are relaxed, and the heads of the metacarpals are
approkimately two centimetres above the surface of the desk,
table, etc. It would appear necessary to design a keyboard
around this position, Hence the suggestion by a third of the
subjects for a 'flattened' hemisphere. Two 4individuals requested
~ a rectangular shaped keyboard, and retrospectively the similarity
between this shape and the proposed revision of the existing
design ié apparent. The modified shape of the keyboard is
difficult to describe. It would be based on the contours made
by the hand when resting on a work surface in a relaxed position.
The tips of the fingertips (and thumb) and the carpus of the hand
making contact with the keyboard. See Figure 9.2.

4.1.3 The Keys

A spin-off from this question concerned the shape of the

keys. The keys described in Chapter 7 and used in this experiment
were far from satisfactory. A review of electrica1 component
brochures revealed no wholly appropriate keyswitch mechanisms.
This is not really surprising since chord keyboards are a new
innovation and there would be no demand for specially designed
chord keyboard keys. Due to tﬁe financial resources and time
limitations on the research, it was not possible to have special
keys constructed. However the study did result in various
guidelines and recommendations Péing collected from the subjects
about the keys. These data wouid be of value to future chord

keyboard designers and manufacturers.



f the Proposed Chord Keyboard -
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Figure 9.2
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The following suggestions were made by the subjects when
asked the question, "How would you modify the shape of the key-

board to suit your particular needs?"

(a) Place the keys in slots on the device, which the
operators could push into Eﬂe correct position for their hand-
size and lock with a lever under the keyboard base.

(b)— Reduce the size of the keys (three subjects).

(c) Make the keys concave rather than flat.

(d) Provide recesses for the fingers and micro—touch
switches at the pad points. _ _

(e) Have more rounded keys flush to the casing with a

larger thumb key.

The first suggestion highlights the problem of designing
one keyboard for a population having various hand-sizes. Solutions
are not easy and the most likely would appear to be individually
moulded keyboards, or larger key buttons to allow the fingers )
to control them in different places, or some form of adjustment.
The American—-produced Writehander is available in two different
sizes, whereas the Microwriter makes no aiio&auce for different
hand-sizes. This problen of varying hand-sizes stresses the
importance of experimental evaluation. When the dimensions of a
chord keyboard are based on mean anthropometric data, it would

appear imperative to test this design on the user populatidn.

Other suggestions from the subjects involved modifying the

shape of the keys.

Parameter ) The Chord "+ Recommended Value
Keyboard . . for Sequential

*
Kezboards

Size of the keys 1:90 by 1:40 cms 1:27 by 1-27 cns

Disflacement (travel) = 0:3 cms 013 - 0:63 cms
*k
Force to displace key = 250 grams 25 - 150 grams.

Figure 9.3: ‘Characteristics of the Keys on the Hemispherical Keyboard

x . . '
From Cakir, Hart and Stewart (1980).

* %k . : . . .
This measurement was made in the Department of Physical Education

and Sports Science, Loughborough University of Technology.
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The size, shape, force and displacement characteristies of
keys for sequential keyboards has been thoroughly researched and
there are many sets of human factors recommendations available
(Cakir et al., 1980). However it is not known whether these are
appropriate for chord keyboards. It could be hypothesised that
the dimensions of the fingéé keys could be based on these
recommendations, but since the thumb key is largely redundant
operating sequential keyboards, these values will not apply.
Further research might indicate that the thumb key warrants a
different design from the other keys.

From a human factors point of view the keys should be
compatible with the size and shape of the digits which will strike
fhem. Typewriter research has shown that skilled typists hit
.the keys with an elliptical shape at the end of their fingertips
(Chambers and Stockbridge, 1970). Therefore the keys should be
circular and if possible, pertaining towards an elliptical shape
with a concave surface. It is concluded fhat the optimal force
and displacement characteristics for the keys on chord keyboards

will have to be determined through experimentation.

Rating scale 4 of Section A and question 3 of Section B

" were both concerned with the positioning of the keys. Results

from Section A showed a tendency (12 individuals) towards subjects
altering the position of the keys. However the answers to Section
B reflected conflicting results. Twelve subjects stated that

they would move the keys closer togethér; and of these twelve,

four individuals specifically requested the thumb .key.to be located
closer to the finger keys. Three individuals declared that they
would not change the position of the keys, while the other five

madé the suggestions as listed below.

(a) Lower the 'touch' position of the keys, so that they are
only just-proud of the hemisphere.
. (b) Alter the position of the little finger key (the other .
four finger keys are 0.K.).
(c) "Help locate the fingers by providing dimpled keys.
(d) Lower the height of ‘the little finger kéy (requested by

two subjects).



The positions of the keys are intrinsically linked with the
size and shape of the keyboard. Siﬁbe these latter aspects-have
been shown to require modification, there is'pérﬁaps little to.
be gained by placing émphasis upon these criticisms of the key
locations on the existing k?yboard.

7
/

4.1.4 The Mnemonics Chart

Fifteen subjects agreed that Ehe mnemonics chart was clear
(rating scale 6), and this finding was supported by analysis of
question 4 (Section B), which asked the subjects if they thought
that the chart was the best way of representiﬁg-the chords. Four

individuals commented on the "arrangement of numbers around the

letter.. As a result of the follow—up study described in Chapter 8,

the numbers had heen arranged symmetrically around the letters.

.For example,

1 2 i

-
Z. N
) R ARy o

These four subjects suggested that in order to avoid confusion,

the numbers should be arrangeﬂ in an arc always keeping the same

location. The arc would represent the four. fingertips and the thumb.

Por example, :

L,

2. o 230 2 22
1H 1L1;Z Ry, 6

Other suggestions for representing the chords were made by the

subjects. These are listed as follows:

(a) Place the numbers under the letters in 'a straight line.
. (b) Lay out the alphabet in the QWERIY arrangement, SO

letters are easier to find for skilled typists.

(c) Place the numbers over the letters in a straight heading.

(d) Explain the origins of the chart to facilitate ease of use.
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Rating scale 10 was also concerned with the Mnemonics Chart.
The statement "I THINK THAT I WOULD HAVE PROBLEMS REMEMBERING
THE VARIOUS CHORD COMBINATIONS'" was closely linked with the
Cognitive Aspects of Chord Keying study which had been executed.
The range of answers given to this statement was evenly spaced
along the five-point continﬁum, although there was a slight

trend towards more subjects disagreeing with this statement.

4.1.5 Physical Formation of the Chords
The statement "I THOUGHT THE MAJORITY OF THE CHORDS WERE
EASY TO MAKE" received a favourable response from 13 of the 20

subjects who agreed with it. "It is significant that no one
disagreed completely with this statement. Content analysis
of question 5 (Section B) revealed that the single, two-digit
.chords, the chord 123, and the five digit chord were cited as
- being the easiest key.patterns to form.

Eighteen subjects agreed with the statément "SOME CHORDS
WERE DIFFICULT TO FORM". From question 7 (Section B) it was
possible to determine which chords these were. Chords which
required the use of the third and fifth fingers and not the
fogrth {the ring finger) were: cited as being difficult to make.
A second group mentioned were those chofds which required the
use of the fourth finger and not the third and fifth. Finally,
a general comment, which covered séven of the 20 responses,
_included those chords which involved the use of the fourth and

fifth digits.

4.1.6 Aspects of Fatigue

The topic of fatigue'is a thread whic¢h runs.throughout the
thesis. After the reaction time experiment, comments were
collected describing the subjects' aches and pains. It was
therefore thought to be a worthwhile exercise to incorporate
some statements and associated rating scales into Section A

of the questionnaire. These statements were actually made by

the participants of the 'Motor Aspects of Chord Keying' study.-
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Fifteen:individuals anticipated that their arm and/or hand
would ache if they keyed for long periods of time. This result
may not be a reflection of the design of the keyboard, but
merely represents the learning of a sensori-motor task. Twelve
subjects did not think the ¢hord keyboard was comfortable to
operate, which might explafh why they thought their upper limbs

would suffer.

In retrospect, statements 2 and L4 were not pertinent to
this study on users' attitudes. Statement 5 ("THE CHORD KEYBOARD
WAS COMFORTABLE TO OPERATE") supported the earlier finding which
has already been discussed; that the design of the chord keyboard
needed modifying. It is hypothesised that it would be a valid
exercise to administer the same questionnaire to the identical
‘experimental group using the proposed modified chord keyboard.
Comparisons could then be made between the questionnaire results

which would show whether the new design was more appropriate.

. 4.1.7 The Chord Kéyboard Concept

Throughout the questionnaire, there were statements
incorporating adjectives to describe the chord keyboard. For
example, statement 9 ("THE CHORD KEYBOARD WAS GOOD FUN TO USE").
It was envisaged that thesé statements would allow an overall
picture of thé:chord keyboard to -be obtained. Fifteen subjects
agreed that the chord keyboard was good fun to use, which was
compatible with the results*%rom statement 16 ("I TRINK THE
CHORD KEYBOARD IS A NOVEL IDEA"). Thifteen individuals agreed
with this latter statement, and five were unsure. It could
therefore be concluded that the majority of the individuals
used in this study found the chord ké&boaf& entertaining to
use. This conclusion is supported by the results of statement
13 ("I FOUND THE DEVICE INTERESTING TO USE"). Eighteen subjects

agreed with this comment.



Statement 15 ("OPERATION OF THE DEVICE WAS STRAIGHTFORWARD")
was asked because of the increased complexity of using a chord *
keyboard compared to a sequential keyboard. Thirteen of the
20 ‘subjects found the device straightforward to use. Although
13 individuals found operatipg the keyboard was straightforward,
the same number did not 1iké the thought of using the chord
keyboard for long periods of time. No explanations were given
for the answers to this statement ("I WOULD LIKE TOQ USE THE
KEYBOARD FOR LONG PERIODS OF TIME"). Retrospectively, it might
have been advantageous to incorporate ;.question seeking an

explanation into Section B of the questionnaire.

The final question in Section B asking for further comments

from the subjects generated much information concerning the

chord keyboard concept. Subjects wrote about the mnemonics

. chart and the logic behind the letter comstruction, and the
problems of learning the chord patterns. Some individuals
thought that learning the various chords would not. pose a problem.
One subject succinctly said, "Some of the chords are difficult

to form, but easy to learn'. Another commented that he preferred

the chord keyboard to a typewriter,

Other issues that were raised included the slowness of the
system. One subject stated that patterned pressing of keys would
" have limited appllcatlons, due to the slowness of operation.
Another individual declared that simultaneous pressing of the
keys was a problem, due to the fact that he made the mistake of
not pressing hard enough. However this could be alleviated by}
providing light touch keys. Three subjects made this suggestion,
A fourth commented that it was probably more the shape of the
hand than the keyswitches. She suggested alteriqg_the shape of
the keyboard. A further suggestion included having buttons on
the production model with a range of stiffness values for

individual tastes.
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Two subjects commented that a one-handed keyboard leaves
the other free for some other activity, such as turning the
pages in a book. A left-handed keyboard was-requested by a right-
handed individual so that he could leave his writing hand free.
It would seem logical to produce right and left-handed chord
keyboards; a fact that has,ﬂeen overlooked by the‘manufacturers

Fd
of the Microwriter.



CONCLUSTONS

1. The initial reaction to the chord keyboard concept was
favourable. The majority of individuals found the keying device:
novel, interesting and good .fun to use.

2. The classificatidh of the other responses to the keyboard
was not as distinct, and because of the interrelations between
the design of the chord keyboard and aspects of fatigue, it was
not possible to draw any clear-cut conglusions.

"3. This study also provided an opportunity to investigate
other aspects of the chord keyboards, and the following conclusions
were reached. The prototype for the chord keyboard requires

modification. This would include the following:-

(a) A reduction in overall size (present dimensions -

- height of hemisphere = 7 c¢ms, diameter of hemisphere = 14 cms).

(b) A change in shape. It is recommended that the modified
design of the keyboard should be based on the shape of the hand
when in a relaxed position. The resultant shape woul& probably
resemble that of a flattened ovoid.

(c) The keys on a chord keyboard will have to be specifically
designed. The following recommendations emerged from this research
concerning the design of the keyswitch mechanisms '

- the keys should be circular, ténding towards an elliptical

shape; ' '
- they should -have a force of less than 250 grams,

— a travel of 0:2 centimetres is;satisfactory.
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(d). The layout of the mmemonics chart is not wholly satisfactory

and needs amending.



PART IIL:

GENERATL, DISCUSSION




CHAPTER 10

A DISCUSSION OF SEQUENTIAL AND CHORD KEYBOARDS
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OVERVIEW - SEQUENTIAL KEYBOARDS
The QWERTY Keyboard

There is a wealth of research concernéd with sequential
keyboards. Hale (1970) summised that over a thousand references
had been published in this area, but unfortunately he does not
cite them. The literature/éeview of keyboard research in Chapter 3
indicated the aspects of sequential keyboafds which have attracted
the interest of individuals from a diverse variety of backgrounds.
It could be concluded from the review of the literature that the
layout-of the alphabet keys ‘has been the cause of most discussion
and debate, in view of the dissatisfaction of the user population
with the QWERTY arrangement of keys. Further evidence of this is
shown bj the results of the questionnaire survey in Chapter 2,

From a recent article entitled "QWERTYUIOP - dinosaur in a computer

age" (Litterick, 1981) it can be hypothesised that feelings about

the standard keyboard remain unchanged in 1981. However, although
it is over a century since the advent of the QWERTY keyboard, it
still resists change and the challenges made by a multitude of

keyboard designers (Evans and Martin, 1970).

The mystery of the origins of the standard QWERTY still
remains. It would appear to be based on the layout of the alphabet,
although no details concerning the reasoning Behind the QWERTY
keyboard were provided by the inventors, Sholes, Glidden and

Soulé. It is of interest to note that Sholes et al. were between

‘the 54th-and 112th inventors of 'writing machines', depending on

how you count (Beeching, 1974). The success of the QWERTY keyboard
appears to rely on the fact that it was the first writing machine
to go into production for marketing. The ergonomic approach of
user evaluation was not practiced in.the nineteenth century and
Sholes and his associates were primarily concerned with the
engineering aspects of the typewriter. Today, it is feasible

to predict that the shortcomings of the QWERTY keyboard would never
have existed if the original device had been éubjéct to intense
inVes;igation by human factors specialists. However such comment

is not constructive since it is retrospective and hypothetical.



The QWERTY keyboard, complete with its inadequacies, monopolises
the sales of alphanumeric éequential keyboardé. The questionnaire
of skilled typists described in Chapter 2 cﬁncluded that, although
the QWERTY keyboard was not satisfactory, the users did not relish
the prospect of exchanging ;he standard for another keyboard.

The foreseeable problems ipfsuch an exercise are immense.

Michaels (1971) estimated that there were 45 million typewriters
in the United States, with 2-3 million being sold every year
(Note: these are 1971 figures). Therefore the physical difficulties
alone of converting existing manufactuiing equipment would
discourage any change. The bopulation of the Western world is
familiar with the QWERTY keyboard. Although such a statement is
hard to;quantify, Barmack and Sinaiko (1966) carried out an
informal survey of professional scientists and engineers, which

showed that 75% had a working familiarity with the QWERTY keyboard.

In Chapter 3, thé distinction between alphabet-key layout
and-keyboard design was made. The Maltron keyboarg is probably
the first sequential keyboard to be marketed incorporating a
modified design. Conclusions reached from the preliminary
exploratory study evaluating the Maltron were positive towards
the adoption of the design of this keyboard, although there were
minor grievances over the use of thumb keys. .The critical .
appraisal of the '"state of the art' of sequential keyboards as
outlined in Chapter & coﬁcluded that the QWERTY keyboard was

invincible, but there was scope for modifying the design of the

keyboard. Since there is no experimental evidence it is hypothesised

that skilled keyboard operators would find it 'more difficult to

type on a‘new layout of keys than adjust to a modifiea design of
keybbard (like the Maltron.QWERTY).. .It is.ironic therefore that it
would be easier for manufacturers to change the layout than alter
the design of the keyboard. However a compromisé éan be reached.

. Conwéy'(1979) and Computers and Automation (1971) proposed a
contoured keyboard design more suited to the énatdmy of the hands
(apart from the fact fhat the diagonal slant of the key colums

was rétained). Conway's contoured keyboard can either be built into
the design of the keying device or be a .separate overlay to be

positioned over an existing keyboard.

240



1.2

An overlay device would have the advantage of providing an
effective but low cost means of achieving the improved layout
while using conventional keyboards. The height of the overlay
is adjustable. Therefore the device could be raised or lowered
by approximately 0-64 to 0-95 centimetres to change the angle .
and height of the key switghes to suit the personal preferences

of the user.
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Figure 10.1: Profile of a Key Column

The Question of Fatigue

Anecdotal and research evidence (for example, Kroemer, 1972)

and the findings of the questionnaire survey (Chapter 2) have .

shown that the posture, which keyboard operators have 'to maintain,

leads to muscular fatigue and strain. . Therefore, it might be
suggested that the QWERTY keyboard is detrimental to the health
of the user. A trend towards considering aspects of-fatigue has
devéloped in the last twent& years, while the topic of speed of
operation has warranted lesé interest (Dunn, 1971). Since the
invention of the QWERTY keyboard, the majority of challenges to
the standard have ultimately been made on the basis of increasing
the speed of operation. It could be argued that this latter
approgch is irrelevant since the hWERTY keyboard has been shown
to be operated at near maximum speeds (Kinkead, 1975). Therefore
the emphasis for keyboard ref&fm'ohould.be placed on alleviating

the amount of fatigue-experienced when keying.
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The 'aches and pains', which skilled énd naive keyboard
users suffer, result from the inefficient orgamisation of the
imnediate workplace environment and the design of the keyboard.
This statement is based oef;he assumption.that keyboard. design
rather than layout 1s a major contributor to fatigue (Krcemer,
1972; Malt, 1977). For example, in Chapter 2, it was established
that adjustable chairs and desks, and document holders would .
improve the work situation for keyboafd operators. And in
Chapter 3; the ‘attributes of the design of the Maitrop keyboard
(némely, a split keyboard, arched rows of keys and varying key
heights) were deemed to improve the comfort of keyboard operation.
This and other research (Osanai, 1968; Komoike and Horiguchi, 1971;
Kroemer, 1972; ﬁuncan and Ferguson, 1974; Malec, 1977) have
" demonstrated that discomfort and fatigue result from periods of
| keying, and the findings from this experimental work suggest
various solutions to alleviate the situation. The question then -
arises of why previous research has not made any impact on the
design of the keyboard. Various explanations to answer this

could be suggested.

(a) The first is concerned with cost. -If keyboards are
being produced and purchased, from-the manufacturers' point of
view there is little to be achieved in spending money to develop
'a new design. This attitude is supported by the fact that
individuals are renowned for being 'resistant to change' and so
probably would not adépt the revised keyboard for'maqy years
(if at ali). The marketing of the Dvorak Simplified Keyboard
(D.S.K.) provides a classic example.. Although there was a 35 year
hiatus between development and production, the D.S.K. was given
much publicity and support, for example, by the ﬁ.é. Navy (1944),
TIME Magazine (1939), the Australian Post Office (1953), Phillips
(1968), Cpmﬁutérs'and:Automa;ion (1971), Martin (1972), Harnett
(1972), plus Dvorak's own publications. However the adoption of
this keyﬁoard by e#én a small percentage of the market never cccurred.
In 1981, there are still enthusiasts; a speed typing competition to
promote the D.S.K. has been organised by an American (Computing,

April 30th, 1981).
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(b) It has been established that the QWERTY keyboard is
being operated at near maximal speeds. Some individuals might i .
interpret this as indicating that the QWERTY'keyboard ig optimal
in design. Therefore they might not see a need to modify the
standard keyboard.

(¢) The advantages éo be gained from the reformed keyboard
would have to outweigh greatly the re-training problems which
would result from its adoption. Since keyboard operators are
usually female (with the resultant implication that they will marry
and have thildren) and have low status within the hierarchy of
their working environment, the costs and inconVénience-of re-training
are not justified. This is supported by task analysis of
secretarial work. Typically, a secretary will only sﬁend a quarter

of her time at the typewriter, which would account for approximately

'2§Z of office labour costs (Computer Weekly, February 15th, 1979).

Wohl (1980) quoted similar figures and stated that 20%Z of an 'average
secretary's total time was spent typing. If these statistics are
accurate, this specific example of an office secreﬁary demonstrates
that the low usage of her typewriter would not justify a change in

the design of the keyboard.

The Future of the QWERTY Keyboard

This research has demonstrated that the design and layout of
the QWERTY keyboard are not optimal for efficient operatiom.
However it is not feasible to modify the standard keyboard and
hence improve it, because of confounding factors pertinent to

QWERTY's situation.

The QWERTY arrangement - of keys has become a: historical
precedent. Any change in this layOuf would have to be initiated
by the Standards committees. Such a change (unless it was minor,
for example, changing the positions of the A and J keys) would
throw keyboard operators into chaos: the cost and extent of re-
t-raining would be immense. Problemswould also arise because there
would'be'two groups of keyboard users, namely QWERTY users and

those trained on the new keyboard.
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Potential operators would have difficulties learning to use the

‘reformed keyboards because of lack of training facilities since all

the typing schools would have to convert to the new arrangement of
keys. Secondly, employers would be reluctant to employ individuals
trained on the new keyboards beéause they would have to work on
existing equipment. In ordér to avoid these problem areas,
individuals would take the course of least risk and learn to type

on the QWERTY keyboard layout.

It is hypothesised that modification in the design of the

QWERTY keyboard would require less re-training for the user than

" a change in layout. This, supported by the fact that keyboard

operators will benefit in terms of comfort from a revised keyboard

design, suggests that modifications should be implemented. However

‘as outlined in Section 1.2 of this chapter, there are reasons why

. manufacturers would not adopt a new design for alphanumeric

keyboards.

It could be concluded that in an ideal situation the QWERTY
keyboard should be reformed. However in 1981 it is not a viable
proposition to modify the design and it is even less realistic
and feasible to consider making changes to the arrangement of the

alphanumeric keys. Therefore the QWERTY sequential keyboard will

»in- all probability persist in its present form.

Alternative Sequential Keyboards

- Having established the supremacy ‘of the QWERTY keyboard, the
question then arises of whether this is thé most apprppfiate
device for all keying applications. from the many keyboards which
have challenged the QWERTY-keyboard over the years, the D.S.K.
and the alphabetical arrangement of keys emerge as the most likely
contgnders for other uses. However the. adoption of the D.S.K.
does not offer any advantages over the QWERTY keyboard. The

alphabetical layout, on the other hand, does.
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An alphabetically arranged keyboard has advantages for the
occasional unskilled user, who only has a small amount of keying
to perform. Stockbrokers and airline reservation clerks are two
groups of individuals who use an alphabetically arranged keyboard
(Avakian, 1968; Bodenseher,/1970). However within the last five
years, manufacturers have.Begun producing small, pocket-sized,
keyboards. Many designers have placed the alpha keys on a
calculator keyboard (Pocket TTY - G.R. Electronics Limited, the
Memo Note 30 - Toshiba, MINNIE - the National Physical Laboratory).-
Alphanumeric 'calculators' may be .useful and fufil. a need but it
is recommended that manufacturers keep to an alpha layout and not
QWERTY. . The standard QWERTY keyboard allows rapid touch typing
and hence meets sﬁeed needs; however, the small ‘calculator’

keyboard does not permit fast data entry, and the claims of some

-manufacturers- (for example, G.R. Electromnics Limited) that it is

a substitute for conventional teletypewriters is erroneous.

It is only possible to 'hunt and peck' on a small, calculator-

shaped keyboard and hence the author recommends that the alphabetical
arrangement of keys is the most suitable layout for a small key—
board. Nevertheless, research is warranted in this area to test

this recommendation.

Summary _ _
The goals of sequential keyboard designers-up until the 1970's

were speed, accuracy and comfort (in that order)! The seventies

-entered an era during which individuals were more concerned with

aspects of fatigue during operation of the keyboard. The
conclusions to be drawn from keyboard research m;y be summarised
as follows: B .

(a). The seafch for épéed-is'féirlj pointless, since the
average typist spends only about 207 of the time.typing and the
staﬁdérd keyboard has been shown to be operated at ﬁmximum speeds.

(b) The QWERTY keyboard is extremely well established.

(c) Past experience has demonstrated that trying to replace’
thé staﬁdard keyboard will lead to a lifetime of labour likely to

end in frustration.
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Therefore, it could be concluded that there are three

categories of chord keybéards.

Group I: Hybrid Chord Keyboards

Having characteristics of sequential and chord
s

keyboards, for example, ANTEL (Figure 5.9).

Group II: "True' Chord Keyboards

Operated by patterned pressing of keys,

for example, the Microwriter.(Figure 5111),

Group III: Shorthand Chord Keyboards

Involves coding the text into a form of

shorthand, for example, the palantype.

The trend towards developing chord keyboards has escalated

. over the last three decades. There are no standards available

for chord keyboards, which is probably a function of the embryonic
stage of their development. Beeching (1974) pointed out that the
state of the chord keyboard was analogous to the Sholes' typewriter
a century ago. For example, Sholes and his comrades initially
developed a machine which only printed the letter 'W'. They then
worked to perfect the mechanism with the result that the machine
wrote in capitals. After a further six years of mechanical
problems, they:developed a four bank keyboard. The development

of the typewriter keyboard like the chord keyboard was a slow
process plagued by many qifficulties add'set—backs. Although

" Beeching's analogy is not wholly appropfiate, since he was
compariﬁg one typewriter keyboard and an indeterminate number of
unspecified chord keyboards, it has certain implications. A study
of the development of sequential keyboards suggests that it will
be séveral years before a chord keyboard emerges as.a standard,

or plans for an international standard are initiated.
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2.2 The Development of a Chord Keyboard:

" Three categories of chord keyboards have been outlined.
Group III includes the palantype and stenogréph machines which,
it could be hypothesised, were specifically developed for the
task of taking shorthand dictation. This situation is reversed

for groups I and II. The ?éjority of keyboards in these two
groups have been developed with no specific task in mind. The
exceptions are of course the Post Office mail sorting keyboards.
Since there are many other chord keyboards, as shown by the
literature review in Chapter 5, it appears a mystery why these
keyboards were developed, as.they have ‘no specific task to
perform. It is hypothesised that there are three stéps towards

the manufacture of a chord keyboard.

Stage 1: The formation of the concept, for example,

i.Stewart's idea of the ANTEL keyboard.

Sﬁége 2: The development of éhe keying device to asseés
whether the concebt is feasible in terms of electrqnics, size,
costs, etc. In the case of the ANTEL keyboard there was a time
span of six to seven years until a production model was built
by Cossor Electronics Limited. .

Stage 3: The manufacture of the keyboard and the subsequent
need to find an application for the device in order to market it.

. A classic example is provided by Endfield, who uses the soubriquet
"a personal word processor™ to describe the Microwriter. It is
highly tinlikely that Endfield set out to develop a hand-held

word processor.

The-end-result is the production of a chord keyﬁoard, which
has been marketed with no specific use in.-mind other than general
purpose applications. The advertising attached to these keying
devices ig usually concerned with the fact that fhéy are superior
to the QWERTY keyboard (for example, "QWERTY is obsolete” to
advertise the Writehander, "A Typewriter in your Pﬁcket".for the
Microwriter). To give these inventors the benefit of the doubt,
it would be a worthwhile exercise to consider the advantages to be

" attained from using a chord keying device.
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2.3 Hypothesised Advantages of Chord Keying
) Several of the benefits to be gained from the use of a chord
keyboard have been briefly mentioned in Chapter 5. These could be
summarised as follows:-~ '
I3
(a) The option of one or two handed use. Unlike a sequential
keyboard, a chord keyboard can be operated by one hand. The
advantages of a one handed keyboard are:
. - the device does not take up space immediately in fromt
of the operator.
- the user'does not have to sustain an-unnatural keying
posture.
-. the keyboard can be moved around freely over a wide area.
- the other hand is free to perform a second task such as
answering the’phone, turning the pages in albook, etc.
(b) The comparative small size and compactness of a chord
keyboard enhances its portability and potential usability in
hostile enviromments, for example, on trains.
{¢) In terms of the information theory, chord keyboard users
"enter more Bits of data per second than sequential keyboard operators.
However this is misleading, because in real terms, less characters
per minute are being emitted.' An accurate picture of the potential
of chord keyboards canmot be realised, because there are few skilled
chord keyboarders on which to collect speed measurements. However
it is known that stenotyping is one of the fastest modes of data entry.
See Table 10.1. '

i

TABLE 10.1

Data Rates for Man-Computer Communication (Turn, 1974)

Silent reading 2+5-9-8 words/gecond

Spontaneous speaking 2:0-36 words/second
Handwriting 0-38-0:42 words/second
Handprinting . 0:22-0-53 words/second

' Skilled typing 1°6-2-5 words/second

‘Iﬁexperienced typing 0+2-0+4 words/second

Stenotyping 3:3-5-0 words/second

(Typically, 1/3 of the number of strokes of .sequential keying)
Touchtone 'phone 1:2-1+5 digits/second
Rotary dialling'phone 1:54 digits/second.



250

{(d) It has been suggested by Endfiéld (1978)_ that chord
keyboards are easier to learn than sequential kéybohrds, because
the fingers never have to move between the keys.- However there
is no definitive research evidence to support or disprove this-
‘claim. :
(e) Chord keyboardsfhave a novelty éspect as demonstrated
by the findings from Chapter 9. This may result in these keying
devices appealing to sections of the population who would not
normally learn to touch type, for example, executives and office

staff.

Many of the advantages of chord keyboards stem from their
size, and one-handed operation, which increases their flexibility.
It would appear unlikely that speed and ease of learning would be

.classed as aspects favouring a chord compared to a sequential

- keyboard. In the preceding chapters, it has already been stated
that chord keyboards require initial guidance before they can be
used, followed by intensive learning of the chord patterns.
Findings from the questionnaire 'survey in Chapter 2 also supported
this. Comments were received from the skilled typists such as

"a chord keyboard is an interesting idea, but surely it would be
complex to operata and to learn to use", and "no — sounds complicated".
It could be hypothesised that the complexity assoclated with the’
learning and operation of a chord keyboard might outweigh the

novelty aspects. The suggestion that the chord keygoard was a novel
idea was Elearly demonstrated by the results of Chapter 9. Thirteen
of the twenty subjects agreed that the concept was ﬁovel, while

five were unsure and two individuals disagreed. Ho;ever, is the
novelty of a chord keyboard sufficient basis to guarantee its
commercial success? The overriding problém with devices which are
purchased because of their 'fun to use' and novelty values, is that

with time these factors fade in significance.
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Summary "

It becomas apparent from a review of the state of the art of
chord keyboards, that the concept of chord kéyboards.can be
approached from two levels. Firstly from a macroscopic viewpoint,
the justification of a need for chord keyboards has to be
established. 1In the case 9f special purpose keyboards (such as
the Levy keyboard) and speciﬁically designed keyboards (the

palantypes and stenographs) there is no doubt about their application

“and usefulness. However the situation is entirely different when

considering keyboards such as ANTEL, the Writehander, the Micro-
writer, ‘and the Mode keyboar& (Litterick, 1981): Designers and
inventors have_tunnel vision with regard to the development of
their kéyboards, and theilr main objectives are patents and

manufacture. The need for many of the recently developed chord

keyboards has yet to be clarified.

The second level from which to approaéh chord keyboards is to
study the minute'details of their design and appli;ation. In order
to do this, the assumption that there is a need for chord keyboards
has to be made. This research was based on the assumption that
there was an implicit need for special purpose chord keyboards as
outlined in the 'keypen concept' in Chapter 4. The model of a
chord keyboard which was elected for study was one having five keys.-
The choice of a 5-key chord keyboard is open for discussion. It
has alréady been explained (Chapter 5) that five keys provide the
most basic form of a chord keyboard and hence its selection. The
5-key chord keybpard was intended to be used as a vehicle to locate
a series qf basic findings that could be applied to the design of

chord keyboards in general.

* Litterick is in the process of patenting a one-handed
desk~top keyboard with a limited number of keys. A
large number of characters (total not determined as yet)
are obtained by rocking the keyboard into different

modes (shifts).
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APPLICATIONS OF THIS RESEARCH

.

Sequential Keyboards

The implications and results of this work on sequential
keyboards have been discussed in Chapter 4 and again at the start
of this chapter (Section 1). Therefore it is not intended that
the application of this rebéarch on sequential keyboards should

be covered in this section. .

Chord Keyboards

3.2.1 The Design of Chord Keying'Devices

A search .for the optimum design of a chord keyboard was a
thread which ran through Part II of this research (Chapters 6, 7
and 9). It was concluded that when developing a chord keyboard

from first principles, the hand in a relaxed posture should provide

_the basis of the design. The general form of the hemisphere

. was the closest to .this position. However due to the limitations

of the research, the author did not have the resources to buiid

a keyboard based on this flattened ovoid shape. The need for a
hand-configured layout was also frequently suggested by the
subjects. If this proposed design could be plastic moulded, these
two issues would be solved. The Microwriter is probably the only
keyboard which fits these requirements, although it has a
disadvantage in its size. The -dimensions of the Microwriter are
1016 cms. wide,21:59 cms. long and 5:72 cms. déep. Thr0ughodt
the experimental programmq,;individuals expressed their surprise
at the large size of the keyboard prototypes. Therefore it is
Suggested'that future desigéers aim to '‘produce smaller chord

keyboards than those which are at present on the market.

Further experimentation will have to be carried out in order
to determine the optimum force-displacement characteristics for
keysgitches on a chord keyboard. The author searched radio spares
catalogues for appropriate'chord keyswitches, but found nothing
suitable.. It might arise that specially designed keys have to be
built for chord keyboaraé;
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Consideration of the design of a chord kevboard raises
the issue of the optimum number of keys. There is no statement
in the open literature concerning this problem. The' full alpha-
numeric set on a sequential keyboard requires 44 keys, but if the
production of the ASCII code is needed, the keyboard must have
the ability to generate 128/characters. It is unlikely that
special—-purpose chord keyboards will need to produce a full set
of alphanumerics, and that only general purpose keyboards will
require to generate the ASCII codg. Five keys produce 31 chord
patterns (25-1), while the addition of a second thumb key increases
this to 47 ((2&x31)_1). It is apparent that a 6-key chord key
board would cover the production of a full alphanumeric set.
This logic does not take into account a shift key; this allows
the 44 keys on a sequential keyboard to pfoduce 88 characters.
Hence the addition of a seventh (shift) key on the proposed
chord keyboard would be needed. It could be concluded. that the
minimum number of keys needed on a one—handed keyboard is seven.
Other possibilities for the design of a chord keyboard are

discussed in the next section,

3.2.2 The Motor Aspects of Chord Keying

The 31 chord patterns available with & 5-key chord keyboard
were investigated by means of a reaction time test. Three
different response keyboards were used-and it was found that the
pattern of the reaction times did not relate specifically to
the chord keyboards. Hence it may be suggested that the findings
apply_ﬁithin reason to chord keyboards in general, regardless of

their design.

The 31 chords were ranked according to speed of execution
across the three keyboard groups. If the author had been
specifically interested in developing one keyboard,.this would
not have been appropriate. Since one of the objectives of the
study was-to produce general guidelines, it was in order to

take this approach.



. The speeds of execution of the chords were found to be as
one ;ould predict. Single digit 'chords' were the fastest to
perform, and four digif patterns the slowest. The two and three
digit chords were bunched in the middle of the chord rank chart.
These findings corresponded to previous research. It is the
chords which were slowest to execute which exhibit the most
interest (namely, 1.3 5, 23 5, 35, 2 45, 123 5, 12 45, 12 4,
in that order). It can be noticed that none of these chords
contain the combination 34 (the middle and ring fingers).

These fingers do not function well independently, and hence more

errors arose from making these chords.

One possible way to solve this problem and enhance the
ease of operation of a chord keyboard might be to provide a
single large key for the middle and ring fingers. This would
-have the effect of reducing the number of chord combinations
from 31 to 15 (24—1). In order to restore the number of chords,
three thumb keys would have to be present making a total of
71 possible combinations ((23 X 33) =1)}. It could be concluded
from this work that the middle and ring fingers should share
" the same kef, and be treated as a single unit in the execution
of the chord combinations. NG previous research has suggested
or investigated this concept, and therefore further experimentation
would have to be conducted in order to substantiate the validity

] -
of this suggestion.

. Other possibilities involve the omission of the five slowest
chords (1 35, 23 5, 35, 2 45, and 123 5). If a shift key was
added to the standard five keys, the total number of combinations
would be 52. The shift could perhaps be operated by the other
hand. An extension of this proposal is to add a second row of
five keys to the device. The numbers and punctuation characters
would be designated to this row. This would increase the total
number of chord combinations to 104. The merits and disadvantages
of éhese various chord/key designs will be qiscussed after the

cognitive aspects of keying have been considered.
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3.2.3 The Cognitive Aspects of Chord Keying

The allocation of chords to alphanumerics based oh the
cogniti@g factors involved in the keying process is an area which
has warranted minimal research (if any). Endfield is one of
the few designers who '"has deliberately chosen combinations that
are easy to remember" (Mussf;, 1980), and hence he placed the
emphasis on cognition ignoring the motor aspects. The end-
result 1s Endfield's allocation of chords to letters {see Table
10.2). It is interesting to note that he discarded the following
chords: 1 34, 1 345, 234, 5, 12 4.

 TABLE 10.2
Endfield's Allocation of Chords to letters

A 34 N 2 3

B 123 0 3

C 5 P 123645

D 345 Q 1 3

E R 2 45

F 2345 5

G 12 T 2 4

H 1 5 U 1

I 45 v 1 4 :
J 12 5 -W 12 45 ¢
K 5 X 123 5

L 1 45 Y 23 5 .
M 12364 X 1 3 s

The main experimental study, described in Chapter 8,
rankéd the 31 chords according to ease of learning. Results
showed the single digit chords to be the easiest to learn and
the chords 12 4, 2 45, 1 45, and 123 5 to be the most difficult,
' sinée they took the longest times. On the basis of these
cognitive findings, it is recommended that the single digit
'chords' should be allocated to the most frequent alphanumerics,
foliowed by the two digit chords, and the three and four digit
chords, respect}vely. The most difficult chords should if

possible not be used in practical allocations.
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A further objective of this work on the cognitive aspects

'general’ method which could be

of chord keying was to locate a
applied to the learning of the chord patterns. There is a
pressing need to'develop retention aids for a chord keyboard
system, if the device is igtended for general use among the
population. It was concluded that a system based on the shape
of the letter was the most appropriate. Endfield uses a
variation of this method in his mmemonics chart. He contrives
to draw the letter arvound five spots which represent the
digits. The end Tesult .is that some letters are misleading
and not immediately obvious (for example, F and Q) while others
are fanciful (for example, u, which in more recent charts than
that shown in Section 2. of Chapter 8, has been indicated by

a crooked little finger holding a cup. Since the letter u is
generated by the little finger alone, the apparent connection
is concerned with the idea that it is 'u' to crook your little
finger drinking tea, as opposed to non-u.) Endfield claimed

to have chosen combinations that were easy to remember. It is
unclear from this statement whether he was referring to the

actual chords or the mmemonics chart as a whole. Consideration

of the former point demonstrates that Endfield's claim is untrue,

since a comparison of his chord-letter allocations with the

experimental findings shows that he did not use the chord patterns

which were easy to remember. On the other hand, if he was
referring to the mmemonics, this research has also shown that
his approach (although a better attempt than most chord keyboard

designers) was not wholly appropriate.’

3.2.4 Motor Versus Cognitive Aspects

These two studies, described in Chapters 7 and 8 respectively

provided different approaches to the problem of allocating chords

to alphanumerics. The question then arises of whether motor or
cognitive findings should provide the basis for the design of

the chord keyboard system.

Seibel (1972) considered this problem, but did not draw any
conclusions, other than the recommendations that chord keyboard

systerxs should be explored more fully.
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Seibel hypothesised that the motor action of keying was slower
than the encoding activity; hence a system which required less
motor activity per unit of information would allow the operator
to increase the information fate. Seibel appeared to place

more emphasis on the motor aspects, possibly because motor times
were easier to measure thaé cognitive aspects. He stated that
motor difficulties with some chords led to slower and more
variable response times and suggested that the motor difficulty
of some responses could not be ignored when designing data entry
devices (Seibel, 1972). He continued by stating that on the
other hand the act of encoding need not slow down the rate of
data entry if simple encoding schemes are used and difficult
chords avoided. Although Seibel's work is 20 years old, he
raised some valid points. His interpretation of the cognitive
aspects of chord keying is slightly different from the context
in which it was used in this research. Seibel referred to the
encoding of the chord immediately before execution, rather than
the committing of the chord pattern to short term.(or long

term) memory.

From the two studies of this research the 31 chords were
ranked according to speed of execution and speed of learning.
There was a good statistical agreement between these two rank
orders (0:64). Closer inspection . of the results revealed
that the single digit 'chords'iwere the fastest to execute and
to learn, followed by the two and three digit chords. The chord
patterns 2 45 and 123 5 appeaéﬁd in the bdttom five of both
rank charts (see Tables 7.4 aﬂd 8.2) and hence because of their
associated motor and cognitive difficulties should not be used
when designing a chord keyboard. Suggestions concerning a
single key for the middle and ring fingers have'aLready been
madé. It is concluded that the allocation of chords to alpha-
numerics should be made on the basis of motor and cognitive .
parameters together and that the occasional disagreement between
thESE-two agpects should be resolved by applying the motor study
findings, since the physical execution of a difficult chord
poses a problem not so easily solved as learning a complex chord

pattern.
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3.2.5 Attitudes towards Chord Keyboards

‘User and population attitudes towards chord keying devices
will_play a major role in the ultimate success of the concept.
Mussin (1980) stated that the needs and attitudes of the users
of chord keyboards had yet toc be defined in any great depth.
Although there were severaf unaveidable methodological problems
in this part of the research (for example, subjects responding
in favour of the chord keyboard believing that they would thus
please the author), the reaction of the majority of the subjects
was favourable. Individuals found the chord keyboard system
novel, interesting and good fun to use. It was-noticeable that
the subjects generated characters on the screen at a slow pace,
but it Qas unfair to ask them about the speed of their key-
pressings, since naive keyboard operators show atypical

performance,

The evidence collected from this experiment concerning user
attitudes to chord keyboards is tenuous. The prediction of a
population response to any new device poses a difficult problem.
This situation i1s further exaggerated when the device provides
a new concept for the potential users. For example, the evaluation
of 2 new make of car allows a comparison of existing models
to be carried out, since-the user population are all familiar
with motor vehicles. The nearest communications device 'to the
chord keyboard’ (ignoring the palantype and stenograph which are
not familiar objects) is probably the typewriter followed by
the pen. However due to the large differences in these devices,
it was not feasible to employ a comparative psychometric
technique to assess user attitudes towards the chord keyboard .
system. Retrospectively, the objectives of this final study on
attitudes were ambitious and the conclusions reached indicate
this. However the experiment fufilled a valid and useful
exercise from the point of view of substantiating various findings

from the previous experimental work.
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3.2.6 Summary

Several suggestions concerning the optimum number of keys
for a chord keyboard emerged from this work. The following °

proposals were put forw;rd.-

(a) Four finger keygrplus three thumb keys (total number
of possible chord combinaéions = 94).

(b) Three finger keys (the middle and ring fingers sharing
the same key) plus three thumb keys (total number of possible
chord combinations = 71).

(c) Omission of the five slowest chords (namely, 1 3 5,

23 5, 35, 2 45, and 123 5). Four finger keys ﬁlus a'thumb key
and a shift key operated by the other hand (total number of
possible chord combinations = 52).

(d) Omission of the five slowest chords. Two rows of
five keys plus a shift key (total number of possible chord
combinations = 104). .

The disadvantage of the first proposal is that the problem
chord patterns are not omitted. However this could be partly
overcome by discarding the chords 2 45 and 123 5. Tt was
recommended in the previous section that these two chords should
not be used when designing a chord keyboard. The main short-
coming of the third and fourth proposed designs is that they
introduce the use of the other hand. It was concluded from
Chapter 6 that individuals preferred a chord keyboard for desk-
top operatlon rather than handheld use. Hence the introduction
. of a key for the other haund may not be llked by the users. No
research on the optimum number of thumb keys or the use of single
row versus multi-row chord_keyboardshhas.been conducted. It
can be hypothesised that the use of two rows as suggested in the
fourth proposal (d) would slow down the speed of keying, because
the fingers would have to move between the rows. Again, this is

an area which requires further research.
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Although each of the proposed keyboard designs has
associated disadvantages and thefe is a pressing need for some
further experimental work on chord keyboards before firm
conclusions can be drawn, it is hypothesised that the second
proposal may have the most potential., . The use of a single key
for the middle and ring fiégers does in effect eliminate many
difficult chords.. However a total of 71 characters may be

inadequate for some users.

From the work on the motor and cognitive aspects of chord
keying, the following recommendations can be made concerning

the allocation of characters to chord combinations.

Working from the basis of a 5-key chord keyboard, the

order in which the characters should be allocated is as follows:-—

Frequéntly
used _ : Single digit chords
characters (1, 2, 3, 4, 5)

Five digit chord
(12345)

Two digit chords
(12, 13,1 4,1 5, _
23, 2 4, 2 5, 34, 3 5, 45)

- Three digit .chords
(123, 234, 345,
"12 5,1 45,1 34, 12 4)

1

Least Four digit chords
frequently (1234, 2345,
.used 1 345, 12 45) "
. characters

**  The chords 2 45 and 123 5 should be omitted compietely, and
. the chords 23 5 and 1 3:5 if possible. '



4. THE PRACTICAL IMPLEMENTATION.OF THESE RESEARCH FINDINGS

It has already been established that the area of chord

. Keyboards is little researched. This thesis has studied
'sequentigl and chord keyboards in depth and after a series of

" experiments has drawn various conclusions about alphanumeric
keyboards. Having reachediéhis point, the problem arises of
disseminating this knowledge and applying the information to
practical situations., It is debatable whether research of this
nature is justified if it is destined for a dusty library shelf.
Grandjeﬁn-and Vigliani (1980) stated dtherapies afg useful only
if they are applied". The problem of implementing research
findings has no easy solution. Twc classic examples from the

literature on keyboards illustrate this.

Several experimental educational studies have been carried
out into the effects of using a typewriter on children. Wood
and Freeman (1932) investigated'these effects by studying -
15,000 children during one year and 4,000 children during two
years, "The children were divided into two groups; one group
acted as a coptrol while the experimental group used the typewriter
as part of their regular classroom equipment. It was found
after sevén months -that the children using the typewriters were
progressing faster in their academic studies than the control
group. " A second study was conducted by Haefner (1937}, who
carried out a series of experiments with children who were
taught to operate typewriters. He concluded that children,
regard%ess of age, enjoyed using the typewriter and the total
volume of 'writing' they produced was greatly increased.
Although this article contained no data to suppért these conclusions,
Haefner stated that children made réquests for spelling longer
words, they produced longer sentences and typed as much as 507

more ‘words.

A similar experiment was reported by Kobler in 1967. He
studied the results on 350 children of using a typewriter daily.
Twenty 'talking typewriters' were installed in soundproof booths,

upon which the children practised for an hour a day.
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They were tested four and a half months later for improvements

in the extent of their word knowledge and discrimination,‘
'Resﬁlts showed that these children were equal to those individuals
who had completed a year at school. McCauley (1970) found

that children as young as seven years could learn the .Dvorak
Simplified Keyboard in less/than two weeks. However McCauley

does not present any experimental data to substantiate this

finding.

There have been three studies (Fisher, 1971; Bridgman,
1972; Edwards, 1972) carried out on dyslexic and remedial
children. These experiments all.emﬁloyed the Sight and Sound
Education Limited fully-automated baéiC'course of keyboard
instruction, and the results were optimistic towards the use of
typewriters for these groups of children. For example,
Bridgmaﬂ (1972) found that after 12 days of lessons, every
pupil had 1garned the keyboard and was able to touch type.

It becomes evident, from experimental work on children
and on other keying skills, that the introduction of typewriting
into schools would be a beneficial exercise. Why then is there

not a typewriter in every classroom?

As long ago as 1961, Professor J.C. Stanley suggested .

~ that "perhaps the typewriter and similar devices should lérgély
replace hgndﬁriting for everything except brief notes and’such
thiﬁés as bank cheques". He commented that the usual :
objectioﬁ to typewriters in the classroom 1is cost, but that
this is completely unfounded when considering the cost of
existing educational hardware such as’ televisions, radios,
video systems, tape recorders. Perhaps individuals fear that
the introduction of keying devices will result in pencils,
pens, chalk, etc. becoming obsolescent. . However, this is
unlikely since an increase in the use of typewriters might
imp}ove the sales of .these objects because of the added interest
in writing, etc. The introduction of the television did not

inhibit the developmeﬁt of the radio and its popularity.

’”
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The second example of research-findings; that were
never implemented,concerns the arrangement of numeric push-
buttons. There are two standards for the layout of numerics,

in contrary versions (see Figure 10.2).

2 4 7 8. 9
4
8 1 3
The Pushbutton . ' The Adding Machine/
Telephone Layout o Calculator Layout

Figure 10.2: The Two Numeric Layout Standards

Deininger (1960) carried out a series of experiments-at
the Bell Systems Laboratories and rejected the adding machine/
calculator layout gince it violated a firmly established
psychological principle of equipment design, namely, that the
equipment should be compatible with individuals' expectations.
Lutz and Chapanis {(1955) reported that when they had asked
100 people who had not used a keyset to indicate which key
should be labelled 1', 55 ﬁointed to the top left-hand
‘corner. Only eight individuals indicated the bottom left-
hand corner. Conrad (1967} supported this finding that the
pushbutton layoht was superior to the adding machine/
calculator design. Although research has unanimously shown
the 1,2,3, top row layout to be more suitable than 7,8,9,
calculator design, manufacturers persist in using the latter.
There éppears-to be no solution to this problem, since the
7,8,9, layout has become a Familiar féature of calculators,
and:with its accompanying financial and skill investment,

.the situation is becoming constantly more difficult to amend.

The application of the two research findings described
here probably did not occur for different reasons. The expense
for the schools of installing typewriters could well have been

thought to outweigh the benefits the children might have gained.




These costs, coupled with the fact that educationalists and
teachers were likely to be unaware ofthe advantaées to be

- reaped from the use of typewriters, would explain why these
devices were not adopted. However, these reasons would not
apply to the numeric keyset layouts. It is apparent that the
research on the 1,2,3, and/128,9, pushbutton designs was
carried out after the calculator/adding macﬁine layout was in
existence. This last example is a similar situation to that
found when trying to introduce new key layouts, on sequential
keyboards, different from the ubiquitoué QWERTY. Further,
the attempt to introduce chord keyboards for typing, with
sequential keyboards already in existence, faces similar

problems;'

The development of general purpose chord keying devices
(for example, the Writehander and the Microwritér) is in its
early'stages. This research has laid down the foundations
for the design of these keyboards, and made other pecoummndations
concerning the motor and cognitive aspects of chord keying.
In order for other individuals to bhenefit from these findings
it would appear imperative to publicise this research. It was
evident from the literature reviews on alphanumeric keyboards
that there was a lack of ergonomic pré—thought and- subsequent
evaluation of these devices. Unfortupately it is becoming
increasingly common for inventors andidesignefs to attach the
words: 'ergonomically designed' to their products (Hobday, 1981),
which is misleading and usually untrue.- Part of the solution
appears to lie in increasing the amount of human factors research
and publications, to make the population more aware of the

advantages of ergonomics.
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PROBLEMS ASSOCIATED WITH KEYBOARD RESEARCH

Geéneral Difficulties

The paucity of evaluative keyboard research can probably
be explained by the -immense methodological problems which

are associated with such work. These difficulties are
4

_outlined in Section 3.1 of/Chapter 5: they result in

experimental keyboard evaluations being time—consuming and
costly. These reasons coupled with inddequate ergonomic
skills and resources could explain why inventors and designers

neglect this stage in the development of their keying devices.

The difficulties associated with this type of research
do not diminish after a lengthy keyboard training programme
has been set up and the subjects have reached asymptotic
performance levels. There has been some controversy over
the techniques used for the analysis of the speed and accuracy
data collected from such experiments. It is well known that
there is a speed-accuracy trade-off for sensori-motor tasks,
and problems arise because the two parameters, speed and accuracy,

are tested 1n isolation.

Due to the trade-off effects, it would be a more valid
exercise to consider a single performance score. Several
attempts to generate.such a formula have been made. For
example, the IBM typing guide (Hirsch, 1970) describes a method
to calculate performance levels in terms of 'met words per
minute'. The total number of strokes, which subjects key in
a 15 minute test, is divided by five. Ten words for each error
are deducted from this total to obtain the net words per
minute value. If an operator is slow or prone to making errors,
a negative score may_be'attained. Hirsch (1958, 1970) in his
experiment comparing an alphabetical and a QWERTY keyboard

used a more elaborate formula on-his data.
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Hirsch's formula was:-

Input Rate = . S

(strokes/second) T (1 + KE)
t —
S-E
-,“
7 .
time taken to type the test material

T
t
S ="the number of strokes actually typed during the test
E = the number of errors found in the typed material -
K = a constant. N

E characters must be corrected, and the correcting of the
errors will take K times the original input time; or, stated in

the above symbols, the correction time = KTT

Hirsch placed the value of K at 10 and 100, and it is
this part of Hirsch's formula which is most suspect, and difficult
to apply to other research. There would appear to be no
satisfactory combined speed and accuracy performanée index for
measuring typing performance, and hence these two parameters
must continue to be treated separately.

-

Specific Problem Areas Relating to this Work

Eason (1976) stated "too often, the designer uses himself
as the model ofithe computer user." This research attempted
to avoid this by selecting a-pool of subjects from a diverse

variety of backérounds, who were chogen to represént the

. potential user population. However, this was not always possible

since there were certain conflicts between the nature of the
experiment and the type of .users. For example, in the reaction
time and learning studies, the age of the subjects was limited
to under 45 years, because of the decrease in the‘flexibility
of the joints and in the .learning rate and memory with the
onset of old age. Similarly in the reaction time étudy, only
right—handed individuals were used. Hence, it could be argued
that the chord keyboard was being designed for young,.right-
handed people. :There is no obvious solution to this problem,
The selection of subjects will inevitably be a QOmpromise taking
iqto account the skills of the users and the demands of the

experiment.
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This research also highlighted a further difficulty
experienced when designing keyboards. The preliminary pilot
study (Chapter 6) was concerned with the hand at rest. However
the situation changes when-the handlmoves from being'stgtic
to dynamic and operates the key-switches. This demonstrates the
importance .of ergonomic evaluations, which study the keyboard

in its working environment.

_ Questionnaires were extensively used in this work
(Chapters 2 and 9), and there are many difficulties associated
with the use of this technique. The main shortcoming when
analysing questionnaire data and attitude rating scales concerns
the interpretatién made by the, author. The classic example
encountered in this wﬁik was connected with the question of
fatigue. For example, the results of the questiomnaire survey .
showed that 52% of skilled typists suffered from back-ache.

The problem arises of relating the percentages of positive
replies to the gravity of the situation, that is, at what
percentage do you declare that operating thejgwERTY keyboard

is causing back-ache among typists.

This example demonstrates a fundamental difficulty in the
use of questionnaire and interview techniques. However Kroemer
(1972) found a solution for comparative keyboard experiments.

He asked each subject her reasons for terminating the experiment
(a comparison of the Kroemer and the QWERTY keyboards). Each

reply was later classified into groups (see Figure 10.3)..
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Primary Reasons Frequency
Kroemer QWERTY
Keyboard Keyboard
;
/ :
Cannot sit any longer 2 1

Aches and pains in the region of:

back 5

neck T4

shoulders ) 17 i 1

arms . 27 ' 48

wrists 9 24

fingers 10 - 14
Subtotal (72) (110)

Can no longer concentrate on the task:
together with aches and pains 9 10
without mentioning aches

or pains 41 22

explicitly without aches

or pains 8 - 5
Subtotal (55) (37)
Total 132 148

Figure 10.3: Reasons given by 12 Subjects for Terminating

the Experimental Trials

Finally, the standard procedures with questionnaires require
piloting and the application of reliability and validity testing.
Although the methodology for the latter was investigated, it was
not practised. The primary reason for not conducfiﬁg reliability
and vﬁlidity tests was time, and the fact that the research was
using the questionnaire as an experimental mﬁasureﬁent tool and
not as a vehicle to produce a 'tried and tested' questionnaire for ’

widespread usage.



Moreover, Likert-type rating scales were used as the main
instrument for the attitude study of Chapter 9, and the
recomeendations of Edwards (1957) -were closely followed.
Elsewhere, apart from the initial exploratory survey reported
in Chapter 2, the questiOnnaires were essentially used for
comparisons between keyboapés being tested by subjects under
similar 6ircumstances, and not for 'absolute' results. For
this purpose i£ was considered satisfactory to develop the

questionnaires through the pilot trials as described.
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_THE FUTURE OF THE ALPHANUMERIC KEYBOARD

The increase of computer technology over the last two

" - decades has resulted in the emergence of many advanced data

entry devices, for example, voice recognition input, and optical
character recognition systems. The question then arises of how
/

secure the future of the alphanumeric keyboard is.

It has already been concluded from this research that the
QWERTY standard sequential keyboard will remain in its dominant
role for many years to come. Skilled typists enjoy typing and
78% prefer this mode of communication to handw;iting. .One of
the advantages of keying compared to voice recognition systems
is that it is less tiring. Skilled personnel are able to type
all day, whereas it is tedious (and perhaps impossible in a

crowded environment) to input data by voice for long periods of

time (Braunsﬁein and Anderson, 1959). Hence the medium of keying

may well be preferred to speaking for quite a proportion of

work situations.

rput by Speech Recognition

Intuitively, speech would appear to be the most natural
method for communicating with-the computer. However, research

in this field has not progressed very far due to the technical

- difficulties resulting from individual differences, and wide

variations in sound patterns produced by people for the same

word. For example, IBM researchers with the use of a large
computer take 34 hours to decode one minute of digtation. This

is with a vocabulary restricted to 1000 words and after an hour of

'"training' the computer to understand the particular user.

However the system is still subject to a 10% error rate (Litterick,

1981). There are advantages of such a system, these could be
listed as follows:~—

(a)  The user's eyes and hands are free to operate other
equipment. ’

(b) Voice input as a data enfry technique speeds up the

over—all system and hence it would be possible to reduce

the number of individuals involved in one job.
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(c) The system requires a relati#ely short training period.

(d) There a;e many benefits to be gained for the physically

handicapped. _

(e) Security - only authorised persdnnel would be allowed

to enter data.
/

In 1981, the use of voice recognition systems instead of
alphanumeric keyboards does not appear to be a feasible proposition.
Litterick (1981) echoed this viewpoint by giving his opinion
that it will be the end of the century. before voice recognitiocn
systems will start to have a significant impact on the. market
for keyboards. It is quite likely that speech recognition
devices will enhance the sales of some keyboards, since they will

be needed for editing and correcting the output from the voice

recognition systems.

Input by Character Recognition

The method of inputting data into a system via a handwriting
medium has much potential for the unskilled and occasional user.
One of the problems of such 2 system (like the wveoice recognition
system) is the individual variagion in handwfiting patterns. One
of the ways .of overcoming this is to standardise working by block
printing letters‘and several commercial devices are on the market.
However, writing speed is considerably reduced; printing rate is
about 12} wordé'peé minute instead of the average of 25-30 for
handwriting. Nevertheless, the adoption of even the printing
recognition devices would appear to suggest that character recognition

systems have advantages over the keyboard for certain . .applications.

At the moment, the still-devéloping technology and cost of
character recognition systems hinders their adoption. Since speed

needs can be met by sequential keyboards, it would seem likely that

character recognition systems would have a useful application for

‘the occasional user who is a non-typist. The outcome of this

suggestion will be substantiated over the next decade.
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6.3 Summary

A comparison of the sequential keyboard and other input
media demonstrates the advantages and potential of the former.
The standard QWERTY keyboard is firmly entrenched in our offices,
homes and factories, and will remain there because of the
financial, commercial and §ﬁill investment, and the attitudes
of the user population to this keyboard. In 1981, it is not
necessary to justify a need for this keyboard, unlike the choxrd

keyboards.

Chord keyboards have a valuable contributiou to make,
when specifically designed for a task. Unfortunately, some
inventors and keyboard designers have a complete disregard for
the application of their keying devices. It is likely that
within the next few years, more keyboards (for example, the
Mode keyboard) will flood onto the market, with sensational
advertising such as "this machine will revolutionise typing"
(Endfield, 1978). Unless a need other than to rivql-the QWERTY
keyboard is'present, it 1s questionable .whether the development
of these chord keyboards can be justified. However, if there
is a need for such keyboards, then the results of this research,
as summarised in Section 3.2.6 of this chapter, may prove a

useful basis for further development.



CHAPTER 11

CONCLUSTONS AND RECOMMENDATICNS
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1. ., CONCLUSIONS

The findings of Part I of this research supported the results

of previous studies, namely,

*

The QWERTY keyboard is not optimal in terms of layout
and design for touch typing.

The QWERTY arrangement of keys hinders keyboard operation

for naive and skilled keyboard users.

The design of the QWERTY keyboard needs modification.

Literature reviews and experimental work on sequential

keyboards reached the following conclusions:

: *

The QWERTY keyboard will continue to monopolise the sales
of alphanumeric.sequential keyboards.

The reasons for the predicted permanence of the QWERTY‘
keyboard are summarised as follews:

strength of tradition

the recognition of QWERTY as the International,
British and American standards R

the financial, skill and commercial investment
in this keyboard . ‘

the attitudes of the user population, who are
unwilling to change to a new layout and/or design

the fact that manufacturers do not recognise a
need to discard the QWERTY keyboard

the problems of locating a replacement keyboard

the inconvenience and costs of retraining.

An alphabetically arranged keyboard has advantages for

-the occasional unskilled user with a small work-load.

The development of sequential keyboards with new layouts
is a fruitless task, because of the establishment and

predicted continuing dominance of QWERTY.
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* There is some evidence from the work of others that the
keyboard and key heights and positions ﬁhy help to reduce

aches and pains.

Conclusions from Part: II of this research on chord keyboards
7/

were as follows: A

* Chord keyboards can be classified into three groups,
namely, ]
hybrid chord keyboards-(for example, ANTEL)
'true' chord keyboards (for. example, the
Post Office chord keyboards)
shorthand chord keyboards (for example,
the Palantype).

* Many chord keyboards have been developed before a need

or an application has been located.

* Three chord keyboard designs were investigated and it was
concluded that none of these was optlmum for a one—handed
desk-top chord keying device (althdugh the hemisphere

was the most appropriate).

* The speed of execution of chords does not relate specifically

to the design of the keyboard. '

* The allocation of chord patterns to alpéanumerics should
be made on the basis of motor and cognitive .parameters.
Any disagreement between these two aspects should be
resolved by applying the motor study findings, since the
physical execution of difficult chords poses more of a

problem than learning a complex chord pattern.

* Retention aids, such as mnemonics, are an important

consideration when designing a chord keyboard.

* Different methods of learning the chord patterns were
investigated: a 'general' memory aid based on the shape
of thé letter was concluded to be the most satisfactory,

for example, an arc of numbers arranged around the character.
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The introduction of a mmemonics memory aid increased

the speed of learning of the chord pattern.

Initial reactions towards the chord keyboard concept

were favourable.
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2. RECOMMENDATIONS

* Mapufacturers should study the benefits to be gained
from modifying the désign of sequential keyboards.
Modifications should be based on designing a keyboard
layout in keeping!with the anthropometry of the hands,
for example, curved rows of keys, varying key heights,

and palm rests.

* The optimum design for a chord keyboard should be based
on the position of the hand in a relaxed posture. In
the case of a 5-key chord keying device, this would be

a flattened ovoid shape.

* Further experimentation will have to be carried out in

ofder to work towards a standard for chord keyboards.

* The minimum number of keys needed for a general purpose

one-handed chord keyboard is six.

* Further research will have to be conducted on the use of

a single shared key for the middle and ring fingers.

* The optimum force—displacement characteristics of key
switthes on a chord keyboard need to be studied.

* Single digit "chords' should ‘be allocated to the most
frequent alphanumerics, followed by two digit, three

and then four digit chords, respectively.

* There is a need to develop a single performance index
for the measurement of speed and accuracy scores in

keying regimes.

* The hybrid group of chord keyboards has many of the
advantages of both sequential and chord keying devices

and may be most suitable for general use.
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EPILOGUE
This research has demonstrated the abundance of work on

sequential keyboards and the paucity of information on chord

keyboards. It is hoped that this research will reduce the

imbalance between these two, areas. There are two themes which

emerge throughout the work{ these are the strepgth of the -

QWERTY keyboard and the lack of application associated with

the &evelopment of several chord keying devices. This second

point raises the issue of whether there is a need for chord

keyboards other than those which are designed for specific

applications. Rightly or wrongly, part II of this research

was based on the assumption that there was a need for general

purpose chord keyboards. Although the author would favour

the argument that there is no justification for developing

these chord keyboards, since the sequential keyboards available

fulfill the majority of the requirements of the general '

population, it is inevitable that inventors and enterprising

individuals will continue to develop chord keyboards. It

could ‘also be argued that although there appears to be no

immediate need for a general purpose chord keyboard, the rapid

development of personal computers might create the need. A
lack of communication among keyboard designers (coupled with
inadequate research in the case of chord keyboards) explains
why new squential and chord keyboards continue to be produced.
It is hopedxtﬁét this work, and subsequent publications which
emanate fro@ it, have served to clarify somewhat the 'state of

the art' of;sequential and chord keyboards.
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The Questionnaire

Section A

1. Job title.

2. Age of subject.

3. How did you learn to type?

4, How long did this tra{ning last?

5. At what speed were you typing at the end of this training?

6. In your opinion, how long was it after this training period,
before you became proficicent and reasonably confidént using
the typewriter?

Section B

7. Are you satisfied with the arrangement of keys on the typewriter
keyboard? If no, please specify.

8. Are there some finger movements between keys which are more
difficult to do than others? If yes, please specify.

9. Are there any keys or sequences of keys with which you seem to
make more errors than others? Please speéify.

10. If you could move the typewriter keys around, are there any keys

" that you would change the position of? Plcase specify.

11. Would you prefer it if the thumbs were given more work to do?

12. Imagine that you were désigning a typewriter keyboard. You have
the letters of the alphabet, the numbers and punctuation symbols
- where gpuld you place the various keys?

Section C )

13. ‘Do you find it a problem having to move your head so much when
working? '

l4. When typing, does your neck somgtimgs.ache?

15. .Does your back sometimes feelvstrained when ﬁyping?

16. Do your shoulders sometimes ache?

17.I-Do your arms become tired?

18. Do your fingers sometimes become tired and start to ache?

19. Can you remember if parts of your body éver used to ache when yoﬁ
first began to learn to type? Please specify.

20. Do you have any other problems of fatigue?

21.

Can you think of any improvements that would make operation of the

typewriter more comfortable?

A2-1
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Section D .

22. Do you enjoy typing? )

23. Do you prefer typing to handwriting?

24, What aspects of the typewriter and typing do you like?

25. What aspects of the typewriter and typing do you dislike?

26. Do you think that the/typewriter is equally suited to both left
and right handed people? If no, please specify.

27. Do you know of any other devices like the typewriter which
produce typewritten words? If yes, please specify,

28. Do you think that a smaller, lighter, more compact version of the
typewriter would be useful? _

29. Do you think that you would like to use a hand-sized, typing
device with only five keys - typing would be carried out by

~ pressing combinations of these keys?
20. Are there any comments, that you would like to make about type-

writing or this questionnaire?



The Questionnaire before piloting:-

1.
*2.
3.
x4,
5.
6.
7-
8.

*9.

*10.
*11.

*12,
*i3.
*14.
*15.
*16.
*17.

18.

19.

20.

21.

*22,

*23.

k24,

*25.

26.

Job title.

Sex of subject.
Age of subject. .
How long have you beengusing the typewriter?

How did you learn to type?

How long did this training last?

At what speed were you typing at the end of this training?

In your opinion, how long was it until you became proficient
and reasonably confident using the -typewriter?

Were you satisfied with the method that was used to teach you
to type?

If not, what improvements could you suggest?

If you were teaching someone to type, where would you place the

" emphasis - on speed or accuracy?

Why?

How much time during the day do you actually spend tyﬁing?

Do you normally use the same typewriter?

{If yes) is it electric of manual?

Which do you prefer?

Why?

Are you satisfied with the arrangement of keys on the typewriter
keyboard?

Are there ‘some finger movements between keys which are more
difficult to do than others? If yes, please specify.

Are there any keys or sequence of keys that you seem to make more
errors on than others? Please specify.

If you could move the.typewriter keys around, are there any keys
that you would change?

Are you satisfied with the position of the punctuation keys?

Do you think the numbers are well positioned on the top row?

Are there any keys on the keyboard which you think need not be
there? Please specify.

Are there any keys that are not there, that you think should be
on the keyboard? PFlease specify.

Would you prefer it if the thumbs were given more work to do?



*27.
*28,
*29.

*30.

31.

*32,

33.

34.
35.

36.

37.
38.
39.

40.

*41)

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

A2-2
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Do you think the spaces between the keys are satisfactory?

Are you satisfied with the feel of the keyé?

Are you satisfied with the distance that the keys travel when
you press them? -

Several researchers and designers have produced keyboards with
different key arrangeﬂéntsa Do you know of any keyboards other
than the one you ugse? Lf yes, please name.

If you were designing a typewritef keyboard, have you any
suggestions as to where you would place the various keys?

When using the typewriter, are there any parts of your body that
become tired more quickly than others? Please specify.

Do you find it a problem having to move your head so much when
working? .

When typing, does your neck sometimes ache?

Does your back sometimes feel strained when typing?

Do your shoulders sometimes ache?

Do your arms become tired?

Do your fingers sometimed become tired and start to ache?

Can you remember if parts of your body ever used to ache when you
first began to learn to type?

Do you have any other problems of fatigﬁe?

How do your fingertips and fingernails stand up to a lot of typing?
Can you think of any improvements that would make operation of the
typewriter more comfortable?

Do you enj&& typing?

Do you prefer typing to handwriting?

What aspects of the typewriter and typing do you like?

What aspects of the typewriter and typing do you dislike?

Do you think that the typewriter is equally suited to both left
and right handed peopie? ‘ o '

Do you know of any other devices like the typewriter which produce

" typewritten words?

Do you think that a smaller, lighter, more campact version of the
typewriter would be useful?
Do you think that you would like to use a hand-sized, typing device

with only five keys - typing would be carried out by pressing

' combinations of these keys?

Are there any other comments you would like to maké about type-

writing or this questionnaire?

* denotes those questions that were deleted.
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Beginner Typists
Questionnaire Survey

The standard arrangement of keys on the typewriter, nicknamed QWERTY
after the top six letters, has come under much criticism during the

last 100 years. This questionnaire is aimed at individuals learning
to type, in order to find out what they feel about the positioning of
the letters on the QWERTY keyboard. Please tick the appropriate boxes.

1. Age of subject

Up to 20 years 21 - 30 31 -40 41 -50 51 - 60 61 upwards

2. Are you satisfied with the arrangement of keys on the typewriter

keyboard?

Yes No Don't know

Please give reasons for your .answet:

3. Are there some finger movements between keys which are more difficult
to do than others?

Yes - No Don't know

.

If yes, please specify:
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Are there any keys or sequences of keys that you seem to make

. more errors on than others?

Yes No " Don't know

If yes, please specify: p

If you could move the typewriter keys around, would you change the

position of any keys?

Yes No Don't know

If yes, please specify:

" Do you enjoy typing?

Yes No Indifferent Don't know




Which do you prefer — typing or handwriting?:
?
Typing Handwriting Indifferent Don't know

Are there any comments that you would like to make about typewriting

or this questionnaire?

Many thanks.

Contd.



Questionnaire Used by Floyd (1979)

Name:
1. What are your first impressions of the keyboard?

Lesson:
Date:
Time:

Keyboard:

2. Do any parts of your body ache? (Prompt, fingers, wrists,

arms, shoulders, neck, back).
3. Any problems with the keyboard?
4. Any problems using the display screen?

5. Any points that you would like to make about anything?

A3-1



10.
11.

12.
13.
14,
.15,
' 16.
17,

18.
19.
20.

A3-2

Questionnaire for the QWERTY and Maltron Keyboard- Users

Job title.
Sex of subject.
Age of subject. ,
Were you satisfied wiéh the method that has been used to teach
you to type?
If not, what improvements could ybu suggest?
Are you satisfied with the arrangement of keys on the two keyboards?
Do you find that there are some finger movements between keys
which are more difficult to carry out than others? If yes, please
spgcify.
Were there any keys or sequences of keys with which you seemed to
make more errors than others? Please specify.
If you could move the keys around, are there any keys which you
would change?
Do you think that you would prefer it if the thumbs were given
more work to do? )
Which do you prefer - the sEace bar found on the standard QWERTY
keyboard or the space key found on the Maltron keyboard?
When typing, does your neck sometimes ache?
Did your back sometimes ‘feel strained when typing?
Did your shoulders sometimes ache?
Did your arms become tired?
Did you have any other problems 6f fatigue?
Can you think of any improvements that would make operation of
the keyboards more comfortable?
Did you enjoy typing?
Do you think you would prefer typing to handwriting?
Are there any other comments you.would like to make about the

experiment or this questionnaire?



Results from Pilot Study I -

Subject

(3.— 53yrs)

(§ - 26yrs).

(§ - 22yrs)

(o' - 56yrs)

($ - 38yrs)

(& - 39yrs) -

.

(3 - 43yrs)
8

- (§ = 24yrs)

) *
Mean Keying Times (Milliseconds)

Cylinder
116 (2)
150 (1) 7

Box

144 (2)
53 (2)

Czlinder
140 (1)

95 (0)

Box

106 (4)
86 (1)

105 (5) .
100 (7)

Hemisghere
99 (3)

103 (5)

No results -

Box Hemisphere
139 (L) 117 (L)
127 (©) 108 (3)
Hemisghére Cylinder

63 (3) 76 (3)

49 (3) 56 (2)
Hemisphere Box

100 (1) .83 (1)

79 (2) 64 (2)
_Hemisphere  Cylinder

87 (5) Not working

82 (4) Not working
Rox Cylinder
118 () Not working
105 (4) Not working
Hemi sphere Cylinder

84 (5) Not 'working

86 (7) Not'working
Box Cylinder
91 (3) Not working
74 (0) Not working

(Trial
{Trial

(Trial
A{Trial

(Trial
(Trial

(Trial
(Trial

(Trial
(Trial

(Trial
(Trial

(Trial
(Trial

electronic timer kept sticking

_at 0'016 seconds.

* The figures in brackets represent the number of errors

per 31 chords.

1
3)

L)
3)

1)
3

1)
3

D
3)

1)
3)

1)

3)
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Results from Pilot Study II

Mean Keying Times (Milliseconds)

Keyboard 1 = the hemisphere,

Keyboard 2 = the cylinder,

Keyboard 3 = the box.

Subject' , Trials Keybd*
1 2 3// 4 5 6 7 8 9
1) 1415 1200 1267 1187 1186 1291 1219 1255 1271 1
1 1160 1168 1188 1193 1149 1119 1159 1225 1180 2
1 1497 1351 1320 1365 1306 1268 1196 1277 1267 3
2 (™ 1197 1166 1160 1160 1185 1135 1175 1130 1220 2
3(%) 1426 1501 1484 1446 1611 1901 1547 1710 1848 2
4(9) 1398 1329 1417 1373- 1355 1361 1401 1394 1464 2
Error Scores
Subject Trials EEZEE%
1 2 3 4 5 6 7 8 9
.lﬁf) 1 2 2 -2 3 6 5 5 2 1
1 3 5 3 4 3 3 1 1 3 2
1 _ 1 2 2 2 2 3 1 3 1 3
2( 27 3 4 4 2 2 4 5 1 2
3(9) 11 7 9 6 3 10 3 5 1 2
4P 3 1 3 3 3° 1 2 3 0 2
Percentage
- Errors |11-3 10-7 124 11:3 86 '13:4 8:6 11'8 4-3

A7-2
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Questionnaire for Selection of Subjects

ADDRESS

AGE:

20-35 years 35-40 years over 40 years

Are you left-handed?

Yes No

"Are you a skilled typist?

Are you a regular player of any musical instrument that requires chords
to be made? .

Yes No

Do you suffer from any form of colour blindness?

Yes "No

Do you suffer from any limb disabilities which restrict arm or hand movement?

Yes No

Have you participated in a reaction time experiment before?

Yes No -

If yes, please givé details:
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" Photograph of Hemisphérical Chord -Keyboard
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Operating the Hemispherical Chord Keyboard
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Operating the Box—shaped Chord Keyboard
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Operating the Cylindrical Chord: Keyboard
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Verbal Instructions Given to Subjects

Please adjust the position of the seat until you are
comfortable. The keyboard can be operated either on the desk—top
or held in the hand. It is up to you to find a.satisfacﬁory

keyiﬁg position.

Directly in froat of you is the stimulus display. The red
light acts as a warning light and tells you that you have two
seconds until a pattern of green lights appear. This pattern could
be ény combination between one and five greep lights. As soon
as the red light fades, these green lights fiash, and you respond
as quickly and as accurately 'as possible by pressing the identical

pattern of keys on your keyboard. g

Please try and press all the keys at the same time and then
release them. The compqter'stops the clock when you make a key-
pressing and ‘then allows a short period of time until it reads the
key depressions agaiﬂ and records this as the response. You will
probably find it convenient to rest your fingefs lightly on the

keys between key pressings;

The first part of the experiment ts a practice trial and
consists of working through 31 different combinations of key
pressings. After this I will return and sort out any problem

areas. I will then explain the rest of the experiment.

Please feel free to try out sitting and keying positions

throughout the experiment until you have reached an optimum.

Have you any questions or perhaps there is something which I

have not explained very well?
s

s
/
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Format of Questions Asked at End of Experiment

Question 1 is open-ended in order to gain your first impressions
of the keyboard.
1. What do you think of the keyboard?
2. Did you like using ié?
3. Was it easy to operate?
4. What do you feel about the size? The shape?
5. What do you feel about the positioning of the keys?
6. What do you feel about the weight? Were you aware of the
weight of the keyboard’
7. Did you prefer to leave it on the desk-top or to support it
in one hand?
Demonstrate your operating position, please?
8. Was this position comfortable?
9. Did your arm ache? Where? At what point in the experiment?
10, Did your hand ache? Where? At what point in the experiment?
11. Have you any comments to make about the stimulus display?

12. Would you like to make any other comments about the experiment?



Table of Mean Keying Times (Milliseconds)

Per  Trial for Keyboard I (the Hemisphere)

A7-7

"Mean

* For the tabulation of the results the three keyboard groups
consisted of subjects 1 - 10, 11 - 20, and 21 -~ 30, although

in fact the keyboards were presented randomly throughout

the experiment.

Subject* Trials
1 2 3, 4 5 6 7 8 9
1 1192 1128 1L57 1256 1251 1307 1193 1231 1392
2 1164 1071 1147 1179 1159 1180 1154 1169 1192
3 1413 1377 1609 1444 1379 1502 1352 1319 1344
A 1701 1570 1705 1509 1627 1652 1638 1713 1746
5 1833 1998 1822 1562 1786 1715 1705 1762 1854
6 1282 1241 - 1111 1093 1087 1075 1071 1169 1070
7 1214 1216 1276 1231 1273 1250 1242 1301 1268
8 1135 1061 1051 1052 1037 1074~ 1029 1016 1007
9 1042 1122 1047 987 982 1015 1019 1174 1062
10 1152 1131 1119 1157 1222 1105 1154 1140 1208
Mean 1313 1292 1306 1247 1280 1288 1256 1299 1314
Table of Mean Keying Times (Milliseconds)
:i:?er Trial for Keyboard IT. (the Cylinder)
Subject Triais
- 1 2 3 4 5 6 7 8 9

11 1354 1334 1360 1332 1379 1440 1372 1307 1258
12 1805 1715 1548 1671 1632 1565 1586 1487 1540
13 1269 1218 1275 1222 1287 1293 1212 1173 1236
14 1514 1512 1474 1406 1345 1386 1283 1381 1319
15 1258 1179 1158 1066 1098 1102 1107 1041 997
16 1570 1346 1264 1076 1134 1170 1023 1072 1087
17 1251 1130 1401 1207 ° 1268 1339 1266 1324 1335
18 1474 1560 1518 1481 1624 1540 . 1407 1405 1424
19 1503 1285 1296 1220 1199 1195 1160 1189 1189
20 1024 1080 1030 972 990 983, 925 925 906
1402 1336 1332 1265 1296 1301 1234 1230 1229
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Table of Mean Keying Times (Milliseconds)
Per Trial for Keyboard IIT {the Boxf
Subject Trials
1 2 3. 4 5 6 7 8 9
21 1330 1298 l2f% 1211 1167 1161 1213 1159 1178
22 1252 1248 1278 1215 1230 1177 1115 1137 1134
23 1644 1474 1347 1426 1377 1502 1511 1594 1514
24 1568 1625 1488 1502 1456 1474 1476 1625 1451
25 1147 1070 1052 1118 1092 1090 1030 1063 1028
26 1470 1352 © 1260 1326 1389 1309 1216 1139 1232
27 1274 1249 1386 1385 1347 1445 1347 1394 1364
28 1604° 1402 1432 1474 1483 1577 1597 1555 1553
29 1254 1175 1185 1152 1141 1150 1091 1103 1075
30 1119 1089 1077 1032 1055 1101 1169 1104 1139
Mean 1366 1272 1284 1274 1299 1276 1287 1267
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Table Showing Error Scores

Trial Number

Subject

12

13

10

11

10
11

13

12
13

14
15

10

10

11

15

14

14

16

17

18
19
20
21
22

17

10

23

24
25

12

|10

13

26
27

28
29
30

10

Total Percentage

9-5 9-0

9-7 12-2

-~ 13-8 157 11-3

147

18-5

Errors



Listing of JAN.FOR Program Implemented on PDP-11 Computer

OO0 000n

- 100

(=

110

1000
1005

1010

2000

2010

497
498

499

555

666

177
2040

PROG IN FILE JAN,FOR
WRITTEN FOR J MARTIN PROJ

AT7-9

THIS IS MAIN WHICH HANDLES USER I1/0 AND THE DATA FILE JANDAT.DAT.
TWO FORT SUBROUTINES ARE CALLED, FROM MAIN , THEY ARE UNIQRD & RAND.
ALSO TWO MACRO-11 ROUTINES ARE CALLED THEY ARE DOTEST & CLEARS.

AS THE TWO FORT ROUTINES EXIST IN MAIN THEN LINK AS ...

JAN,DOTEST , CLEARS

INTEGER TEMP(128),TX,RX,TIME

INTEGER CHOICE,SUBNUM,TCOUNT ,CORDNO
INIT=1

CALL ASSIGN (4, 'DX1:JANDAT.DAT','0','OLD")
DEFINE FILE 4(270,128,U,IREC)

CALL DOTEST(INIT,,,)

QUTPUT MENUE

CALL CLEARS

TYPE 100

FORMAT(//' PRINT ENTIRE FILE (1)',

//' PRINT RESULTS FOR SINGLE SUBJECT (2)',
//' CARRY OUT A TEST (3)',

/1" QUIT (4)'/))

ACCEPT 110,CHOICE

FORMAT(14)

IF(CHOICE.GT.4.0R.CHOICE.LT.1>GO TO 90

GO TO (1000,2000,3000,4000)CHOICE

IREC=1

DUMP FILE HERE

READ(4'IREC,ERR=5000) (TEMP(I),I=1,128)
WRITE(7,1010) (TEMP(I),I=1,128)
FORMAT(//6(17,4X))

IF (IREC.GT.270)GO TO 90

GO TO 1005

GO TO 90

CALL CLEARS

TYPE 2010

FORMAT(//' INPUT SUBJECT NUMBER'//)
ACCEPT 110,SUBNUM
IF(SUBNUM.GT.30)GO TO 90

SKIP APPROPRIATE NO OF RECORDS
IREC=1+(SUBNUM-1)*9

DO 2040 J=1,9

READ(4'IREC,ERR=5000) (TEMP(I),I=1,128)
WRITE(6,497)

FORMAT (1H1)

WRITE(6,498)

FORMAT (41X, " toreuieeennennetisseasrnrscsonsaennonncannnnsns

WRITE(6,499)

FORMAT(41X,' : Printed in the Department of Human Sciences
WRITE(6,498)}

WRITE(6,555) TEMP(1) ,TEMP(2) ,TEMP(3)

FORMAT(1H ,' SUBJECT NUMBER = ',I13,

//' KEYBOARD NUMBER = ',13,

//' TEST NUMBER = ',13//)

WRITE(6,666)

FORMAT(' TX CHORD',10X' RX CHORD',10X' TIME TAKEN',
10X' TX CHORD',10X' RX CHORD',10X' TIME TAKEN'//)
WRITE(6,777) (TEMP(I),I=4,128)
FORMAT((/3X,13,16X,5(17,13X)))

CONTINUE

GO TO 90



010

1500

121

333

Va4

000

000
010

CALL CLEARS

TYPE 2010

ACCEPT 110, SUBNUM

IF(SUBNUM.GT.30)G0 TO 90

TYPE 3010

FORMAT(// ' INPUT KEYBOARD NUMBER'//)
ACCEPT 110,KBNUM

IF(KBNUM.GT.3)GO TO 90
IF(INIT.NE.1)GO TO. 50
IF(SUBNUM.EQ.1)GO TC 48

DO 45 I=1,SUBNUMX239

CALL RAND(N)

CONTINUE

INIT= =1 o ..
IREC=1+(SUBNUM~1)*9

TCOUNT=1

TEMP (1) =SUBNUM

TEMP (2) =KBNUM

CALL CLEARS

PAUSE 'PRESS RETURN TO START TEST'
CORDNO=1 ’

TEMP (3)=TCOUNT . .
CALL UNIQRD(TX) )
CALL DOTEST(INIT,TX,RX,TIME)

TEMP { 2*CORDNO+ (CORDNO+1) ) =TX

TEMP (2*CORDNO+ (CORDNO+2) ) =RX

TEMP ( 2*CORDNO+ (CORDNO+3) ) =TIME
CORDNO=CORDNO+1

CALL CLEARS

WRITE(7,3500) TX,RX, TIME

FORMAT{(//' TX=',14,10X'RX=',17,10X'TIME=",17)
WRITE(6,3500)TX,RX,TIME

IF (CORDNO,LE.31)G0O TO 70
IF(TCOUNT.LE.9)GO TO 321

GO TO 333

' TCOUNT=TCOUNT+1 :

WRITE (4" IREC,ERR=5000) (TEMP(1),I=1,128)

IF(TCOUNT.EQ.10)GO TO 333

GO TO 55

TCOUNT=TCOUNT-1

CALL CLEARS

WRITE(7,99) TCOUNT , SUBNUM _ . _
FORMAT(//' TEST NO ',13' COMPLETE.FINISHED WITH SUBJECT NO ',13)
DO 444 I=1,25000 '

DO 444 K=1,10

CONTINUE

CALL CLEARS _

PAUSE 'PRESS RETURN FOR OPTIONS'

GO TO 90

- CALL CLOSE(4)

STOP

WRITE(7,5010)

FORMAT(//' **** ERROR READING/WRITING DATA FILE')
GO TO 4000

END

SUBROUTINE UNIQRD(TX)

INTEGER HOLD(31),TX
DATA HOLD/31*0Q
IPTR=1

A=Y

Contd.
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CALL RAND(TX)

IF (HOLD(IPTR) .EQ.0)GO TO 100
IF(HOLD(IPTR) .EQ.TX)GO TO 200
IPTR=IPTR+1

IF(IPTR.NE.31)GO TO 10

DO 300 I=1,31

HOLD(1)=0

CONTINUE

RETURN

HOLD(IPTR)=TX

RETURN

END

SUBROUTINE RAND(N) - -

DOUBLE PRECISION XO,X1,XK,XM
DATA X0,XK,XM/4095.0D00,32765,0D00,6777216.0D00/
X1=XK*X0

1=X1/XM

X0=X1-XM*1
IF(X0.LT.0.0) X0=%0 +XM

IF (X0.GT .XM) X0=X0-XM
RD=X0/¥M

RDM=RD*32.0

N=IFIX(RDM)

IF(K.EQ.0)GO TO 10

TYPE 444 ,N
FORMAT(/' N=',I5)
RETURN
END
Z%% FILE DOTESTST.MAC FOR J MARTIN PROJ Z77

.title dotest
.globl dotest

CALL DOTEST(INIT,TX,RX,TIME)

dotest:

drin: b7 <~ strobe
b4 to bO <= input data lines from keys

drout:bb —> clear JK
b5 to bl —» output data to display lamps
.b0 —) ready lamp
ckesr=170404
bufpre=170406
drout=167772
drin=167774
drcsr=167770

lpesr=177514

lpbuf=177516 ;

tst (r5)+ ;skip no of sargs

tst @(r5)+ scheck state of init

bpl setup ;if init is positive then initialise

start the test proper

bis £100,@fdrout ;pulse to clear JK

jsr r3,delay ;eive relay plenty of time to energise
bic £100,@fdrout :

inc @fdrout ;send the ready signal

jsr r3,delay ;delay
mov £100000,r1 ;put -32768 into rl to act as 'incorrect Rx' marker
mov @(r5)+,r2 ;get Tx chord into r2; do not use @(r5) cos Tx is about
to be changed and do not wish to change value of 7
. Px as it is required for later print out in FORT prog



%

imeup:

etup:

elay:
0%:

asl
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r2 ;rot left to skip 'ready' line, lsb is automatically set to zero

thus turning off ready lamp when we ... .

.end

mov r2,@fdrout ;so turn off 'ready' lamp and- present Tx chord
clr r0 ;clr lms counter

mov £377,@fbufpre ;load 1

inc @fckesr :kick clock

tstb @fckesr ;test for overflow .

bpl 25% '
inc r0 ;ro stores response time in approx lms increments’
tst 0 “;time up ?

bmi timeup

bic £201,@fckesr ;stop clock and clear ovf

tstbh @fdrin ;look for strobe

bpl 20% ;N0 response yet

mov @Edrin,rl - ;response time.in r0 now: Now grab the RX chord-put it in rl
bic £177740,r1 ;strip to 5 bits

mov rl,@(r5)+ ;return the RX chord

mov 10,@(r5)+ ;and the time taken .

clr @fdrout ;turn off the displayed Rx chord

Trts pc .

clr @fckesr -

mov £377,@fbufpre ;set preset to one count

mov £10,@fckesr ;set lkhz,no interrupts,single interval mode
clr @fdrout ;jmake sure the output display is clear
rts pc ’

clr rl - ;delady coming up

tstb @Llpesr ;using LP as delay device

bpl 10%

mov £0,1pbuf snull char
Jinc rl | -

cmp £3600,r1

bne 10%

rts r3



General Introduction to the Rationale of the OMNIBUS Test

s

"OMNIBUS can be most easily understood as a non—parametric version
of Analysis of Variance. The analogy is not perfect but it serves
as a first approximation. The test is called 'non-parametric'
because all scores are repfaced by ranks at the beginning of the
computation and it is these ranks — not the original scores -
which are subsequently analysed. OMNIBUS is a very general
procedure and replaces many popular non—parametric tests such as
the sign-test, Mann-Whitney test, Pagé's trend test, Friedman's

test, the Kruskal-Wallis test and others less familiar. It can

cope with frequency tables under certain circumstances (for example,

when the categories of the dependent variables are rankable).
Rank correlation (for example, Spearman's rho and Kendall's W)
also.falls under the test's general umbrella. OMNIBUS also deals
with experimental designs which existing tests have difficulty

in handling."

R. Meddis.
February 1lst, 1979
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An Example of a Tachistoscope Card

Used in the Pilot Study.
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An Example of a Tachistoscope Card

Used in the Main Study.

¢-8V



A8-3

Results from the Pilot Study

Sex of Age Number of Trials
Subject Range Chords taken until
(years) . to Learn Remembered
!""
M 21 - 30 .16 9
F 21 - 30 15 7
M 21 —.30 16 8
F 21 - 30 ° 16 7
F 31 - 40 16 4
F 21 - 30 16 6
M 21 - 30 15 5
F 41 = 50 10 7
M 51 - 60 10 7
M 3

21 - 30 10

* The criterion for having learmed all the chord patterns
was to be correct on two successive trials. These two

trials were included in the final score.
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Verbal Instructions Given to Subjects

You will be presented with cards one at a time and for a
fixed amount of time via the tachistoscope. There are 16 cards
and they each show a letter, or a number, and a series of numbers
which could be any between/1 and 5. The first time that I go
through the cards, all I want you to do is watch the tachistoscope

screen and try and remember the associations.

The second. time.I present the cards,.l will only show you the
letter or number and ask you 1f you can remember the corresponding
set of numbers. At the end of this second showing, the identical
procedure will be repeated again until all 16 have been successfully

identified.

It sounds hard work, but it is surprising how quickly you will
learn the 16 associations. Most people at some point become
despondent and feel that they will never learn them, but the

majority do complete the list.

The purpose of the experiment is to find which combinations of
numbers are easiest to learn and remember. So when applying chord
combinations to the letters of the alphabet, the easiest chords will
be allocated to the most frequent letters. It is worth remembering
therefore thaf'the person who 'learns the 16 combinations immediately
provides no useful information for this study!

At the end of the experiment, I will ask you how you remembered
the various associations. Have you any questions or 1s there some-

thing that you would like explained more fully?’



Description of Subjects ~ Main Study
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Subject Number Sex Age—Group Occupation
1 M 31 - 40 Computer Programmer
2 M 41 - 50 Factory Worker
3 F 41 - 50 Midwi fe
4 F 31 - 40 Nurse
5 M 41 - 50 Teacher
6 F- 21 - 30 -Researcher
7 F 21 - 30 Lecturer
8 M 21 - 30 Technician
9 M 31 - 40 Computer Programmer
10 F 21 - 30 Technician
11 F 31 - 40 Housewife
12 M 41 - 50 Technician
13 F 21 - 30 - Teacher
14 M 21 - 30 Electronics Apprentice
15 F 21 - 30 Technician
16 M 31 - 40 Technician
17 F 21 - 30 Researcher
18 M 21 - 30 Postgraduate
19 M 31 - 40 Electrician
20 F 41 - 50 Housewife
21 M 21 - 30 Postgraduate
22 F 21 - 30 Library Assistant
23 F 21 - 30 Social Worker
24 F 31 - 40 Secretary
25 M " 3140 Computer Programmer
26 M 31 - 40 Researcher
C 27 F 21 - 30 Secretary
28 M 31 - 40 Technician
29 F < 20 Unemployed
30 M 21 - 30 Teacher
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Data from Main Study (n=30)

C_h;qgi Number of Trials Until Remembered
12345 551131214121121 (mean = 2-06)
1234 466354%2421445665 (mean = 4°12)
1 345 26633536664136224 (mean = 4:0)
123 5 46553236323566 (mean = 4-21)
12 45 656613561433611343 (mean = 3-72)
2 45 6456312213666 1 (mean = 3+71)
12 5314222151154 3 (mean = 2-78)
23 13562634534 (mean = 3:82)
34 626441661421253 (mean = 3:53)
45 536426132161565606 (mean = 3:87)
1 5 3631355644665241 (mean = 3-73)
1 4 524131541655112 (mean = 3-07)
13 4311221333534 (mean = 2-69)
2 4 45361344314135466 - (mean = 3:71)
2 5 36266343526331545 (mean = 3-94)
35 521426153625612566 (mean = 3-:77)
1 3221114611131 141 (mean = 1-8)
2 611121162123121111 (mean = 1:89)
3 511333131333143 “(mean = 2:75)
4 14121411211213541 (mean = 2+06)
5 261313114211 4 (mean = 2:21)
123 61522412165331 (mean = 3)
234 421153426454 3'§ 5 (mean = 3-66)
345 3332341114133S5 (mean = 2-64)
12 4 166521155646466 (mean = 4-26)
12 5 661635252315436626 - (mean = 4)
1 34 361561546266 (mean = 4°+25)
135 6 6616311362643, (mean = 3:86)
1 45 445664366153653626  (mean = 45)
.2 45 6224644546606 34 (mean = 4:53)
23 5. 3444216663626453 (mean = 4-06)



Comparative Rankingé by Frequency of Occurrence of Letters in English

Words (Hardy, 1978)

Continuous Text Subject.Word Proper Names

" Dewey Platt’ Meaker ;ﬁ Ohaver , Bourne and Ford
(1923) (¢ 1939) ( 1956)  ( 1956) (1961)
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Description of Subjects — Follow-up Study

L)
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Subject Number Sex Age—-Group Occupétion
1 F 21 30 Secretary
2 M 21 30 - Researcher
3 M 31 - 40 Office Clerk
4 F 21 - 30 Librarian
5 M 21 30 Mental Nurse
6 M 31 - 40 Industrial
‘ Psychologist
7 M 21 30 Insurance Clerk
F 20 Sixth Former
F 21 30 Office Clerk
10 F 21 - 30 Secretary
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The Attitudes Rating Scales After Piloting

The following questionnaire has been designed to obtain some -
idea of your attitudes towards the chord keyboard system, which you

have used.
- . 4,‘ - y
The questlonnaire conslists of a number of statements
followed by a rating scale. What T would like you to do is to
indicate your agreement/disagreement with each statement by placing

a circle in the appropriate scale.

An example will serve to illustrate what is meant by this.

1. I DISLIKE THE THOUGHT OF HAVING TO USE A CHORD KEYBOARD

1 2 3 & 5
Agree Disagree

1 and 5 indicate extreme views
2 and 4 moderate

3 indicates a neutral position. t

.

H

If I agreed moderately with the statement, I would mark the line

at position 2 with a circle.

For example,

1 2
i
L w han L R
Agree Disagree

Please answer all the statements.



1.

Section A:

I FOUND THE CHORD KEYBOARD AWKWARD TO USE.
1 2 3 4 5
r T ,‘If T ]
Agree | Disagree
I THINK MY ARM WOULD ACHE AFTER KEYING FOR LONG PERIODS OF TIME.
1- 2 : 3 4 5.
Agrée Disagree
_I THOUGHT THE MAJORITY OF THE CHORDS WERE EASY TO HAKE.
1 2 3 4 5
Agree ' : Disagree
I WOULD ALTER THE POSITION OF THE KEYS.
1 2 3 4 5
Aé;;e o ' | . j Disagree
iHE CHORD KEYBOARD WAS éOMFORTABLE TO OPERATE.
1 2 3 4 5
Agree Disagree
THE MNEMONICS CHART WAS CLEAR.‘
1 2 3 4 5
— v T v '

Agree Disagree

A9-1
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7. f WAS UNSURE WHEN I HAD DEPRESSED THE KEYS.

1 2 3 4 5

T . T L) -1

Agree _ Disagree

!
S

8. I WOULD ALTER THE SHAPE OF THE KEYBOARD.

1 2 3 4 5

Li I L r - r

Agree ) Disagree
9. THE CHORD KEYBOARD WAS GOOD FUN TO USE.

1 2 3 4 5

* ¥ L4 T

Agree Disagree

10. I THINK THAT I WOULD HAVEVPROBLEMB REMEMBERING THE VARIOUS
CHORD COMBINATIONS. -

1 2 3. 4 5

L Ll T T

Agree Disagree
: 3

11. SOME CHORDS WERE DIFFICULT TO FORM.

1 2 3. 4 5

s T T T -1

Agree . oo - -Disagree
12. I WOULD LIKE TO USE THE KEYBOARD FOR LONG PERIODS OF TIME.

1. 2 3 4 5

- — L] -1

Agree Disagree
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13. I FOUND THE DEVICE INTERESTING TO USE.

1 2 3 4 5

¥ L] LA T N L)

Agree Disagree

i

14. T THINK MY HAND WOULD ACHE IF I USED THE KEYBOARD FOR LONG
PERIODS OF TIME. ’

1 2 3 4 5

L T " v T .

Agree ' Disagree
15. OPERATION OF THE DEVICE WAS STRATIGHTFORWARD.

1 2 3 4 s

r T T T L)

Agree _ Disagree.

16. I THINK THE CHORD KEYBOARD IS A NOVEL IDEA.

1 2 3 4 5

L) T L L T

Agree Disagree



5.
6.

Section B:

How would you modify the size of the keyboard to suit your
particular needs?

How would you modify the shape of the keyboard to suit your
particular needs? f/
How would you alter the position of the keys.for your handsize?
Did you think the "mmemonics chart' was the best way of
}efresenting the chords?

Can you suggest a better alternakive?.

Which chords were easy?

Which chords were difficult?

Have you any further comments to make concerning the chord

keyboard system.or this experiment?

A9-1
Contd.



Description of Subjects — Main Study

Subject Number Sex Age—Group Occupation
1 M 31 - 40 Police Inspector
2 F 21 - 30 Social Worker
3 F 21 - 30 Office Clerk
4 M 21 - 30 Production Engineer
5 F £ 20 " Unemployed
6 M 21 --.,30 _Research Fellow
7 F 21 - 30 ' Unemployed
8 F 21 - 30 Secretary
9 M 21 - 30 Lecturer
10 F 31 - 40 Secretary
11 M 21 - 30 Insurance Clerk
12 F < 20 " Sixth Former
13 M 31 - 40 Civil Servant
14 M 21 - 30 Engineer
15 F 21 - 30 Librarian
16 M - 21 - 30 Research Student
17 M 31 - 40 Computer Programmer
18 F 41 - 50 Housewife
19 M‘ 31 - 40 Technician.
20 F 31 - 40 Teacher
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Verbal Instructions Given to Subjects

In front of you is a chord keyboard. You will probably find
it most comfortable to operate by resting in your lap and supported
with your left hand. However if you dislike this position, please

/
feel free to find a more satisfactory one.

Keying on a chord keyboard is carried out by patterned pressing
of keys. The various éatterns needed to generate the letters of the
alphabet are shown in this mnemonics chart. As you can see, A has
the number 1, 2, 3, 4 and 5 surrounding it, which indicates that all
five digits are needed to key the letter A. All keypressings will
have to be made simultaneously as the computer only reads the keys
which are pressed at the same time. The number 1 represents the
thumb key while.;he number 5 is the little finger. Is there anything

about the mmemonics chart that you do not understand?

Letters will appear one at a time on the screen and all that
you are required to do is make the appropriate key-pressing. If you
are correct, the next letter will appear whereas if ycu have made
a mistake, the word INCORRECT will flash up. This indicates that
you have another opportunity to make the correct chord. After you
have worked through the alphabet on three occasions, some lines of
prose will be shown for you to kéy in. No ﬁerformance measures
such as speed and accuracy'scores'ﬁre being collected, so do not
concern yourself with responding quickly or worry if you make a large

number on errors.

At the end of the experiment, a short questionnaire will be
administered. This very briefly outlines the experiment and the

experimental procedure. Have you any questions?

v
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Listing of JANKB Program Implemented on the PET Computer

19
2¢
21
22
23
3¢
35
37
38
45
119
129
13p
159
16p
179
180
199
219
23p
240
28p
329
339
360
. 37p
380
390
A1
419
428

43

- 44@
459
468

REM. ...PROG: JANKB. J SMITH. OCT 80
REM. ...GOES THRO ALPHABET, LOOPS ON
REM. . . . INCORRECT, REPLIES

REM. . ..NOTE:K/B MUST BE ATTACHED

REM. ... AND POWERED UP.

PRINT' 3" '

PRINT" .

PRINT"CHORD KEYBOARD EXERCISER"

PRINT" ¢ JANKB) J SMITH. OCT 80
FORG=1TO4@PP: NEXTG ‘
POKES59459,128

1=65

PRINT" 3"

POKE59471,128

POKES9471,0

POKES9471,128

IFT 9YTHENI=65 _
PRINT" . "CHR$(I) -
A=PEEK(59471) '
A=AAND32

LFA<?32THENGOTO 219

A=PEER(59471) -

A=vOTA f
A=AAND31
IFA=31THENA=65
IFA=21THENA=66
IFA=12THENA=67
IFA= 9THENA=68"
IFA= 1THENA=69
IFA=] 7THENA=7g
IFA=19THENA=71

"IFA=3THENA=72

IFA=28THENA=73
IFA=22THENA=74
IFA=18THENA=75

A9-{



479
489

499

SPQ
519
520
53¢
540
55¢
569
579
580
599
609
619
620
63¢
64
650
66¢
670
680
69¢
790
71¢

IFA=7THENA=76
IFA=27THENA=77
IFA=8THENA=78
IFA=16THENA=79
IFA=20THENA=8p
IFA=L4THENA=81,
IFA=STHENA=82
IFA=4THENA=83
IFA=2THENA=84
IFA=1@THENA=85
IFA=29THENA=86
TFA=3¢THENA=87
IFA=13THENA=88
IFA=24THENA=89
IFA=15THENA=9¢
LFA<>ITHENGOTO6 8%
PRINT

PRINT"

FORD=1TO5@@:NEXTD

I=I+1

GOTO13¢

PRINT

PRINT"
FORD=1TO5¢¢ : NEXTD
GOTO13¢

CORRECT"'

A9-4
Contd.



Listing of JANTEXT Program Implemented on the PET Computer

199
110
120
13¢
15¢@
16¢
17¢
189
199
20
2@5
2¢7
219

22¢

239
240
25¢
260
27¢

28¢

29¢
3¢9
32¢
340
35¢
399

43¢
449

45¢
460
47¢

480
490

500
519

PRINT" 3"

PRINT" PROGRAM JANTEXT"
PRINT" J SMITH DEC 80.
FORG=1T02¢¢0:NEXTG
POKES59459,128

PRINT" 3"

PRINTCHR$ (13)

READ S$%

IF S$="EOF''THENGOTO7 8¢

PRINT S$

PRINT "-";

PRINT CHR$(157);:REM CURSOR LEFT
GOSUB 27¢

:REM INTO C$

IF ASC(C$)=13 THEN PRINT CHR$(32);:GOTO17¢
IF ASC(C$)=11 THEN PRINT " '";CHR$(157);:GO0TO0 76@

PRINT C$;

GOTO2¢5 -

REM RESET PULSE
POKE59471,128:FORK=1T05¢ : NEXTK
POKES59471 ,%:FORK=1T0O5@: NEXTK
POKE59471,128 +
A=PEEK(59471) *

A=AAND32 '
1FA<>32i1{ENG0Tp 32¢
A=PEEK(59471)

A=NOTA

A=AAND31

IFA=31THENA=65
IFA=21THENA=66

-IFA=12THENA=67
"IFA=9THENA=68
IFA=1THENA=69

IFA=17THENA=7@
IFA=19THENA=71
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520
53¢
549
55@
560
576
580
590
6@
61¢
620
63¢

640

65¢
660
67¢
689
699
790
71¢
72¢

73¢

740
75@
764
77¢
78¢
799
8¢¢
81¢
82¢
83¢
849

850 .

. 860
870
875
88¢
885
899

IFA=3THENA=72
IFA=28THENA=73
TFA=22THENA=74
IFA=18THENA=75
IFA=7THENA=76

IFA=27THENA=77/

IFA=8THENA=78
IFA=16THENA=79
TFA=2(THENA=8¢
TFA=14THENA=81
TFA=5THENA=82
IFA=4THENA=83
IFA=2THENA=84

IFA=1¢THENA=85
IFA=29THENA=86

IFA=3¢THENA=87
TFA=13THENA=88
TFA=24THENA=89
IFA=15THENA=9¢
IFA=6THENA=32

IFA=23THENA=46

IFA=25THENA=13 -

C$=CHR$(Aj[
RETURN

PRINT" ";:PRINT" ";:PRINT" .";

GOTO2(5
PRINT .

PRINT"END OF RUN! _
DATAGOODS MAY BE TRANSPORTED BY LAND SEA
DATAOR AIR. IN THIS COUNTRY THE GREATEST
DATATRANSPORTATION OF COMMODITIES IN
DATALARGE BULK IS BY RAILWAY ALTHOUGH

" DATAA VERY CONSIDERABLE QUANTITY OF GOODS
;‘DATAIS NOW TRANSPORTED BY FLEETS OF LARGE
DATAMOTOR LORRIES FOR WHICH TRUNK SYSTEMS
DATACOVER THE WHOLE COUNTRY,

- DATA
"DATA

DATA
DATA EOF
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