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Foreword

The word “communication” comes from Latin and means “making
common", or "making known". In a modern sense, communication
batween people means exchange of thoughts, ideas, and opinions -
one of the most elementary needs of human beings.

Speech and hearing are the two maost important means for such
communication. And they are very difficult to replace. But com-
munication Is so much more. Our way of using the words, listening
to them and interpreting them, also plays an important part. And
50 also the speed with which we communicate. For how long would
you listen to me it | spoke, say, with a speed of ten words a
minwe?

Several groups of disabled persons are hampered in their communi-
cation. People with some form of speech impairment are an ob-
vious case, As are those who are hard of hearing, deaf or deaf-
blind. - Speech-4mpaired persons are in desperate need of some
kind of speech prosthesis. And deaf, hard-of-hearing and deaf-
blind persons need some kind of service which converts spoken
sentences to a medium of theirs, e.g. text on screens or Brallle
displays. And such devices and services are available. The problem
is that - so far, at least - somebody has to transfer the spoken
message Into written - and sometimes vice versa — via some kind of
keyboard. So far, the ordinary typewriter ar computer keyboard -
called the QWERTY keyboard - is generally used. But it is rather
slow in use. So,  some kieas were arourxl for increasing the
speed of writing by means of modified keyboards, these keytcards
would perhaps do a good Job for disabled people.

And such keyboards existl Indeed, there are several of them.

They all have their advantages and disadvantages. But how to
choose the best?

Whether this s a stralghtforward task or not isn't easy to say.
But the author of this report - Mr. Olot Dopping - Is convinced
that one concept is better than the others,

Olof Dopping, ME., is experienced in this field. He has been
working with communication engineering as well as computers, word
processing systems and the like for several decadges. He is also an

experienced pen stenographer, and he has been working with other

methods for fast writing. So when he gives us his views we can be
sure about at least one thing: he knows what he is talking about!

it is hoped that this report will play an important part in choosing
the best solution to the problem of converting speech to print and
keyboard input to speech in real time.

The report has been produced within the project called Telematics
and Disability. - All statemments in the report are the responsibility
of the author.

Jan-Ingvar Lindstrém
Project Manager, Telematics and Disability
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1. Introduction
and Management Summary

This report Is written by Olof Dopping, Independent consultant, for
The Swedish Institute for the Handicapped. The opinions expressed
in the report are mine. They are not necessarily shared by the
Institute.

The meaning of “chord keyboard" can be seen in the figures
on the next two pages. The main advantages of the chord key-
board are high typing speed (up to the speed of speech) and extra
comfortable typing. By “clear text” | mean ordinary text as
opposad to cryptic codes such as pen shorthand signs.

One Important application area for the chord keyboard is in
the area of SOP" (Service to Disabled People). In consequence,
The Swedish Institute for the Handicapped has been a pioneer in
introducing chord keyboards In Sweden,

This repont ks primarity focussed on SDP applications. However,
the SDP area requires chord keyboards to be used also in other
areas, Therefore, the report has been designed to be of interest
also to people in administration, trade, and industry.

A major application within the SDP area s text interpretation
for the benefit of deaf {and especlally adult-deaf} people. Text
interpretation, In its modern sense, means that a human text inter-
proter continuously presents a written version of a speaker's words,
thus enabling deaf persons to follow a speech aimost as easily as
hearing persons. Text telephone interpretation and meeting inter-
pretation are two important cases.

Ancther SDP application serves speech-impaired persons who
can use a key-to-speech system, producing synthetic speech from
keystrokes, With a conventional keyboard (QWERTY), this method
s slow, but a chord keyboard will allow the production of key-
board-created synthetic speech with the speed of natural speech,
the user is sufficiently dexterous and has had enough training and
practising. (Unfortunately, however, speech impairment is often
combined with other disabllities, which may make it difficult or
impossible to use a keyboard efficiently.}

Blind persons are often more dependent on keyboards than
sighted people. A speclal section® describes the benefits of chord
keyboards for blind users.

Chord keyboards are almost as old as the typewriter. Until a
few years ago, however, you could not write clear text with a
chord keyboard. All you could produce was a sort of mnemonic
code that had to be manually transcribed to produce text that
could be read by anyone.

1 The abbreviation, SDP, is pot panerally ussd, &t has been creatsd for the purpase
of this report. And 10 my knowledge, the expression, Service to Disabiled People,
i nat generlly used either.

2 Section 984,
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In this respect, using a chord keyboard was simiar lo using
pen shorthand. (Incidentally, | use the words “shorthand” and
“stenography” interchangeably.)

In this decade, however, a revolutionary thing has happened to
the chord keyboard:

Married

Chord Keyboard, 100
Word Processor, 18
1980's

This marriage has spawned a child:

Born

A Typewriter with Shorthand Speed

J

Figure 1:1 shows the layout of a modern chord keyboard. Figure
1:2 explains the way to use it

NO SPACE

Figure 1:1. Layout of a chord keyboard (Velotype).



A conventional keyboard is called QWERTY,
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On such a keyboard, you strike one key at a time.

It can be called a sequential keyboard.
You may think this |s “the only way to type”. Wrong!

On a chord keyboard,
you strike several keys simultaneously,
like a pianist striking a chord.

Normally, one chord praduces one syllable: “A chord”
@00 o008
] g , .
U D 888 % %%%DD Tempo dx. Valse
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A built-in microprocessor arranges the characters
in the correct sequence, based on rules of phonatics,

Each consonant is represented both to the right and o the left.

You use the left-hand keys for consonants belore the vowel(s)
and the right-hand keys for consonants after the vowel(s).

For a letter which does not have any key of its own,
you use a combination of two keys,

On a modern chord keyboard

{but not on the old-fashioned ones)

you can also indicate where the inter-word spaces should be,
and you can type punctuation and upper-case characters,
thus producing a graphically perfect printout,

Once you have leamed to operate a modesn chord keyboard
and practised enough,

you can type much faster and easier

than you can on a QWERTY keyboard,

Figure 1:2. The principle of a chord keyboard.
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However, most chord keyboards can only produce a sort of raw
text. Although most words may be comectly spelt, this text has to
be “post-edited” by a human operator in order to form a presen-
table document.

In other words, these keyboards do not completely eliminate
human transcription work.  All you get is Computer-AIDED Tran-
scription (CAT).

It is an important and fittle known fact - which it is my ambition
to spread via this report - that there are also chord keyboards
capable of producing text which needs no post-editing. Thus, they
give you ComputeriZED Transcription, not only Computer-AIDED.
And they provide for instant presentation of the clear text, which
is essential in - among other applications ~ text interpretation for
deat people.

This feature opens up new application areas, which are for econom-
Ic reasons inaccessible to users of other chord keyboards,

The Swedish Institute for the Handicapped has made its choice
ot chord keyboard type - the Dutch Velotype - on the basis of this
feature, which has a special importance in text interpretation.
Swedish organizations which will introduce chord keyboards for
uses outside the SDP area — generally in order to save money —
will Indubftably make the same choice.

This report contains a detailed account of the motives behind
the choice of Velotype. It Is hoped that this presentation wl
relieve other user organizations in Sweden and other countries from
duplicating the selection process that has already been pursued by
the Swedish tnstitute for the Handicapped.

The report also contains a chapter on host systems.” This
means the alectronic equipment (e.g. a word processing system) to
which a chord keyboard must be connected. In most cases, you
can “chordize™ your word processing system by simply unplugging
the original QWERTY keyboard and replacing £ with a chord
keyboard.

Anather chapterd covers the necessary training and practising.
A special subject in the same chapter ks the labour market for
chordists.®

A chapter on Applications® begins with a section explaining
that the primary |ustification for using a chord keyboard Is not
necessarlly a need for high speed per se. Many user organizations
will acquire chord keyboards in order to make radical savings on
typing and typesetting costs. Other users will get chord keyboards
for ergonomic reasons; It Is said that a chord keyboard puts less
strain on the operator than a QWERTY keyboard does. - This
chapter also contains an account of typical applications both inside
and outside the SDP area.

! Chapiter 7 {Host Systems and Assockated Equipment).
2 Chapler 8 [Usars, Tralning, and Practising).
3 | m not aware of anybody else using this term (chorasst), which { am now

trying 1o inroduce. As the intelligent reader has already guessed, i denates
& usar of a chord keyboand.

4 Chapers.
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There Is also a chapter’ on Costs, Savings, and Benefits.
Among other things, it is shown that anyone who runs a typing
pool or a typeselting outfit is losing money every day if he sticks
1o QWERTY instead of switching to Velotype (or any ather Stitable

chard keyboard, If there is any).
The main text of the report then ends with chapters on Com-

petition to Chord Keyboards and A Look into the Futura.

! Chaptar 10,

15



2. Purpose and Target Group
2A. Purpose of this Report

The Swedish Institute for The Handicapped has sponsored a series
of studies of questions related to the use of chord keyboards In the
SDP area. Some time ago, they decided on choosing the Velotype
chord keyboard for this purpose.

Many persons seem to have found this decision a bit daring.
“Nobody has done that before.” - “Tens of thousarxis of American
court reporters cannot be wrong In their choice of keyboard." -
"“We have seen that the speed of speech can be reached in English

with an American-type chord keyboard, but nobody has seen this '

done in the same language on the Dutch keyboard."”

Therefore, the reasons for choosing Velotype have had to be
explained over and over again, as new people have become Involved.
One purpose of this report is to document the |ustification for
Velotype once and for all.

Another reason is connected with intemational cooperation. By
means of this report, the results of the studies made for the Swe-
dish Institute for the Handicapped are made available to similar
organizations in other countries. (Most of this kind of information
exchange goes in the other direction, because Swedes can generally
read English and often one or more additional foreign languages,
while few people outside Scandinavia can read Swedish.)

Apart from the possible advantages to organizations abroad, i
may be an advantage for the Swedish SDP if other countries use
the same system as Sweden does. This will facilitate future ex-
change of experience.

2B. Target Group
2B1. Persons In the SDP Area

The primary target group for this report consists of persons in-
volved in SDP. This includes the disabled pecple who are the
raison d'étre for SDP.

A special group of SDP peopte which | have In mind conslsts of
persons who are in charge of SDP activities in countries whare
chord keyboards are not used at all, or not used to any great
extent. Thus, | am talking about persons who are In the same
situation as the management of the Swedish Institute for the
Handicapped was a couple of years ago, when the chord keyboard
activities were just beginning.

For this group, | have a special word of caution (assuming that
they want to take advantage of the great benefits of chord key-
boards for certain groups of disabled people).

You may think - as everyone tends 1o think in similar situations
~ that your forthcoming choice of a certain type of chord keyboard
only affects a relatively small group of people, mainly consisting of
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adult-deat persons and a handful of text interpreters.  Especialty if
you are pioneering the use of chord keyboards in your country or
language area, this would be a gross underestimation of the impor-
tance of your decislon,

This is partly because SDP is |ust the tip of the iceberg. In a
fow years the number of chord keyboards will be many times larger
outside the SDP area than Inside it This will have a profound
effect on the SDP activities, especlally because there wil be a
more or less common labour market for chordists inside and outside
SDP.

In such a situation, it is highly desirable that everyone uses
the same chord keyboard system, [f the others will have another
system than you have, the chordists in the SDP area wall form an
isolated Island, and you will have great difficulties In recrulting
new personnel,

If you are a pioneer, you will also have a great de facto re-
spansibility for the choice of type of chord keyboard. Although
the study effort behind this report may seem modest, the vast
majority of future chord keyboard users will not have anything like
the capacity to carry out studies of a similar depth, and many are
likely to just pick the brand a ploneer has selected.

For these reasons, you would be outright narrow-minded If you
were looking only at the SDP area in selecting a chord keyboard
type. You should keep all application areas in mind, This is the
reason for Including so much text on non-SDP uses in this report.
This also leads me to the next section:

2B2 Persons in Administration, Trade, and Industry

A secondary - but extremely Important - target group for this
report consists of persons who are, or should be, in a sophisticated
way, involved in keyboard activities outside the SDP area. The
sophistication may be based on the need for a thrifty and stream-
lined large-scale operation, €.g. in a typing pool of In a typeset-
ting organization, It can also be founded on the need for efficient
“catching of the spoken word”, e.g. for verbatim reporting in a
pariament. A need for chord keyboards can also be based on
ergonomic considerations, which should be of special interest to
rade union representatives and people Involved with office health
care.

The spontaneous distribution of this report will be largely con-
fined to the SDP area, of course. For reasons given above, howev-
er, | hope that some of the receivers of the report will order extra
copies for some persons they know of in the secondary target
group that has been mentioned here,

2C. A Pragmatic Approach

The initial purpose of the chord keyboard study | have made for
The Swedish Institute for the Handicapped was not to prepare a
report for an intemational readership. It was just to find out
which type of chord keyboard should be used in text interpretation
for deaf people in Sweden.

Consequently, & was not my ambition to make a study which
would be valld for all countries and all situations. Taking a more
pragmatic approach, | concentrated on the altermatives which |
found most promising for my customer, and from the point of view
of a reader in another country, this report should |ust be consid-
ered as a by-product of my original study.
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This means that | may have missed some altemative that could
be of value In ancther situation and/or another country. Neverthe-
less, | hope that even readers abroad will find something of value
init
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3. A Short History
of fast Writing and Typing
3A. Tiro's Notes and Pen Shorthand

Slavery In the office s not a recent innovation. In anclent Rome,
one of Cicero's slaves invented a shorthand system, His name was
Marcus Tullius Tiro, and his system was known as Tiro's nates.
Tiro trained a number of other slaves to use the system.

The slaves were then put into action, taking down the speeches
in the Roman Senate, As a reward tor his services, Tiro was set
free.
Tiro and his disciples wrote In wax with a stylus. To encourage
them to do a good job, thelr masters told them that thelr hand
would be chopped off if they missed a word.

Later, stylus shorthand evolved into pen shorthand, as pencil
shorthand is generally catled. It is stil a very useful method, |
know, because | have been using pen shorthand (Melin's system)
for half a century.

Melin's system (1892) is the dominating one in Sweden. In
Britain, Pitman's system (1837) plays a simiar role, and In the
USA, Gregg's system (1888) competes with Pitman's system.

Pen stenography is being squeezed from several directions,
Sound recording has taken over big chunks of the market, for
dictation and - with limited success - for verbatim reporting. In
the era of electronic word processing, many originators prefer to
do their own keyboard job, as | do for all small- and medium-scale
jobs. For some uses, however, it is a bit hard to outcompete a
system using equipment and material which have a negligible price
and fit into your pocket.

3B. QWERTY and Other Sequential Keyboards

Very early in the history of the typewriter, keyboards similar to
the now ublquitous OWERTY appeared. It Is said that C. L
Sholes, who was the desigrer of the QWERTY layout, chose the

placement of the letter keys so as to make It difficuit to type very
fast, the reason being that this would diminish the risk of en-
tanglement of the type arms. This was in 1872, Type am ma-
chines are no longer produced, | think, but QWERTY Is essentially

unthreatened among layout schemes for saequentlal keyboards.

| doa't know if the story behind the QWERTY layout is trus,
but anyhow it is a well established fact that this layout is far from
optimum. As an example, the rather untrequent letter "J" has the
home position of one of the “best” fingers.

Various attempts at putting better layouts on the market have
been made over the years. One rather well-known example is the
Amaerican Dvorak keyboard design in eary ‘thirtles. In the Dvorak
layout, the most frequent letters have generally been placed in
better positions, and it has been reported that higher speeds can

19
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be obtained with this keyboard. Some say 3 per cenl better, others
say 50 per cent.

Despile this clear advantage, the hoped-for breakthrough of the
Dvarak keyboard has not (yet?) been seen. However, at least one
of the leading manutacturers of word processing equipment offers
support for the Dvorak layout,

Ancther line of development has been 1o deviate from the sort
of “square' design where the keytops form straight horizontal
tines, which in turn form a sloping plane. A notable example is
the British Maltron keyboard from the 'seventies, where the key-
tops form two double-<curved surfaces, adapted to the natural loca-
tions of the fingertips. As far as | know, this nice ldea has not
had any great impact on the dominance of straight-line keyboards.

However, some Inroad has been made by the idea that the key-
tops do not necessarily have to form straight horizontal lines along
the whole wiith of the keyboard, There are certain keyboards of
recent design where each horizontal line is at least broken in the
middie, forming a very flat “V" and thus permitting a more natural
placement of the hands.

A common feature of almost all these different keyboard layouts
Is that they are made for sequential keyboards, l.e. keyboards
where you strike one key at a time, in the sequence in which the
characters are to appear on the paper. The sequential nature is a
severe speed-limiting factor because of physiological limitations. It
seems that typing with the speed of speech is only possible with
simultaneous operations by several fingers on both hands - the
choed keyboard idea.

Befors leaving QWERTY and its followers, however, let me point
ocut a valuable feature of the traditional keyboard layout that is
sometimes nicknamed "dinty QWERTY™: its unique character of
standard de facto. |In probably every country in the word, you can
find the QWERTY keyboard. There may be some national deviatons
In detalls - and In French-speaking countries, nct even the
“QWERTY" sequence is intact - but stil, you will generally be
able to use your famiiar finger selting and start typing along,
whichever country you are visiting. Even in countries where the
Latin alphabet is not generally used, you can always find some
QWERTY keyboards.

This is an extremely Imporamt factor, and when we introduce
chord keyboards, we should learn from & | wilt revert to that in
a later section, "

3C. Mechanical Chord Keyboards

Long betore the end of the 1Sth century, Inventors began to design
“shorthand machines” based on chord keyboards with one chord per
syllable. Most of the features of the chord keyboard principle
presented In Figure 1:2 are more than a century old.

Microprocessors weare not avalable at that time, of course. The
machines were entirely mechanical.

Therafore, they coud not produce clear fext Instead, they
produced a sont of mnemonic code, consisting of (mainly) letters,
on a narrow vertical strip of paper. On this paper, the code cor-
responding to (generally) one sytlable occupied one whale line.

1 Section 68 (mpotancs of Uniformity),
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An especially successfl design was the American Stenotype
keyboard. Later, keyboards with the same layout have also been
produced under other names (Stenograph, Stenoprint). Stenotype
was invented by Ward Stone Ireland In 1910 and is stll the domi-
nating chord keyboard in the USA and In Canada. (And because
chord keyboards are not much used elsewhere, these chord key-
boards dominate the whale world.)

In this repor, | will sometimes call this type "the American
kevboard”. The layout of such a keyboard is shown in Figure 3:1,

JUG0 A GR0E
SOV B UBUEE

Figure 3:1. The layout of the “American” chord keyboard.

With only 22 characters available, an operator of this kind of key-
board has to replace many characters with combinations of other
characters (e.g. “HR" for "L"). Figure 3:2 shows the text on the
paper strip corresponding to a simple sentence. As you can see, it
is virtually impossible to decipher the text on the strip unless you
have been specially trained fox it.

STKPWHRAO*EUFRPBLGTSDZ

*EU I
HR *E B G LIKE
T *E TEA
S w E L S AS WELL AS
K e} ¥ COFF-
vE EE

Figure 3:2. A simple sentence, as it can appear on a paper strip
from an Amevican shorthand machine. The clear text is shown
1o the right of the strip. The line above the paper strip shows
whare on the line the various characters are placed.

The printing mechanism contains 22 different characters. Each
character has s own position on the printing line, which accounts
for the queer character spacing that can be seen in the figure,
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The shorthand machines equipped with this kind of keyboard
allow a very high speed. They are widely used In courts In the
USA and Canada. Most readers have probably seen some American
courtrao films where the camera sometimes zoams in on the court
reporter, using a shorthand machine for recording every word of
the proceedings.

Stenotype and similar keyboards are Intended for phonetic writ-
ing. In other words, the code for a syllable comesponds to is
pronunciation, not necessarily to s spelling. For instance, "'nose”
and “knows" are generally written In the same way. In contrast,
orthographic writing means a system where a chord reflects the
correct spelling rather than the pronunciation. The important
questbr:)ol phonetic writing will be further discussed In a later
section

Many other mechanical shorthand machines with more or less
similar chord keyboards have been designed. Some of them are
Grandjean (France), Palantype (UK), and Siima (SiLbenMAschine,
Germany).

The nallan Michela machine stands n a class by iseff. Its
keyboard layout resembles that of a piano. Under each hand, it
has six white and four black keys.

There are probably stil many purely mechanical shorthand ma-
chines around. In recent years, however, manufacturers have pro-
vided the keys with electrical switches or equivalent components
for connecting the machines to electronic computing equipment.
This leads us over to the next section.

3D. “Electronified” Keyboards

When electric lighting began, it was common practice 10 “eleculity”
old kerosene lamps. In the same way, manufacturers of mechanical
shorthand machines have, so to speak, “electronified” their chord
keyboards in order to provide for computer processing of the text
that is being keyed in.

In the “electronification” process, they have not removed the
printing mechanism. Thus, an “electronified” chord keyboard can
still print hard-to-undersiand codes on a paper stelp, In addition to
delivering digital signals to & computer system that may present
more or less clear text.

As a motive for this queer practice, & has been said that Amex-
ican couns stil consider the paper strip as the official record of
e proceedings, even If the system simultaneously produces a
peintout in something that comes rather close to clear text. With
present-day technology, if you feel the need for Instant printout on
paper, you could use a printer that would be connected to the
computer system and produce a far more readable text. it would
not be difficult to make the printer effectively noiseless.

When an "alectronified” chord keyboard is attached to a sultab-
ly programmed compater system, equipped with a huge dictionary In
its memory, the computer can interpret almost all the queer codes
that have been exemptified In Figure 3:2 and conver them to clear
text. This clear text can be stored In a computer memory - e.g.
on diskettas or a fixed disk - and/or printed on paper.

Because (purely) phonetic chord keyboard systems cannot cor-
rectly interpret all syllable codes, however, further manual work is

1 Saction 4G (Orthographic and Phonetic Systems).
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required beforo a presentable document can be produced. Again,
this question will be discussed In a later section.

IF | am correctly informed, most of the court reporters in
America now use this kind of “electronified” chord keyboards,
attached to computer systems, As earlier mentioned, this system Is
caltad CAT (Computer-Aided Transcription).

3E. The Modern Chord Keyboard

The most recently developed chord keyboards are electronic from
the outset, They are revolutionary because they are designed In a
way that provides for full utlization of the computer’s resources.

One consequence of their ali-electronic design Is the absence
of an obsolete printing machanism. What makes them revolutionary,
however, Is not this detall, but a new keyboard layout and - above
all - the abandonment of the phonetic principle in favour of the
onthographic principle. Again, | refer to a later section.”)

I have probably made It sound as if there were a whole bunch
of auch modem chord keyboards around. In tact, | know only two
beands that are in production and comrespond exactly to the de-
scription given above, and for reasons to be presented later,? |
conskier only one of these to be a valid alternative,

| am referring to Velotype. This chord keyboard was invented
by two Dutchmen, Nicolas M. Berkelmans and Manus Den Outer.
In thelr international patent application, they claim priority from
June 13, 1980.

Dr. Berkelmans Is & linguist and a polyglot. He chose a key-
board layout that would be suitable for all languages using the
Latin alphabet. (A discussion of language independence will be
prasented in a later section. )

However, there may be more keyboards in production, exactly
answering the description above. if so, | would be very much
interested to know all about them. | can be contacted via The
Swadish Institute for the Handicapped, with address and telecommu-
nication numbers on the cover of this report.

3F. QWERTY Replacement

For decades, the only strong paint of chord keyboards in compar-
son with QWERTY keyboards has been the usefulness for taking
notes faster. Because these notes had to be transcribed in order
to become readable to everyone, only QWERTY could be used for
producing directly readable documents.

With the really modern chord keyboards, the situation has
changed. They enable you to produce flawless documents at more
than twice the QWERTY speed. Because the costs for typing (and
modem typesetting) are almost entirely labour costs, chord key-
boards can be used for ordinary typing and typesetting, providing
for great economic savings,

For full effect, this increase in profitabdity calls for an ortho-
graphic system, and in the mouth of a proponent for cld-tashioned
phonetic chord keyboards, "QWERTY reptacement” may sound a bit

s Section 4C (Osthographic and Phonetic Systsms).
2 Section 604,

3 Section Sri
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scomhd. In fact, however, this opening up of new areas of appli-
cation may be the best that has happened to chord keyboards in
the last hundred years.

In terms of volume, QWERTY replacement Is many times bigger
than the traditional application areas of chord keyboards. In the
long run, this means lower equipment costs and @ much better
supply of trainad chord keyboard operators. The QWERTY replace-
ment possibility can thus be expected to cause a boom in the chord
keyboard market.

3G. “Chord Keyboards”
for One Chord per Character

In ali other sections of this report, “chord keyboard” means a
keyboard where you strike (generally) one chord per syllable. This
section deals with a class of keyboards where you also use chords
but where you need one chord for sach character, These are not
usually called chord keyboards. Hence the quotation marks in the
heading above.

in a one-chord-per-character keyboard, the number of keys can
be very small, e.g. slx or seven, because the number of combina-
tions can stifl be sufficient for producing all character values,
Theretore, the keyboards can be small.

With such a layout, a finger will In most cases be used for one
key only. So, the finger moves In one direction only, up and
down, and not sideways.

Some proponents of keyboards in this class say that this effect
enables the operator to type faster than with a QWERTY keyboard,
But these keyboards can clearly not come near the speed of a one-
chord-per-syllable keyboard, and their application areas are there-
fore ditferent.

One example Is Microwriter, Introduced on the market by Micro-
writer Ltd., London, in 1982, It Is used with one hand only and
has six keys, two for the thumb and one for each of the other
fingers. A pocket-size Microwriter, equipped with a singledine
display, can be used not only for Input 1o a word processing system
but also as a self-<contained “electronic notepad”, where text can
be stored temporarily for later input to such a system,

In the SDP area, there is a special application for a Microwrit-
or. A parson with only one usable hand should find this keyboard
handier than QWERTY.

Anocther example Is the Brallle keyboard, which criginated in the
SDP are. A Braille keyboard is operated with both hands and has
(usually) seven keys, one for each of of the six dot positions of a
standard BraBle character and one for the Inter-word space.

Originaily, the Braille keyboard could only be used for embossing
Braille characters. Nowadays, there are also Braille keyboards that
can be attached to word processing systems. Such a system can
have both a Brallle embosser and an ordinary black-on-white print-
er attached, thus enabling a blind person to produce both types of
output with the same keyboard (which does not, incidentally, have
to be a Erallle keyboard.)
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4. Chord Keyboards: Principle

A short account of the principle of (mobt) chord keyboards has
already been presented in Figure 1:2. In the present chapter, more
detalls are given. The text refers 10 a system where a micropro-
cessor Is provided for Interpretation of the chords.

The principle describad here applies to most chord keyboards. A
notable exception is the Bulgarlan chord keyboard Isat, known In
the West as Stenokey. The Stenokey principle Is described In Ap-
pendix 1.

aA. The Three Character Groups: C1,V, and C2

A syllable, in the usual sense of the word, always comprises either
a single vowel or two adjacent vowels. | call this the Vowel
group, denoted V.

V can be preceded by ona of more consonants, | call this con-
sonant (or group of consonants) C1. In analogy, a consonant of
consonant group after the vowel(s) is denoted C2.

On almost all chord keyboards, you are supposed 1o use your
left hand for C1 and your right hand for C2. This enables an
attached computer to know whether a consonant is to be placed
betore or after the vowsl(s) in the printout. (ANl consonants are
reprosented — in one way or another - on both sides of the key-
board) Vowel keys are situated in the miidie of the kayboard.

The order between the letters In sach of the three groups is
nearly always unambiguously determined by the characteristics of
our speaking organs, and to some extent by the language we speak,
Therefore, a complter can arrange them into the right order.

In English, for example, "flow" and “guif' are real words, but
“fow” abd “gui” are impossible. “Part” and “trap" are OK, but
“palr” and “rtap" are not.

In this respect, there are some differences betweon languages.
For Instance, we have al! seen some Russian names ending In -Ir.

Very often, an acceptable consonant sequence in C1 is the re-
verse of an acceptable sequence in C2, as in all the examples
above. This phenomenon is reflected, literally, In the mirror sym-
melry that you can observe in Figure 1:1.

In a few cases, two different sequences are allowed on the same
side of the vowel(s). For Instance, you can say both "gust” and
"quts”. For distinguishing between these two syllables, the opesa-
tor must apply an exception rue, which must of course also be
reflected in the computer program. In the example, “2" can be
substituted for “s" In one of the two cases.

Even this rule falls when you have to write “gusts”. In this
case, | suppose 1t is necessary to strike a second “chord” -~ con-
sisting of only one letter — to indicate the final “s".

As you can see, the chord keyboard operator has to obey more
rules than the ones - previously mentioned - that are caused by
the need for representing a letter which has no key of its own.
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The complexity of these rules must clearly be especially high if the
number of keys is small, as in the American chord keyboards,

4B. What is Meant
by “Simultanecus Keystrokes™?

Absolute simuttaneity between the keystrokes which together con-
stittte a chord is in practice not possible, of course. It Is not
necessary elther. The following description - referred to a Velo-
type keyboard - tells why.

When no key s down, the bullt-ln microprocessor in the key-
board Is in a state which can be called "keys up". As soon as any
key is pressed, It changes to another state (“key down"). The
transition to “key down" tells the microprocessor that another
chord is coming.

While in the “key down" stale, the microprocessor stores all
keystrokes temporarlly in its memory. As soon as all keys are up
again, the microprocessor takes this as a signal that this chord is
finished, Therefore, it processes the characters that were tempo-
rarly stored and sends the appropriate characters to tha host
equipment in the right sequence.

4C. Orthographic and Phonetic Systems

As mentioned eardler, most chord keyboards are made for phonetic
writing, meaning thal the key combination that forms a chord will
have to reflect Ihe pronunciation of a syllable rather than the
spelling, while other chord keyboards are used with arthographic
writing.

The difference between phonetic and orthographic writing is of
paramount importance to the usefulness of a chord keyboard. For
this reason, | am going 1o spend a conskierable amount of paper
and ink on this question.

In the cid days, when human transcription was the only way lo

render a chord keyboard record readable, phonetic writing was OK.
I know this because | have been using a phonetic pen shotthand
system for 50 years. A human transceiber is not in the least both-
ered by having to translate from phonetic shorthand text into or-
thographic typing.

With the advert of computer-aided (and computerized!) tran-
scription, this has changed radically. Phonetic writing has become
a very great burden to chord keyboard systems.

One reason is the occumence of homophones which are not
homographs. (Homophones = different words — or syllables — which
sound alike, homographs = different words — or syllables - which
are spelt alike.) Example: Mr. Ryts, a wright, cannot write "rite”
right.

For a compiter, i is in most cases Impossible to tall such words
apart if they are written phonetically. On the other hand, when a
stenographer hears a word that has such a homophone, he will
almost invariably know from the context which word the speaker
means. This ks normally a completely unconsclous and completely
successtul process.

in many cases, the homophone problem forces a transcribing
computer to present altematives: “(THERE/THEIR) is (NO/KNOW)
evidence against the (COLONEL/KERNEL)." This necessitates human
post-editing, which takes time.
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The need for post-editing, caused by a phonetic system, can
destroy the profitabllity of a QWERTY replacement application.
This is because the labour cost for post-editing may eliminate the
savings which are due to faster keyboard Input.

Another important disadvantage of a phonetic system in the
competer ara Is the need for a huge computerized dictionary, in
principle covering the whole vocabutary of the language (and use-
less if the operator must quote a phrase in a foreign language).
Because there Is (especialty in English) no simple relationship be-
tween pronunciation and spelling, the computer has no other way
to arrive at the correct spelling than to look up each word in a
computerized dictionary, arranged for retrieval on the basis of
phonetic spelling.

The reader might want to point out that the burden of having a
computerized dictionary Is not as heavy with present computer
technology as It used to be. But () it is an unnecessary burden,
and (i) a dictionary can never be complete, even apart from the
occumence of names and words in foreign languages.

Let me guote some figures in support of this statement. They
are taken from Part 1 of Nusvensk frekvensordbok - Frequency
Dictionary of Present-Day Swedish - edited by Sture Allén (Gothen-
burg, 1970). This book s based on a computer analysis of just
over a milion words, derived from typesetting tapes used by &
number of Swedish newspapers.

The analysis shows that 103,416 words were represented in
1,000,669 word Instances, But a vocabulary of 103,416 words does
not cover the whole language. if you take a bigger sample than
this million of words, you will find a stil higher number of diffe-
rem words.

Among the 103,416 words, no less than 53 per cent occured
only once. These figures show that there Is a long way to ¢o
before one comes near & plateau.

Whatever the number of woeds In your dictionary may be, thus,
it will never be enough. For example, do you think that the words
“alectronified” and “electronlfication” - used In Section 3D of this
report - are in any CAT dictlonary? Nobody may have used these
words before, but such additions to the vocabulary are produced
every day, and not only by report writers who write In another
language than their own. And proper names - geographical and
others - are a speclal tumbting-stone for CAT in phonetic systems,

Some people would probably say that phonetic writing s easler
to learn, based on the notion that a phonetic system “requires no
speliing rules”. But & does. Al it amounts to is the need for
leaming and applying a second set of spelling rules, in addition to
the one you leamed at schodt.

| can say this on the basis of some experience. Although | am
a computer engineer, | had a part-ime job as a parlament stenc-
grapher for about 1/8 of a century in the 'fortles and ‘fifties. |
am using a phonetic pen shorthand system (Melin's). g

Phonetic spelling would be very easy if the stenographear were a
machine for translation of sounds Into written symbols, but he is
not. As an example, let me assume that a Swedish speaker uses
the word “fotboll”, meaning just what you guess. | a Melin ste-
nographer were really using phonetic spelling — as he was told o
do when he learned stenography — he would write “fopall”, because
this is the way most Swedes pronounce the word. But he writes
the word as if the speaker had pronounced “tb” instead of “p”.

This, in my view, proves that the brain has no direct path be-
tween hearing and writing. The sound arriving at the stenograph-
ers ear is sent to some language centre in the brain, There, the
sound of a word Is identified with some word in the vocabulary
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thar ks stored in the brain, and nerve signals for muscular move-
ments are not sent to the hand untilt the identification has been
successful. |If the stenographer cannot identify the word at all, he
may becorme paralyzed unless he consclously deckios 1o take down
something that gives an approximate indication of the sounds of the
unidentified word,

Normally, thus, the sounds have already been forgotten when the
beain orders the hand to write the word. The spelling comes trom
this linguistic centre In the brain, not directly from any hearing
centre.

With an orthographlc systam, the homophone problemn is hardly
noticeable, When the stenographer hears something that sounds
like “ryte”", he will Immediately identify this sound with the appro-
priate word, be it “wrnght, “write”, “rite”, or “right”. The
denttication s based on the context, and in almast all cases, the
stenographer is not even aware of having made a choice.

It does happen that the comect identification of the homophone
is not tinalized untll the stenographer has heard a few words more.
In such rare cases, he may already have written an Incorrect word
before he realizes what the comect interpretation is. I he Is 100
much pressed for time to correct the error immediately, some post-
editing wil be required, but in any case, the amount of post-edit-
ing is much smaller in an orthographic system than in a phonetic
one.

It is Important to realize that the ditference belween phonetic
and orthographic systems is not krevocably built into the keyboard
hardware, The main difference lies in the nies that the operator
has to folow and in the program of the microprocessor. By modi-
fication in these two respects, a phonetic chord keyboard coudd in
principle be comverted Into an orthographic one.

Stenotype [talla SRL has made use of this fact. They have
designed a system for {tallan, using a Stenotype keyboard simdar 1o
the keyboard shown in Figure 3:1, bat they have assigned other
letters to almost all the keys, thereby producing a system which is,
as | understand it, orthographic (Fig. 4:1).

BAR RA DEI NUMERI
5 7 8 9

ﬂ

Figure 4:1. The keyboard offered by Stenolype Htalia SAL.
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There is one obstacie for turning a phonetic keyboard into an
onhographic one, however. This obstacle will be revealed in the
next section, where also a few words more will be said about the
keybaard from Stenotype italia,

4D. Indication of Inter-Word Spaces

In the days when only human transcription existed, indication of
Inter-word spaces was considered as an unnecessary luwury. The
paper strip from a chord keyboard just showed a sequence of sym-
bol groups, mostly corresponding to syllables, and it was up to the
human transcriber to decide which syllables should be combined
into words.

A computer has no possibility whatsoever to solve this problem
without recourse to a full-vocabulary dictionary, And even with a
dictionary, & cannot deckle comectly between “key board” and
“keyboard".

To avoid the problems of having a big - and unfortunately never
sufficiently big - computer-stored dictionary, you must use a key-
board which enables you to indicate an inter-word space (or, alter-
natively, the absence of a space) together with any syllable. The
Dutch Velotype chord keyboard has a “NO SPACE" key that is
operated with the ball of the right hand, as can be seen in Fig.
i P

The very widespread Amenican chord keyboard has no key which
has been originally intended for this purpose, and because It has
few keys, it is not easy to Iree one of them by re-assignment of
other keys. And it should be a separate key because i must be
possible to strike It together with any combination of the other
keys.

Stenotype Italia SAL, which was mentioned in the previous sec-
tion, has reached an almost perfect salution of the space problem
in their keyboard layout for the italian language. They have taken
advantage of the fact that almost every ltalian word ends with a
vowel.

As shown in Figure 4:1, they have assigned vowels to the four
rightmost keys. (Other vowels than these four can be indicated by
means of combinabons.)

These four keys are used only for ending vowels, and they can
be included in the same chord as the characters of the penultimate
syflable. When such an ending vowel is indicated, the attached
computer will automatically generate a space after & For indicat-
ing a space after a word ending with a consonant, however, an
axtra chord will generally be needed.

Explicit indication of Inter-word spaces may seem to be of mi-
nor importance. But it does away with the need for a full-vocabu-
lary dictionary without introducing a need for extra post-editing.
That is important.

4E. Character Repertoire

Old-fashioned chord keyboards, in general, can only produce the
upper-case letters of the alphabet (and often only the English al-
phabet) plus an asterisk. However, special chords can be used for
indicating punctuation.

An attached computer can help the situation further by means
of programming, For nstance, the computer can be programmed (o
produce lower-case letters generally but use upper case for the
first character after the end of a sentence. While this method is
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not Infallible, it makes for a considerable reduction in the need for
post-editing.

There is always a possibility to add more characters by letting
them be represented by special chords which an attached computer
can iontity. Evidently, this method is easier to apply on the 37-
key Velotype keyboard than on the 22-key American keyboard,

4F., Valuable "Nonsense” Chords

The designers of the Velotype chord keyboard have provided an
extra teature for assigning special meanings o some choxds, |f
you strike a chord that has at least one left-hand consonant and
al least one right-hand consonant but no vowel, the built-in micro-
processor of the keyboard will recognize this as a “special” chord
and “flag” It by means of inserting an extra character before and
anerit,

Because of this trick, the attached computer does not have to
look for all possible special chords all the time.  All it needs (o do
all the time is look out for the special flag character,

The detailed interpretation of the flagged chords is normally
left for the host compater, but at least one such chord has been
standardized, “CR-RC"”, This chord, meaning “CoRReCton", Is
interpreted by the chord keyboard processor ftself and causes it to
strike out the last chord for correction. The chord to be corrected
will normally have been sent to the host computer already. but
the chord keyboard will then send a series of characters that will
erase the erroneous charactess from the memory of the host

4G. Function Chords

In many word processing systems, a hideous number of commands to
the system must be given by means of function keys, i.e. keys
which are outside the “alphanumeric” pant of the keyboard, One
widely used word processing system, when appilled to an IEM-com-
patible personal computer with a normal QWERTY keyboard, uses
about 30 differant function keys. Because many commands require
a combination of two or more such keys, they are used for about a
hundred ditferent commands.

For a trained keyboard user, who normally uses the touch meth-
od of typing. the Ume taken to operate a function key Is many
times longer than the time to strike a letter key, This s because
he will have to lock at the keytops or even a special keyboard
template to find the right function key and then move his hand
outside the nomal working area and back In addition, even a
frequentty used command will In many cases require the operation
of more than one function key. Especlally in a heavy editing job,
the operation of the function keys may need much more time than
all other tasks combined.

With a chord keyboard and a sultably programmed host proces-
sor, the well-trained operator can avold this function key misery.
Every function key and every relevant combination of function keys
can be assigned to a “function chord”, e.g. of the type described
in the previous section.

In such a system, the operator can keep his harxls over the
normal areas of his chord keyboard all the time, With a single
chord, which he can strike |n a traction of a second, he can obtain
the same effect as with a much lengthier function key operation.
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Likewise, one single chord can in some cases be made equivalent to
a whole series of function key operations,

The benefits of such a system can be reaped only by a woll
trained operator, however. This ks because he needs 1o know at
loast the most froquentty used function chords by heart if he is to
save time.

The extensive use of function chords will open up a now appli-
cation area for chord keyboards, Without them, a person working
with a heavy edlting job is not much better off with a chord key-
board than he would be with an cld-tashioned QWERTY keyboard
because actual text Input only stands for a small part of the work-
load, but function chords will give him a considerable speed advan-
tage over a QWERTY user even in this application.

4H. Use of Abbreviations

The chordist can save time by using a single chord for either a
polysyllabic word or & group of two of more words. Naturally, the
program of the host computer should be capable of recognizing the
chords that form abbreviations and blow up the text to the full
word or word group.

Such abbreviations are widely used eg. by American court
reporters. "Under” can thus be input with a single chord. An
example of an abbreviated word group (“as well as”} has been
shown in Figure 3:2.

One of the Inventors of the Velotype chord keyboard is opposad
1o the use of abbreviations because it upsets the rhythm of chord
keyboarding, which nomally carresponds to one chord per syllable.
This may be a valid argument if a person does not have to become
a really fast chordist, but when high speed is needed, thete Is no
doubt In my mind that the value of abbreviations Is sufficlently
high to compensate for disturbances in the rhythm,

| base this opinion on many years' experience of using abbrovia-
tions in pen shorthand. Every debate stenographer gets pressed
for time now and then, and it is a relief when a speaker uses a
stereotyped expression — e.g. “In this case” - for which there is a

A further argument In favour of using abbreviations in debate
shorthand is that sterectyped expressions are sometimes pronounced
extremely fast. If a certain speaker is & member of “The Commil-
tee for Health and Weltare”, he Is likely to pronounce the long and
familiar name of this committee so fast that the stenographer simp-
ly cannot possibly write It in full without lagging too much behind
the speaker, The question of abbreviations is further discussed In
a later section?) in connection with the choice of a chord key-
board type.

Even when you use a keyboard with a bullt-in microprocessor
that converts all “normal” chords to clear text (such as Velotype),
blow-up of abbreviations is a matter for the host computer pro-
gram. This probiem will be dealt with in a later section.”

Abbreviations will require a sort of dictionary in the host com-
puter. The skze of such a dictionary will only be a faction of
the size of a full-vocabulary dicionary, however.

! Secion 6C2 (Attainable Speed).

2 Section 7A1 (Distribution of Tasks between Keyboard and Computes),
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4l. The Natural Way to Type?

It has been sald that the chord keyboard provides for a more natu-
ral way to type than a sequential keyboard like QWERTY. One
reason would be that division into syllables Is more natural than
division Into individual characters.  Another reason would be the
fact thal the sequence of a leading consonant group, @ vowel
group, and a tralling consonant group Is “mbrored™ by the physical

positions of the keys into a left-hand group, a middie group, and a
right-hand group.
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5. Chord Keyboards: Requirements

5A. OWESI - Orthographic Writing,
Explicit Space Indication

As indicated earfier,!! a phonetic system without explicit indication
of inter-word spaces causes a lot of unnecessary complications in
the ora of computerized transcription. Especially in a language
area whera chord keyboards have not yet been introduced on a
large scale, it would be very unwise 1o adopt such a system,

This Is the reason for a basic requirement which will be men-
tioned many times in this report. In order to express @ concisely,
| will use an acronym for it OWESI or Orthographic Writing,
Explicit Space Indication.

5B. Speed Requirements
5B1. Measwring Unhs for Speed

Speed of speech and speed of writing can be measured in four
different unis:

- cpm (characters per minute}
- ppm (phonemes per minute)
- spm (syflables per minute)

- wpim {words per minute).

A more exact uni name than "‘characters per minute” would be
“equivalent QWERTY keystrokes per minute”. This would more
clearty indicate that an inter-word space Is counted as a character.

The count should also include one character {(or keystroke) after
the last word on a line. In this position, 8 QWERTY operator has
1o hit either the space key or the "New line™ key.

In tact, an isolated upper-case character shoud bo counted as
at feast two keystrokes, because the shift key has to be operated.
In the queer language used by most authors of word processing
manuals, production of a "K" calls for "simultaneous” depression
of the shift key and the K key, but especially In an electronic
system, you cannot really strike them simuttaneously. If you tried,
you might hit the K key a millisecond before the shift key, thus
producing a “K" Instead of a “K". Therefors, the shift key must
be hit before the K key. In addition, & must be released before
the next character key Is hi, i this Is o be a lowes-case charac-
ler.

! Saction 4C (Orthograpnic and Phonetic Systams), and 40 (indication of nser-word

Spaces),
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So, an operation of the shift key may contribute even more to
the time used for typing than a character key does. But because
typesetting companies have traditionally made no difference between
upper-case and lower-case characters in their accounting proce-
dures, | think we should accept this practice although it is in
principle wrong.

In speed measurements, the use of punctuation affects the re-
sults differently for QWERTY and chord keyboards. When using
QWERTY, a period or a comma requires one keystroke, In the
chord keyboard case, it requires one chord, which is otherwise
equivalent to several QWERTY keystrokes (in Swedish, 3.2). In
quoting speed figures, therefore, it is fair to mention whether or
not full punctuation has been used.

In speech speed comparisons between different languages, the
number of phonemes per minute would probably be the most “fair”
measuring unit. A phoneme (loosely: a speech sound) is defined as
the smallest element of speech that serves to distinguish between
two different words. (As you already know, a definition is some-
thing that you already know, expressed in a way that you don't
understand.)

The assumed "fairness” of phoneme counting is based on the
fact that the average number of characters per phoneme varies
between languages, while the maximum number of phonemes per
minute might be reasonably similar In different languages. The
English word “through”, for instance, has only three phonemes,
although i has (with British spelling) seven characters.

Even it phonemes per minute may thus be the best measuring
unit in principle, | do not suggest that we should quote speed-of-
speech figures In phonemes per minute at present, but | have men-
tioned this matter just to point out that the number of characters
per minute Is affected by spelling rules, not only by the “physio-
logical” speed of speaking,

The number of words per mimute is widely used in English-
speaking countries, The average length of an English word is
about four characters, and together with the space after it, you get
five. Therefore, 200 wpm in English is approximately the same as
1,000 cpm.

In some other languages, the average word length is different,
In Swedish newspaper text, for instance, the average word length
acoording to Frequency Dictionary of Present-Day Swedish® is 5.4
characters, making 6.4 when you Inciude the inter-word space.
{And i you add one punctuation character for every ten words, you
arrive at 6.5.)

The difference between English and Swedish In this respect is at
least partly caused by differences in the use of compasite words.
When an Englishman says milk bottle, a Swede uses only one word:
mjdikfiaska,

Thus, a speed comparison based on the number of wpm is only
useful within one language. For comparisons between writing
speeds in English and Swedish, for instance, it would be misleading.
(And even within a single language, the average word length will
undoubtedly be different for different styles, such as the styles of
the sports pages In a newspaper and an academic dissertation.)

The number of syllables per minute Is used e.g. In the Inter-
national shorthand contests that are amanged every two years by
the Intersteno organization. [|talians and Bulgarians tend to have
great success In these contests. In thelr languages, the average

Also mentioned in Section 48.



number of characters per syllable is rather low, and so, the lialians
and Bulgarians would be a litle less successful if the speed com-
parisons were based on the number of cpm rather than the number
of spm.

In Swedish, the average number of syilables per word - In
newspaper text, at least - Is approximately 2, Thus, you should
multipty the number of words per minute in Swedish by 2 to get
the number of syllables per minute and by 6.4 to get the number of
characters per minute, f punctuation is not counted.

In English, you have approximately 1.4 syllables per word and
3.55 characters per syflable (including a share of the inter-word
space). This gives us, as before, 5 characters per word, including
the space.

To me, It seems obvious that the number of cpm Is the maost
suitable practical measuring unit for writing speed (and speaking
speed, too). With this unit, comparisons between writing speeds in
different languages must be considered more fair than if words or
syllables are counted.

582. How Fast Do We Speak?

Because the purpose of many chord keyboard systems is to catch
the spoken word, It is Important to know how fast people speak.
There is no simple answer, ol course.

Obwviously, the speaking speed varies from one person to another
and from one situation to another. For instance, people seem to
speak taster in small meetings than they do before a large audi
ence, and priests tend to speak slowly, perhaps because they are
uset to speaking In echoing churches. And speed varies over ime
even during the same speech.

The statistical distribution of speaking speeds, when Bustrated
graphically, can safely be assumed to be similar to the well-known
Gaussian curve shown In Figure 5:1. In such a distribution, the
average value of the variable under consideration - speed, In this
case - Is exactly defined, but there is no defined maximum value,
The only reasonable way to give an Indication of the right-hand
part of the curve is ta quote the varable value which Is not ex-
ceeded in more than p % of the cases, and here, the number p
must be specified, of course.

v
|
l '

Figure 5:1. A frequency curve for speed may look something
like this. There Is no maximum speed, but we can give an idea
of the rightmost part of the cwve by quoting a pair of numbers
(s and p), indicating the spead (s) that is not exceeded In more
than p per cent of the cases.
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When a speed figure ks given, it should be accompanied by in-
formation on the duration of the measurement. The one-hour aver-
age may be considerably lower than the average speed In a half-
minute interval during which the speaker Is talking extra fast. In
fact, if you quote a certain parson's top speed, the speed figure
will generally be higher the shorter measuring iterval you use,
down to a cestain threshald beyond which It s not meaningful to
go.
The threshold is determinext by the capacity of the chordist's
short-term acoustic memory, which acts as a buffer. Speed varia-
tions within the time Interval covered by this short-term memory
are automalically and unconsciously levelled out. The chordist's
writing can lag behind the speech by an amount that ks covered by
this buffer memory.

So much for the ambiguities in quoting the spoed of speech.
Now for the actual speed figure.

One indication is the volume of a verbatim printout. In my own
experience as a debate stenographer, | have found that one howr's
discussion in a pardiamentary situation ylelds about 40,000 charac-
tors. This gives us a one-hour average of a little less than 700
cpm. (40,000/60 = 667.)

This figure Is for a printowt produced after a sometimes very
radical editing. It is hard to say whether the editing has made the

text longer or shorter, on the average. — It should be added that
this figure obwviously tells us nothing about the top speed during a
typécal hour.

Another indication of speaking speed comes from the axamina-
tion rues followed In tests for admitting shorthand reporters to
courts. Here, | will quote a passage from a paper presented by
Nancy Patterson, USA, at the 35th Intersteno Conterence (Luzem,
Switzerand, 1983):

Court reporting in the United States

in many states licenses are required before a cowt reporier
can practice. A speed lest Is administered demanding 95
percent accuracy of belter. In California it is 97.5 percent.
These lest vary from state to state. A test may consist of
ten minutes of lour-voice testimony - the judge, wo atior-
neys, and a witness; or It may consist of three five-minute
tests on different lypes of material: jury charge, testmony,
and literary.

In those states which do not have a licensing examination of
their own, applicants for positions are usually expected
hold a certificate of proficiency from the National Sharthand
Repovters Association, This examination, requiring 95 percent

accuracy, consists of a five-minute test on literary material at
780 WPM, a five-minute test an jury instructions at 200 WPM,

and a Ive-minute test on testimony at 225 WPM. The certi-
ficate of proliciency examination also requires the applicant to
pass a wrtten knowledge lest covering English, legal and
medical tesminology, and reporing procedures.

The abowve figures for five-minute tests correspond 1o speeds of
900, 1,000, and 1,125 cpm. Obviously, the accuracy requirements
are very modest" thi speed requiraments are high

According to some Information given during a conversation,
courts in the USA require 220 wpm, white British courts only re-



quire 180 wpm. These figures - comresponding to 1,100 and 800
cpm, respectively — were not accompanied by any Information on
the duration of the tests for these speeds, or on the accuracy that
is required.

The dispersion of these figures reflects the fact that “top speed
of sppech” is not a well-defined concepl. To make it unambiguous,
one would have to sacrifice a part of the generality of this con-
cept. For Instance, one could define a cerain speed S ke this:
S is the moving one-minute average speed, in characters per min-
ute, which was not exceeded for more than 1 per cent of the time
during all official speeches held in the Swedish Parfiament during
March, 1988." Although this definition s not very general, the
speed thus defined will probably not vary much for one March to
another.

in the future, when chord keyboards are extensively used for
verbatim reporting, linguists will easfly get such speed information
by means of computers. Unfortunately, however, we can hardly
hope to get such information now, when it would be a great help
In our choice of chord keyboard type.

Figures on maximum speaking speed do not easily travel across
the boundaries between different language areas. |f you compare
the speeds of an English and an Halian speaker who seem to speak
with the same speed — each in his own language - you might find
that the Englishman produces more characters per minute whie the
Italian produces more syllables per minute, for example.

For practical purposes, however, we need 10 establish a speed
standard against which we can decide whether or not a certain
chordlst can be consklered to meet the requirements for a cerain
type of job. The standard should also specify the required level of
accuracy in non-ambiguous terms, The most stringent demands,
obviousty, must correspond to a speed which Is of the order of
1,000 cpm during a constant-speed test of at least five minutes’
duration. | wili revert to this Guestion In a later section."

5B3. Measuring the Speed of Writing

The speed of chord keyboard operation can be measured in & num-
ber of different ways. The resuits will depend on the way of
measuring.

One way Is to measure the time it takes to copy a manuscript.
This test Is easy to perform, but R will not give a complete picture
of a person's abiity to catch the spoken word.

Another way s to use & sound tape, dictated at a rather high
speed, and let the chordist start and stop the tape e.g. by means
of pedals. For a fair test, the person in question must have had
an opportunity to try the start-stop system long enough 10 operate
it efficiently.

Still another method s to let a person dictate a text at a pre-
determined, constant speed. |f a chordist manages to write the
text essentially without errors, a higher speed should be Iried untl
he falls.

For consistency in the test results, the type of text should be
well defined. A text with many proper names and many complex
sclentific terms s clearfly extra difficult, and this type of lext
should generally be avolded In testing situations because It Is not
::ymkeepmolmdddmwmmmmmwm

Br.

Section BA (Necessary Qualifications) with Sub-Sections.
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A computer program for speed measurement has been developed
for Velotype. In the course of using the keyboard for practising,
the program can present a dynamically varying graph on the screen
of an attached host computer.

584. How Fast is QWERTY?

In a OWERTY replacement application, the requirements on chord

keyboard speed deperxt on the speed of the QWERTY |ob that is

replaced. Here, we have the same definition difficulties as for
speext of speech, which was iliustrated in Figure 5:1.

An indication of upper-end extremes can be taken from the
results of the latest Intersteno World Championships in Typing
(Florence, Italy, July 1987). The contests were held In six separate
classes as shown In the result list below, There was a 30-minute
speed test and a 10-minute accuracy test, where the penalty for

mistakes was many times higher than in the speed test.
In the speed test, the six world champions obtained the follow-
ng results:

Speed
cpm Mistakes Class

479
493
573
691

721

1in 1,597 Mechanical typewriters, juniors

1in 4,926 Mechanical typewriters, seniors

1in 419  EL typewr, without com. possib., Juniors
1797  EL typewr without corr. possib., senlors
1in 3,605 El typewr. with corraction possib., juniors

1In 6,340 E1. typewr. with comection possib,, senlors

Naturally, it must be kept in mind that these results were ob-
lalnedbyanelhetakmlromapopuaﬂondmoﬂmullonsd
(In most cases) professional typists.

A more typical speed of a very qualified QWERTY typlst seems
to be 300 cpm, measured over ohe or several hours. far of the
basis for this statement consists of Interviews with a small number
of teachers who are themselves engaged In typing champlonships
and therefore more interested than most other people in keeping an
eye on the general performance level. And my own favourite free-
lance secretary, whom | considered to be extremely competent,
types at this speed as an average over half a day or so when tran-
scribing dictated tapes.

It must be observed, however, that these speed figures are re-
ferred to the time actually spent at the keyboard. Even a person
who is considered to work as a full-ime typist will not genecally
spend the whole day typing new material. A significant percentage
of the working time will normally be devoted to other jobs. Some
of them will be related 1o typing, such as proofreading, corrections,
copying, and dispatching. Theretore, if you ask how many charac-
ters are produced In an 8-hour day by a competent QWERTY typist
or typesetter, you may hear figures like €0,000 characters, corre-
sponding to an average of about 125 characters per minute.



Another indication of QWERTY typing speeds is based on train-
Ing resuts in one type of school where the puplis have typing
during a two-year period at the ages of 17 and 18 — altogether
about 150 lessons of about 45 minutes each. They will typically
reach an average speed of about 100 cpm in a final 15-minute 1est.
Thoy will normally get the highest grade i they reach about 140
cpm.

SC. Instant Presentation

Centain applications, such as toxt interpretation for deal people,
call for what 1 would call instant presendation. In such an
application, we cannot accept any noticeable delay between the
chord keyboard input and the prasantation.

Velotype allows the text on a presentation screen to appear
syilable by syllable. Among the systems that need a computer-
stored dictionary, some do not allow instant presentation at all.

5D. Requirements on Ease of Learning

The most savere obstadle for the introduction of chord keyboards is
the need for special training and practising. In this respect, there
are significant difierences between the various chord keyboard
brands.

To become a court reporter In America, using chord keyboards
of the American type, a person generally has to take a two-year
course. Including practising, the students are occupled full time
during these two years, but they do not leam machine shorthand
only. The course also Includes other subjects such as Legal Proce-
dures, Jurisprudence, and Psychclogy.

In spite of this massive training, it has been repaned that only
a fraction of the students will ever reach the skill that Is required
of a certified court reporter. The percentage of success Is sald to
ba typically about 10 per cent or even less.

One particular company has reported a very high success rate
(approaching 100 per cent) in tralning on the American keyboard.
Later It was revealed, however, that this figure was referred to a
course in which all the participants were experienced pen steno-
graphers, capable of following the spoken word with their pen
shorthand system. Therefore, this success figure is not at all com-
patible with the figures for students who start from scratch.

Generally speaking, the Velotype chord keyboard does not by far
impose such hard requirements on training. The theory of using
the chord keyboard is generally taught In a two-week course, which
includes about 20 hours of practising. After this course, they do
not necessarly have to go to class again. All that is required is
practising.

Ever a Velotype operator needs a lot of practising if he Is to
reach high speed, dcourse Some typical data in this respect wil
be presented later.")

It may seem almost Incredible that the difference in training
requirements can be so great. There are, however, some factors
that account for a great difference.

One such factor is the number of keys. The fact that the
American keyboards have very few keys means that the students

' Section 8C (Typical Curves over Speed vs Time).
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must learn quite complex rules in order to be able to produce all
possible syllables, Velotype, with a considerable greater number of
keys, provides for writing of all syllables with much fewer rules.

Another reason is connected with abbreviations. In the Ameri-
can schools for court reparters, the students must devole consider-
able time to leaming numerous abbreviations for common phrases.
As an example, a certain American textbook for court reporters
contains single-<chord abbreviations for nine phrases containing the
same verb: | can't recollect, | don't recollect, thay recollect, what
youreooled,tl’n!youreoolect.vﬂchyoumcoltea.wlmlre-
collect, which | recollect, could you recollect.

In the Velotype course, no abbreviations are taught. This does
not mean, however, that users of American keyboards have a great-
or neod for abbreviations than Velotype users have. Therefore, a
cortain amount of training time for abbreviations should be added
to the figures for Velotype In order for these figures to be com-
patible with the figures for American keyboards.

In terms of net training costs, the difference In tavour of Velo-
typelavaymuwmammcenbedemodlmmemmbetd
training and practising hours. This is because the Velotype stu-
dents, working with a keyboard that Is well sulted for QWERTY
replacement, can eam a living on their keyboard job very soon
after the end of thelr two-week course. 1t will not be long before
ﬂwycantypelastermanafwiytrainedQWERTYtypim.andfm
that point In time, their speed advantage will grow from one day to
another.

5E. Requirements on Ergonomics
and Ease of Operation

It is not unreasonable to belteve that there are differences between
the various keyboard types in terms of ergonomics and ease of
oporaﬂon.andaproponuﬂdaoeﬂahlypeofkeyboardwﬂpmb
ably claim that his particular type s superior in this respect.

Advocates of the American chord keyboards will perhaps point
out that these keyboards, having few keys, do not require the
finger tips to mave so far. On the other hand, advocates of Velo-
type may point to the fact that its deviation from the straight-line
arrangement of the keys means a better adaptation to the natural
way to hold the fingers. They may also point out that “stradd.
ling" positions, in which one finger must press two keys simui-
taneously, are more frequently required when the American chord
koyboards are used,

Personally, | cannot judge between them in this respect.
Nevertheless, | have found It important to point out that there is
in principle a requirement for the greatest possible ease of opera-
tion.

SF. Requirements on Freedom from Post-Editing

If a text, produced with & chord keyboard, is not in all respects
perfact from the beginning. it obviously has to be post-edited.
Although the ease of editing Increased enormously when electronic
word processing came, editing still takes time, and it is an obvious
requirement that post-editing can be avolded or at least kept to a
minimum,

40
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When you look at a raw print-out that has been provided with
proofreading signs, editing may seem a Irifle i the characters to
be affected are few. Based on a massive experience of aditing on
word processing systems, howewver, | can testify that editing takes
much more time than an unexperienced person may think. Much
improvernent In this respect Is generally possible, because word
processing programs are not always as editor-friendly as one would
wigh, but even so, post-editing remains a problem.

In this respect, Velotype is very much superior to the Amernican
chord keyboards, for reasons that have been explained earfier.’)
Especialty in QWERTY replacement, which Is quite cost-sansitive,
the cost for post-editing can easily eliminate the profitability of an
American chord keyboard.

5G. Compatibility Requirements

It is obwviously desirable that one can combine a chord Keyboard
with many different types of host equipment. It Is not a difficult
engineering problem to provide such a compatibillity, but some chord
keyboard manufacturers have done it more extensively than others.
Even here, Velotype seems 1o be supenor. The manufacturer
can supply Velotype keyboards equipped with interfaces for a large
number of host systems, inctuding the personal computers that are
now the most common vehicles for word processing, ''desk top
publishing™, etc. The keyboard Is generally made “plug compat-
ible” with the eriginal QWERTY keyboard of the host system, enab-
ling even a non-technical user to change from QWERTY to chord,

5H. Requirements on Language Independence

Especially outside the English language area, many keyboard opera-
tors have to use different languages at different times. A change
of language may need equipment changes in addition to some
changes of operating rules.

In the Velotype keyboard, the writing rules are a bit different
for different languages. These diffarences are reflected as
language-dependent differences in the data stored in the
Read-Only-Memory (ROM)2 assoclated with the microprocessor that
is built into the keyboard,

However, the ROM has room for several language modules, most
of which are optional. The user can change between e various
language modules by means of easy keyboard operations.

For writing just a few words in a different language, it Is not
always worthwhile to change language module, however. As an
example, a Swedish typist who has 1o type a few words of English
In a text which is otherwise in Swedish can do this using the Swe-
dish language module, but i a longer text has to be written in
English It is battar to switch to the English modude, which permits
more “genumnely English” chords.

At presant (first quarter of 1988) Velotype has language modules
for (at least) Dutch, English, French, German, and Swedish. Other
language modules are under way.

! Saction 4C (Orthographic and Phonetic Systerns).

2 The cesignation ROM is Mere 1aken 10 Inciude the variabions that & sometimes
indicated by prefixes to ROM, 8.g. in PROM {Programmable RCM),
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With the American keyboards, the translation from chords to
clear text ks generally done in a host system having a full-vocabi-
lary dictionary of the language to be used. In such a system, i 1§
not practical to try 1o write In another language than the one(s} in
the dictionary, and because a dictionary requires very much memory
space,') users may be reluctant to have dictionaries for soveral

languages.

51. Economic Requirements

Holding down the costs is an obvious requirement. In the case of
chord keyboards, we can distinguish between hardware costs, train-
ing costs, and operating costs. (Costs for expendable material is
genaalymmalawhrdmlonwmmcost&andnwllnm
be taken into consideration here.)

When it comes to hardware costs, all such costs must obviously
be taken Into consideration to the extent that they are diffarent
for different types of chord keyboards. In other words, it Is not
enough to consider the costs tor the chord keyboard itself & one
chord keyboard noeds a more expensive host system than another.
American chord keyboards will generally require a more expensive
host system, mainly because this system needs a huge dictionary.

| will not try to give any detailed price comparisons between
the various types of chord keyboards and assoclated equipment. To
give an indication of the order of magnitude, however, | will man-
tlon that a Velotype keyboard costs something in the order of 5,000
Dutch Florins in the Netherands excluding Value-Added Tax (VAT).
(The exact amount depends on such factors as the number of lan-
guage modules and which host equipment the chord keyboard is to
be interfaced to.)

Because Velotype's bullt-In microprocessor takes care of the
Interpretation of all normal chords, this chord keyboard does not
necessarly require a more expensive host computer than a tradl-
tional QWERTY keyboard does. However, some additional programs
will be necessary i the host computer Is to Interpret speclal func-
tion chords and abbreviations. 2!

The hardware costs per year (including inferest and mortgage on
initial expenditure) are rather independent of the degree of utiliza-
tion. Electronic equipment ks not subject to wear to any great
extent, and even the mechanical parts can be kept In good shape
for many years. Naturally, however, a cenain yearly percentage
has to be set aside for maintenance.

Training costs (induding any costs for practising time) are of
very great imporntance. These costs include tultion fees, costs for
the hardware required for practising, and production loss.

Especlally for people who have otherwise finished their educa-
tion and are in production, the last-mentioned factor may be quite
heavy. As pointed out elsewhere™ Velotype seems to be the best
salution In this respect, both because of shorter training time and
because the students can be productive as typists during the major
part of their practising period.

! Seotlon AC (Orhographic and Phonatic Systems),

2 Sactions 4G (Functions Chonds) and 4H (Uss of Abbroviations) vely.

—y

3 Sactions 50 (Requirernents on Ease of Leaming) and 8C (Typical Curves over
Speed ve. Tume).



Operating costs are dominated by labour costs. The houty
operator cost for input of new text will probably not depend much
on the type of chord keyboard, when training costs have already
been taken into account in a separate calculation, but because of
varying need for post-editing, the differences in total operating
costs may be important and even dectsive for the choice of brand,
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6. Chord Keyboards: Choice of Type

In this chapter, | present an account of arguments for and against
the various brands or types of chord keyboards. The maln empha-
sis Is on the American chord keyboards and on Velotype. The
American keyboards are in focus because of their present strong
situation on the workd's biggest chord keyboard market — the one
in North Amarica — and the reason for my special interest in Velo-
type is that | have found it clearly superior to the American
brands, especially due to Its OWESI characteristics.”)

Other chord keyboards than the ones | have just mentioned are
discussed more superficlally in his report | apcloglze for this
limitation, which is a consequence of my pragmatic approach; |
cannot afford to devote too much time 1o detalled studies of a
brand that does not seem to stand a good chance of coming out as
the winner.

6A. Importance of Choice of Keyboard Layout

At least it you are in a country like Sweden, where chord key-
boards have not been used to any significant extent earlies, your
choice of chord keyboard can have a protound effect. As soon as

a chord keyboard has become established on the market and trained

chordists are appearing on the labour market it will be extremely
hard to change over to a keyboard with a different layout.

And although your choice of keyboard may seem to affect only
a small number of people, this will be changed. When the charac-
teristics of chord keyboards become generally known, a few cou-
rageous people will start using them for QWERTY replacement, and
after some time, the use of chord keyboards will be taught in
schools.

After a few years, chord keyboards will be everywhere, and
chances are that they will have the keybcard layout picked by the
first serious user. Therefore, the original cholce had better be
good,

6B. Importance of Uniformity

To "let a hundred flowers blossom™ may seem attractive, but It
would be a disaster if a rich flora of different chord keyboard
layouts would spread over your country. H is highly desirable to
have chord keyboard layout standardized in each language area.
{Uniformity between difterent language areas may also be of value,
but it is much less important than the intra-country standardization

L Saction SA



becauso there is generally not much migration of personnel across
language boundaries anyhow, in relation to the whole work force.)

This kind of standardization is so Important primarily because it
affects people. Standardization of such things as a bicyde lire is
important “only" for economic reasons, but contrary to what many
peopla might think, standardization of chord keyboard layout will
actually influence the quality of life of many people. You must
pardon me for these solomn words, but | mean them, and | wi
explain why.

If Company X is the only one using chord keyboards with layout
Y, chordists working for Company X are effectively locked-in. 1t
they want to go to another company and use their precious ability
to write on a chord keyboard, they will have to re-learn, adjusting
to anothor layout. This may be almost like starting from scratch
again, which might be outright prohibitive.

Compare this with the situation of a QWERTY typist, When he
maoves to another company, he will take i for granted that he can
immediately use any typewriter in the new office. It should be like
that even for chordists!

However, what must be standardized is just the chord keyboard
layout and the writing rules that the layout entails, I is by no
means necessary to standardize on one particular brand or even one
particular way of designing the Interior parts of the chord key-
board, Nevertheless, we will probably have to stick to one single
brand for some years to come because no OWESI chord keyboard is
offered by more than one supplier.

Standardization must always be used with care because It Is a
potentlal obstacle for progress. But the advantages of standardiza-
tion are generally important enough to compensate for the absence
of small improvements, One reason for the difficulties that the
Dvorak keyboard?) has had for more than half a century is that its
improvement over QWERTY is not big enough to overcome the huge
inertia presented by the countless existing QWERTY keyboards and
keyboard users in the world.

Even chord keyboards have to fight the QWERTY inertia, But
the advantages of the OWES! chord keyboard are so great that
these keyboards will overcome some day.

6C. Criteria
6C1. Factors A Priori and A Posteriori

Because “the proof of the pudding Is In the eating”, it would be
desirable if we could base our choice of keyboard entirely on re-
sults which have actually been achieved. This would give us a
posteriori knowdedge of their characteristics.

However, absolute adherence to a need for a posteriort knowl-
edge would put an end to progress. The American keyboards have
been extensively used for many decades, and tens of thousands of
qualified chordists can prove thelr usefulness. OWESI keyboards,
on the other hand, have only been around for a short time, and
they would probably fall In every speed comparison with the Amer-
lcan keyboard.

Under the present circumstances, a speed comparison on an a
posterfori basis is not conclusive in terms of potential speed. For
a “fai’' comparison on an a posteriori basis, we would need a

! Section 3B (QWERTY and Cther Sequential Keyboards).
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great number of pairs of identical twins. In each palr, one shoukd
tearn to use one keyboard, the other, a different one. When the
twins In each pair had had (identical) oppartunitios to leam and
practise for a sufficlent number of years, we could test them and
see which keyboard was best, | would not suggest such a study at
present, however,

There ks a serious factor behind this joke. What we can measure
in an a posteion compatison batween two chord keyboards Is not
so much a difference between the keyboards as a difference be-
tween their users. Equipment differences will be complately hidden
behind personal variations under most conditions.

Unfortunately, thus, we have to resort also to some & priorf
information In our judgement of the keyboards. For Instance, the
superiornity of an OWES! keyboard in QWERTY replacement efficien-
cy can be objectively stated a priori, on the basis of undisputed
facts and logical reasoning.

Some other a priovi factors cannot be objectively assessed.
They should not be discarded for this reason, however. We must
not confuse measurability with Importance. A subjective factor
can be very important, even It it is disputable.

6C2. Attainable Speed

Because the main raison o’dtre for a chord keyboard is its speed,
the attainable speed is one obvious criterlon for the choice of
chord keyboard type. In order to test a chord keyboard against
this criterion, we must take two things into account:

- Which speed do we need?
- Which chord keyboards will enable us to attain this spoed?

The first question does not have one single answer, of course. The

speed requirements depend on the applications, which wil be dis-

cussed in a later chapter.! In the days when chord keyboards stil
required manual transcription, only speed-of-speech writing could

justify them, and they were worthless in the hands of a person
who could not attain that speed. In the era of QWERTY replace-
ment, the picture is different.

Now, a chord keyboard can be economically justified In a
QWERTY replacement application even il its user cannot attain a
speed approaching the speed of speech. This will happen even at a
rather modest speed increase in comparison with QWERTY. Details
of a calculation of this effect will be found in a later chaptor.?)

When it comes to attainable speed, we need no further proof
that the American chord keyboards are excellent. Many decades of
successful operation s enough.

We also know that the Bulgarian lsot keyboard, or Stenokey,
allows very high speeds. At Intersteno 87, the Wordd Champlonship
In Shorthand was won by a Bulgarian lady using this machine.
Probably, however, nobody in the West knows how much training
and practise has been required for reaching the glorious speed of
497 syllables per minute. With 2.4 characters per syllable In Bul-
garian, this means almost 1,200 characters per minute,

For Velotype, only medium speeds are well documented, With

1 Chapter 9,

2 Chapeer 10 [Costs, Savings, and Benefits).
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regard 1o top speed, the situation is not very clear, and | have to
base my opinion on an incomplete material,

| cannot present any a posterfor/ proof that very high speeds
can be amained with Velotype. But this does not prove that high
speeds cannot be attained. | think they can.

Because Velotype has such excellent charactenistics In many
other respects, 1 will go 1o some length in arguing that s poten-
tial for high speed is adequate. I would be a disaster 10 discard
this keyboard for lack of evidence of high-speed possibiities,

First, | will present some reasoning on an a priori basis. Here,
| will have lo separate two factors which together determine the

speed
— factor a: attainable number of chords per minute, and

- factor b: average number of chords per syllable.

When factor a Is studied on an a prion basis, It is conceivable that
somaeone will find arguments for saying that there are some differ-
ences between the various chord keyboard types, Some possible
differences have been discussed in the section on ergonomic re-
quirernents. '

A proponent for a phonetic system might argue that an ortho-
graphic system causes delays because the cperator could possibly
have some difficulties In recalling the right spelling of a word.
But | don't think this is the case, not even for English with its
queer spelling.

in suppon, | can point to American experiences with “close
captioning” using Digitext, a system which will be described in a
later section.? This system has been used by some American TV
stations for Instant presemtation of the speaker text In writing
during live news transmissions.

While Dightext Is not really an orthographic system, R requires
the operator to obey certain rules for eliminating the ambiguities
{"conflicts") that woulkd otherwise be caused by homophones.™ For
example, the homophones “hire” and “"higher” are written difer-
ently in the Digitext system.

Thus, Digitext lays approximately the same “spelling burden on
the chordist as an othographic system does. In my opinion, the
successful operation of this system proves that non-phonetic spell-
ing does not necessarily slow down chord keyboard operations.

As | see it, these a priorl factors, related to factor a (attain-
able number of chords per minute), do not indicate any significant
difference between the chord keyboard layouwts in present use, |If
there Is any difference at all, 1 cannct tell which type Is superior
with respect to these factors.

Instead, | think the maximum value of a Is determined by physi-
clogical factors which limit the number of precise finger movements
we can perform in a second. In fact, the speed superiority of the
chord keyboards in comparison with QWERTY Is explained by this
limitation. We cannot increase the QWERTY speed further by pro-
ducing still faster finger movements. The chord keyboard does not
require faster movements by any muscle, but it makes use of our
abllity to move a greater number of muscles simultaneously.

! Section 5E.
2 Section 602

3 Section 4C [Othographic and Phonetic Systens).
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Now for a discussion of factor b, the average number of chords
petsrllabla This factor can be changed by means of abbrevia-
tions. ")

In a system without abbreviations, factor b will be perhaps
1.002. The deviation from 1 5 because a syllable will in some rare
cases need two chords instead of one.)

The speed, In syllables per minute, equals a/b. Abbreviations —
which are not used at present in Velotype systems - will reduce b.
Thus, they will increase the speed {unless they should bring about
a significant reduction of a by causing hesfaton),

The amount of reduction of factor p caused by a given set of
abbreviations can be calculated with high accuracy on the basis of
language statistics, For Swedish, at least, excellent language sta-
tistics are available.

There Is no & priori reason to belleve that the use of abbrevia-
tions will reduce factor a in the long run. (t will obviously In-
crease the required time for training and practising, but this is a
disadvantage that the user has to accept ¥ he wants to reach a
really high speed.)

As mentioned earlier, the Velotype manufacturer has been op-
posed to the use of abbreviations. But there is no a prior/ reason
to believe that the need for abbreviations will be lower in a Velo-
type system than in other chord keyboard systems, in which dec-
ades of experiance has proven their necessity.

It adherence to a one-chord-per-syllable rhythm were of value
in attaining high speed with Velotype, the same would apply to €.G.
the American chord keyboards. Surely, someone would have dis-
covered this effect in the course of time f it existed.

My a priori reasoning about the speed of Velotype can be
summed up as follows.

- The attainable number of chords per minute should be approxi-
mately the same as for e.g. the American chord keyboards.

— Introduction of abbreviations in the Velotype system will ob-
viousty reduce tactor b and thus Increase the attainable speed,
but the extra speed will require extra time for training and
practising.

- The highest Velotype speed reached so far — whatever it Is —
can be exceeded by means of abbreviations. This increase comes
on top of any Increase that can be caused by intensified train-

ing and practising activities.

Now for the scanty & posteriori material on Velotype speeds.

For one thing, | saw a successful demanstration of Velotype in
October, 1986. A 19-year-old Dutchman provided Instant presenta-
tion of a lecture, held in English at a normal speech rate.

According to a document issued by the Velotype manufacturer,
the same young man was the winner of the Dutch Intersteno typing
championships in 1986, using Velotype. He produced 22,856 charac-
ters In 30 minutes with an emor rate of less than 0.1 per cent.
This corresponds to 762 cpm. (The fastest QWERTY typist had 439
cpm.)

This result was obtained In copying a manuscript. In general, it
can be assumed that higher speeds can be attained in dictation



tests, In the same way as an athlete on a spotfts arena can run
faster if he has a “hare” In front of him,

During a visit to Holland in January, 1988, | had an opportunity
to test two Velotype operators. | gave them a text from a Dutch
newspaper and asked them, one after the other, to copy i, using a
Velotype keyboard attached to a personal computer with a word
processing program in it ARerwards, the resufting texts were
copied to a diskette, which Is now in my possession. This text,
with a length of 2,582 characters, was Input with 728 cpm by one
of them and with 712 by the other,

| have been told of much more impressive results obtained on
other occaslons, but 1 will not quote these results here. | prefer
to restrict my account to results which are either officially record-
ed or seen with my own eyes, as above,

These results are not too impressive in comparison with results
otXained with other chord keyboards, Above, | have shown that
one tactor behind this is the lack of an abbreviation system. How-
avor, there Is also another factor which can help to explain the
redative mediocrity of the resuits.

| am referring 1o the low age of Velotype and the scarcity of
realty professional operators. The first Velotype keyboards, ina "0
serles” of 100, were produced as late as 1984. Not very many
persons have been trained on Velotype, and the manutacturer has
lost contact with most of them atter the course. K some of them
have developed into very fast chordists, the manufacturer does not
know, and the persons who are avallable for speed tests are mostly
bright young students who have chord keyboard operation as a
sidetine.

In contrast, the American chord keyboards are used by tens of
thousands of persons whose professton is to write at the speed of
speech on a dally basis. Most of them have been doing this for
many years, and recruitment |s stimulated by handsome salaries.

Personally , | have come to the conclusion that speed limitations
will not be a problem for Velotype in the long run, But | am sure
that many others will take a more sceptical view. The Velotype
supplier must do something to comvince potential customers that
Velotype Is well sufted also for applications where the ultimate in
speed Is raquired.

| think they must encourage some bright young persons to really
go in for serous Velotype training, alming at a professional career
in fast writing. They must also produce objective evidence of good
speed results.

In addition, an abbreviation system must be designed, to be used
by chordists who want to reach top speed. Because no abbrevia-
tions have been used till now, we have an excellent opportunity to
create a system which Is well designed from the beginning,

Although the abbraviation system must be language-dependent,
there are great simllarities between languages In abbreviation pos-
sibilities, and a cooperation between speclalists from differont lan-
guage areas |s highly desirabla, not only for efficiency In the sys-
tem design, but also for obtaining a certain degree of Interan-
guage uniformity, which will be valuable for operators who have
to write in more than one language.

If these or equivalent measures are not taken, the competiiors
of Velotype can continue to point to the lack of documented top
speed results. This should be the most serious threat to the sur-
vival of Velotype, notwithstanding that the QWERTY replacement
applications are quite profitable even at the moderate speeds for
which we have objective proot of attainahility.

Summing up the material on attainable speed, it is not difficult
to find keyboards which are excellent in this respect, but if one
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adds some other important requirements, the number of eligible

candidates will shrink very much. Because Velotype seems to be

dearly the best candidate In so many other respects, | have ana-

lyzed its top spoed potential in great detall For scarcity of a
posteriori data, | have been forced to resort to a prior reasoning
to a great extent. My conclusion is that the top speed attainable
with Velotype will in the long run be approximately the same as
with other chord keyboards.

8C3. The OWESI Criterion

As pointed out earfier, OWES|" characteristics are important for
successfdl OWERTY replacement applications. Because it would be

unpractical to use different chord keyboard layouts in different
sectors of the market, all keyboards, irespective of intended appli-
cation, should be of the OWESI type.

6C4. Ergonomic Criteria

Proponents of Velotype claim that their chord keyboards are better
than QWERTY from an ergonomic point of view. Some of the
arguments are based on statistics over such things as the travelling
distances of the fingers.

I do not know of any Independent studies having been made In
the flokd of chord keyboard ergonomics, Theretore, much of the
judgement in this respect has to be based on a prion factors.

Some proponents of the Amarican type of chord keyboard have
claimed that the lower number of keys is an advantage because
the finges-moving distances are small and the demand for accurate
finger positioning Is not very hard. On the other hand, | have
been tolkd that the operator at an Amencan keyboard has to use a
very great proportion of straddling keystrokes, ie. keystrokes
where one finger presses two adjacent keys. Such a keystroke
should requive a higher finger-positioning accuracy than a single-
key stroke. Straddling keystrokes are used much less by Velotype

The Velotype manufacturer also points to the fact that the key
positions in Velotype have been chosen to sult the geometry of the
human hands. The American keyboards, on the other hand, gt
their “rectangular’ design at a time when the restrictions of early
mechanical technalogy excluded other possibillties.

6C5. Capability for Instant Presentation

Some CAT systems - phonetic in nature - do not allow instant
presentation, even apast from the deficiencies caused by ambiguities
("conflicts™). In thess systems, the (nearty) clear text can only be
produced In what Is called & batch run of the host computer. For
practical reasons, batch runs can only be made at rather long
intervals. Capabidity for Instant presentation ls mandatory In cer-
tain applications, e.g. text interpretation for deaf people-

8C6. Economic Characteristics
In terms of costs, the difference between the two main contenders

is great. The price difference between the chord keyboards them-
selves — Velotype or American — may not be of any great Impaor-

1 Section 5A.
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tance, but the choice between them entalls differences in two other
respects.

One is connected with the host equipment. Velotype can be
interfaced e.g. to an ordinary personal computer, and the electron-
ic gear for interpretation of the chords is built into the keyboard.
The American keyboards, on the other hand, will In general require
a powerful compuler comprising a lull-vocabulary dictionary.

Ancther impostant difference 1s in the cost for training and
practising. This question has been covered In an earlier section. ")
And, as pointed out earlier, oporating costs are strongly influenced
by any need for post-editing.

6C7. Stability of the Manufacturing Company

Competitors of Velotype have stressed their financial stamina and
expressed doubts about Velotype In this respect, And it is true
that the Velotype manufacturer - Special Systems Industry BY
{SSH), in The Netherlands - has not been very successtul in the
past when it comes to grabbing a large market share.

| am not @ company analyst, and | leave it for others to judge
the Important question of the stability of SSI.  But the supenority
of the Velotype idea has convinced me that it will not go under.
i any outside help should be required for necessary expansion, |
am sure it can be provided because of good chances for long-term
profitability, based on patents.

6D. Candidates and Candidate Groups

In the following sub-sections 1 will discuss various brands of chord

keyboards and explain the reasons for my position to them. As
mentioned earlier, | have taken a pragmatic approach, meaning that

| have not studied all brands in detal. |f | have thereby been
unfair to any brand, | can only say that this report might be of
help in making the situation clear.

8D1. Phonetic Systems

As pointed out earlier, systems which do not meet the OWESI cri-
terion are not competitive In the commercially important QWERTY
replacement applications. This, in my view, is a decisive argument
against them lor any application because it would be unpractical to
have more than one chord keyboard layout in a country where such
duptication can be avolided.

In countries where there are a great number of chord keyboard
opmwrswtwaredmdyhnywwhmeusadaphomﬂc
system, this is a clear argument In favour of such a system - in
the short perspective. When i comes to training another genera-
tion of chordists, the situation may be different.

Thereby | have eliminated the American chord keyboard in fts
ordinary versions. | wil revert 1o variations of this keyboard In
the following two sub-sections.

If | am comectly Informed, the French Grandjean keyboard and
the British Palantype keyboard can be eliminated on the same
grounds, As for the |talian Michela keyboard, the text it produces
needs extensive human editing, at least in the version | saw demon-
strated at the Intersteno 87 exhibition in Florence last year.

1 Saction 5D (Requirements on Ease of Leaming).
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To the extent that | know the names and addresses of suppliers
of the above-mentloned chord keyboards, they are indicated below.

Stenograph Comporation, 7300 Nies Center Road,
Skokle, IL 60077-3889, USA; +1 312-675-1600 and £00-323-4247,

Stenograph In Europe; Oyez Services, 24 Gray's Inn Road,
London WC1X 8HR, UK, +44 1 831 2285.

Michela; Data Management spa, Viale Eginardo, 29,
20149 Milano, ltaly, +39 2 4983.1.

Transcriplor™ X (based on the “American” type of keyboard:
BaronData, 1700 Marina Boulevard, San Learnxro, CA 84577, USA,
+1 415 352-8101 arxi BOO 227-1764.

6D2. Digitext ~ a Quasi-Phonetic System

Digitext is a systam which is based on a keyboard layout simiar
to. if not identical with, the Stenotype layout. But it uses a di-
ferent "writing theory” and consequently a special CAT program.

This "writing theory" ie. the set of rnules that an operalor
has to follow for inputting syllables, ks largely phonetic, but it
differs from the usual American phonetic system In some respeacts.
As | understand it, Digitext provides for better discrimination be-
wween words which have similar, but not dentical, pronunciation.
This should eliminate many of the ambiguities ('conflicts”) which
plague the conventional American systems,

In addition, #t prescribes deviations from the phonetic principle
for distinguishing betwoen exact homophones such as “cell” and
"sell”. (n other woeds, Digitext has certain features in comman
with an orthographic system. Because it Is mainly phonetic, how-
ever, | would call it “quasi-phonetic”.

With Digitext, almost all ambiguities seem to have been elimi-
nated, in exchange for a complex “writing theory”. But ohe type
of ambiguity remains, based on the absence of an explicit indication
of spaces. The system cannot distinguish between e.g. “‘counter-
part" and “counter part",

This deficiency Is bad enough In English. It would become still
worse, however, if the system were applied to a language In which
composite words are more comimon, such as Swedish or German.

Like the more conventional American chord keyboard systems,
Digitext requires a full-vocabulary dictionary. This | needed both
for spelling and for (Imperfect) placement of Inter-word spaces.

| have devoted many words to Digitext because someone might
think that it is an OWESI system. It Is not, and the text above

should have proven that Velotype Is superior to Digltext.
60D3. The halian Stenotype System

The system offered by Stenotype Italia SRL has been mentioned
earier.) This comes close to an OWES! system, although explicit
Indication of an Inter-word space needs an extra chord when the
previous word ends with a consonant. And the user does not have
to sacrifice a chord oo the vowel that ends most |talian words.

' Section 4C (Oxthographic and Phonetss Sysiams) and 40 ({Indication
of Inter-Word Spaces).



This systemn, thus, offers significant advantages over tha con-
ventional Stenotype system. However, it can only be applled to
Italian.

Stenotype Italia SRL: Via Francesco Baracca, 209,
50127 Flrenze, ltaly; +39 55 37 16 38.

6D4. Stenokey: Orthographic Principle
but Complex Operation

The Bulganan Stenokey meets the OWESI requirements. Neverthe-
less, | have not taken It into serlous consideration. Its operation
seems very complex. For every chord, the operator has to obey a
series of rather abstract rules, very different from the conceptual
simplicity of other chord keyboards.

| admit that this is a subjective judgement, but | think that
most readers will share my view after studying Appendix 1, which
describes the operation. With due permission, Appendix 1 has been
copled from a report written by Richard D. Steele, Ph.D., of the
Rehabllitation Research and Development Center, VA Medical Cen-
ter, Palo Alto, Calfornia, USA. The report was prepared for
BaronDaia, USA."!

Stenokey, export: Isotimpex Foreign Trade Organization,
51 Chapaev St., Sofla, Bulgaria; +358 2 70-72-41 /5, Telex 022731.

&D5. Velotype

Velotype meets the OWES! criterion and is thus capable of Instant
presentation of clear text. Essentially no post-editing Is required,
apart from comection of operator errors. It does not need a full-
vocabulary dictionary. Rts training requirements seem modest, al-
though some time has ta be added 1o the required training and
practising time for those who want to become really fast writers,
because abbreviations will have to be Introduced.

Clearly, tho weakest point of Velotype ls lack of objectively
documented top speed performance. As indicated in Section 6C2,
however, | have come to the conclusion that this Is just lack of
proof, not lack of potential top speed.

Special Systems Industry BV, 63 Delftweg, 2289 BA Rijswilk (ZH),
The Natherands; +31 15 12 28 88, 12 28 89,

6E. The Swedish Decision

Some time ago, the Swedish Institute for the Handicapped decided
to choose Velotype for text interpratation purposes. Similar decl-
sions were taken by Swedish Text TV and a private company In
the graphic industry. A modest sum was paid to SSI in Holland
for developing a program module for the Swedish language.

A first course in Sweden was held in November, 1387, A second
one was held in February, 1988. Some of the participants were
young people with the Iintention to try to become skilled chordists,
while others were administrators, seeking concrete knowledge of
the new technique. In the first-mentioned group, the majority are
people who are or wili be active In text Interpretation for deaf
people, either In meaetings or in Text TV.

' The address of BarenData is indicated I Section 601,
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The chordists in spe, with possibllities for extensive practising,
have succeeded to get speed results above expectations, according
to the company that is acting as a Swedish agent. Further details
will be given in a later section."

! Saction BC ({Typical Curves over Speed ve. Tame).
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7. Host Systems
and Associated Facilities

In general, a chord keyboard must be connected to a host system.
The host can be a dedicated word processor, but nowadays it is
more common o use a personal computer, equipped with a word
processing system. The system includes a computer program, but
an equally important part of ft consists of rules for using ft, texi-
books, etc,

In an office where many people do word processing work simul-
taneously, an aftemative to using a number of separate personal
computers is to have one central computer, more powerful than
personal computers usually are, and let the users have some equip-
ment which Is connected to the central computer all the time,
(Even the equipment on the users’ desks may consist of personal
computers, but in this case, the central computer takes over certain
tasks from the personal computers.) In the present state of tech-
nology, such mufti-user systems may be competitive In cases where
many users need access to a common set of text files.

7A. Personal Computers and Similar Equipment

Personal computers come in a large number of varieties. However,
a few classes of them have crystallized as being generally more
viable than the others.

A certain degree of uniformity between personal computers is of
great value to the users, One of the advantages Is that the collec-
tions of operating programs - the software - can be standardized
and thus very cheap,

Three classes of personal computers are generally mora in focus
than others are;

- |BM PC (Personal Computer) and the many computers that are
compatible with it,

~ Apple Macintosh, and
- IBM PS/2 (Personal Systam/2).

The group ot |BM-compatible personal computers includes 1BM PC
in a number of varieties plus a number of "clones”, ke, computers
made by other manufacturers and designed In a way that makes
their characteristics identical with those of IBM PC in all impos-
tant respects, One advantage of the |BM-compatible computers s
that the user is not dependent on a single manufacturer. Software
for these computers s abundant and cheap.

The price competition between the manufacturers of “clones"”
has been very effective in lowering the prices. |BM has now dis-
continued the production of IBM PC, but the clones are delivering
computers in very great numbers.
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IBM Is now promating the more advanced PS/2 tamily instead of
IBM PC. A user of IBM PC can move up to PS/2 and silll use the
same programs, but in order to make tull use of the hgher per-
formance of PS/2 he should make some changes.

As far as | can see, the additional performance of PS/2 s hard-
ty of any value in chord keyboard applications because the per
formance of the IBM-compatible personal computers is quite suf-
fient. And a user of PS/2 Is essentially dependent on a single
manufacturer because the PS/2 world - so far, at least - does not
show a clone situation simllar to the one in the IBM PC wodd,

Macintosh, supplied by Apple, has had a sufficiently large
“niche" to hold a strong position as an alternative to tha 1BM-
compatible personal computers for some years. Recontly, Apple has
made some mowves to provide a sort of compatibility bridge betwsen
Macintosh and the IBM-compatible parsonal computers, enabling
Macintosh users 10 exchange data with users of IBM-compatible
personal computers on diskettes.

Before this happened, a user's decision to "go Macintosh” or
“go IBM PC" would mean that he was cut off from one of the
wo worlds. With the new compatibility bridge, the consequences
of this choice have become less dramatic because he can now have
a compatibliity with both the Macintosh word and the wordd of
|BM-compatible personal computers. The “language™ on the |BM
diskettes has become a lingua franca "'spoken” in the two most
[ sectors of the personal computer market,

Within the 1IBM PC world, there are some important variations in
capacity. One Is related to fixed disk memory and the other to
processor speed,

The onginal IBM PC had only diskette statlons for secandary
storage. (A diskette is a type of magnetic storage medium that can
be exchanged in secorxis.) With the advent of a computer called
IBM PC/XT, a fixed disk (called hard disk by most other manufac-
turers) was Introduced. While a diskette originally had “only"
room for about 360,000 bytes, a hard disk has typically room for 10
mlllonbytesoramdﬂpleﬂmed.mdlt!nsanaocosstimthal
is just a fraction of what a diskette has.

Clone manufacturers ware fast to imitate this Improvement. In
many respacts, an “XT compatible” personal computer is more
valuable than a PC with only diskette storage. Therelore, we can
expect to see many personal computers with fixed disk, or hard
disk, in installations with chord keyboards.

Anothar perfarmance anhancement was made when [BM PC/AT
was Introduced. Here, the orginal microprocessor (Intel B0B6) had
been replaced with a much faster one (Intel 50286).

Even In this case, clone manutacturers followed the example.
The “AT" designation is trade mark protected, and clores with the
faster microprocessor are often identified by means of a model
designation comprising the number 286",

While many word processing systems show an acceptable perior-
mance with the slower microprocessor, the “"286” model performs
better in many jobs, especially when “desk top publishing” Is in-
volved. Therefore, many chord keyboards will probably be attached
to 286" computers.

7A1. Distribution of Tasks between Keyboard and Host

Typically, a chord keyboard will be connected to a host which has

some sort of word processing system.  This system is normally
designed for a computer with a QWERTY keyboard. When a chord
keyboard is used, some additional functions will have to be per-

1



tormed, requiring extra computer programs. One such function Is
to transform a chord, corresponding to a group of characters which
are not completely ordered, into (in general) a syllable in clear
text.

In Velotype, the program for this purpose works in a speclal
microprocessor which is included in the chord keyboard. Therefore,
the host receives exactly the same signals as If the same text had
been input on a conventional QWERTY keyboard, although the sig-
nals come in a more rapld succession,

This means that the host does not necessarily need any special
program for a Velotype chord keyboard. A standard word process-
ing program can do the job.

Most other chord keyboards cannot produce clear text on their
own. Therefore, the host needs an extra program for transforming
the chords Into words. And if a keyboard for phanetic writing is
usad, the host must also have access to a full-vocabutary dictiona-
ry, designed In a way that allows syllables and words to be found
when the “key" consists of a set of phonetic codes.

This dictionary must be stored in a big memaory, usually consist-
ing of a hard disk. And If the chord keyboard is to be used for
instant presentation,!) the computer's primary storage must be big
enough to contaln a copy of the whole dictionary all the time.
{For "primary storage”, other names are sometimes used, such as
“main memory”.}

Eadier in this section, it was pointed out that the host of a
Velotype chord keyboard does not “necessarily” need any special
program, But a small special program will be desirable - in certain
applications, at least - for two reasons.

One of them is connected with abbreviations.? An abbreviation,
in this case, Is a special code that must be blown up to a poly-
syilabic word or a group of words,

In peinciple, a Velotype chord keyboard could have the
interpretation of & set of abbreviations done by a program In the
buiit-In microprocessor. But the abbreviation program shoukd have
some flexiblity, and this is easler to achieve in the host. Among
other things, a user may want to add abbreviations for certain
names or technical terms.

The other reason for special programming in a Velotype instalia-
tion is connected with function chords.® Even here, some flexibii-
ty is desirable, making this job suitable for the host. This is espe-
clally because a certain command ks in many cases expressed differ-
ently in different word processing systems.

The special host functions which are necessary or desirable in a
system with a chord keyboard do not generally require any special
kind of hardware, apart from the keyboard iself. But the required
memory sizes will be affected, and In the case of a phonetic key-
board, the necessary extra memaory capacity will be substantial. -
mzdmw questions will be further discussed in a separate sec-
tion.

2 Section 4H,
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7A2. Printers

In most cases, chord keyboards do not kmpose any extra require-
ments on tha printers which are 10 be used for 1ext output.  There
ls one possible exception, however, connected with certain lypes of
instant presentation.

Instant presentation at a meeting will generally mean presena-
tion on & screen (“'soft copy”). However, some organizations may
find It desirable to produce text on paper (‘hard copy”). For
Instance, if a person has been absent from a congress for a few
hours or minutes, such a system will enable him, at a glance, to
get a picture of what has been arxi is going on.

The speed requirements for such “realtime printout” are not
hard to meet. Almost all printers in use at present have a printing
speed which is faster than the speed of speech. But a printer for
this purpose should preferably produce visible text with negligible
delay. This rules out "page printers” (e.g. laser printersj which
do not produce anything that can be seen until the text for a full
page has been received from the host computer.

7A3. Presentation Equipment

Instant presentation” for a single person - e.g. a deaf meeting
participant — can be produced on a normal computer screen, In
some cases, the deat person can look at the same screen as the
chord keyboard operator who does the lext Interpretation, but
otherwise, the deaf person should have a separate slave screen
Some systems have infra-red (IR) connection 1o slave screens,
which relieves the user of the slave screen from handling cables.

As altematives 10 a CRT screen (Cathode Ray Tube, or “TV
tube") some other types can be usad. One of them Is the LCD
screen (Liquid Chrystal Dewvice), using the same principle as most
dightal watches., Another one Is the plasma screen, or gas panel,
containing a flat glow lamp with a very large number of tiny elec-
trodes which can be Individually made to glow, forming visible
characiers.

The screen of a personal computer nonmally presents about 24
lines of 80 characters each. In lext interpretation, it may be bet-
ter to have bigger characters, e.g. with 40 characters per line
and 12 lines, or even 20 characters and 6 lines. Provision of such
presentation is not always as easy as it might appear, but it can be
done.

Undoubtedly, there witl be requirements for presentation to a
larger awdtience. The speaker may want to check that the lext
Interpreter has understood him correctly, but even apart from that,
people will soon find out that text presantation fs of value even to
hearhué:etm Some reasons for this will be given in a final
chapter.

One way of presenting text to a large audience is 1o use a fiat,
transparent LCD screen of a type that can be placed on an over-
head projector. Another, more recent type of transparent LCD
screen is small enough to fit in a slide projectar. The last-men-

' Saction 5C.

2 Chaptsr 12 (A Lock irto the Future).
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tioned type is more expensive, but on the other hand, it is said to
enable a larger audience to read the text

7A4. Other Ancillary Equipment

While Instant presentation of a speaker's text Is a recent

achievement, verbatim reporting with subsequent printout bas been
with us since Tiro's days. The combmnation of a chord keyboard
and a text-processing computer will make such verbalim reporting
easior and more attractive in the future. For this application,
however, some extra equipment — and some special programs - are
desirable for maximum efficlency.

One reason for extra equipment is connected with the use of
sound recording as the stenographer’s safety net. The art of sound
recording may seem to have reached a high degree of maturity,
but much remains to be done In this field when it Is applled to a
verbatim reporting sftuation. This is largely a question of using
certain digital techniques, not only for the sound recording as
such, but also for the coordination between sound recording and
1ext recording.

Another reason has to do with editing of the text. In coun
reporting, 't may be essentially forbkiden to edit the text, but in
reporting from a parlament session, editing ls essential. In verba-
tim reporting iIn edited form, the dominant cost s for editing, not
for taking down the text in written form. Therefore, much is to
be gained by use of a system that makes life easier for the editor,
and there is much that can be done In this field by means of spe-
cial ancillary equipment and programs.

A iul account of the possibilitics will not be given here. |
have only wanted to point out that verbatim reporting is stil an
urderdeveloped part of chord keyboard applications.

7B. Self-Contained Keyboards

In certaln applications, a chord keyboard does not need a host all
the time. If it is used for taking down notes for subsequent print-
out, the text can be temporarily stored in a memory contalned in
the keyboard itself, The chord keyboard is then a self-contained
unit. With a battery-powered keyboard, chords can be recorded
without cords.

Such a text memory can be Installed in a Velotype keyboard,
The capacity can be up to 32,000 characters, which corresponds to
something between 30 and 60 minutes of unintrupted speech. Be-
fore the text memory becomes full, its contents must be copled to
some host equipment.

7C. Speech Synthesizers

Certain groups of speech-impaired people can have use for a speech
synthesizer of the key-to-speech type. When a text Is input over a
keyboard, the speech synthesizer can read it aloud.

This technique is now well established. Although the sound does
not have much of a personal touch, its intelligibility can be good.

This method of communication Is not suitable for all speech-
impalred people. Speech-impairment is often combined with othar
disabilities, which make it difficult or even impossible to handle a
keyboard. For others, keyto-speech systems must be of great
value.



When a QWERTY keyboard is used, however, such a system has
an iritating slowness, With a chord keyboard, this can be helped,
i the user has good control of his hands. When the user has a
Velotype keyboard, which requires no host computer for producing
the right character sequences, it should be possible 1o attach a
spoech synthesizer having a volume of the same order of magnituda
as the volume of the chord keyboard itself,

7D. Software

Because a modemn keyboard is essentially a tool for word process-
ing, the host compkiter can in many cases use one of the commer-
cially avallable word processing programs. For certain applications,
however, some additions to such a program are desirable. The
additions may affect elther the text input side or the lext output
side.

On the input side, interpretation of abbreviations and function
chords® have to be interpreted by a special interpretation program.
i you use a single chord like “MC" for “Mr. Chairman®, you will
want this special program to remove “MC" from the character
stream emanating from the chord keyboard and send a longer
strong of characters along to the word processing program, making
this program "“believe” that you have actually lyped “Mr. Chair-
man"” on a OWERTY keyboard. And when you strike a function
chord, you want the special interpretation program to deliver the
same character code or codes as a conventional keyboard would
deliver if you had operated some function key(s).

On the output siie, you may need an extra presentation program
if you are using instant presentation. An ordinary word processing
program peoduces codes which identify characters to be presented
on a screen, but if you want extra big characters, you may need a
presentation program for translating the character codes into an-
other form, which is otherwise used for producing graphics, Le.
pictures, rather than strings of standard-size characters.

Nelther the interpretation program nor the presentation program
will be difficult to produce, but it may be a problem to combine
them with a standard word processing program. The interpretation
program has to be "Inserted” between the keyboard an the word
processing program, and the presentation program has to be "in-
serted” between the word processing program and the screen.

It | am correctly mformed, the degree of difficuity of this in-
sertion depends on whether or not the word processing program
uses a standard method for Input and output. In an IBM-compat-
ible personal computer, input and output are normally handled by a
program module called BIOS (Basic Input-Output System), |If the
word processing system makes use of BIOS, insertion of an Inter-
pretation and/or presentation program should not be difficult, but
unfortunately, some word processing systems are said to contain
“own" input/output parts instead,. This may make the insertion
difficult, unless one can get cooperation from the organization that
has created the word processing system. [n selecting software for
a system with chord keyboards, these factors should thus be taken
into account,

Another factor ks the speed of the word processing program.
The programmer has normally only had QWERTY speed in mind,
and it has been reported that certain word processing programs

Sections 4H and 4G, respectively.
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cannot cope with the more intensive stream of characters thal a
chord keyboard can defiver. This k5 probably a bit unusual, how-
ever. Especially, you are not likely to get Into such difficuities If
your host computer Is equipped with a fast microprocessos such as

the 80286, "

1 Section 7A (Personal Computers and Simiar Equipment),
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8. Users, Training, and Practising

To the extent that the contents of this chapter are dependent on
the type of chord keyboard, | will concentrate on Velotype. This
is because | have found its superiority clearty established.

8A. Necessary Qualifications
8A1. Speed

For ages, few professions were open to women, and if a young gir
wanted a white-collar job, one of her few possibilities was 1o be-
come a secretary or office clerk. Among those who chosa these
professions, there were many highly talented persons.

But there were many who sought such jobs and accepted a low
salary. This has probably been an imporant factor in holding
down the esteam for such skills as shorthand and typing. However,
especlally shorthand with very high speed requires a rather rare
talent for this special task.

| have no statistical proot of this statement, but In the days
when | went to voluntary evening class for shorthand wraining -
in the early 'forties — | coukd observe how few of my comrades
could reach really high speed. Sooner or later, everyone reaches
a plateau in his speed development, a level which cannot be ex-
ceaded regardless of the amount of training. This plateau tumed
out to be clearly below the spead of speech for most people In the
class, although every participant In the fast training classes had
come because they had shown good promise as beginners. And In
those days, when pariament stenographers were still unthreatened
by sound recording and consequentty well pald, the motivation to
reach the speed of speech could be very strong in a young student.

This subjective cbservation is not the only support for my the-
sis, that fast shorthand requires special talent, Let me remind you
of the examination results in American schools for court reporters,
where 90 per cent or more fall to get the desired certificate.

| have tacitly assumed that talent for pen shonthand and talent
for chord keyboarding are more or less ldentical. |f you are in
doubt about this, | will remind you of the astonishing success of
one chord keyboard school which | wrote about In Section 6D. |
could not believe that almost 100 per cent of the participants
passed the tests untd | heard that they were all very fast pen
stanographers when they began the course. |n other words, they
were all among the few who remained after most of their comrades
in their pen shorthand training must have falled.

Shorthand talent is intellectual, not physical. When a fast ste-
nographer falls to follow a fast speaker, ft Is not because his fin-
gers cannot obey the orders from his brain. It is because the
brain cannot issue the orders fast enough. This, 100, Is a subjec-
tive experience, but | think that all fast stenographers can testifty
that this is the case. | admit that physical pain in the muscles of
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the hand can be a [imiting factor for a beginner, but a fast steno-
grapher’s narrow section is in his nervous system, not In his hand.

It seems that the upper speed limit is generally higher for chor-
diats than it is for pen stanographers. In Intersteno's World Cham-
plonships In shorthand, held every two years, users of chord key-
boards are consistently getting the best resuits. So, the general
speex lovel can be assumed to be higher among students of chord
keyboarding, but the spread In results within that group should be
largely the same as for pen shorthand. The Gaussian curve n
Figure 5:1 can probably be applied to shorthand talent, too.

BA2. Accuracy

Freedom from uncorrected errors is obvlously of great impornance.
And even If the stenograpber notices his errors and immediately
comects them, the cotrections will of course reduce his average
speed. It s recommended that students of chord keyboarding
shomdmvwnmathsaccwacyrequlmnmhthweﬂm!o
galn speed tast during the practising period.

In QWERTY replacement jobs, it has been reported that users ol
chord keyboards make fewer mistakes per page than QWERTY typ-
ists. The main factor behind this effect Is probably in sequence
arrors.  One dmmmmmtypesanWERTYtyplngis
a ravorsal of the order between two adjacent letters, but such
omeanhudywocwhadudkeyboa:dsymmbmuso
the order is controlled by a microprocessor, not by a human opera-
tor.

In pen shorthand, which anyhow needs human transcription, the
accuracy requirements are relatively low, | know from experience
that a stenographer’s signs can sometimes be used without much
difficulty even K they are homibly deformed, because it is the
stenographer himself who reads them.

When chord keyboards are used, the situation is a little differ-
ant. You cannot produce deformed characters, but characters can
be erroneously added, exchanged, or omitted.

Stlll,manyswhrrimkescanbecopedmaslongasmam
lsmdbyaporsonwhoknowshowtoopmachord keyboard.
But instant presentation requires high accuracy. The reader has
generally no detal knowledge of chord keyboard operation, and
even very small mistakes can render a pan of the text unintelli-
gible.

8A3. Linguistic Ability and Editing Skill

It is a wide-spread misconception that a debate stenographer is a
robotwfnprodueesasonolmed\anicalreoordhgdtbemds
he hears and that a good transcription of a speech should be truly
verbatim. This is wrong both on the input and output side.

On the input side, the stenographer must identify each word.
Tﬁsmyappmrmmﬂm.bmwwwanﬂemhomU
otherwise difficult acoustical conditions, we do not really hear
every word that a speaker says, even if wa think we do.

In fact, we fll in many words on the grounds of context. To
do this right, we need a wide vocabulary and a good command of
the language. If you have seen speeches that have been typed
from tape recordings, you wil probably have seen hotrible mis-
mwmmsdmmmwmmwmmmm
gatodtopeopievﬂ\ohaveneltheflalmnornwumbntortrds
task. When we are just listening, we are not bothered too much
bysomunceﬂalrﬂesaboutwords,bu"apetsmlssupposedto
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transcribe the spoken words on paper, he had better get every
word right, on the “input side” of his job.

On the output sile, if we produce a truly verbatim printout, this
will often be both ugly and hard to understand. This is partly
because the spoken language contains much non-verbal information
which is important for listening but gets lost In a verbaum tran-
scnption. This information consists of such signals as pauses and
tone varigtions. Also, the listener is generally much more tolerant
with respect 1o viclations of the laws of grammar and syntax than
the reader Is.

A good transcription should make the same impression on the
reader as the speech made on the listener. For this goal to be
reached, wording will often have to be changed rather radically,
and especially the order between words. It takes great linguistic
skill to edit a speech In such a way that the absence of the non-
verbal information is compansated by means of changes in the
wording while the speaker does not notice any appreciable devia-
tions trom what he thinks he has saxi.

The American court reporters do not have this problom. They
are forbidden to change the wording of a witness, for example, and
the readers have to bear this in mind. But the reputation of the
Swedish parliament members would be very bad if their utterances
had not been Improved by the stenographers.

For these reasons, some chordist jobs — but not all - require
linguistic skills in addition to the abilty to write fast. It should
not be difficult to produce tests for measuring the ability to iden-
tify spoken words and to edit verbatim printouts of speeches.

| think there is, luckily, a high correlation between talent for
fast writing and linguistic talent. This is a purely subjective opin-
jon, without statistical support, but you may admit that it is quite
plausible because a faculty for fast writing Is clearly related with
our ability to handle the language.

8B. Courses and Practising

As Indicated in the beginning of this chapter, | am not going to
dwell on the American two-year courses for chordists. Instead, |
will concentrate on Velotype.

The principles of using Velotype are normally taught in a two-
week course, Including practising hours, the course lakes full ime
during these two weeks.

At the end of the course, the students can use the chord key-
board for preducing any text, but their writing speed is low at
this stage. As earlior mentioned, no abbreviations are taught in
the Velotype courses at present.

During the course, each student must have a chord keyboard.
The present models of Velolype have a small buitt-in display that
shows the last forty characters, and with such a model, no host
equipment Is needed during the course axcept for perhaps one key-
board in the classroom.

For picking up speed, the student needs a lot of practising.
Because Velotype is wall suited for QWERTY replacement, the prac-
tising can consist of productive typing work. This Is not only of
economic importance. It makes practising more interesting (hope-
fully) than pure exercises.

It has been said that automatism is normally achieved in about
400 hours of practising. This is an Impontant milestone. But even
beyond this point, further practising will nomally mean further
speed increase,



Normally, young students - say, below 30 - are reported to show
the fastest speed increase. There are, however, also a lew sUCCess
stories about clder students,

8C. Typical Curves over Speed vs. Time

Naturally, it is deslrable to know which speed can generally be
attained after a given number of practising hours. Unfonunately,
the available Information regarding Velotype is not very exact in
this respect. A set of “lypical” curves was produced at an early
stage, but later, the time scale of the curves was revised to pres-
ont a less optimistic view.

The revised curves — shown in Figure 8:1 — may be a bit on the
pessimistic side instead, at least in pat. - The originator of the
diagram has pointed out that practising time here means the time
that is actually spent on using the keyboard for input, excluding
time for breaks of all kinds,
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Net number of practising hours ——

Figure 8:1. Typical curves over speed vs. training and practising
time for Velotype operators according to the manufacturer. See
text for the meaning of the small circles.

The small circles In the lower left-hand part of the diagram
indicate speeds that some of the students In the first Swedish
Velotype course reached - according 1o the company that is acting
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as a Swedish agent for Velotype - within the first few months
after the course. This two-week course ended on November 27,
1987, and the last tests indicated in this dlagram were hedd on
March 29, 1988.

Each test lasted for three minutes. No speed deduction was
made for typing errors. As you can see in the diagram, the high-
est speed attained - after 204 net hours of practising — was nearny
600 characters per minute.

Generally speaking, the highest speeds were reached - naturally
- by the young students who were there to become chardists, while
the participants who were administrators, seeking general knowl-
edge, could not write with the same speed, The circles seem to
indicate that the curves for Velolype at least do not exagperate
the speed that can be reached In the first few months, which is
the only pericd for which Swedish data are avadable.

The results obtained by these Swedish students are not neces-
sarilly typical. These students were selected from a large number
of applicants, and # the selection criteria were relevant, the ad-
mitted students may have above-average talents for fast wrlting,

When the curves In Figure 8:1 were first drawn, they were
based on material from the DOutch Assoclation for Stenography,
Typewriting and Office Practisers (Associatie SMK). The informa-
tion came from chord keyboard teachers who had kept a mote or
less accurate record of their own advances and the advances of
thelr students, It was admitted that especially the important right-
hand part of the Velolype curve was rather uncertain because the
number of students who had had an opportunity for a large number
of practising hours was very small at that time.

Even now, neither the Velotype manutacturer (SSI) nor anybody
else seems 1o have a very accuralte picture, The SS| people expiain
the lack of a solid statistical material by pointing out that they
are seldom in a position to observe Velotype students for long
after the course. Most of them get a job immediately after the
course — {f they did not have one before - and they will hardly
ever repart back about thelr speed Increase.

We have to accept this uncenainty about the average rate of
performance imgrovement. | would be very worried by this if the
margins for success would seem to be narrow.

Fortunately, they are quite wide. Results can be much inferior
to what is shown in the curves and still be very good.

Although | feel uncertain about which percentage of the stu-
dents will ever reach the speed of speech, | get some consolation
from the fact that speed-of-speech chordlsts are not required in
very great numbers, and It is evident that the average Velotype
user can reach a speed which is very much higher than the speed
of experienced QWERTY typists. In fact, they may attain speeds in
the region of what the world champions in QWERTY typing can
achieve. | will revert to this In a later chapter.”)

8D. Labour Market for Chordists
As will be shown in the next chapter (Applications), there Is a
wide spectrum of jobs whare chord keyboard operation s necessary

or desirable. This provides for a passage through progressively
higher positions during the practising period after the course,

' Chapter 10 (Costs, Savings, and Bensfits).



Initial jobs are mainly In QWERTY replacement, where a chordist
should be able to eam a good living based on the high productivi-

ty.

The high productivity of a chordist Is best utiized in jobs
where input of large quantities of text is needed. Such jobs are
found e.g. In typing poals and in typesetting offices. Some persons
will undoubtedty like to becoma self-employed and set up thoir own
small typing bureaus.

Those who reach the highest spaads can go to speed-of-speech
|obs such as text interpretation for deaf people and verbatim re-
porting at congresses and other parllamentary gatherings, The jobs
in this sector are rather few at the present, but the possiblity for
Instant presentation and very fast production of printed proceedings
will make amployers more positive to this kind of activities.

Many of the jobs in the speed-of-speech area are of an ad hoc
nature. A trade union may need a handful of fast stenographers
for a one-waek congress every four years or so, and a deaf person
will occasionally need a meeting interpreter. For this reason, free
lance chordists may find a good market. And when no speed-of-
spoech jobs are avadable, thoy can fil thelr time with profitable
QWERTY replacement tasks.

in addition to people who have chard keyboarding as their chief
task, chord keyboarding will be an important sideline In many pro-
fessions. In some joumalist jobs, for instance, fast writing can be
of great value, especially for taking notes but also for writing
articles (although one should not overestimate the value of fast
writing in this case).



9. Applications
9A. Classes of Applications

A natural way to classity applications Is by purpose. This system
ls used in most of this chapter. In the following two sub-sections,
however, classifications on other grounds are presented as & con-
tribution to the overview of the field.

9A1. Applications Justified by Speed, Savings, and Ergonomics

When chord keyboards wore Ivented, thelr only purpose was 1o
enable the user to take notes with high speed. At that time — and
for a century thereafter - machine shorthand was just an altema-
tive 1o pen shorthand.

For catching the spoken word, bath forms of shorthand are now
facing competition from sound recording. In American courtrooms,
shorthand reporters - almost all of them using machine shorthand -
have kept their positions against assaults from sound recording,
perhaps because a shorthand reporter can immediately read back a
recent statement from his paper if he is asked to. A playback
system for the same purpose in sound recording would be a bit
complicated, although it would clearly be feasible.

With the advent of the most modem chord keyboard techniques,
machine shorthand has gained a very Important advamage over
sound recording because of the possibllities for instant presentation.
Never before has it been possible to show an utterance in clear
text in practically the same moment as it has been pronounced in a
“live"” perfarmance.

The instant presentation capability ks actually quite
revolutionary, but this has not yet been noticed by many. Amaong
those who have are people In the Swedish Institute for the Handi-
capped, planning to use instant presemtation In text interpretation
for the deaf.

Many wonder why stenography is stlll used e.g. in pariaments,
when typists could transcribe recorded sound tapes instead. And if
you want an unedited printout, the sound recording method may be
qulte competitive, provided that the transcription is made by suf-
ficiently qualified people.

Dut R Is entirely Impossible to edit the text in a sallsfactory
manner during transcription from sound tape to typing, because the
typist does not have an overview of sufficiently long pans of the
text. On the other hand, when a stenographer meets a passage
which has to be edited, he can look at the preceding and following
words and performn the editing in the course of his transcription
work, while a sound tape transcription will have to be edited - and
often completely retyped - in a separate operation after the raw
printout.

For this reason, even a relatively well-paid debate stenographer
— using either pen shorthand or machine shorthand - can produce
an edited printout both faster and cheaper than a typist and an



editor, working from sound tapes. This leads me over to the next
lorm of justification: savings.

Especially in QWERTY replacement applicaions, great savings
can be obtained by using chord keyboards. Some quantitative
examples will be given In a later chapter,'t This should be the
primary justification for most QWERTY replacement jobs.

Even In such applications, though, speed as such contrlbutes a
litle 10 the |ustitication. A typesetting company, for instance,
becomes more competitive when it can produce a given text valume
in a shorter time, even apart from the savings in labour costs.

Ergonomic considerations can provkle further justification for
chord keyboards. The Velotype manufacturer claims that Velotype
causes much less stress and straln than the QWERTY keyboard, not
only for a given text input volume, but also per hour of work.
Very much shorter finger movements are one important ergonomic
tactor in this respect, Another one Is that the geometry of the
Velotype layout is better adapted to the anatomy of the hand than
a conventional QWERTY keyboard.

The ergonomic advantages of a chord keyboard are much harder
to prove than speed and cost advantages. But organizations active
in the ergonomic field, such as Arbetarskyddsstyrelsen in Sweden,
should study this question and publish the results, for ergonomic
factors are very imporant, affecting the well-being of people. (In
addition, ergonomic Improvements will often cause eccnomic sav-
ings.)

9A2. Realtime Applications and Batch Applications

Ancther important classification is based on synchronization with
outside events. In a reaktime chord keyboard application, the
chordisl’s work has to be synchronized with the utterances of a
speaker who could not care less about the stress that the chordist
may feel because of the high speed of the speech. In a batch
operation, on the other hand, the chordist can work at his own
pace, e.g. when he s typeselting a book from a manuscript or
from a dictated tape that he can start and stop at will. Clearly, a
realtime chord keyboard job Is much more difficult and stressing
than a bateh job.

There Is a grey area between real-tlme and batch jobs. One
exampie is text lelephone interpretation between a hearing person
and a deaf text telephone user. Here, the text interpreter should
ideally follow the hearing person's speech, enabling the deaf person
to see gvery word almost immediately after It has been pronouncedt.
But if the text interpreter cannot write with the speed of speech,
the consequences are not catastrophic. If the situation becomes
really bad, he can ask the heasring person to wait a little, and if it
is not quite that bad, all that happens Is that the ccrversation is
slowed down a little,

A grey-area sftuation can also exist in a meeting of & relatively
small number of persons, Here, a text interpreter has a certain
chance to make the hearing participants speak a bit slowly, and if
the text is displayed in a way that enables everybody to see it, the
speakers may even spontaneously adjust thelr speaking speed when
they observe that the text interpreter |s lagging too much behind.
In a big gathering such as a pardiament meeting, on the other
hand, the shorthand reporting is traditionally handled a bit more

1 Chapier 10 (Costs, Savings, and Bonofits).



70

discreetly, and there is no question of making the speaker slow
down because the reporter cannot write fast enough.

The "“real-time"” and “batch" concepts can also be used In a
slightty different sense, focusing on the timing of whole jobs rather
than individual parts such as spoken words or sentences. This
aspect will be discussed in a later section.

9B. Applications in the SDP Area
981. Text Interpretation for Deaf People

While pre-lingually deaf people generally prefer sign language, many
adult-deaf people have never leamed this language, or have not
loamed it well enough. On the other hand, they can usually read
well, and so, text interpretation is of great value to this group.
(In certalin situations, a deat person who is a good lip reader can
also be helped by a mouth-hand system, where an interpreter makes
iip movements In accordance with the spaakar's words and supports
lip-reading by means of hand movements for sounds that are other-
wise hard to distinguish from other sounds.)

987A Taxt Imerpretation in Meetings

In Sweden - and in many other countries, | presume -~ thera Is an
organization for providing text interpretation for deal persons n
meetings, Including such blateral meetings as visits to a doctor.
Text interpreters will be sent to such meetings, where they will use
some sultable equipment for this purpose.

Today, the interprater's equipment |s normally a text telephone,
which Is in this case not connected to the telephone network. The
Interpreter inputs the spoken words on the keyboard, and the text
is presented on a screen within the deaf person’s sight.

At present, QWERTY keyboards are used. The slowness is quite
Irritating to all parties, of course, and a change to chord keyboards
(Velotype) is now under way. A small number of text interpreters
have now had a two-week Velotype course, but at the time of
writing this report, these interpreters may not yel have gained a
chord keyboarding speed in excess of the speed of a fast QWERTY

A Velotype keyboard cannot at present be interfaced to the text
telephones used In Sweden. Therefore, text interpreters for meet-
Ings will have to change to some sort of personal computer, pre-
ferably portable, if they are to use chord keyboards.

There have been complaints that some deaf people cannot follow
the pace of the text that appears on a screen during a meeting
even when the text Interpreter uses a slow QWERTY keyboard.
Consequently, there has been some concem over what will happen
to these deaf people when chord keyboards are introduced.

However, It seems reasonable to belleve that the reported read-
ing speed problems are not really caused by a too fast presentation
of the text. | base this theory on having observed that QWERTY
text interproters are often forced to try to perform some “instant
aditing” because they cannot type fast enough. This editing wil
often consist in omitting words and punctuation In a way that
makes the text impossible to understand.

1 Section 10D (The Scbuticn to the Queuing Problem),
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With a chord keyboard, a skilled text interpreter will be able
to write every word. This will improve the intelligibiity of the
text, and | think this will cure much of the problems which have
been ascribed to a 100 high writing speed.

Another reduction of what appears to be reading speed problems
can be made ff we can provide the screens with smooth scrolling,
also called soft scrolling. When the bottom line on the screen is
fult or nearly full, the text lines have to been moved (“scrolled”)
one step upwards to leave one fine empty. In a system with
smooth scrolling, the scrolling Is continuous and relatively slow,
allowing the viewer to go on reading the text during the upward
movement

Most systems have disconinuous scrolling, meaning that the
upward movement appears to be Instantaneous. This may not both-
er a person who can read every word immediately, for he will
already have finished reading the last line when It is moved up-
ward. But a person who is reading in the middle of & line will
easily lose his orlentation when a completely different text appears
where he is looking.

Theretore, smooth scrolling should be used In text interpretation
systems. - Some other questions in connection with text presenta-
tion during meetings have been covered in an eatfier section.”)

9818, Text Telephone imerpretation

Many deaf people have text telephones, enabling them to communl-
cate with other telephone users via the telephone network. A text
telephone is like a data terminal, with a keyboard and a screen
where the user can read both his own text and the text that the
other party writes,

When a text telephone user wants to use the telephone for
communicating with a hearing person who has no text telephone, he
can use a text telephone interpretation service, In Sweden, such a
service is provided by Swedish Telecom.

For using this service, the calling subscriber dials a special
number (0010, not preceded by any area code) which brings him in
contact with a text telephone interpreter who has a text telephone,
in addition to a sound telephone, The hearing subscriber speaks
to the Interpreter, who relays his words to the deaf subscriber via
the text telephone.

At present, the text telephone Interpreters use QWERTY key-
boards. Naturally, this Is a slow method. And although the inter-
pretation service is fully paid by the govermment, the subscribers
have to pay for the calls at the same price per minute as for ordl-
nary telephone calls over the same distance. Therefore, the slow-
ness of QWERTY causes extra costs for the calling subscriber, to
say nothing of the irritation.

Therefore, a change to chord keyboards on the desks of text
telephone interpreters is being discussed. In addition to the sav-
ings that such a reform would give the subscribers becausa of &
shorter average call duration, a many timas larger saving could be
obtained on the government skde. This is because the hourly costs
for the text interpretation is many times higher than the subscrib-
er's average hourly cost for a call,

Nevertheless, a change o chord keyboards may not have first
prlority among reforms in the area of text telephone Interpretation
in Sweden, Some other reforms, which are also of great value both
10 the subscribers and the govemment, will be easier to camy out,

1 Saction 7A3 (Presentation Equipment).
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and they should perhaps be implementad before any significant
resources are used on the knmroduction of chord keyboards in this
application area.

One of the reasons for this opinion of mine is mainly quantita-
tive. A few hundred persons spend part of their working time on
taxt telephone interpretation, and thus, re-training of theso persons
needs big resources, In addition, providing meaningful work for
these persons during a long practising period, before they have
acquired a chord keyboard speed which is higher than their present
QWERTY speed, is a bt of an organizational problem. A further
difficulty lies in the fact that some of the text telephone inter-
preters are not very young. which means that some of them may
have extra difficulties to bacome skitled chordists.

In spite of such obstacles, It ks reasonable to believe that chord
kevboards will some day become standard equipment for text tele-
phone interpreters.

Among the deaf text lolephone users, on the other hand, few
can be expected to acquire chord keyboards. One obvious reason is
in the cost for a chord keyboard and, stll more imponant, the
cost and time for a chord keyboard course and the practising that
is required for high-speed work.

In addition, many deaf persons have litle use for a keyboard
when they communicate with hearing persons. Some hearing per-
sons have acquired text telephones in order to communicate with
deaf relatives or friends, and other hearing persons can communi-
cate with deaf text telephone subscribers via the text telephone
interpretation service.

In such communication situations, many deaf people can talk to
the other party instead of using the keyboard. Using a suitable
communication procedure, the two parties can easily switch from
text transmission to speech transmission every time the deaf person
has something to say. At present, alternating text transmission and
speech meets cerain technical difficulties in the Swedish text
telephone systom, but these difficulties will hopefully soon be elim-
Inated.

981C. Prablems with Stower Text Telephone Systems

In some text telephone systems, the use of chord keyboards can be
hampered by speed limitations in the communication system itself.
This Is not the case in Swaden, though, because the Swedish text
telephones use a speed of 300 bits per second, coresponding to
nearly 27 characters per secorkt. A speaking speed of 900 cpm,
which Is relatively fast, corresponds 1o 15 characters per second.

The transmission system used for text telephony in Sweden and
some other countries Is dencted as CCITT' V.21, or just V.21, In
some countries, also using the V.21 systemn, the speed Is only 110
bits per second. This Is more than adequate for QWERTY speed,
but not for the full speed ol speech.

Some other countries use what Is called the DTMF (Dual-Tone
Multi-Frequency) system instead of V.21, This system s still slow-
er, as will be explained in more detall below.

This does not mean that chord keyboards cannot be used at all
in such systems. If suitable measures are taken, the system can

cope with the chord keyboard speed at least part of the time, and

CCITT stands for Comité Consultatif Télégraphique et Tétéphonique,
an nternational standardization organization,
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the system can be designed to warn the chordist when this Is no
longer possible.

One such measure is 1o provide the apparatus on the sending
side with a suitably arranged buffer memory. (Some or all text
telephones in the countries In question may already have such
buffer memories of sufficient capacity.) When the Input speed
temporartly exceeds the maximum transmission speed, the excess
characters are stored In the buffer, from which they are automati-
cally transmitted on a first-in, first-out basis as fast as the trans-
mission systern allows.

With such a system, no characters are lost as long as the buffer
capacity Is sufficient. They are only delayed. And if the buffer
shoudd become full, the system can issue a waming, e.g. a "beep”,
to inform the chordist that he has to wait a little.

A buffer system should enable a 110-bits-per second V.21 system
to provide a reasonably satisfactory text telephone nterpretation
setvice with chord keyboards. It will alow an average speed which
is at least twice the normal QWERTY speed, and femporarily more,
due to the levelling-out effect of the buffer memory.

Even in a DTMF system, a butfer memory will be of value, but
here, it may not be enough, due to the still lower speed of DTMF.
For this case, a method for further improvement is suggested at
the end ol this section.

The DTMF system — used in Denmark and The Netheriands — is
in ceraln respects compatible with the system used for dialling In
modem telephone systems, where the rotary dial has been replaced
with a set of pushbuttons. This Is an important advantage because
it enables a user of an ordinary telephone to communicate with
deaf taxt telephone users in these countries if the deaf persons can
speak, which almost all adult-deaf and many predingually deaf
persons can, The hearing person uses the pushbuttons on his tele-
phone to send characters, which can be seen in clear text on the
deal person's text telephone.

When a button on a telephone is depressed, the telephone sends
a pair of tones over the line. The number of different characters
that can be identified by pushing a button is limited to 16. Such a
character s called a hexadecimal digit

In general, only 12 of the 16 possible hexadecimal digits are
used in a telephone system, They correspond to the ten decimal
digits (0...9) plus “*" and "“#".

In a text telephone system based on DTMF, an alphanumeric
character - e.g. a letter of the alphabet - Is generally sent either
as one hexadecimal digit or as two such digits, one after the other.
In some national alphabets, such as the Swedish one, certain char-
acters require three hexadecimal digits each. The average number of
hexadecimal digits per alphanumeric character |s approximately 1.7,

With DTMF, the maximum number of hexadecimal digits that can
be sent and received in a second varies a little from one country
to another. In the telephone dialling system, it can be as low as B
and as high as 10.6. Even with 10.6 hexadecimal digits per second,
the maximum number of alphanumeric characters per second Is
limited to approximately {(10.6/1.7 =) 6.2,

The question is, however, to which extent the speed limitation
in DTMF is absolute. The above Information on DTMF transmisslon
speeds has been derived from CCITT Recommendation Q.24, which
explicitly deals with the use of dual tones for dialling, but ancther
CCITT recommendation (V.19) seems to indicate that the above-
mentioned speed limitation is not inherent in the dual-tone system
as such. The V.18 recommendation covers a system where a much
higher number of hexadecimal digits per second can be transmitted,
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although the tone combinations are exactly the same as they are
according to the recommendations that cover DTMF dialling.

if thete is an interest in using chord keyboards in the Danish
and Dutch lext telephone systems, therefore, it might be a good
idea 1o check if the transmission speed can be substantially in-
creased without abandoning the DTMF system. Existing text tele-
phones might have to be modilied ¥ they are to recelve text at
chord keyboard speed, but new lext telephones could be designed
for the higher speed at the outset, and they would be fully com-
patlbhwhhtheddmwlepMnuvmmmedalQWERTYspeed.

9B82. Live Subtitling in (Text) TV

When subtitles are used either In Text TV or as video-ransmitted
text, they are normally prepared in advance. Especially for deal
people (but also for some others, e.g. immigrants with limited
knowtedge of the language in thelr new country) it would be valu-
able i subtiles could be provided for five TV transmissions as
well,

QWERTY is evidently too slow for such an application. Use of
chord keyboards is the obvious solution.

Even § very fast chordisis are avallable, it is a matter for
discussion whether the subtitles should contain all spoken words or
a condensed version. Transmitting the full texx may keep the
viewer 50 busy reading the text that he has no time for the pic-
ture. Many persons will even be entirely unable to read all the
text befoce it vanishes from the screen,

t a condensed version of e.g. a speaker text Is to be produced
with a chord keyboard during a live TV transmission, it Is generally
considered impossible for one person to do both the required edit-
ing arxt the chord keyboard work. A more reascnable arrangement
is to have one editor, who listens to the speaker text, edits it into
a condensed version, and reads this version aloud to a second per-
son, who handies the keyboard.

It s recognized, however, that the editor's task s guite diffi-
cult because he has to do three jobs simuftaneously. Whie listen-
ing to the speaker's words, he must edit a previous speaker passage
in his mind and read the edited version aloud to the keyboard
operalor,

The situation with respect to text transmission speed would be
much different if the subtitles could be presented with smooth
scrolling.”’ This woukd faclitate reading very much, in comparison
with a system where the text suddendy vanishes and new text pops
up in its place.

For video-transmitted subtitles - Le. subtitles that are shown
on all TV receivers - smooth scrolling will require changes only on
the transmitter side. In text TV, on the other hand, the transmit-
ter only sends codes that identify characters, and the translation to
visible characters is performed by electronic circults In each re-
cmanmmwmuwwuwmrmmwm
text TV function). Therefore, there seems 10 be no possibilty to
introduce smooth scrolling in text TV In the nearest few years.

In Sweden, Text TV has sent some new employees to a Velotype
course in early 1988. The intention Is to start live subtitling with
Velolypewmnsomdthesepersonshavogahedmmmm

1 Section GB1A (Text Kterpretation in Meetings).
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9B3, Synthetic Speech for Speech-Impaired People

Some t;uestions related to synthetic speech have been discussed
carler.) Below, & few words on telephone communication for
speach-impalred persons will be added.

A few speech-impalred persons have acquied text telephones,
enabling them to communicate with other lexi telephone users and,
via the text telephone interpretation service, with users of ordinary
talephones (“sound telephones”). At least some of them can be
expected to change from ordinary text telephones to personal com-
puters with speech synthesizers,

With such equipment, a speech-impaired user can communicate
with users of sound telephones without text telephone interpreta-
tion {unless his speech impainment |s combined with deafness).
Avoiding the Intervention of a text interpreter protects the privacy
of the communicating persons. Nevertheless, some speech-impaired
people might resent this sciution because of the impersonal nature
of synthetic speech.

A few of the speech-impalred users of speech synthestzers wil
probably want to acquire chord keyboards. A typical case might be
& young and active person who has had a laryngectomy opesation.
He might consider chord-keyboard-contralled speech synthesis as a
good way of restoring his capability for speech communication, both
with and without the telephone.

9B4. Use by Blind People

Keyhoards are among the tocls that a blind person can operate
with almost the same ease as a sighted person. And a further
Incentive to use a keyboard Is in the many advantages that a blind
person can get with a personal complster.

While a personal computer |s now considered as a necessity for
many sighted persons, a blind person may have still mare applica-
tiohs for it. He can use a personal computer not only for such
things as computer conferencing, etectronic mal, and word process-
ing, but also - and this may be stil more important - for getting
more easy access to literature. Instead of handling very big and
heavy books in Brallle, he can use diskettes or optical disks, or he
cah get text from remote text banks via the tetephone network.

The blind person can use this machine-readabla text by means of
synthatic speech. If he finds a ceraln part of the text worth
storing in Bralle on paper, he can tell his personal computer 10
output this text to his Brallle embossar.

A speoch synthesizer, installed in his personal computer, will
also mean a radical Improvement of his possibiities t0 use the
keyboard. This Is bacause synthetic speech provides an efficient
method for Immediate checking of what he has written ('feed-
back') when he feels a need for It

For thase and other reasons, a keyboard plays a more important
role to many blind persons than it does to sighted persons. This is
one argument for providing blind persons with the best possible
equipment of this kind — chord keyboards,

To a blind person, a chord keyboard should also be easler to use
than a QWERTY keyboard, after the wraining period. The “home"
postions of the fingers can be easlly identified with his finger-
tips, and no key has to be located by means of the eyes.

This is especially imporant with respect to function keys. With
a QWERTY keyboard, blind people can have difficulties in utilizing

! Section 7C,
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some of the most advanced word processing systems, for instance,
because the advanced functions often require the use of function
keys which are hard to locate without sight. With a suitably pro-
grammed persanal computer and a chord keyboard, the use of func-
ton keys can be replaced with function chords, as earler ex-
plained. "

Even before the era of personal computers and synthetic speech,
many blind persons were very competitive for keyboard jobs such
as transcription of dictated tapes. The chord keyboard will make
many blind persons still better equipped for such jobs,

This Is no fantasy. A blind young lady in Holland has learned
10 use a Velotype keyboard, and she has become very proficient,
She uses It professionally and s very happy with it. The chord
keyboard enables her to perform even better than her sighted col-
leagues, who use QWERTY keyboards.

9C. Other Applications

As pointed out earlier, the successtul use of a chord keyboard in
the SDP area must be supported by applications outside this area.

9C1. Typing and Typesetting

“Typing ard typesetting”, In this context, can be considered equi-
valent with “QWERTY replacement applications”. Their potential
economic importance is great, due to the large volumes of labour in
this field.

Not very many years ago, typesetting was a job exclusively for
a group of blue-collar workers having had long training exclusively
for this work. They were operating huge electro-mechanical ma-
chines. In the era of word processing, photo typesetting and - in
the last few years — “desktop publishing”, #t can be done In ordl-
nary offices. (The “typesetting”of this report, for instance, is
performed with a personal computer and a laser printer) Thus,
typing and typesetting are now very similar with respect to the
usefulness of chord keyboards.

If typing and typesetting are based on manuscripts, the keyboard
operator does not even have to know the language, in principle,
provided that the manuscript is clear and correct. (Much typeset-
ting has been done in countries with cheap labour, by persons who
have had no idea of the meaning of the text. This may seem In-
human, but some peaple who are threatened with unemployment may
take another view.}

Dictated tapes are a bit harder to use. The chordist must have
a reasonably broad vocabulary and be a good speller.

Transcription of tapes recorded In meetings are stif a bt worse.
While a porson at a dictating machine hopefully tries to speak
clearty and perhaps explains difficult words, a speaker in a mesting
does not normally think of the transcriber's difficuties. In addi-
tion, microphone amangements are often unsatisfactory, making
some words hard to hear. In this application, the qualification
requirements are similar to those of a debate stenographer, apart
from speed, of course.

Realtime diclation ks a working method that can be of great
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value. It has been lile used tll now, but the advent of chord
keyboards will make it more attractive.

By real-ime dictation, | mean a dictation where every word is
immediately displayed in front of the originator. Duwring conven-
tional dictation - either for & stenographer or on a dictating ma-
chine - the onginator cannot see the text that he has already
dictated, This factor, which probably has made millions of origina-
tors write manuscripts Instead of using dictation, is completely
eliminated in realtime dictation. Preferably, the originator should
have a slave screen, showing the same text as the keyboard opera-
tor's screen.

Remote realtime dictation brings further refinement. For in-
stance, a trained chord keyboard operalor can set up a typing
bureau, offering real-time dictation to customers all over the coun-
try. He can sign contracts with some customers who are willing to
use his services now and then and to acquire a slave screen plus
an extra telephone line.

For real-time dictation, two telephone calls are set up. One IS
used for volce communication, the other for text to be sent to the
slave screen on the originator's desk.”) When the text ks finished,
the typing bureau can either print it and send It 10 the customer
or use the telephone network for transmitting it to a word pro-
cessing system In the customer’s office.

9C2. Real-time Keyboarding during (Big) Meetings

During big meetings, e.g. pariamentary assemblies, the debate
stenographer’'s role can be played by a qualified chord keyboard
operator,

With respect to equipment requirements, the least demanxiing
case is when a written record of the discussions is to be preduced
some time atter the meeting, leaving time for editing. The editing
is done on a normal word processing system. Preferably, a chord
keyboard shoukd be used even in the editing process, and the com-
puter in the system should be programmed to understand function
chords,? which will provide for high editing efficiency. Sound
recording should be avallable as a safety net for the chordist.

Instant presentation has already been discussed In connection
with applications In SDP® 1 am sure this application wil become
popular even in audiences where all people have normal hearing,
when a sufficient number of people have made contact with instant
presentation. Even hearing people can sometimes have difficudties
in catching every word, especlally under bad acoustic conditions,
and it will be a rellef to be able 1o glance at a reaktime lext
display when needed.

in this connection, | want to point cut a synergetic effect of
special value to people who are deaf or hard of hearing. For a
meeting, a chordist can be hired for three purposes:

1 1n the forthcoming ISBN telecommunication system, It could perhaps be arranged
for bath the woice and ha taxi communication 10 be handied with & singse call,

2 Section 4G.

3 Section BBIA.
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- to produce a verbatim printout after the meeting,

- to provide Instant presentation for the benefit of a hearing-im-
paired participant, and

- 1o provide Instant presentation in a form that can be seen by all
participants.

Even if none of these purposes in itself should be considered as

encugh for hinng a chordist, two or three of them together might
be sufficient. This might make it easier for deaf persons to get

text interpretation.
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10. Costs, Savings and Benefits
10A. Only Differences Calculated

Al the risk of saying too obvious things, | want to paoint out that
a calculation of the profitability of using a chord keyboard should
only take differences into account. By how much is the cost and
the income changed when you change from your present system to
a system involving chord keyboards?

Especially, this affects the way costs for a ward processing
system are calculated. (The fallowing reasoning is based on the
assumptlon that your organization has some large-volume typing or
typesetting workload. Otherwise, you wolsd probably not conskier
chord keyboards at all) if you are not using an electronic word
processing system today, you should cleardly acquire one even if
you are not going to use chord keyboards.

This Is because a word processing system iself, even with
QWERTY, is very profitable In all places where reasonably heavy
typing Jobs are to be performed. This should now be commaon
knowledge, and | am sure it is not necessary to prove It again.

Although a chord keyboard, In practice, requires a word pro-
cessing system, the costs for this system shoulkd thus not be
charged to the balance account of the chord keyboard. Nor should
the chord keyboard be credited with thal part of the resufting
effictency gain that comes from the word processing system per
seo. If you have 1o acquire a word processing system, this should
have its own balance account, and this account should undoubtedly
show a profit in itself.

10B. The Precision of the Calculations

High prectsion in profitability calculations may be hard to reach,
especially if the calculations have to cover a wide range of situa-
tlons. But high precision is not always needed.

In this case, the purpcse of the calcufations Is Just to prove
that the profitabdity ks positive. And because | am going to prove
that this condition s fulfilled with very wide margins, | can allow
myself to make some very sweeping assumptions instead of going
into detail everywhere. Although some of my assumptions may be
uncentain by dozens of percent, these uncertainties are not large
enough to threaten my conclusion — which | am now anticipating -
that chord keyboards are very profitable In situations where a
person spends a consklerable part of his working day inputting
wokds.

This anticipated conclusion s valid, In one way or the other,
both for speed-justified and savings-justified applications. | am
going to discuss these two cases separately aafter the section that
follows this one,

79



80

10C. Recurrent Costs and One-Time Costs

In a profitability calculation for introducing a new system, you
will normally have bath one-time costs - or an investmen - and
recurrent costs. If you compare a new system with your present
systomn, youvdltypicallyﬁndmatthenewsystemcawesoenah
one-time costs in the beginning, while it causes the recurrent costs

to become lower, and we need a system 1o compare these initially

incompatible types of costs.

This is done either by replacing the investment with equivalent
recurrent costs in the calculation or doing the opposite. | will
choose the first-mentloned method.

The recurrent cost that is equivalent with a certain one-time
cost cansists of two factors, which should be added together. They
are interest and mortgage.

The interest, or the “cost of money”, will vary widely from
one situation to another. For instance, ft may comespond to the
interest that an organizaion has to pay for bomowed money, or
to the interest the organization would eam by depositing the mon-
winabankins!eadofbuyingsomeﬂinglorn. In my calcua-
tions, | am going to assume an interest rate of 10 % per year.

Soon after a8 onetime cost is pald, thus, the organization will
have to pay a yeardy 10 % in interest on It. But at the end of the
mortgage period, the capital on which interest ks calculated will
have been reduced to zero. Therefore, | calculate the average
yaarly interost as 10 % of half the investrment,

The yearly mortgage sum is what you get by dividing the one-
timeoostbyacmlnmmberdmrs.Mecalcuamdlifetimof
the investment. The question |s which lifetime should be assumed
for the Investments caused by a changeover to chord keyboards.

| guoss the physical [ifotimo of a chord keyboard should bo
something like four years, at least. This is the figure | am going
to use in my calculations.

The “iifetime” of an investment in & person’s training, as seen
from the employer's point of view, cotresponds to the time this
person will stay in the organization, Obwiously, this will not only
be variable, but also very difficult to predict. More or less
arbitrarlly, | am going to use four years in my calculations even at
this point.

Using the assumptions above, we will find that the yearly cost
corresponding to the purchase of a chord keyboard should be of
the order of 5,000 SEK."! In principle, a yearly maimenance cost
should be added, but this cost will fall within the uncertainty mar-
gln, and so, | will use 5,000 SEX per year as the hardware cost in
my calcutations.

If the chordist's salary is 120,000 SEK per year, for instance,
the employer's costs for this person are at least 240,000 SEK per
year. Tmmsmmmdm.kcyboudptmmalm
negligible part In comparison with the personnel costs. - Similar
calculations for other cost elements will be given in later sections.

All the assumptions above are a matter for discussion. However,
we will see that the weight of the yeary costs caused by an in-
vestment in chord keyboards Is not very large in comparison with
the recurrent costs and the savings. Therefore, the uncerainties

1 1n the begimning of March, 1588, 1 Swadish Krona (SEK) Is squivalont to 0,094

Pounds Steding,
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of the assumptions do not affect the resutt of the calculations very
much,

10D. Economy of Speed-Justified Applications

In one type of speed-justified applications, there is an alternative
with which the costs of a chord keyboard system can be compared,
This is real-time keyboarding during meetings for subsequent print-
out, such as the work done by pariament stenographers. Here, the
same end product can be produced with pen shorthand.

Documenting a cost comparison between pen shorthand and
machine shorthand In this application would require a separate
book, however, and it would not be too interesting because the
real obstacle to replacing pen shorthand with chord keyboarding in
parliaments etc. ks probably conservatism and lack of development
resources rather than doubts about the economic profitability.

For text Interpretation in meetings, an altemnative to using
chord keyboards would in principle be to stay with QWERTY. Here,
however, the profitabiity of chord keyboards is overwhelming,
especially from the point of view of national economy. In a meel-
ing with text interpretation with QWERTY, everybody (except the
deaf person himself, ff he is the only one who cannot hear) must
speak with less than half the normal speed, which means that the
meeting takes about twice as long as a simiar meeting with no
need for text interpretation, if other factors are equal.

For every hour of chord keyboard use, therefore, we save one
hour of working time for each one of the persons present. Even in
a bilateral meeting between a deal person and a hearing person
plus the text interpreter, every houwr of chord keyboarding saves
three man-hours, and if more persons are present, the saving be-
comes propotionately greater.

| need not go into detas regarding the cost of the equipment
and the training in such an application. It shoukl be clear that
these costs are negligible in comparison with the savings.

This does not necessarily mean that the government's costs for
text Interpretation will go down when chord keyboards have been
Introduced. (In Sweden, at least, many text Interpretation jobs are
paid for by society.) The attractiveness of using text interpretation
will grow enormously, and the volume Increase may have a greater
eftect on public expenditure than the decrease of cost per meeting.
In addition, much of the value of the time saving will not benefit
society directly in any measurable way. On the other hand, a
volume increase reflects a great Improvement In the quallty of life
ol deaf meeting participants, and this should be worth the (possib-
ly) added costs for society.

10E. Profitability of Savings-Justified Applications

As indicated earier, “savings-justified applications™ means approxi-

mately the same as "typing and typesetting”. Here, the labour
cost per 1,000 characters Is grealy reduced due to the high spead
that can be attained with a chord keyboard, This saving shoukd be
balanced against the yearly cost corresponding to the Initial invest-
ment at the transition from QWERTY to chord.
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10E1. Equipmemt Costs

The yearly cost of having a chord keyboard has been discussed in
an earler section.! There, it was roughly estimated at 5,000 SEK
per year. As indicated in another section.?) the costs of the host
equipment does not enter Into the calcuiations of the chord key-
board profitabllity.

10E2. Tuition Fees

According to a Dutch price list from 1986, the tuition for a normal
two-week Velotype course was 1,100 DFL excluding VAT (Value-
Added Tax).® An “in-house course” on a customer’s premises with
a maximum of 12 participants cast 5,000 DFL, which means that the
price per participant could in principle be pressed 1o a minimum of
417 DFL excluding VAT. )

| am going to base my calculations on 1,100 DFL excluding VAT,
With a mortgage of 25 % per year and a 10 % interest on half the
investment, this wition fee comesponds to 330 DFL per year ex-
cluding VAT,

10E3. Productivity Change during the First Year

The savings in a typing or typesetting application come from the
productivity change, of course. In order to calculate the value of
the productivity change, | have to make a number of assumptions,
some of which are a bt arbrary. Therefore, the calculation
should be regarded as an example, valld for one panicular slua-
tion, but the Interested reader should have no difficulty in modify-
ing the calculation to suit other conditions.

My flrst assumption is that a person — let me call him Peter -
is going to become a chordist and is already employed In the
organization. Peter s afready a very good QWERTY typist, with a
practical average speed of about 300 cpm. (If | had instead as-
sumed Pater to be a novice, the situation would have been more
favourable for the chord keyboard because the QWERTY alternative
woudd have shown a lower productivity.)

Further, | assume that Peter's salary is 120,000 SEK per year
and the employer's overhead costs for Pater are also 120,000 SEK
per year. These are very round figures. In many cases, the costs
are higher, thus increasing the proftablity of the time-saving
chord keyboard.

Peter is assumed 1o devate two howrs per working day to input
of new text. In this text, only a small proportion Is assumed to
consist of tables, for which the superiotity of chord keyboards Is
questionable,

It Is further assumed that this time is not changed al the tran-
sition to chord keyboards, In other words, the long-term increase
In productivity i used for Increasing the text volume, not for
decreasing the time spent at the keyboard. This seems to be a
reasonable assumption because It makes sense to utilize the In-
creased productivity as much as possible,

1 Saction 10C (Recurrent Costs and One-Time Costs),
2 gection 104 (Ondy Diflersnces Calculated),

3 in the beginning of March 1588, 1 DFL. = 0.297 Pounds Starfing, o 3,166 SEX.



Peter is assumed to work for 1,600 hours per year. In case of
an 8-hour day, this corresponds to 200 days per yeas, or 40 5-day
weeks per year.

With these assumptions, every working hour costs the employer
{240,000/1,600 =) 150 SEK per hour. (With his original QWERTY
speed of 18,000 characters per hour, this gives a cost of 8.33 SEK
per 1,000 characters.) The labour cost for Peter's text input {400
hours per year) is thus 60,000 SEK per year.

During the first year, the first two weeks will be lost due to
the Velotype course, which Includes some 20 hours of practicing.
After the course, Peter starts using the chord keyboard for 10
hours a week, and at the end of the first year, he will have accu-
mulated 400 hours at the chord keyboard,

According to figure 8:1, Peter will probably have reached a
speed around 600 cpm at the end of the first year, and his average
speed during his 38 weeks of production will be around 400 cpm,
Instead of 18,000 charactars per hour, as he produced on QWERTY,
he will therefore on the average produce 24,000 characters per hour
on the chord keyboard during the first year. So, during his 80
hours In the course and 380 hours of productive typing, his produc-
tion Is (380 x 24,000 =) 9,120,000 characters. In the same time
(460 hours), if he had skipped the Velotype course and stayed on
QWERTY, he could have produced (460 x 18,000 =) 8,280,000 charac-
ters.

So, in the first year, Peter has produced (8,120,000 - 8,280,000
=} 840,000 characters more than If he had stayed on QWERTY. The
added production is worth approximately 7,000 SEX. (840 x 833 =
6,997,20.)

This happens to be of the same order of magnitude as one
years mortgage and Interest on the Initial cost plus the cost for
technical maintenance. Therefore, we can say that Peter has in
the first year recovered both the cost of having a chord keyboard
during this year, the tuition fee, and the cost for the production
loss caused by B0 hours spent on the course and by low chord
keyboard speed during the first few weeks after the course.

10E4. Productivity Change after the First Year

At the beginning of the second year, Peter's speed should be
around 600 cpm, which is twice his QWERTY spoed. Let me assume
- conservatively - that Peter will never exceed this speed. During
his 400 hours of typing per year, he will then produce 36,000 char-
acters per hour, or 14,400,000 characters per year. At 8.33 SEK
per 1,000 characters they will be worth about 120,000 SEK.

With QWERTY, he would only have produced half this volume,
and so, the extra production is worth about 60,000 SEK per year.
After deduction of Interest and morgage on Initial cost and the
yearly maintenance cost, we will have a net gain of more than
50,000 SEK per year starting at the beginning of the second year.
At the end of the tourth year, we have an accumulated nat galn of
more than 150,000 SEK. (This s the period that | have, somewhat
arbitrarlly, picked as the lifetime of the Investment.)

10ES. Value of “Intangibles™

In the preceding sub-sections, the only benefit taken into account
has been an Increase in productivity, There are also some “intan-
gible™ benefits (and “intangible™ disadvantages, 100).

One intangible benefit is faster throughput. The time from the
start to the finish of a typing or typesetting job will become shor-
ter. This can never be a disadvantage, and sometimes it is an
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imponant advantage. But it is in general hard to put a price tag
on this factor,

Another important factor is ergonomics. As indicated earlier,”
the Velotype manufacturer claims that his product has ergonomic
advantages, and to me, it seems plausible that he is right. Such
advantages are obviously good for the well-being of the personnel,
and they may also yield direct savings, although these savings are
hard to estimate.

10E6. Discussion of the Calculations

The calculations in section 10E and its sub-sections have ended In
a production increase worth altogether more than 180,000 SEK over
a four-year petiod and costs - including interest on capital outlay
- of less than 30,000 SEK, under the given assumptions. This
corresponds to an average yeady net profit of substantially more
than 100 % of the total capital outlay.

The question is, however, how rellable these calculations are.
In this respect, there are some negative and some positive factors.

One negative factor, from the employer's point of view, s in
the salary development. Peter will probably realize that his value
to the company has increased considerably, and the employer will
probably find it better to give Peter a substantial raise than to
lose him. Furthermore, the company may lose Peter before the end
of the 4-year period that | have taken into account. On the other
hand, he might stay longer, in which case the company can con-
tinue to reap the benefits of Peter’'s talent for fast writing.

The uncertainty of the cost figures Is not important for the
outcome. This is because the costs are anyhow just a fraction of
the value of the production Increase.

Some readers will undoubtedly say that the calculated savings
are “purely theoretical”. They can claim, for Instance, that Pe-
ter's employer will never be able to reduce his personnel anxd that
the extra capacity will be absorbed by new tasks in accordance
with Parkinson's law.

Such objections can be ralsed agalnst all projects for labour-
saving Investments. But most of the spectacular material progress
In the industrialized countries for the last two centuries has been a
rasuit of labour-saving innowvations and investments.

The most serious uncettainty In my calcuations is the one about
Peter's rate of speed Increase and final speed. However, | think |
have been conservative there. | base this on the performance
figures reported about the participants in the first Swedish Velo-
type course, held in November, 1987, as mentioned in connection
with Figure 8:1.

| have further assumed that Peter spends two hours per day on
input of new text. This is more than most secretaries do. On the
other hand, it should be less than a typesstter generally does.

i Peter spends two hours a day inputting new text, he will
probably also spend some time editing and correcting. Even in
these activities, his productivity will be increased with the chord
keyboard, especially if he can use function chords. But | have not
taken this gain into account in my calcutations.

It should thus be pointed out again that the genesality of my
calculations is low. The results are valid only under the assump-
tions | have indicated,

1 Sections 5E and GAL.



Nevertheless, | hope to have convinced the reader that an em-
playardoesnotstandaoreatriskollosingmoneyonmoduchu
chord keyboards If there are relatively large volumes of text input
in the company's work load. And chances are that he will make a
profit.

10F. The Solution to the Queuing Problem

In Section A2, realtime and batch applications were discussed.
That section dealt exclusively with the characteristics of the |ob
while It was going on. The concepts of real-time and batch appli-
cations can also be apptied to another question: At what point in
time must a job be started?

Centain chord keyboard jobs are of a batch nature in this re-
spect. It a typist gets a one-hour job at 8 o'clock and has to
have it finished by 11 o'dock, he is free to start it at any time
between 8 and 10, |f the time that remains before deadline is
longer than the required working time, as In this example, the
difference between these periods constitutes a slack, which gives
some rellef in planning the work.

Some other tasks are of a real-time nature in this respect. Ifa
text telephone Interpreter gets a request for imerpretation, he i
not free to choose the starting time. He has to start immediately,
if he can.

Unlike requests for text telephone interpretation, requests for
text interpretation in meetings are normally booked in advance.
Otherwlise they are similar; the choxdist is not free to choose the
starting time.

Real-time jobs - in this sense - are characterized by random
amival and, generally, random duwation. Such situations tend 1o
peoduce quewing, which causes walling time. The queuing is caused
by the absence of slack time.

Queue theory can help us calculate such things as average walt-
Ing imes and standard deviations of waiting times, It can also
pommmmdmmanalmmdmlngﬂ\ewdng.

Common sense tells us that one (expensive) way to hold queuing
down Is to provide over-capacity. Queue theory tells us i quanti-
taﬁvewrmwhichqmulngphanonmwecanexpec:asafmcﬂon
of the over-capacity we are willing to provide.

In the case of chord keyboarding service, there s one way in
which we can hold queuing down without providing a very high
excess capacity. This Is to let the same personnel have a mixture
of realdime jobs and batch jobs. Because many batch jobs can be
postponed within certain limits without Uit effects, we can ask the
chordists to break any ongoing batch job when a request for a
realtime job arrives. In other words, we are using the slack of a
batch |ob to make room for a real-time |ob when it arrives.

Theqmmngsuumwmenbeessemawmeaamasntm
chadlslsmidehpmwweenmm-ﬁm]oba Still,
meyanbeprodumevandudngaawpropormndm

Naturally, this calls for a certain organizational upheaval. But
the advanages may be worth It
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11. Competition to Chord Keyboards

Before deckling to go in for a revolutionary nnovation like the
modem chord keyboard, one should try to get an idea of whether
or not this innovation will stay competitive for a reasonable time,
That is the motive for including this chapter in the report.

11A. Competition from QWERTY Keyboards

The QWERTY keyboard will offer a formidable resistance to the
introduction of chord keyboards. 1l has some very powerful allies
such as people's general resistance to change.

But QWERTY has also some real advantages. Everyone knows
how to handle a QWERTY keyboard, and everyone will find the
familiar QWERTY keyboard averywhere,

For people who have no ambition to become efficient typists,
QWERTY has the advantage of being useful to some extent even
without any tralning at ai. There are no complex rules to leam
and remember.

Such factors will be very effective in limiting the proliteration
of choed keyboards except in areas where QWERTY is impossitie or
where its inferiority is very clear, such as text interpretation In
mestings. This situation will change if chord keyboarding will be
taught in schoals, but this may not happen very soon, except on an
experimental scale.

11B. Competition from Sound Recording

For documentation of what has happenad during a meeting, sound
recording is a useful complement to written proceedings. It reveals
certaln things that cannot be shown in print, such as infonation,
and its contents have not been changed by any editing (we assume).

But the average access time o a passage on a sound tape |s
unpleasantly long. (An important reduction of the average access
time is technically possible, however.)

As mentioned in an earier section,” transcription of recorded
sound tapes is a bit less practical than most people think, because
a separate editing procedure is generslly required, and in many
cases complete re-typing. Nevertheless, such transcription has a
market.

In this transcription job, which often involves large volumes of
text, chord keyboards are very useful. And for this application,
the chord keyboard operator does nat need speed-of-speech capa-
bilty. So, even in cases where sound recording s protarred to

chord keyboarding at the time of the meeting, this method can
actually promote the use of chord keyboards.

! Section GA1.



11C. Competition from Pen Shorthand

In the era of the modem chord keyboard, pen shorthand has one
remaining advantage in its extremely light and cheap equipment and
material, eminently portable and available everywhere. In spite of
this groat advaniage, however, | think the use of pen shorthand
will continue to shrink, as it has been doing for many years.

The overwhelming disadvantage of pen shorthand Is In the fact
that almost all applications of this method call for a separate
transcription process which is tedious, lengthy, eror-prone, and
often difficutt, An additional disadvantage is the lack of precision
that is an effect of human Imperfection; the shorthand signs will
often be deformed. This can cause reading difficulties and mis-
readings.

Institutions like pariaments with qualified pen stenographers
employed may be a stronghold of pen shorthand. This is not only
due to general conservatism. Also, a change from pen shorthand to
machine shorthand will cause transition problems during a few
decades or 5o of overlapping betwoeen the two methods.

11D. Competition from Speech Recognition?

There have been many optimistic forecasts about the voice-con-
trofled typewnter, which will print what we say in a microphone.
And if this dream will ever come true, t may mean the end of the
chord keyboard, at least in most QWERTY raplacement applications.

But that day s a very long time off, probably docades. Al-

though there are already speech recognizers In routine operation
in many places, their application possibiities are extremely limited.

The weakest point of the speech recognizers, when it comes 1o
competition with chord keyboards, Is their vocabulary limiations.
Most of the practical machines of today have a vocabulary of the
order of 100 words, Although there are experimental machines with
a many times larger vocabulary, it is stil not nearly enough for
implementing a voice-operated typewriter for general text,

Even a vocabulary of 20,000 words is too small for a practical
writing instrument, except perhaps for certaln special applications
with a more or less stereotyped text. According to the Frequency
Dictionary of Present-Day Swexish,'! the 21,006 most frequent
Swedish words stant for only 889 % of the word occumences.
With this vocabulary, between one and two words per line in this
report would have to be marked as unidentified. (And in addition,
we might expect some of the other words to be wrong due to im-
pertection of tne speech recognition system.)

Even a doubling of the vocabulary would not reduce the fre-
quency of unidentified words more than from one in nine to one
In sixteen. And because identification difficulties ~ loosely spoak-
ing — rise exponentially when the vocabulary is increased, the prob-
lems in getting a vocabulary of acceptable size will be formidable.

An even greater obstacle is what can be called the Isolated-
utterance requirement. All speech recognition projects with any
reasohable degree of realism are based on the assumption that the
speaker will make clear pauses between words, relieving the
recognition equipment of the burden of identifying word boundaries.
This restriction will be acceptable for certain applications, mainly

1 First mentioned in Section 48.
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of the QWERTY replacement type, but & can never be accepted n
such applications as verbatim reporting during meetings.

Anather restriction of present-day speech recognition projects is
thal the equipment has to be "trained” onh each individual speaker's
voice and speaking habits. This lactor, too, Is an cobstacle for
verbatim repocting, of course.

Summing up, it is entirely safe to say that speech recognition
will not be a realistic alternative to using chord keyboards even
for dictation and QWERTY replacement within the economic lifetime
of the keyboards you can acquiro now, And for verbatim reporting
at meetings, the threat from speech recognition must at least be
decades off.

11E. Competition from “Poor Man’s
Fast Typing System”

By “poor man's fast typing system"”, | mean a system which enables

a person 10 save about 20 % of the keystrokes on an ordinary
QWERTY keyboard, connected to a word processing system, and

still get clear text both on the screen and on paper. The system
is based on a set of abbreviations which can be recognized by the
word processing system for automatic replacement with the full
text,

Such a system is not a dlrect competitor to the chord keyboard,
no more than a wheelbammow is a direct competitor to a van. The
wheelbarrow costs just a fraction of what the van costs, and you
need not go to a driving school for learning to use i, but its
capacity is also very limited compared to that of the van,

Nevestheless, an abbreviation systern might have a place In an
application where a chord keyboard, although desirable, cannot be
afforded. In the Swedish text telephone interpretation service, for
Instance, it wil be very long belore all interpreters have chord
keyboards and can operate them efficiently, but an abbreviation
system could give at least some speed increase, and for a very low
price.



12. A Look into the Future

A decision to introduce chord keyboards will have lasling con-
sequences, and It is essential to think a latle of the long-term
effects. As it has been saikd, we always tend to overestimate what
can be done In one year and underestimate what can be done in
len.

12A. Why So Few Today?

Because the future begins now, a look Into the future should start
with the present situation.

Outside North America and perhaps the UK, few chord key-
boards are in use today, Some people might take this as an indica-
tion that chord keyboards are no good. But | do not think so.
Let me first say something about the market for “catching the
spoken word",

The traditional market for chord keyboards is in speed-of-speech
applications. One such application is verbatim reporting In parla-
ments and the like, but in some countries, and especially the USA,
the speed-of-speech market is dominated by courtroom reporting
and kindred appiications.

In some other countries, this market does not even exist, In
Sweden, for instance, there are normally no stenographers working
in the courts, Sound recording is used, but the sound tapes are
not transcribed onto paper unless there i a speclal reason for it
e.g. an appeal to a higher court.

Probably, the speed-of-speech markets have not grown very
rapidly since chord keyboards began to be attached to compiters.
And the vast majority of the present fast stenographers have been
in thedr profession since the days of manual transcription.

It is no wonder that American court reporters have stuck 1o the
American chord keyboard In spite of the shortcomings that are
caused by the phonetic system and the absence of expliclt space
indication. Most of them may not be aware of the existence of
such systems as Velotype, and even if they were, It s quite natural
that they are not enthusiastic about re-training.

In countries were chord keyboards have not been used to any
significant extent, the speed-of-speech market shows the same kind
of conservatism, Experienced shorthand reporters, who have been
using pen stenography successfully for many years, are generally
not willing to re-leamn, and young people who want 10 go Into the
shorthand reporter’s profession may never even be informed about
the existence of chord keyboards.

In Sweden, there has been an additional serious obstacle, Untd
1887, there was no chord keyboard that could be used successfully
for Swedish. Now there is one (Velotype). And the situation in
this respect ks simllar or worse In certain other language areas.

In ancther speed-of-speech application - text interpretation for
deaf people - there is no such conservative corps of people who
think they can do without chord keyboards. There is simply no
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alternative to chord keyboards for imstant presentation with the
speed of speech. In this area, the only reason for the present
scarcity of chord keyboards s that the aciivities have fust begun
(in Sweden, at least).

So much for the speed-cf-speech market. In the QWERTY re-
placement field, the American chord keyboards are not vary coim-
petitive, and the marketing of Velotype has been very passive.
There are simpty very few people who are aware of the great ad-
vantages of a truly modern chord keyboard for ordinary typing and

typesetting jobs.

12B. The Ketchup Effect

At present, even the tew employers who are aware of the existence
of modem chord keyboards may think that purchasing such key-
boards Is no good because there are not any trained chordists in
the market. And if a young person is interested in becoming a
chordist, he may think that this is not a good Idea because there
are no chord keyboards around-

Sooner or later, however, this vicious circle will be broken.
Then, the market will grow explosively. It can be compared with
what happens when you have shaken your ketchup bottle long
enough,

When chord keyboards are produced in really large quantities,
the price can be much lower than today. And tratning will become
more easily accessible. Self-tuition will be possible, and slectronic
training systems of varous kinds will be available. All this wil
contribute further to the ketchup effect.

12C. Further Development

The attractiveness of chord keyboards can be enhanced through
further development. Some such possibilties have already been
mentioned, e.g. the combination of a chord keyboard and a speech
synthesizer. As another example, & truly modem alectronic system
for verbatim reporting could be developed, with chord keyboards
integrated into .

A portable personal computer with a chord keyboard would
probabily sell well. Especially, an enthusiastic chord keyboard user
might like to bring such a machine along on certain joumeys be-
cause he would otherwise only have access to QWERTY keyboards
on the places he visits. And a typewriter with a chord keyboard
could be a very useful tool.

These are just examples. There are many other application
areas where chord keyboards can be more effectively applied if
some special attachments are developed.

12D. Text Interpretation Even for Hearing People

Because text Interpretation at full speed with instant presentation
has not been avadable untd now, it s natural that nobody has
thought of using such a system for hearing persons. But when
pecple have been accustomed to seeing this kind of presantation in

meetings where deaf people are present, even hearing persons will

find this technique useful, If you are sitting in an auditorium,
listening to a speaker, you wil now and then miss an imporant
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passage, perhaps because your neighbour has been coughing. You
can fill in the missing passage by looking at the screen.

This application may not be considared important enough 1o
warrant hiring of a chordist. But if a chordist is working anyhow,
for verbatim reporing, provision of Instant presentation will not
require much extra resources.

In connection with simultaneous Interpretation from one lan-
guage ta another during conferences, Instant presentation In writing
would be of great value. This goes espacially for participants from
small language areas, for whom even the interpreter's target lan-
guage is a foreign language, These persons will often understand
the target language better reading than listening.

Instant presentation together with simultaneous translation may
at first sight appear too difficult to be practical, because simul-
taneous interpretation Is a very demanding task even in itseff. But
| am not sure that It s impossible. Chord keyboarding will become
automated after a few hundred hours of practising, and so, writing
the translated taxt could become a sort of automatic by-product of
reading # aloud, or vice versa. (However, any fallures to interpret
difficult passages in an acceptable way will be more obvious to the
audience than they are in spoken interpretation, where the inter-
preter can hide some such problems by simply blurring the pronun-
ciation.) - As a further by-product, a raw manusceipt for a hard-
copy transiation of the speaker's words can be accumulated in a
computer at very little extra cost.

12E. The Impact in a Longer Perspective

Innovations in the art of wriling have always made greal Impact.
Some of the more recent innovalions are the typewriter, the carbon
paper (now almaost obsolete), and the xerograghic copier,

Anocther innovation ~ the word processing systam - may have
something to tell us about the chord keyboard, A few years ago,
many were refuctant to accept a word processing system, and they
could not understand why k was needed because the typewriter |5
such a useful tool. But nobody wants to go back to the typewriter
after having Jeamed 1o use a word processing system and become
accustomed to it

The chord keyboard is now generally looked at as a tool for a
very small group of highly specialized people. But it is clearly a
very useful tool for all persons who think they are going to use
keyboards sufficiently often to be willing to spend a fortnight on
leaming how to type. No chord keyboard user will want to go
back to QWERTY the day we can find chord keyboards everywhere.

The orthographic chord keyboard with explictt space indication
will one day beat all other chord keyboards. It combines the ad-
vantages of shorthand and typing, and its appearing on the stage
will be considered as one of the most important steps in the evolu-
tion of the art of writing.
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13. Svensk sammanfattning

Denna rapport &r skriven av Olle Dopping, fristiende konsult, pa
uppdrag av Handikappinstitulet (HI). De asikter som uttrycks i
rapporten ar forfattarens och omfattas inte med sakerhet av Handi-
kappinstitutet.

Rapporten handlar om ackordtangentbord. Hur sddana kan se ut
finns exemplifierat bla. i kapttel 1 (figur 1:1). De viktigaste fdir-
delarna med ett ackordtangentbord &r hog skrivhastighet - upp til
talets hastighet — och gynnsamma ergonomiska egenskaper. De
modernaste ackordtangentborden kan omedelbart leverera Kartext
1l skilnad frAn andra system, som Atminstone delvis levererar en
kod | stéllet.

Viktiga anvandningsomréden finns bl.a. inom handikappsektom,
Darfér har HI vart en pionjar | inférandet av ackardtangentbord |
Sverige. | rapportens engelska text betecknas handikappomradet
med forkormingen SDP (Service to Disabled People).

Rapporten ar i forsta hand inriktad pad anvdndningama [nom
handikappomradet. Men dessa anvandningar kréver | praktiken att
ackordtangentbord anvands 4ven inom oOwiiga sektorer | samhaliel
Darfér ar rapporten skriven pd et sadant samt att den skall vara
av intresse ocksd inom forvaltning och naringsliv | allmanhet.

En vikiig anvandning inom handkapomradet ar texttolkning fr
diva, specelit vuxendova. | modemn utformning Innebar textiotk-
ning att en mansklig tolk kontinuerigt presenterar en skriven ver-
sion av en talares ord, s& att dova kan fOlja talet nastan lika latt
sam hovande. Texttelefontolkning och sammantradestolkning ar tva
viktiga fall,

En annan handikapptillampning galler vissa talskadade personer,
som kan anvanda syntetiskl tal, produceral med hjalp av ett lan-
gentbord, Med ett korventionell tangentbord («QWERTY?>) gar
detta JAngsami, men ett ackordtangentbord medger produktion av
syntetiskt tal med samma hastighet som naturigt tal, forutsatt att
anvandaren har tillrackligt god kontroll &ver sina fingrar och har
haht tittalle till utbddning och traning  (Tyvérr ar emellertid en
talskada ofta kombinerad med ndgot annat handikapp, som gor det
svart eller omdfligt ant anvanda et tangentbord pd ent effektivt
siitt.)

Blinda &r ofta mer beroende av tangentbord &n seende personer
ar. Euspechlnavsnm(sad)turularandof&dalumeu
ackordtangentbord har for de blinda.

Ackardtangentbordet ar nastan lika gammalt som skrivmaskinen.
Anda till f5r nigra f4 4r sedan kunde emellertid ett sadant inte
anvandas for produktion av nagonting som lknade kiartext. | stallet
fick man en mnemoteknisk kod, som mdste skrivas om av en man-
niska for att man skulle & en text som vem som helst kunde lasa.
Hérvidlag var alits anvandningen av ackordtangentbord («maskin-
stenografi») praktiskt taget jamstalld med pennstenografi.

Under detta Artionde har emellertki en omvalvande fdrandring
skett:



Vigsel

Ackordtangentbordet, 100
Skrivautomaten, 18
19680-talet

Aktenskapet har Inte varit barnést:

Fodda

En skrivmaskin med stenografifart

Den tidigare namnxta figuren 1:1 i kapitel 1 visar utformningen av
ot modernt ackordtangentbord. Figur 13:1 pd nésta skda forklarar
hur det anvands.

Flertalet ackordtangentbord kan — trots samarbetet med en dator
- bara producera en ratext Aven om flertalet ord blir korrekt
skrivna mdste en manniska efterredigera texten fér att allt skall bli
entydigt och kofrekt.

Med sadana ackordtangentbord kan man alltsé Inte helt eliminera
den manskilga transkriptionen. Vad man far ér datorstédd wranskrip:
tion {Computer-Aided Transcription.

Det ar ott vikligt och #5ga kint faktum — som det & min ambition
att sprida genom denna rapport — ait del ocksd finns ackord-
tangenbord som producerar korrekt klartext och alitsd eliminerar
behovet av efterredigering (bortsett frdn rittelse av manskliga
skrivief). Eft sidant tangentbord Astadkommer allisi datoriserad
transkription, inte bara datorstédd. Det mojliggor ocksd dgonblick-
lig presentation av klartexten, vilket &r oundgingligi bl.a. vid text-
tolkning 10r dova.

Detta mojliggor nya anvandningsomraden, som av ekonomiska skal
inte star dppna fbr anvandare av andra typer av ackordtangentbord.

Handikappinstitutet har grundat sitt val av ackordtangentbord -
det hollandska Velotype - p& mojligheten tll dgonblickly klartext-
produktion, som &r nodvandig for texttolkning. Svenska myndighe-
ter, Ioretag och organisationer som kommes att infora ackord-
tangentbord - | manga fall huvudsakligen fér att spara pengar -
kommer otvivelaktigt att géra samma val,

Denna rapport innehdlier bl.a. utforliga redogorelser for motiven
1l valet av Velotype. Forhoppningsvis kommer dessa redogdrelser
att befria andra frn att behdva gora om samma utredning,

Rapporten innehdller ett specielit kapitel (7) om de vardsystem
till vilka ett ackordtangentbord kan anslutas. Eft existerande ord-
behandlingssystem kan i flertalet fall «velotypiseras+ genom att
man helt enkelt kopplar ur det ursprungliga QWERTY-tangentbordet
och kopplar in ett Velotype-tangentbord i stallet
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Ett konventioneltt tangentbord sags vara av QWERTY-typ.
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P4 ett sidant tangentbord slar man ned en tangent i taget,
Det kan kallas ett sekventiofit tangentbord.
Man kanske kunde tro att detta ar den enda mojligheten.  Fell

P4 ett ackordtangentbord
slér man ned flera tangenter samtidigt,

som nar en pianist slar ett ackord.
Normalt ger varje ackord en stavelse: Ett ackord

Tempo di Valse

A D

En inbygad mikroprocessor sorterar tecknen
1ill ratt oecning p& grundval av fonetiska regler.

Varje konsonant har tangenter bade till viinster och tl hoger.
Vanstertangenterna anvinds for konsonanter fore vokalen
och hagertangenterna for konscnanter efter vokalen.

For en bokstav som inte har nagon «egens= tangent
anvander man en kombination av tva tangenter.

P4 ett modernt ackordtangentbord
(men bara pé ett sadant)

kan man ocksd ange ordmellanrum
liksom skiljetecken och versaler

s& att man tar en grafiskt perfekt text.

Nar man har lért sig anvanda ett sidant tangentbord
och tvat sig tillréckdigt

kan man skriva mycket snabbare och lattare

&n pé& et QWERTY-tangentbord.

D%D PLAIN  Piano 4|

Figur 13:1. Principen for (flertalet) ackordtangentbord.,




Behovat av utbildning och traning, som dr av avgérande bety-
delse for ackordtangentbordets méjligheter att sl igenom, behand-
las | kapitel 8. Det Mustreras for Velotype 1 ett diagram (figur
8:1) som daterger Velotype-everanttrens uppgifter om sambandet
mellan traningstid och uppnddd hastighet. | samma kapitel diskute-
ras ocksd arbetsmarknaden fir ackordtangentbordsoperatorer.

Kapitel 9 handlar om tiltimpningar och inleds med ett avsnit
dir det pipekas att den primara anledningen il anvandning av
ackordtangentbord Inte behover vara hastigheten | sig.  Ménga
anvandare kommer primart att vitja gora radikala besparingar genom
minskning av arbetstiden for maskinskrivning och/eller sattning,
varvid snabbheten bara dr eft medel, inte et mal. Ater andra kan
villja ackordtangentbord av ergonomiska skal, ett ackordtangentbord
5ags anstringa anvandaren mindre an ett QWERTY-tangentbord. -
Kapilet innehdller ocksd en redogoreise for typiska tilkampningar,
bade inom och utanfor handikappomradet.

Kostnader, besparingar och sovagbara« faktorer behandlas |
kapitel 10. Dar visas bl.a. att den som driver en maskinskrivnings-
central eller ett sétteri forlorar pengar varje dag om han inte gdr
Gver frAn QWERTY 1l Velotype (eller ndgot annat l&mpligt ackord-
tangentbord, om ett sddant finns),

Rapportens engeiska del avsiutas med ett kapitel om konkurren-
ter til ackordtangentbordet och ett som ger en blick in i framii-
den.
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Appendix 1. The Bulgarian Stenokey
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by
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A Report for Baron Data, prepared by Richard D. Steele
August 17, 1983

A. INTRODUCTION

According to an article appearing in the June 6, 1979 edition of
the English-Janguage newspaper Sofia News (a weokly In Bulgaria's
capital), work on the STENOKEY electronic keyboard began back in
1975, and was inspired by technical studies of the late Bulgarian
lingulst, Lyubomir Andreychin. The first reports of the device to
appear in the Western press were published in September of 1979,
after STENOKEY’'s debut in the Intersteno Speed Competition,
where it captured second place. More recently, STENOKEY has
taken top honors In that competition on two subsequent occasions,
this year again capturing second — and third - places. It is cleary
one of the worlds fastest input intertaces.

What makes the Bulgarian device an object of particular inter-
est, however, Is not so much its speed — several chord keyboards
operate similaty rapidly - but rather the cleanness of its text
output. At 310 syllables per minute (corresponding to approximate-
ly 220 words per minute), text emerges from the machine In normal
form — that s, without abbreviations, with all words propery
spelled, with praper punctuation and proper capitalization, as from
a normal typewriter.  This differentiates it from all the other
devices used In the Intersteno and similar competitions: those oth-
ers all employ phonic recording methods, producing outpur that
must be translated Into normal text before being read by non-spe-
clalists. STENOKEY produces that text as its normal output. It is
thus not simply fast ~ it Is the world's fastest spelling machine.

On August 11, 1983, STENOKEY was publicly displayed in the
United Stales for the first time. The occasion was the annual
meeting of the Natlonal Shorthand Reportsrs Assoclation, held
August 10 - 13 In Washington, D.C. At the invitation of Baron
Data, | attended this conference to Inspect and report on the Bul-
garian machine. Over the course of a day and a half, | talked
with American stenographers trained in Sofia to use the machine,
spoke with the Bulgarians who represented the various interests in
manufacturing, licensing and displaying the machine, and logged
approximately two uninterrupted hours using it. This report pre-
sents my findings from that examination of STENOKEY.

B. DESCRIPTION

The STENOKEY Is officialty designated the {SOT 6902C, a machine

for taking and deciphering stenographic notes. It is a microproces-

sor-based machine, containing a single printed circult board of the
CM 600 microprocessor tamily. It has a housing of molded plastic
of overall dimenslons 14.96" in width, 11.02" in depth, and 4.72" In
height at the rear (i slopes down towards the front). STENOKEY
weighs 7.72 Ibs. It has a power consumption of 50 watts, and is
contormed to European electrical standards, 220 volts at 50 Hertz,

Along the top rear panel of the housing are located tour selector
buttons, which speclfy In which language the STENOKEY Is to
operate; any single STENOKEY unit may operate In up to four out
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of the sixteen available languages (Bulgarian, Czech, English, Finn-
ish, French, German, Greek, Hungarian, ltallan, Japanese, Palish,

Rumanian, Russlan, Serbo-Croatian, Spanish, Turkish). A STENO-

KEY unit may communicate with other processors (over an RS 232
C senal interface), with a Diablo printer, with a cassette recorder,
and with the IBM typewriter models 82C and 196C, converted into
printers. Sales and licensing of the STENOKEY outside of Bulgana
are handled by ISOTIMPEX, 51 Chapaev Street, Sofla, Bulgaria
{telephone 74-61-51, telex 022 731 and 022 732)."

C.OPERATION

Overview. The STENOKEY is a spefling machine - that is, H re-
quires the operator to record explicidy every letter in a word and
every space between words. In this regard, it is precisely like a
standard typewriter, 1t differs from the typewriter, however, in
allowing the operator 1o hit clumps, or chords, of keys simul-
taneously. In this, i is like the stenolype keyboard, another re-
cording device which cperates rapidly by allowing keyed inputs In
parallel.  STENOKEY is unlike elther, however, in that It uses
processing power 1o format, or position, letters and spaces relative
to one another. On the typewriter, positioning Is done temporally
(whichever of two keys is struck eardier will be printed first), and
on the stenotype machine, positioning is done spatially (whichever
key is leftmost on the keyboard will be printed first); on the
STENOKEY, positioning is done by the processor, in accordance
with contro! commands that come primarlly from the thumb keys,
A corollary of this approach is that it is irelevant just where
vowels or consonants are recorded, since they will be re-positioned
by the processor; from this flows parhaps the most unusual feature
of the STENOKEY keyboard: aif consonants are recorded by the
nght hand, and all vowels are recorded by the left hand (cf. FIG-
URE 1 - The STENOKEY Keyboard). This arrangement, in fact,
may make sense from the point of view of manual dexterity, most
people are right-handed, and positioning the consonants for access
by the right hand puts the greatest workioad on most people's
stronger hand. (Compare, for conirast, the standard QWERTY
typewriter keyboard, which requires the left hand do 55% of the
work [in Appendix B, An Incredible Legacy).)?

Consonants Followed by Wowvels. To understand STENOKEY's work-
ings in practice, consider first what happens in the default cases,
when only letter keys (say, @ consonant key and a vowst key, but
no conol keys) are depressed. In that instance, the processor
prints out the consonant first, followed by the vowel. H there are
two consonants, then both the consonants will be printed out be-
fore the vowel, if there are two vowels, then both vowels will
follow the consonant. This Bustrates the default ordering: vowels
will follow consonants (uniess control instructions dictate other-
wise).

The Rank-Orders of Consonant Keys and Vowel Keys. Among the
vowel keys, and among the consonant keys, there are also detault
orderings. These are shown by the rank order of each of the keys

The telephone number In Sechon 604 comes from a more recent publicaticn,

2 pppendix B o Dr. $106/0' 1pport I8 nat reproduced hees.
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In FIGURE 1 (the numbers 1 through 7, written below each of the
keys). For either hand, the keys numbered 1 lake predence (print
out before) over the keys numbered 2, which take predence over
the keys numbered 3, etc. Thus, In order to print the sequence
“stay”, it suffices simply to push the ‘S’ and the 'T' keys with
the right hand, and the 'A’ and the 'Y' keys of the left hand
The earier principle - that consonants peint out belfore vowels —
ensures that the ‘T' and 'S' wilt precede the 'Y’ and 'A’; the rank
otdering within each of those groups causes the 'S' (rank 1) to
precede the T' (rank 2), and the 'A’ (rank 2) to precede the 'Y’
{rank 4). The result is the letter sequence “stay”".

Spaces Between Words. If “stay” Is to represent a separate word
— that ks, If it Is to be followed by a space in the output text -
then one hits one of the space keys (of the five designated by
“SP" on Figure 1) along with the four 'S', T', 'A’, and "Y' keys.
When an “SP" key is struck, the space ls always printed out as
the final element in the character string; it is thus Impossible to
capture more than one word with a single chordstroke, since the
space cannot be Interpolated between two letter substrings to indi-
cate an intervening word boundary. It the “SP" key Is nat struck,
then letters of the following chordstroke will be adjoined directly
10 the letiers of the “SP"-less chordstroke; in the present exampie,
this wouki be approptlate it “stay” were to be the first element in
the typed word “staying”.

Punctuation. Punctuation other than the space Is accessed by
striking the special punctuation control key (designated on FIGURE
1 by ) simuttanecusly with one of the consonant keys. Striking
the "S" key and the punctuation control key together causes a
pesiod to be printed out; It also causes the cursor to advance two
spaces, and the first letter of the following word to be capitalized
automatically.  Striking the "N key and the punctuation control
key simultanecusly causes a question mark to be printed, the cursor
1o bo advanced two spaces, and the first letter of the following
word 10 be capitalized. In general, striking any of the punctuation
keys causes the processor to print out the appropriate character
AND to handle anything automatic (e.g. spacing. capitalization}.

Level-Contro! Keys for Consonants. The account so far allows one
to access any of the top letters listed on the consonant keys (e.g.
the “S" on the “S§"-'B"-"C"-key, the “T" on the "T"-"K"-"F"-
key). These top letters all belong to the “first level”, Accessing
the “second level" keys (e.g. "B and “K") or the "third level”
keys {e.g. "C" and “F") requires one 10 use the “level-control
keys”, operated by the thumb of the nght hand. There are three
of these keys, numbered 1 through 3 on FIGURE 1: number 1 de-
signates a letter of the first level, 2 - of the second level, and 3 -
of the third level. Suppose, for example, that one wants to print
out “sky” (with a following space). To do this, the operator must
strike simultaneously six different keys: (1) the “S/B/C" key, (2)
the “T/K/F" key, (3) the “SPace” key, (4) the Y™ key, and (5 -
6) “level contrad keys” numbers 1 and 2, The first level-control
key, number 1, specifies that the highest-level letter on the
“S/B/C"-key - that is, "S" - is 10 be printed out; the second
level-contral kay, number 2, specifies that the middiedevel letter
on the "T/K/F'-key - that is, “K" - Is to be printed. There is
no confusion as to which consonant key each level-control key
rofers, as priority of assogiation s established by the same rank
order among consonant keys discussed above (using the example
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“stay”}; thus, the higher level-contrl key Is assoclated with the
higher consonant rank order key, and the lower control-level key

ol ol Q SP SP SP PAGE
5 . b L N ?
B K
1 A o} c F sp
3 2 & 1 2 3
P M D G
v L R W
Y I u E CH H S Q
4 7 6 5 5 & 7 4
se | | o ®

t | et} |— 2 {48

Figure 1 of Appendix 1). Layout of the Stenokey keyboard.
(The version produced for this appendix is just a schemalic
figure, ot showing the right proportions.)

modifies the lower rank order key. Typing "th”, then, requires
hitting consonant keys number 2 (“T/K/F"} and 6 (“M/LH"),
along with level-control keys numbers 1 and 3: this accesses lovel |
of key 2 ("T"} and level 3 of key & ('H").

Reversing Consonamt Output Order. This works well as long as
the letters are positioned on the keyboard in the desired order,
Often they are, but sometimes they are not. In these latter n-
stances, one reverses the order in which the consonants are printed
out by pressing - along with everything else — the “letter reversal
key", designated by the left-arrow on FIGURE 1. This key is
operated by the thumb of the left hand; it is usually necessary for
accassing consonant clusters that occur In syllable-final or word-
final posithon, such as “-rk", or "-Ip”. To access this latter clus-
ter “4dp", for example, one presses five keys simultaneously: (1)
consonant key 5 with “P/V/CH", (2) consonant key 6 with
“M/L/H", (3) level-control key 1, (4} level-control key 2, and (5)
the “'consonant reversal key' with the left thumb. Pressing the
"consonant reversal key" specifies that the two letters selected
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(“P" from key 5, and “L" from key 6) are to be printed out in
reverse order, as “ip".

Level Reversal, Sometimas, the consonants occur on keys in the
comect rank order, but occupy levels on those keys in ascending
{rather than the desired descending) order. Such is the case with
the consonant cluster “cl-" In "'day", for example: “C'" occupies
jeved 3 on key 1, “L" occuples level 2 on key 6 Pressing con-
sonant keys t and 6 while simultaneously holding down the level-
control keys 2 and 3 would cause level 2 from key 1 to be printed
out ("B") followed by level 3 of key 6 ("H") - but "bh" is not
the desired output. In these Instances, the operator presses the
level-reversal key, designated by the up-arrow on FIGURE 1.
There are two such keys, and they are operated by the thumb of
the left hand. This key has the effect of associating tha higher
consonant level with the consonant key of lower rank order, a
reversal of the default operation. In this case, it will cause key
1's thirddevel consonant to print out ("C"), followed by key &'s
second-level consonant (L"), yledding the desired output consonant
cluster, “cl-".

Vowel Pre-positioning Key. Default ordering always places con-
sonants first, vowels second. Sometimes, however, one wants to
place a vowel in word-initial position (as in “ask") or in syllable-
initial position (as in the second syllable of “poet”). To do this,
the operator pushes — along with the desired consonants and vowels
- the vowel pre-posttioning key, designated by o| on FIGURE 1.
This key reverses the default ordering for consonants and vowels,
placing the vowels in initial position, followed by the conscnants.
STENOKEYing the word “ask”, therefore, requires that seven keys
be pushed simuitaneously: (1) consonant key number 1, containing
“8/B/C", (2) consonant key number 2, containing “T/K/F", {3-4)
level-contral keys numbers 1 and 2, (5) the vowel "A", (6) the
vowel pre-positioning key above the “A" vowel key, and (7) a
“SPace" key, probably one of those over the "S" key or the "K”
key. Keys 15 assure that the proper letters will be selectad, key
& will place the vowel before the consonants (ylelding “ask” rather
than the default “ska”), and key 7 will place a space after the last
letter of the word.

Vowel-insertion Key. The most common position for a vowel in
an English syllable or word is neither in the final position (STENG-
KEY's default position) nor in initial position (accessed via the
Vowel Pre-positioning key described above), but in the middie of
tho syllable, sandwiched between consonants. Interconsonantal
vowel positioning is accomplished on the STENOKEY by using the
vowel-Insertion key, designated by {o| on FIGURE 1. This key is
operated by the thumb of the left hand. The rules for inter-
consonantal vowel positioning seem simple: apparently, if the vowel-
insertion key is struck, the vowel willl be printed out in second
position, after the first of the consonants, and other consonants
will trail afer the vowel. In consequence, producing the word
“send” will require that sbx keys be struck on the STENOKEY
keyboard simultaneously: (1) the first-ranked consonant key for
“S", (2) the third-ranked consonant key for “N", (3) the seventh-
ranked consonant key “D", (4) the fifth-ranked vowel key, "E",
(5) the vowel-insertion key, |o|, and (6) a "SPace” key. The vow-
el-insertion key will position the “E" after the “S" and before
the “N", “D", and “SPace”, yelding "send”. It should be pointed
out that positioning the vowel after the first consonant will not
always yield the right results: in some cases, the resultant output
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may be a non-word (e.g- “salm” instead of "slam™) or It may be
the wrong word (e.g. “'salt” instead of “slat”). It would be of
interest to determine if and how STENOKEY guards against errors

of the earliar type: in theory at least, such errors could be pre-
vented in software,.

Syfables ot the Form “mom”, “did", “pap”. Trisegmental syllables
of the form “mom', “pop”, which contain a single vowel sand-
wiched between identical Inttial and final consonants, are produced
according 1o a special convention on the STENOKEY. Keys are
struck which specify the initial consonant and the vowsl, together
with the vowel-insertion key (preceding paragraph). Logically, of
course, this makes no sense, since there is only one consonan
indlcated, and vowel insertion between two consonants recquires that
two consonants be specified. By convention, however, In this In-
stance STENOKEY will double the Indicated consonant, and Insert
the vowsl between the two. This is a convenience which saves a
stroke. Thus, to produce the word "wow", one strikes five keys
simultaneously: (1) the fourth-ranked consonant key “G/W/Q", (2}
the level-control key number two, thus selecting “W", (3} the "O"
vowel key, (4) the vowel-insertion key, and {5) a “SPace" key.

Capitalization. In the middle of a sentence (e.g, ".. when | was
.., the first letter of a chord is capitalized by pushing the level-
control key numoer 3 prior to pushing the character chord itself.
Thus., “1" (capHalized pronoun) is produced by a two-stroke action:
(1) the level-control key 3 is pressed, following which in a separate
action (2) a chord composed of the vowel key "I" and a “SPace”
key Is pressed.

New Line/Paragraph. A new paragraph is begun by pressing a
single chord of just two keys, level-control keys number 1 and 3.
The action is produced by the thumb of the right hand. Each time
this ts done, the processor moves the cursor down to a new line
and begins a new sentence (ie. the first lotter of the first word
recorded is capitalized). Where single spacing |s belng used, press-
ing the “new line"” chord twice produces a new, non-indented para-
graph.

Abbreviations. Although the Bulgaran representatives could pro-
vide no details, they did say that the STENOKEY could be pro-
grammed to expand previously stored abbrevlations automatically in
text. They were uncertain as to how this might be done, what
effect it might have on device performance, and what quantity of
abbraviations might be so stored, given the current memory capaci-
ty of the STENOKEY. Nonetheless, It appears to be an iniriguing
capabiiity, and deserving of further investigation.

Striking Multiple Control-Keys. Any number of control keys may
be struck at once, and the processor will generate some interpreta-
tion of the intent and output the letters according to that Intes-
pretation. Usually the results are understandable, if not entirely
expected at first. Learning to use the machine is, to some degres,
a process of learning how it will respond o various command com-
binations, Comments made by the American stenographers trained
in Sofia earler this year indicate that even the Bulgarians are still
leaming how best to operatg the machine in its English incamation.
Almost always, in fact, it ig possible to achieve the same output
using different letter and command sequences; becoming proficient
on the machine is as mugh a function of knowing how best to
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achieve a given output as it Is a function of gaining skill in keying
In those particular command sequences. For the English verston of
STENOKEY, some of the theoretical problems yet remain for eluck
dation.

Control Stream vs. Letter Stream. Conceptually, we can see that
the processor of the STENOKEY receives two types of intormation
with each chordstroke - characters (including the space), and com-
mands on how those characters are to be positioned relative 10
one another. In essence, It Is a form of typewriter, but one which
receives clumps of characters rather than just single characters
with each device-recognized act. The clumps themselves are posi-
tioned on the paper temporally (just as the individual letters of a
typewriter) - that is, all the characters of any given clump will be
pmwaanbaloreanydﬂwdm«sdmtdmaump
are sent for printing. Such temporal positioning is relatively siow
{since it depends on human reaction times), which ks why writing
on a typewriter is relatively slow. Within the STENOKEY clumps,
positioning is done by the processor, In accordance with the for-
matting commands received either from the control keys or from
default positioning rules. Processor-generated character positioning
is relatively fast (since it depends On MICroprOCesSSOr Tesponse
times), which is why writing on a STENOKEY is more efficient
than typing on a traditional keyboard (either QWERTY or DVORAK

- see Appendix B)."

D. OBSERVATIONS ON STRENGTHS
AND WEAKNESSES

What follows is a prefiminary evaluation of three aspects of the
device - lts overall design (from an ergonomic point of view), its
keyboard letter distribution (from a linguistic polnt of view), and
fts operational demands (from a cognitive point o view). The
comments hare are meant to be primarlly suggestive: the STENO-

KEY represents such a radical break from past designs and opera-

tional principles that R would take considerable time to evaluate
the device fully. Nonetheless, for all their cursoriness, | believe
the following comments do touch on significant aspects of the
device.

Overall Design. Considerable thought has gone into the physical
design of the STENOKEY; It attempts to incorporate major insights
from the field of ergonomics, and ks 10 a high degree successiul,
The most obvious feature of the device is the absence of anything
that might be called “a keyboard". Rather, it has two keypads,
one for each hand. These two keypads are placed approximately
four Inches apart, and are inclined slightly to form a shallow "V,
A person sitting in front of the keyboard can maintain his hands In
this position quite comforiably, as it Is specifically designed to
minimize the fatigue which comes over time from conforming ones
arms and hands to a poorly lald-out keyboard. |n contrast, stan-
dard typewriter and stenotype keyboards were built originally for
ease of mechanical construction, rather than for minimizing opera-
tor fatigue, and hence the keys form straight lines and rectangles
which bespeak a mechanically dictated, rather than ergonomically

1 Appandsx B 1o Dr. Steele’s tepon Is not reproduced hece.
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dictated, design. In the present era, these box designs are per-
petuated mainty through force of tradition.

The positioning of the keys themselves within the two keypads
also shows attention 1o ergonomic design principles, The “home™
keys on each keypad - those numbered 1-4 on FIGURE 1 - are
amanged lo conform to the relative finger lengihs on the two
hands. The key for the middle finger is positioned highest, as this
is the longest finger; the keys for the index and ring fingers are
both paositioned slightly lower, as these fingers are generally of the
same length, being somewhat shorter than the middle finger; and
the key for the little finger is in the next row down, as this finger
is distinctly shorter than any of the others, and most comfortably
rests below the line defined by the tips of the Index and ring
fingers. The thumb keys too seem well placed with respect to
remalning keys, and in addition are configured to be simple to
operate; one pushes a thumb key not with the tip of the thumb,
but rather with its sile. With this in mind, the Bulgarans have
placed all keys which might have to be accessed alone all next to
one another, where they can be individually depressed. Keys which
will be accessed only In conjunction with other keys reside above
those keys, where It is simple to strike them both with the sikde of
the thumb.

This is not 1o say that the design could not be improved yet
further. | balieve that it could and should be so Improved. In
particular, | believe that two additional features should be investl-
gated: the incorporation of some degree of curvature Into the key-
board design {the Bulgarian keypads stil resikde in a flat plane),
and the Incorporation of slightly wedge-shaped keys (the Bulgarian
keys are square), which would aliow the keys to “radlate” out from
a projected center, as the fingers do when a fist is opened. Hav-
Ing watched the operators record text on the STENOTYPE, | be-
fieve that such modifications coukd Improve performance yel fur-
ther, panicudarty in accessing keys which are located ong above the
other (e.g. the “SPace”, “T", and "H" keys of the word “the”.
As i stands now, operators have to contort their fingers to get
them to press adequately the column of keys on the flat surface.

Keyboard Letter Distribution. This seems at present to be a weak
link In the English version of STENOKEY. Several suggestions for
letter distribution improvements can be made Immediately, and
almost certainty more would come from further performance studies.
For vowels, such suggestions would include (1) providing some
mechanism for recording with a single stroke the common English
digraphs “00" (e.g. “door”) and “EE" {eg. “deer”), probably
through the addition of a “doubling key” next to the vowel keys
themsalves, (2) providing some mechanism tor reversing the order
of the vowel digraphs through control keys, such that "AE" could
become the common “EA” (e.g. “deal”, "eat"), "EU" could be-
come the common "UE" (e.g. “glue”, “cue”), and (3) some mecha-
nism for recarding the common “Vowel-Cons-e” sequence of Eng-
lish (e.g. “late”, “muse”, “sine”), For consonants, Improvemaent
suggestions would include (1) providing some mechanisms for single-
chord recording of such common Initial conscnant clusters as
“STR-" (e.g. “strest”, “stripe”), “DR-" (e.g. "drip”, "drive”), and
“SC-" (e.g. “scare”, “scoop"), and (2) replacing "CH" on key 5 (it
Is a redundant here) with "Y" in word-initial or syllable-initial
position (at present there is no efficient way of recording “you",
for example).
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Cognitive Operational Demands. STENOKEY reveals things of inte-
rest here. Previous language-oriented manual input interfaces have
maintained a close mapping relationship between space and/or time,
and the order In which language elements appear on the printed
page. For example, on a standard typewriter, temporal priority
maps directly into element order; any key which is struck earller
than another key wil be printed out to the left of the latter. On
the stenotype keyboard, the spalial mapping is as & were “hard-
wired" into the device: a syllable-initial "S" can be printed out
only betare a syllable-inttial “T" because they are set in that
order. (To the extent that this conforms o the phonic regularities
of English, it poses no problems; but foreign borrowings which
break the rutes, such as "“tsar”, cannot be captured sasiy.) STENO-
KEY has developed a system of “software positioning” of elements.
Control-key instructions are delivered to the processor along with
each packet of characters, and the characters are then arranged In
accordance with the processor's Interpretation of the control-key
instructions.

Ar first, it seems as though this might be a confusing way to
operate. However, the Bulgaran performance on the machine at
the Intersteno Speed Competittons suggests otherwise, And, in
fact, this is not surprising. What the operator of the STENOKEY
device leams, ultimately, is not so very differemt conceptually from
what an American stenotypist leams: that certain frequent phonic
patterns correspond to cenaln characteristic pattems of the hands,
and that certain letter combinations are accessed by pressing cer-
tain combination of keys. What is particulaty new hete is that
the thumbs are used to generate abstract element positioning in-
structions. However, these also are patterns with distinct regulari-
ties, and the frequent cases will be rehearsed enough to become
familiar and automatic to the operator. The most Imponant losson
to be leamad is that operators are capable of efficiently extracting
and encoding abstract “pattem-oriented” Information about words
at the same time that they are recording the letters. it is a lesson
which might be applied even belter.

(Remaining parts of Dr. Steele's report are not reproduced here.)
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certitied court reporter 39
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close captioning 47
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cognitive operational demands 105
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competition 1o chord keyboards 86
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computer 41

computer conferencing 75
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computer-aided transcription (CAT) 23, 14
computerized transcription 14
conflicts 47, 50, 52

consonant groups 25
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copying a8 manuscript 48
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courses 39, 64
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deaf 70
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Denmark 73

desktop publishing 41, 56, 76
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dialling 73

dictated tapes 76

dictation 37, 48, 76

dictionary 22, 27, 29, 31, 42, 51, 52, 57

Digitext 47, 52
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diskette 22, 56
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distribution of tasks 56
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ease of operation 40

Bcohomic characteristics 50

economic requirements 42

editing 59

editing skill 63

editor 74
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electronified keyboatds 22
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equipment costs 82

equivalent QWERTY keystrokes per minute 33
ergonomic considerations €9

argonomic criteria 50

ergonomics 40, 68, 84, 103
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exception rule 25

explicit indication of inter-word spaces 29, 33

F

factors aand b 47

feedback 75

fixed disk 22, 56

flag 30

France 22, 51

freediom from post-editing 40
frequency curve 35

Frequency Dictionary of Present-Day Swedish 27, 34, 87
tull-vocabulary dictionary 29, 42
function chords 30, 42, 57, €0, 77
function keys 75

future 89

G

gas panel 58

Gaussian curve 35, 63

Germany 22

glow lamp 58

Gothenburg 27

government’s costs for text Interpretation 81
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Grandjean 22, 51
graphics 60
Gregg’s system 19

H

handicapped 11

hard copy 58

hard disk 56, 57
hardware 57

hardware costs 42
heslitation 48
hexacdecimal digit 73
history 19

homographs 26
homophones 26, 28, 47, 52
host 14, 30, 42, 51, 55, 60
hourly costii 83

hours per year 83

IBM PC (Personal Computer) 55
IBM PS/2 (Personal System/2) 55
IBM typewriter 98

identification of words 63

industry 17

Infra-red (IR) S8

input side 60

instant editing 70

instant presentation 39, 50, 57, 58, €3, 68, 77, 90
intangibles 83

INTEL 8086 56

Intelligibdity 71

inter-word spaces 29

interast 80

Intesface 41

Interpretation 11, 50, 53, 71
Interstenc 34, 36, 38, 46, 48, 63, 97
intonation 86

Investment 80

IR 58

lreland, Ward Stone 21
Isclated-utterance requirement 87
ISOT 25, 46, 97

Itallan Stenotype 52
J

|ournalist 87

K

ketchup effect 90
key to speech 11, 59
keyboard layout 44
keyboard template 30
krona 80
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labour costs 43

labour market 66
labour-saving investments 84
language independence 41
language modules 41
language statistics 48
languages {Stenokey) 098
faryngectomy 75

laser printer 58

layout 44

layout of Stenckey 98, 100
LCD screen 58

learning 39

length of an English word 34
level reversal 101
level-control keys (on Stenokey) 99
lifetime 80

linguistic abitity 63

lip reader 70

liquid chrystal device (LCD) 58
literature, access to 75
long-term impact 81

Macintash 56

main memory 57

maintenance cost 80

Maltron keyboard 20

manuscrpt copying 37, 48

Marcus Tullius Tio 19

matorlal costs 42

maximum value (Gaussian curve) 35
46

measurabiity

measuring the speed of writing 37
measuring units for speed 33

mechanical chord keyboards 20

meetings, meeting interpretation 11, 58, 68, 70, 77, 81
Melin’s system 19

memory 57,59, 73

memaory (human) 36

maemory size 57

Michela 22, 51

microprocessor 20, 31, 42, 56, 57, 61, 63, 97
Microwriter 24

mnemonic code 20

modern chord keyboard 23

mortgage 80

mouth-hand system 70

National Shorthand Reporters Association (NSR) 36, 87
natural way to type? 32
Netherdands 73

new line/paragraph 102
news transmissions 47

non-verbal information 64
nonsense chords 30
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NSR: see National Shorthand Reporters Assoclation
number of keys 39
Nusvensk frekvensordbok: see Frequency Dicticnary ..

o

objectively assessable factors 46
one chord for each character 24
onedime costs 80

opesating costs 42, 43

operation 40

order 25, 98, 100

orthographic 22, 23, 26, 28, 33, 47, 52, 53
output side €0

over-capacity 85

overhead costs 82

overhead projector 58

OWESI 33, 45, 50-53

P

page printer 58

Palantype 22, 51

pariament stenographers 81
parllamentary assemblles 77
parllaments 68, 69

Patterson, Nancy 36

pen shorthand 19, 63, 87
personal computer 41, 51, 55, 75
phonemes per minute 33, 34
phonetic 22, 23, 26, 27, 47, 50-62
photo typesetting 76
physiological factors 47

plano 22

pictures 60

Pitman's system 19

plasma screen 58

plug compatible 41

polysyllabic word 31

poor man's fast typing system 88
portable personal computer 90
positioning 98, 103

post-editing 14, 26, 28, 40, 43
posteriori 45

ppm (phonemes per minute) 33
practising 39, 62, 64

practising period 72

pre-lingually deal 70

precision of calcutations 79
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PROM 41

PS/2 55, 56

punctuation 13, 29, 34, 97, 99
purpose 16

pushbuttons 73

Q

Q.24 73

qualifications 62

quasl-phonetic 52

queue theoty, queuing 85

QWERTY 11, 13, 18, 45, 70, 81, 86
QWERTY replacement 23, 63, 64, 67, 76, 90
QWERTY speed 38

random arrival, random duration B85
read-only-memory (ROM) 41
reading speed 70

real time 70

real-time applications 69, 85
real-time dictation 76
real-time keyboarding 77
real-time printout 58
recurrent costs 80

remote real-time dictation 77
repertoire 29

replacement 23
requirements 33

reversal of ordor

rhythm 31, 48

ROM 41

S

salary 80, 82

salary development 84
savings 15, 68, 69, 79
savings-justified applications B1
screen 58, 70

scrolling 71, 74

SDP 11,16

SDP area applications 70
secondary storage 56

SEK 80

self-contained keyboards 59
sequential keyboards 19, 20
sarvice to disabled people 11
shift key 33

Sholes, C. L 19

shorthand 12, 19

shorthand contests 34
shorthand machines 20
shorthand talent 62

Sima 22

simuitanecus (language) Interpretation 91
simutaneous keystrokes 26
slack 85

slave screen 58, 77
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slide projector 58

slower text telephone systems 72
SMK, Assoclatie 66

smoath scralling 71, 74

soft copy 58

soft scrofling 71

software 55,

sound recording 59, 68, B6, 83

sound tape 37

sourx telephone 71,75

spaces 29, 52, 99

Special Systems Industry BV (SSI} 51, 53
speech recognition 87

speech synthesis 59, 75, 30
speech-impaired 11, 59, 75

speed 46, 62, 68, 69

speed curves 65

speed limitatlons in communication 72
spead measurement 38

speed of QWERTY 38

speed of speech 35

speed of word processing program 60
speed requirements 33

speed test 36, 38

speed-justified applications 81
speed-of-speech market

spelling burden 47

spedling ndes 27

spm (syllables per minute) 33

SSI 51

stability of manutactunng company 51
standardization 44

Steele, Richard D. 53, 96

stenographer's way of taking down words 27
stencgraphy 12

Stenokey 25, 46, 53, 96

Stenoprint 21

Stenotype litalia SRL 28, 29, 52, 53
Stenotype keyboard 21

sterectyped expressions 31

straddling keystrokes 40, S0

strain, stress 69

students 65

subjective factors 46

subtiling 74

Swedish decision 53

Swedish Institute for the Handicapped 11, 53, 68
Swedish krona 80

syllables per minute 33, 34

syllables per word 35

synchronkzation with outskle events 69
synthetic speech 11,59, 75

T

talent 62, 64
tapes (sound) 37, 76
target group 16
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Telecom 71

telephone 71

template, keyboard 30

test 36

text interpretation 11, 39, 50, 53, 70, 81, 89
text Interpratation even for hearing people 90
tex: telephone 70

text telephone Interpretatlon 11, 69, 71
text TV 53, 74

throughput 83

Tiro’s notes 19

tones 73

top speed of speech 37

trade 17

training 39, 62

training costs 42

training of speech recognizer 88
transcription 14, 23, 26, 87
transcription from sound tape 68, 86
Transcriptor 52

transparent LCD screen 58

tultion fees 42, 82

TV 47, 74

type of chord keyboard 44

typesetting 17, 67

typing and typesetting 76, 81

typing pool 17, 67

typing speed 38, 39

u

UK 22

uniformity 44

upper-case characters 13, 29
users 62

v

V (character group) 25

V.19, V.21 72,73

VA Medical Center 53, 96

Velotype 14, 23, 29, 38, 39, 41, 42, 44, 46, 48, 50, 53, 57, 59, 62,
64, 70, 89

Velotype manutacturer 51

Velotype: keyboard layout 12

verbatim reporting 17, 63, 67

verbatim transcription 64

Veterans Administration: see VA 53

video-transmitted subtitles 74

vocabulary 27. 29, 87

voice-controfled typewriter 87

vowel group 25

vowel pre-positioning key 101

vowed, ending (in ltalan) 52

vowel-insertlon key 101

vowels 29

w

walting time 85
word length 34



word processing 41, 60, 75
words per minute 33, 34

wpm (words per minute) 33
writing theory 52
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