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ABSTRACT

The La Trobe Talking Communicator is a personal computer adapted
to the physical capabilities of the severely disabled. The Talking
Communicator offers not only a means of spoken communication and
typing capability, with communication capability with other
microcomputers. but through programming, in OZNAKI robotics
languages, a means for the handicapped user to have a range of
concrete operational experiences despite disability. The system
whereby a user who can only control one key-switch can optimally
control the Talking Communicator is explaned. The OZNAKI
graphics language Apple ][ WHAM has been adapted to the I-key user
offering exciting creative and artistic possibilities to severely
handicapped.
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THE PROTCTYPE TALKING CCMMU NICATCR

In 1981 a prototype "TALKING CCMMUNICATGR" was censtructed that enakles a
handicapped person capable cf pressing as few as one pbut preferably four or
five keys to readily cermunicate with pecple by speech and by typed text
and to ccrnveniently communicate with another computer.

The prototype is based cn a 1976 model s-100 bus microccmputer, eguipped
with 5 inck single density floppy, and is mcunted together with keyboard
selector, videc mcnitor and speech synthesiser on. a wheeled videc cart.
The keyboard selector is a simple device for swapping ketween full keyboard
for program initiation (and development) an¢ the handicapped user's
keybcard . The first mcdels of the prototype incerporated a phoneme
synthesiser marketed Ly Votrax. This synthesiser offers just 63 phenemes,
including silences, and some different lengths of the 42 phorenmes required
for English. Using this phorer synthesiser entails storing in the merory
beth text and phonetic forms of wcrds/phrases. Subsequently, Votrax have
released a single chip phoneme synthesiser, the sc-01 (see Cchen, 1981 a).
The current syn.hesiser, also manufactured by Votrax, incerporates the

M o & sc-01  chip, a-d incorpcrates a text-to-phoneme translator, with the
Peinter board keing used by a non-speech student at the Yocralla particular advantage that werds ccrposed by letter selectior. are properly
Special Schocl, Melbourne. Ycte that the message "receiver" must voiced. The synthesiser produces intelligible speech, of a screwhat
zs\ole ab:olute attention to speed comnunication. There are almcst mecnanicet mate voice.
words con the rointer
selector for spel;l:lngtiutbziiz; :?rid:r_l t:egzzge:ei:iiei \1/2:222 During the first half of 1982, the project ccntinued to use the prototype
guesses, and accepts a gesture in reply. However for pew Talking Ccmwunicator developed in 1981. Hence all photos in this paper
areas cf disccurse a pointer bcard is extracrdinarily clumey shcw this system. However under ccnstruction has been a battery of Mark I‘I
Thus a student absolutely "hccked" on the Firemen game des;r;bed Cermunicators of noteakly distinct feztures. In the Mark II, all RAM.ls
in this paper never told ker psrents about the éxp;rlerce and cMCS, which is battery backed. Thus this ccrmunicator hes inbuilt
they learnt only through contact with a teacher - "mass-storeage”, sc floppy discs are nct required. This makes for 2 far
- mcre ccmpact and portakle system, with low pcwer needs, that cculd be

powered ty a wheel-chair battery.
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THE UTILITY “TALK"

i i 5 TRRINING CF USERS
Central to the Talking Comnunicator ig the utility TALK. 1In the Prototype

systems, TALK offered the user 386 wcrds over 8 Pages of meru. In TALK, Perscns with neurological disfunction must be trained to use keyboards .
ore menu page at a time is displayed cn the menitor, abcve the 4 screen For the five key keybcard, the user has to learn ot to strike ctherAthan
lines in which the staterent under corstruction is cemrpesed. Statements, the wanted key, and to 4 this in a Precise mzrner as SPeed.lI)_' as Pcsﬁlble'
limited to 20¢ selected iters, scroll Upwards. Ur to 6 different Tc Fromcte such skills, games are keing devised. One suck is the Fireman

statements can be prerared at a time. The word menus were designed in
ccnjunction with Mrs Leone Phelan, speech therapist at Yocralla, The
crganisation Principle is arparent from the ccntents of the meru Fages 1-8:

%?
Page Centents D ﬂ m
Letters, statemert select, few pbrases

Geme .

0

1 When or where it happened

2 Nameg, Occupations, pronouns -~ whe did it

3 Verbs - what was dcne J\ﬁﬁ'

4 Adjectives describing feelings, Pecple, things - e

5 Modifiers eg very, that

6 Flaces

7 Ncun groups: clothes, foods, hcusehold cbjects

8 Miscellaneous . . nd
Within the pages 1-8, words are arranged in groups, such as a friends names In this game a hcuse with five wincews is dlspl.?yed o the TV t:cr?en.it:xe
group, and a focde group. The sequence cf pages was designed to minimise the synthetic vcice gives the game rules and advises that the "rn‘,HeIe
the keystrokes needed for selecting in sequence the werds of a sentence within is keing thrown out. For instance thereArray bG_ a “ESSEQET " r
such as ccmes  a cheir” and an cbject aprears at a particular vrundcw, sfy nul €r 2,
"On Saturday afternocn I went to see the North Melbourne foctball matche pauses an instant, then slowly falls. If the user strikes key Z in time,

the firemen will rush across and catch the chair, otherwise it crashfi onFo
to ground, with accerpanying rncise. After 4(? .mc'ves the gam: t:a z.ez:
presented. The child pictured below cc-ul‘.i crlglnall).l or.?.y catvc‘ e cAgt
16 times out of 40, but wes instantly addicted to this simple game. er
twe weeks zealous Fractice her regular sccre Lkecame 39 out of 40.

The abcve photo shcws a 5 key keykboard used in the early stages of the
Froject. The keybcard was adzpted from an crdinary ASCII keyboard, by
shielding out mest keys. only the mre accessible key, the Space-bar, was
used for time-slot selection, this was the zap key, which ccllects the

ccL Next cclumn : ; j d  at
“ " . - . The TV has juet apreare

DEL Delete last selection Iflere ocres a TV" says the C(.;M'meator N k key numker 3. The

PAGE Next e windew 3. The 5-key trainee user has just strue X y aet 1
" pagt firemen who were under windcw 1, amidst wreckage cf a ctair, are Jus’ in

CONTROL h £ 'ing with their net under window 3, ard sc are not

The CCNTROL key by itself returned menu Page 1. If followed by arother key t‘e‘ Frocess of mcving

within a time-slot period cther functions were formea. visible.
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TIME-SLCT SELECTION FROM A MENG CF CCMMANDS: The 1-key PLUSMINUS

THE PLUEMINUSE, an elemertary nunker game
edepted for control by a handicapped user
equipred with just ore key. A Fklobk curscr
B meves alorng @ rcvi of commerds one by ore,
walting & variakle lergth of time kefore
eack commend.

If the user strikes z key during the wait
period, thet ccrnmend is thereky ZAPFEL, ?
otherwise the curscr Jjumps to the next ”‘;
%
3 Eis

cormard in the row.

Or. the commarnc + cre mcre clown appears

Or: the commerd - cne clowr Cisappears

Or: the ccmmend EAPPY the clown start to
smile, on Lty cne, ard the cemputer veice
cotrnts the clowns cre by ore as they change
facial expression. .

On the ccrmard €20 the clowns ore ky ore m

aC(EL].re M Miserable's facial expressior,

ar:(? @e  eaach clown chkerges the corputer 3

veice ccunt 1,2,3,... )

Or. the cornerd BCY the clowns ore ky cre
lose their skirts, with the computer voice
ceurting 1,2,3.. urtil the last clown bes

beccme & boy.
Qr: the cemnand GIRL, starting from the left,
if the clowns are "beys™, then ore ty ore
3 ».
]

eagh acquires & gkirt, with the compiter
vcice ccunting 1,2,3...

EroGram.
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PROGRAMMING BY THE HANDICAPPED

In order to achieve personal independence, the severely handicapped must be
capable of controlling their immediate environment. Firstly, this must
include the capacity to turn off and on lights, radios, switch TV channels
and the like. This could be very readily achieved using the La Trobe
Talking Communicator, by offering the user a page of commands to achieve
such effects, and interfacing the electronically controlled switch (through
infra-red link perhaps, as is used by some TV remote controllers) to the
Communicator. Secondly, there is a need to control a number of robotic
devices, such as a book accessor and a feeding robot. Mechanical page
turners for books do exist, but these can only advance the pages of a book
installed by a parent/teacher, and cannot turn pages backwards. On an
experimental basis, a few robotic knives and forks have been constructed.
What these future robotic appliances have in common is that they are not
just turned off and on, but must be programmed by the user. In order to
prepare todays severely handicapped children for the liberating
possibilities of personal robotics, it is essential that they gain some
experience in programming, especially in robotics. It is fortunate that
the robotics languages of the OZNAKI Project (Cohen, 1979) exist, and in
the general arena of education have been sharpened and  developed: these
languages are especially economical of symbols so are very readily adapted
to the 1-key user. In OZNAKI, commands are single keystroke, and the
syntax is of the brief form of elementary algebra; thus for instance
X=4FR

serves to define X as a new command standing in lieu of doing "F" 4 times,
(e.g., F for Forward), and then R just once (e.g., R for Right turn)

There is another vital reason for introducing the handicapped to
educational robotics. Piaget has stressed that intellectual development
goes through stages, of which the link between earlier ego-centric
thinking, and the later “Formal thinking" stage is termed the stage of
“concrete operational thought". That is, in this stage, which roughly
covers the era of primary/junior high school, the child is very largely
developing intellect through experience of manipulation of environment.. In
the social environment, the child lacking full facility for self
expression, such as the non-vocal, can only mature slowly. Likewise,
piaget's studies of intellectual development suggest that the severely
physically handicapped will necessarily suffer unless major efforts are
made to compensate for their restricted range of manipulative experiences.

In a very carefully evaluated study (Cohen and Green, 1977) it was shown
that normal students using the OZNAKI programming language WHAM showed
remarkable enhancement of their spatial abilities, a central component in
mathematical problem solving. Handicapped children, being wheel-chair
bound, miss out on some of the concrete experiences which Piaget attests
are needed for the development of spatial skills. For this reason WHAM has
been the first OZNAKI language adapted for use by the severely handicapped
1-key user.

The initial implementation of 1-key WHAM hass been for the Apple 1[, 48K

single disc system. It is planned to also offer WHAM on the Mark II La
Trobe Talking Communicator.
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WHAM

WHAM offers scope for creativity, for creating patterns,
problems, maze crawling, creating movies,
mathematical ideas such as the role of brackets, the
and the elements of programming.

solving spatial
whilst learning basic
idea of definition,

00001  a=000  b=000 ® $=36

In this printout cf the WHAM
screen SNAP nunker 36 has been
selected crn the command "36."
and displayed cn the commard
. These keystrokes have Leen
selected by zapping the cursor
that patrols the four-grcup key
selector below the NAKI field.
A mcvie cf the train is run cor
the NRKI bcard cn the ccmmend p,
listed with other mscros to the
right of the kcard.

oi2f48k788T o7

56.9?2‘ b return

The TV screen during the running of a -key version of WHAM shown above.
is

e square region on the left of the scre

NAKIIlwes. The NAKI takes the form of a flashing enar:;bc’t’rgznziK?
territory is like a checker board, with invisible cells, and.the NAKI ¢
move fro{n cell to cell. The NAKI movement commands are F for E‘oxvardan
yhlch directs the NAKI to move into the adjacent cell in the direction an
its arrow heading, and R, for Right turn, which turns the NAKI through gl]
degrees. These are the same commands as the LOGO Turtle obeys bgt th
moves are discrete. As the NAKI roams about the screen it leaves ,a t:raii
of ."dump characters" in the squares through which it passes. There is a
choice of several dump characters, and the trail may be invisible Th
zzL::n og mxl-kzd squares on the NAKI board can be saved on any one-of t_h:

es of a library of
the e 2l singi,e oo:::ii Once saved, the pattern can be restored to

To the right of the NAKI screen is

these are a list of macros defined by the

cgmposed out of basic commands or of other macros.

x:{x;fsd,‘one sxrzﬁly selects the slash / command, then writes the definition

uding wi a '"return", denoted by |} on th :

C ‘ t e key select. For

:rflsthance. !.1 is not a basic command in WHAM, but is a macro defined in term:

e b:slc command D (Direction change) very simply:

=D

g:nstarting up WHAM the above definition of R is automatically loaded.
save a set of macro definitions and load them when required.

user;
To define

One

By showing a sequence of SNAPS one after the other a movie is produced.
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00001 a=000  b=000

¢ $=04 The key

00001

k=000

R8BSR

oiz448E7
r

4C4nr)

++a20000
B B RS
maEEGHniH
Bmmmms®HD
Bttt
Bapama Ch e ta e h
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WHAM for the 1-key User

selector is below the

square NAKI territory.

To the right of the territory is a
list of macros defined by the user.

To draw this square, the NAKI was
sent home (territory centre) on the

command h, the screen was cleared
with the c command. The macro m,
simply composed of f (forawrds)

commands , and r (right turn)
commands, was repeated 4 times, via
the two key-selects "4m" to produce
the square.

On the top line of the screen are
firstly an iteration counter, then
twonumber registers a and b, a
display of the current NAKI dump
character, and $ the page number at
which the SNAP album is opened.

In the second printout of a WHAM
screen, the pattern displayed was
generated after a home and clear
screen command, by the commands
shown in the user's command display
area at the bottom of the screen,
namely “4(4mr))".

Here is a screen print-out of an
entire library of SNAPS. The last
32 SNAPS are the frames of a movie
of a train, which has rotating
wheels and is puffing smoke. Note
that each such frame was simply
made by modifying the first train
snap, then saving on successive.s
page numbers. To run a movie
requires a simple macro.

* H.A Cohen and J. Monro, Computer Communication, Access and Programming by Severely Handicapped Non-Speech Children, in R. Welch, Editor, Ninth Australian
Computer Conference Schools Symposium 1982, Australian Computer Society, Hobart, pp 237-253 (1982)




VAZE CRAWLING

The territory akcut which
the NBAKI roams is like a
sixteen by sixteen
checkers bcard, excert
that the squares, or
“cells" of the NAKI bcard
are all the same cclour,
and nct visible unless
marked, or occupied by
the NAKI. As the NAKI
meves - abcut  the  koard,
from cne cell to ancther,
the vacated cell is

D00 §

#-v00 =000 [ ] $=01

Lifae);
v=xrfrylfl;

@ABCOEF GHIJKLMNO marked with cne of the
PORSTUVIKYZ «} 8 . various pecesible  dunp
® escape ckaracters (or ncne).

The basic mcve ccmmand F, directs the NAKI to jump into the adjacent cell

in the direction of its heading. If the NAKI is blocked the cernand F has
no effect, and the NAKI rerains where it is. (It is part of the power of
OZNAKI rokctics languages that there are nc ‘errors", a ccrmand that is
impcssible is simply not perforned). This means that a NAKI has a limited
“vision" or sense, whick cer ke utilised in programmning its activities. 1In
additior to keing akle to “see” the boundary of its territory, the NBKI can
"see" a cell marked with a square tiok, WM. The NAKI is forbidcer to mcve
cutside its territory or to enter ony cell merked with a dense Lklot N.

Hence a pettern of B's on the screen may be used as a meze, with the NAKI
cenfined to the cther squares .

To display a particular mzze, the aprrerriate album page is selected,
transferred crto the NAKI bcard ky the ccrmand "t*. At this stage the user
can explore the maze by direct guidance of the NAKI. Fer the tyro, new to
WEAM, it is a chsllenge to use the ccmmznds F (Fcrwards) and R (Rigkt turn)
to guide the NAKI through & meze. Incidentally this scrt of activity was a
major ccwpcnert of the shcrt course in CZNAKI which Cchern and Greer (1977)
shewed with ncrmzl children aged € to 13 lead to dramztic
spatial capabilities.

then

increzses in

It is fairly eacy for scmecre capable cf viewing the whole kcard to guide
the NAKI througk s maze. But car cre see the bcard through the "eyes" of
the NAKI, ard still successfully nevigate a maze? This is a proklem in
rokctic nevigation. To sclve it, ore has to imagine oneself as a N2KI, to
Frcject crecelf orto the TV automata.

If the NAKI car finGd its owr way out of a meze there must be scme command
to tell it to dc sc. The NAKI has just a single "sense" organ, it can
detect whether the way fcrward is blocked. If the way akead is blocked,
the tlocked symbel, dencted kty a & has value 1, otterwise & has value C.

An examrle cf the use cf the blocked synkcl & is supplied by a mecro T:
T=R &T

T is the ccrmand for the NAKI to turn right, ard then, if blocked to

perform the T ccrnerd. Thus T is the ccrmend to turn right, and to keep
turning rigkt w til untlocked.
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D000

kbl
=
L

3=000 b=D0

1

;:?’;wr) 3

tESLL! = @ABCOEFGHI JKLMNG
oia8i8krbdt1ess? PORSTUVHEYZ <+ s
€ edit F return ® 2ccape
00001  a=000  b=000 ¥ $=01
324N 3= RABCDEFGHI JKLMHE
oi28i5E84 s PGRETOVHATZ <F @
EXXRXXXRRXXR KK KN KK XK E AKX KRN R R K AN KRS0
xxp
00001 a=000  b=000 M £ $=01
lfgf;
=3k £
VUEEE L Vkt, -, iKLMNG
0128888764¥ 1557 crs
XA KK =0

HHEUXKRKKERHRNK KK N
XXXKXHXX
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The classic way to crawl through
a meze is to go forwerd always
keeping cne's left hand c¢n the
wall. Althcugh this mey lead
cne into many a klind =clley,
this strategy alsc leads one cut
of them, and cne never retraces
ore's steps. For the NAKI to dc
this, it must be instructed to
turr left, then turn right until

unklocked, and then gc forward.
There are cseveral macros that
will serve the purpose. Here is

ore, and the way of writing it.
If the mecro X which sends a
NAKI through a meze ends with a
F (forward) ccrmnané, then the
NAKI will go forward if
unk locked. If, heving roved
forward, the NAKI then turne

left, it will after nc mcre thar

three turns be unklocked. In

algekraic terms the macro X is:
X=L &F &F &R F

where L has been defined as

three righkt turns in successiorn:
L=3R

A mcre sophisticated Cefinition,

in terms of the recursively

defined T macro given abcve is
X=2R 1 F

There are cther proklens in
robot navigation which can ke
sclved by writing simple mecros
for the NAKI. One such is to
circunrevigate an island. This
is much the same task as meze
crawling. Harder is the task of
making the NPKI keep to a set
directior, as for instance
upwards, past islands. It is
easy for the NAKI to get trapped

in a bkéy ip the same way as a
fly is trapped in a fly trap.
In fect the NBKI can erclate

insect
way a

several simple types of
behaviour, suck as the
mcth is snéred ky a candle.

* H.A Cohen and J. Monro, Computer Communication, Access and Programming by Severely Handicapped Non-Speech Children, in R. Welch, Editor, Ninth Australian
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THE USER INTERFACE

In designing the hardware and software which allows the handicapped user to
access the CCMMUNICATOR it was very oktvious that the speed cf oreration
wculd have to ke the main consideration.

A gocd, non-handicapped touch-tyist using the standard "QWERTY" keybcard
achieves a rate cf sixty wcrds per minute - far short of the 200 wards per
minute cf normal speech. Improved keybcard designs such as the Dvor jak
style rpromcte higher speeds by grouring the mcst cerronly used characters
in the "home" positior of the fingers but this is of little advantage to a
handicapped user typing with one finger. While the layout of the keys on a
cenventional typwriter style keybozrd is of impcrtance, particularly during
learning, no mere re-aryangemert of keys can achieve sufficient improvement
in speed to meke this a fezsible input device for a handicapped user.

Some cf the children we are ccncerned with can in fact use a mcdified
electric typewriter. The typewriter has a rerforated shield ccvering the
keybcard, with the holee arranged so thst the desired key can be reached
withcut other keys getting precsed accidentally. A typing speed of akout
one werd per minute hes been observed. This speed@ zllows some useful
classroct: wcrk to ke dene ky the child, but is far toc low for use with
TALK.

With users of this type the cwerwhelming fprckler is lack of hand
ceerdination. They very quickly find the desired key visually, but the
Frocess of mcving the kand into Fceition, and rpressing the key is very
lengthy and tedious.

We found that a keybcard with a lesser numker of keys was mcre ezgily
handled. Initially a standard electronic keyboard was ucsed, medified ky
the rermoval of all but six of the keys, and by the fitting cf a shield with
ccrresponding finger hcles. Used in ccnjunction with autowatically scarned
takles of characters and werds, this greatly improved the rate at which
text cculd ke generated. A further imgrovement resulted when this keyboard
was replaced with ore ceorstructed using very large rocker-action switcheg
arranged cr a 50 cr. arc.

Sorre of the children hcwever can nct use even this input device. A simple
yes/no indication is all that car ke cbtained, using whatever activating

metho@ is the mcet suitakble to the perticular user. Breath - operated
switches, foct switches, and musCle tension operated switches have keen
investigated. User preference is a geed  guide here; one girl flatly

refused to use her hand cperated switch once she had tried a foct- operated
ewitch, ard her performance with the new switch was much better.

Once the form of the input device has been decided, the letter selection
and  werd selectior/generation strategies can be devised, and the
COMMUNICATOR'S programs written accerdingly. We have found it cenvenient
to classify users as either "one key" or “five key" types, and this will be
veed in the following discussion.

TEXT GENERATING STRATEGIES One -~ key user
For the user czpatle cf only a yes/no response, the mcst ckvious method is

to rresent each character in turn using scme scrt cf electro - mechanical
or electronic display, ccurpled tc a typewriter or similar output device. A
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character is reccrded when & “yes" respcnse is given. Ccmmercial equipn-ant.
exists which werks in this way, but all suchk methods are inberently slow
kecause cf the very long time taker to get to characters near tl’}e ené cf
the sequence. When numerals and essential mechine - centrol functions such
as “"speak" are included, around 40 items must be accsssec?. The reszcns;
time of our users is never less than crne seccnd, so an Wwexghted sp?e of
ore character per 20 seccnde is obtained. (The urweighted speed zesumes
characters are equelly prokaskle.)
lakllt':rlanging the most used cheracters at the start of the sequer?ce he}ps, Put
this speed is still far toc low for any sort of synthetic voice
rmunication. )
fl:‘}?rir;um:zhcd is analogcus to a hypcthetical keybecard in which al} forty keys
are arranged in a line. The user of such a keybcard woves in ore spac:
dimensior to select a key, just as the user of the sequertially scanne
erd moves in cpne time dimensior. .
§§Z:c: there are advantages in arranging & typel?'riter keybozrd u'] :wc
dimersions, so there are advantages in- scanning the chax'ai:ters in twc
ctages : in effe ct providing twc "time" dune.-ns:ons. Exan'plg H Lumne and
Thirty six characterscean ke arranged in anAarray of §1x ccfv .u n. 2
six rowe. The rows are scarned by a vertically mc‘_u.ng C\.z§or at a
rate cf about one row per seccnd. Wher the cursor is cp;:cv‘sxte the
row which contains the Qesired character the user activates the
ewitch. The cersor ther starts moving hecrozontally across the
oW . .
;:i:C::: Zurscr is cppesite the desired character F!le sth?hl must
be activate@ & =seccrd time. The ckaracter AJ.S automatically
inserted cr tc the end of the werd cr senterce keing ccnstructed. )
The cursor mcves back tc the crigin and ccmrences to scan the rows
:in in readiness for the seccnd selection. )
:z{::;‘a:’a‘c:er takes mcre than twelve steps, with the unweighted
teing kalf this. .
It can ij::zﬁethat ?:his "twc dimensional™ scanning'locates one of thlrt))'
in 6 steps ( average ), ccmpared with 18 gteps ( avgrege
There is crne disadvantage in that twice as
the user, but this has nct caused any

six characters
for the =ingly scanned methad.
many respcnses are required from
?:ofli:f;f the improvement in letter selec?ion chtlained. abaove, b:;;,;:
interesting to investigate whether further 1:Y|p|10\ements migkt be cl
bty using three cr more time dimersions ( scanning stages ).
Ur.fortunately the anticipated improvements dc not occur for
ot 1te"s'1'hif:;m;ii characters car ke arranged as four 3 by 3 blocks:
The vaer 3918Ct5<1) the block ccntaining the character

(2) the row ccntaining the character

(3) the cheracter itself o
In this case 10 steps are required at wcrst { 4 + ,3 + 3 ), Q;Vlthmé t:‘;
unweighted average cf 5 steps. This is a marginal um.xtvegentl ov:arder "
dimensional schere, but requires three user responses, a is

use.

swall numbers
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The average time takern to select a chasracter is drasmatically recucec if the
cheracters are arranged in order of their prokability cf occcurence ip the
larguage used.

Fcr exarple, the errancement below requires ONLY 3.1 STEFS (N AVERAGE FCR
SELECTING for the letters and space. The time taken to zccess ary other
cheracter/functior dces not significently change this because they occur
far less frequently.

Sp. E I O U %
T a R C € ¢
N H F P B 2
s & W ¥

L M K

A" J

It shculd ke ncted that the mcst frequently ccurring cheracters, that is
space ( Sp. ), E, T, et cetera, occur close to the peint at which scenning
starts, the top left ccrrner.
At this pcint. it is useful to cktain an estimete cf the kest speed which is
possible in thecry. Each ster in the ecerning process gives the user the
cpperturity to signal "yes", or, by dcing ncthing, to indicete "nc'.
Therefore each ster represerts the the extraction of ore kinery unit ( BIT
} of informetior from the user. It cen be seen that at presert we cére
extracting three kits for every letter selected, on average.
It has been estimzted by Shanncr that English text es ar information
content of between (.6 kit ard 1.3 bit per character.
It can nct be inferred hcwever that we cer ever ackieve an average cof ore
ster per character, selecting cre character at a time. It is pcesible
thcugk to devise text gererating schemes in whick grcups cof letters, werde,
or even wcrd sequences are generated. These schemes analyse the preceding
text in order to predict the mcst likely letters to follow, and make these
the mcst eaeily accessakle.
A echteme cf this type is being devised to speed up the COMMUNICATOR. As it
invclves the selection cf the first twc letters in ezck werd, the strategy
used in letter selectior is still criticel.
It weuld appear then thet there is, at mest, roem for a factor of three
impreverwent in the speed of TALK, that is we car gc frem the present three
5 letter werds per minute kut czr nct exceed ¢ WEM with the cne - key user.
The rreceding argumert ascumes a given ster time, in this case cne seccrC,
but in scme very severe cases as it can be as lorg &s ten seccnds. The
respcrse time of the user is dcminated by twe factors : the decisior time
ard the physical respcrse time.
The decision time car ke minimised ky meking the letter scerninc as
clear and as simple to use &e reesible.
The physicel respcree time car be minimised by giving close
attention to the decign cf the user's switch or switches sc thet
the mcst aprropriate physiczl action is utilised.
In TALK the step time ccntinually adeapts to the mediun-term ability of the

veer. The scanning speed increases gradually until the mistake rate
rezches a smwall but definite value. It slows dewr: if the rmwistake rate
exceeds this. An mistake 1is Cdetected by the cperation cf the "rubt cut®

functior, or wter a rew is scarned berozontallv witheut a  selection beinc
mecde .
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In this way the user is operating at pezk speed, and is neither frustrated
by a slow system, ncr disccuraged ky meking toc many errors.

The five key user has an obvious speed advantage cver a cre key user. In
5-key TALK characters are preserted cr the screen in five ccluars and five
serarate cursors scar downwerde. The user presses the eppropriate key when
any cursor reaches the Cesired character. The arrangement used is as

A F 1 o0 T .

L X F & & This takes or average 1.9 steps
C F L ¥ U tc select a letter,compared with
E G P W Y 3.1 sters for the 1-key case

J K v ¢ x

In these tables are plotted the
§ 160 — frequencies of letters  in
2w ENGLISH Fnclish  text (accerding  to
& o TEXT Abrarson (1963)), and  the
- 120 frequency of initial letter and
¥ of second letter in a 400C werd
g ke sckccl  dictionary (Manley ard
&ee Paton, 1981). As car Le see
W oo seen English text hclds a higher
".] vo — propcrtion of T's thar is in
< 20 this dictionary, because cf the
3 aJ n higk frequercy cf "the".

By having separate selection
= 180 — ABCDEFGHITKLMNOPRRSTUYWXYZ tables for the first and second
$ 160 letters in & wcrd the speed
s 1o CHILDRENS' imrroves sigrificantly:

8 1o For ore calculated system:

2 P1c£TIONARY 2.0 steps for the first letter
i’"" Tnikial leter 1.5 steps for the seccnd

&0 — letter

\:-"so— Further imgrovements cen ke
% a0 cktained by taking advantage cf
5" 10 the highly predictakle nsture of
w o - meny letter greurs occuriing in

Erglisk wcrds, and in particular
4 160 BCDEFGHITKLMNOPQRSTUYWXYZ the very strong tendency for
%160+ cersorants to ke followed by
g o CHILDKENS' vewels, ard vice versa. However
S 0 DICTIONARY tc @ynsmically  change the
$ 100 selection systewr <cuggests the
a SewnJ H‘lr use cf mery tables. But even
:s”_ twc selectior takles is reclly
5 604 toc great a burden on the user.
%_\u—-q There IS a way arcuré this
Yo Frebler. In a version of TALK
- aj for the Mark II Comnunicator

currertly Leing implemented ar
ertirely ncvel apgroech to
scarning is being adcrted, which
cembines &n ezeily learnt takle
with ar adertive non-sequertial
scar .

ABCDEFGHITKLMNOPRRSTUVWXYZ
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THE NCON-VOCAL SEVERELY HANDICAPPED

The handicap ccmbination of inakility to produce intelligible speech, and
pocr mctor ccntrol, is fairly rare, ard a highly speculative estimate of
the numkers involved wculd be 8000 in Australia. At the VYooralla Special
schocl, Glenroy, of 130 children with ceretal palsy and cther neurological
cenditions, there are 11 such handicapped children. This disability
corkination can arise in cerebal palsy (BOBATH 1980,), where train damage
has occured at or before birth, or as a result of brain damage in accidents
(which is an increasing phenomena (Ford 1977; Steiner 1981)), or as a
result of ceretal haemcrage (“stroke"). The victims of certain
degenerative neurological ccnditions also pass through such a stage. A
brain lesion need nct significantly affect the pctential for intelligence,
but sadly it can be very difficult to assess the intelligence of the
comrunicatively disakled, sore of whcm therefore receive nc education.

For the ncn-vocal with gced finger control or capable cf precise ccntrol of
a headstick there are a mmber of ccrmunication aids availarle.

CCMFUTER CCMMUNICATION, ACCESS ANLD PROGRAMMING

In 1979 the Schcol's Commission ccmmissioned a survey by Andrews et al
(1979) or the needs and priorities of children with handiceps and learning
difficulties. Suksequently, the Ccmmission has offered support for a
"beacen® project under this writer's direction, titled "Ccmputer
Ccrnunication Access and Programming by Severely handicapped Children”.
The kroed ccncern of the rroject is the needs of children with
neurophysical disability that interferes with the ncrmal ccordination of
muscle action ard whe ccnsequently have very pocr hand ccntrol. Many such
children cannct speak, or perhaps have very difficult to understand speech.
Such children cculd never write, and use some sort of pcinter bcard,
together with limited gestures to communicate. The first task c¢f the
froject is to provide means for the child to communicate in a classrocm
situation, bcth by speech, using synthetic speech, and in hard-copy -
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