
"Technical Notes" in BPR originated when certain Progress Reports went be-
yond the usual scope to present a wealth of detail about some single aspect of
the research, typically a matter of instrumentation or materials or procedure.

With the establishment of the category, authors have been finding the depart-
ment a useful channel of communication . Material available has tended to grow
in intellectual and technical stature . BPR's editorial posture has changed in
response, so that the earlier informal checking by staff, and occasional external
review, has tended to give way to a more formal procedure which involves
reviewers from the publication's Editorial Board, ad hoc reviewers, or both, as
may be appropriate to deal with complex or wide-ranging subject matter . This
"double-anonymous" review effort sometimes equals that given to all regular
feature articles in this publication.

Therefore, while the work described in these more ambitious Technical Notes
may lack the number of subjects, weight of data, and the discovery of or
replication of procedures leading to new knowledge required for a traditional
scientific article, they have been handled with the greatest possible respect for
the author's devotion and the readers' requirements.
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Abstract

The purpose of this paper is to describe a technique for
nonvocal personal communication for the severely handi-
capped person, using the Apple II computer system and
standard commercially available software diskettes (Visi-
Calc® ) . The user's input in a pseudo-Morse code is gener-
ated via minute chin motions or limited finger motions ap-
plied to a suitable configured two-switch device, and input
via the JHUTAPL Morse code interface card . The com-
mands and features of the program's row-column matrix,
originally intended and widely used for financial manage-
ment, are used here to call up and modify a large array of
stored sentences which can be useful in personal
communication.

It is not known at this time if the system is in fact cost-
effective for the sole purpose of nonvocal communication,
since system tradeoff studies have not been made relative
to other techniques. However, in some instances an Apple
computer may be already available for other purposes at
the institution or in the home, and the system described
could simply be another utilization of that personal com-
puter . In any case, the system clearly does not meet the
requirement of portability.

No special components (except for the JHUTAPL Morse

Introduction

In a program sponsored by the Veterans Administration, a
range of assistive devices are being developed at the Ap-
plied Physics Laboratory of The John Hopkins University
(JHUIAPL), for use by the high spinal cord injured person a .
One is a low-cost interface device for the computer which
provides an alternative to keyboard entry for the highly
handicapped individual . Based on a pseudo-Morse code
system, this concept allows full operational control in lieu
of the keyboard, including multiple-key entry (for shift and
control characters), thus permitting full use of the comput-
er and its peripherals such as disk drives and modems.

The requirements for this alternative to keyboard entry
included the capability for operation in the range of 10—20
words per minute for long periods without fatigue . Tests
in the Laboratory verify input rates up to 60 characters per
minute capable of being sustained for long periods . The
system, developed at JHUTAPL, is inputted via minute chin
motions or limited finger motions via a two-switch device
to generate the required Morse code . With the code being
fed via the system's interface card to a typical personal
computer such as the Apple II TM , the user can operate (un-
modified) the large number of available software diskette
programs to perform word processing, data filing and
searching, and financial data management . Among these
programs are such well-known and widely applied exam-
ples as VisiCalc® , ApplewriterTM , and Magic Window-rm .
Tests with handicapped persons are now being set up with
seven cooperating rehabilitation centers throughout the
United States and Canada to clinically evaluate the practi-
cal utility of this vocational and personal tool.

One of the benefits which have come from this program
has been the application of this technique to nonvocal
communications . This application uses the existing Visi-
Calc software program to provide communication rates
which can run in excess of 30 words per minute . The tech-
nique, based on complete sentence structure displayed on



PAGE 29

Bulletin of Prosthetics Research BPR 10-37 (Vol . 19 No . 1) Spring 1982

the video monitor, has access times of 10 to 20 seconds
for any one of hundreds of sentences ; any word or words
in a given sentence may then be readily changed in a mat-
ter of additional seconds.

This system is comparable in format to many conven-
tional communications aids for the nonvocal handicapped
person (1) which usually contain an array of alphanumeric
characters along with key words which may be selected by
row-column scanning . Some systems provide additional
pages of characters and key words which may also be se-
lected, to increase the vocabulary. The sentence to be
communicated is usually created by selection of appropri-
ate letters and key words and is displayed in an alphanu-
meric read-out somewhere on the board . The communica-
tion method to be described in this paper has many of the
features of these basic systems as well as features of ad-
vanced communications systems such as UNICOM (2),
and achieves comparable speeds— but uses mostly off-
the-shelf hardware.

Description of system in operation

This nonvocal communications technique is based on
the use of the VisiCalc software program diskette made by
VisiCorp (approximately $200) and requires no modifica-
tion to their program . VisiCalc is a row-column matrix
which is primarily used in financial management applica-
tions. What has been achieved by this author is the use of
the commands and features of their program to accom-
plish the calling up or modifying of a large array of stored
sentences for use in personal communications by nonvo-
cal persons . The technique can easily store hundreds of
sentences (perhaps thousands), any one of which may be
accessed in 5 to 20 seconds . The sentence structure is
flexible and any word or letter in the sentence to be com-
municated may be readily changed by the handicapped in-
dividual at the time of use . An example of how the system
operates follows.

On a typical screen display of VisiCalc, a 20x6 row-col-
umn matrix will be displayed (assumes 6-character col-
umn width) . One of the many features of VisiCalc is the
ease of moving the cursor to any x,y coordinate on the
screen (or anywhere in the total 250 x 60 row-column ma-
trix) . Row-column scanning as well as direct access to a
given matrix location is readily achievable . Normally, up to
6 letters or numbers may be entered (stored) or displayed
at any given cursor position (again assuming 6-character
column width, but that width may be varied) . One can
store up to 125 characters (approximately 20 words) at any
x,y location and retrieve it by using the Edit feature.

Any retrieved message is read out in the Edit Window at
the top of the video screen . Thus, if the user places the
cursor at the desired matrix position and enters the code
symbol /E on the keyboard or in Morse, the selected pre-
stored sentence is displayed . A flashing cursor identifies
the sentence on the screen to be communicated . Any sen-
tence appearing in the Edit Window may then be modified
by the user appropriately deleting and/or adding charac-
ters or words . Thus the user has total flexibility in his
choice of sentence structure, with minimal input required .

structure for each "page" (a page is the term used to refer
to the material seen on the screen at one time) for easy ac-
cess by the user without requiring the user to commit to
memory the matrix location of any given sentence . The
design needs to have some of the desirable features char-
acteristic of a Blissymbol board with its own dedicated
computer (3) . This author has chosen, for this application,
to format the screen display with verbs, action descriptors,
or key words in cursor positions in a row or rows across
the top of the screen, and nouns, subjects or objects,
down a vertical column or columns . This provides cues to
help the user select an appropriate sentence . This arrange-
ment also minimizes the volume of data that must be visi-
ble on the screen at any one time, while still allowing up
to 50 sentences to be accessible in a single display . A typi-
cal screen display formatted in this way is shown in
Figure 1.

The user has complete control over deciding how the
screen is to be formatted and could set up any other ar-
rangement of his choice . No print need appear on the
screen except for the row or rows of key verbs and column
or columns of nouns (as shown in most of the illustrations
here) but the index and descriptors of all available pages
may be retained at the top of the screen, if desired, by the
use of the VisiCalc "split- screen" feature as shown in Fig-
ure 1A. This flexibility of page format is inherent in the Vi-
siCalc program . Many pages, each with related sentence
groupings (30—60 sentences) may be constructed with this
technique—theoretically one could make use of the 15,000
matrix locations (250 rows x 60 columns) in VisiCalc.
(Memory limitations, of course, limit practical utilization to
perhaps 1,000 or 2,000 sentences for a given program,
while loading a second or third program from diskettes
will, of course, increase the repertoire .)

In order to facilitate selection of any appropriate page of
sentences, the Morse command, SEQUENCE ( . . . --- ),
followed by the page number in Morse, enters the appro-
priate sequence of VisiCalc commands to change the
screen display to the appropriate page . Random access
time to a given page is approximately 3 seconds.

The user who has called up the screen display shown in
Figure 1 can select any one of the 50 individual sentences
in Table 1 for display in the Edit Window . The user does
this by placing the cursor at the appropriate row-column
intersection by typing in /E or entering SEQUENCE el) in
Morse code (e .g ., for SEQUENCE, use . . . --- and for 4),

use	 ) . Use of Morse code in this instance not
only calls up the Edit line, but advances the character cur-
sor in an automatic mode to scan the selected sentence to
allow changes to be easily made.

The sentence that has been selected in Figure 1A is
shown just below the word "Edit" near the top of the
screen . This example illustrates the cursor placed at A77
coordinate (intersection of "AM" and "VERY ILL") to call
up the sentence "I am very ill, please get a doctor ."

Some of the sample pages used in the preliminary dem-
onstration of this technique are shown in Figures 1
through 5, along with the sentences to be outputted,
shown in the like-numbered tables . Once a pre-stored sen-
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FIGURE 1.
This is a "page" in the format chosen by the author for the nonvocal
communications application . Among its advantages is the large
number of sentences which can be accessed using the cues pro-
vided by this relatively uncrowded screen display . The verbs or
"action descriptors" are arranged near the top of the screen (AM,
AM NOT, WOULD LIKE, etc .) while subject or object cues are ar-
ranged in columns.

By maneuvering the cursor into the column location below the
desired action cue, at the row level of the appropriate subject or
object cue, the user automatically selects the x,y coordinates of the
matrix location of the stored sentence. A brief Morse code command
will then cause the selected sentence to appear in the rectangular
space at the top of the screen . (See Fig . 2) .

FIGURE 1A
This is an example of a screen display when the optional "split
screen" arrangement is in use . Both the index of available pages and
a specific page are sharing the screen area . Note that the space
required for the index has crowded out several rows (81 and 82) of
the page which are visible on the screen as shown in Figure 1 . (The
user could bring these rows into view by scrolling .)

The sentence the user has selected (by placing the cursor in
column A at row 77 (AM, VERY ILL) is displayed on the line below the
word Edit. The program supplies a flashing cursor placed so as to
call attention to this line.

TABLE 1
The "page" represented in Figure 1 allows the user to select any of the 50 sentences listed below.

I am hot.
I am cold.
I have the chills.
I feel cool.
I feel clammy.
I feel fine now.
I am warm.
I am ill.
I am very ill, please get a doctor!
My	 hurts
It is time to take my medicine.
Please call the doctor!
Please call my attendant, I would

like to be moved to
I am thirsty, please bring me a drink.
I would like a drink of water.
I would like a drink of coffee.
Please put ice in my water.
I would like a glass of milk, please.
I would like a Coke, please.
I would like some meat please.
Yes, I would like some potatoes.
I would like some corn please.
I would like some beans please.
I would like some salad please.
I would like some dessert please .

I am not hot.
I am not cold.
No, I do not feel chilly.
I am not cool.
I am not clammy.
I am not fine.
I am not warm.
No, I am not ill.
I'm not very ill.
My	 does not hurt.
I do not need to take my medicine now.
No, I do not need to see the doctor now.
No, I do not want my attendant now.

I am not thirsty.
I do not care for water now.
I do not want coffee now.
No, thank you, I do not want ice in my drink.
I do not care for milk now.
No thank you, I do not care for Coke now.
I would not like any meat.
No thank you, no potatoes please.
I do not want corn.
I do not want any beans.
I do not care for salad now.
I will pass on the dessert for now . (Will Power)
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code input . In test trials, access to any sentence in the
sample of five pages shown in this report was 5 to 20 sec-
onds, including the page change ; these times are based
on a Morse input speed of 12 WPM . Slower Morse speeds
will result in correspondingly longer access times.

Automatic scrolling may be done at any time by using
SEQUENCE ( . . . --- in Morse) followed by L (left), R
(right), U (up), D (down) to control cursor direction . Thus
the Morse code input system provides a means for easily
accomplishing row-column scanning of a page, or direct
access to a given page or matrix location, as well as full al-
phanumeric character generation capability to modify
stored messages before outputting or to generate new
material for immediate use or storage.

Discussion

Researchers who are working with nonvocal handi-
capped persons who have minimal input capability, and
who have access to an APPLE computer and VisiCalc, may
easily implement the concept described above to compare
against other communications aids . Our experiments
showed that any one of 500 sentences of 60 to 120 charac-
ters each could be accessed and outputted in 5 to 20 sec-
onds random-access time . This translates to approximate-
ly 30 to 60 words per minute maximum rate for this group
of 500 sentences . One drawback to this system may be the
presence of too much data on the monitor for the person
who is on-the receiving end of the communications . The
flashing cursor mentioned earlier, which signals the loca-
tion of the message on the screen, may keep most recipi-
ents from losing the message, even in the clutter of a
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screen formatted as in Figure 1A . In any case, this problem
is being further addressed.

One complete alternative to visual display of the sen-
tence to be communicated is the use of a voice synthesiz-
er . Since the VisiCalc program is already programmed to
output any subset of the screen to a printer via the RS 232
port, any selected sentence could be outputted via synthe-
sized voice. A limited demonstration was conducted in the
Laboratory, using a commercially available device called
Type-'N'-TalkTM by Votrax (4) attached to the RS 232 port,
to verify this concept . The results were highly encourag-
ing. A two-character Morse command was utilized to ad-
dress the printer port to output via voice any sentence of
choice of up to 66 characters in length . (Keyboard entry to
operate the voice synthesizer via the printer port was un-
acceptably slow compared to the 2-second access time
with the Morse code system .)

The Morse code interface card under development at
JHU/APL is the only special component required to imple-
ment the system described here to provide versatile two-
switch input for full equivalent keyboard accessibility by
the handicapped person . The Morse interface card sup-
plies the full ASCII character set, and provides a mode for
series character generation of commonly used macro
character strings . The card is not yet available commercial-
ly, but the Laboratory is actively seeking interested manu-
facturers for this component.

One handicapped individual (non-vocal and totally para-
lyzed due to a stroke) has been fitted with the JHU/APL
Morse code input system to the APPLE computer (5) . He
has learned to use a word processor program (Apple-

TABLE 2
This list of sentences was derived from
display shown in Figure 2.

Yes, I understand you.
Please repeat your statement.

Please talk slower.
Thanks for your help.
So long, I will talk to you later.
Please call	 for me.
Hello
Hello, how are you?
Hello, it's good to see you.
That's good.
That's bad!
That's great!
Goodbye.
Goodbye, thanks for coming.

No, I do not understand you.
I understand your question but do not
to answer it.

8
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FIGURE 2
Sample page with greetings and some basic conversational sentences . Key words are
used as cues to corresponding sentences immediately below each key word or words.
Scrolling to the right picks up additional sentences .



PAGE 32

writer) and is learning VisiCalc to perform financial man-
agement tasks . His present rate of speed with Morse is ap-
proximately 6 to 8 words per minute. This individual al-
ready uses the word processor program for communica-
tions with his family . Use of a word processor type of
program allows him to write lengthy sentences and store
them for recall at a later time by saving the program on
diskette . It is planned to implement the nonvocal commu-
nications program described herein for this individual, and
to compare this method versus direct character
generation . n
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FIGURE 3
Sample page of conversational sentences related to the use of
television, radio, lights, and the computer.
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TABLE 3
List of sentences derived from the screen display shown in Figure 3.

I would like to watch TV.
I would like you to turn the TV off,

please.
I would like the volume up, please.
Please turn the volume up on the TV.
I would like the volume turned down,

please.
Please turn the volume down on the TV.
I would like you to change the TV

channel to	
Please change the TV channel to	
I would like you to tune the TV,

please .;
I would like more light, please.
Please turn the lights 	
I would like to listen to the radio,

please .;
Please turn the radio on.
Please turn the radio off.

I would like to continue with the
computer .

I would not like to watch TV.
Please turn the TV off.

I would not like the volume changed.

I would not like the volume turned down,
please.

Do not tune the TV now.

I would like less lights please.

I would not like to listen to the radio now.

I would like the radio off, please.

I would not like to continue working with
the computer just now .
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FIGURE 4.
Sample page of conversational sentences requesting items of cloth-
ing and other objects .

FIGURE 5.
Sample page of conversational sentences relating to weather in the
context of present, past, and future.

TABLE 4.
List of sentences derived from the screen
display shown in Figure 4.

Yes, I would like it.
Yes, please bring it.
I would like a sweater, please.
I would like a blanket, please.
I would like the VISICALC diskette

placed into the disk drive #
please.

I would like the MAGIC WINDOW
diskette placed into the disk
drive, please.

I would like to rest now.

No, I would not like it.

No thank you, I do not want a sweater.
No, thank you, I do not want a blanket.
No thank you, I do not want the
VISICALC diskette now.

No thank you, I do not want the
MAGIC WINDOW diskette now.

I don't need to rest now .

TABLE 5.
List of sentences derived from the screen display
of Figure 5.

Is it very cold?
Don't you think the weather has been unusually

cold?
Will it be colder tomorrow?
Is it very hot?
Don't you think the weather has been unusually

hot?
Will it be hotter tomorrow?
Do you think it is going to snow?
Don't you think we have had our share of snow

this winter?
Is it likely to snow tomorrow?
Is it likely to rain soon?
Don't you think we have had our share of rainy

weather?
Is it likely to rain tomorrow?

Thanks for coming and talking to me .
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