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Severely speech-impaired individuals who have

Many severely speech-impaired individuals have a
need or desire to maintain the capability for computerized speech generation while performing a variety
of other computer-supported tasks such as word processing, financial analysis, or database management.
Criteria are presented for augmentative communication systems that both incorporate a personal computer (PC) and provide capabilities for voice output to
satisfy this requirement. Current approaches to such
systems are categorized and reviewed in light of
these criteria. A new method is then described in
which word processing or other appropriate PC software is used for speech production, providing a natural integration of written and spoken communication. The approach separates the computer access
and voice output functions to allow great flexibility in
the choice of an alternative access system. This flexibility combined with appropriate exploitation of PC
software features has the potential to yield a high
communication rate as well as maximum compatibility with application software.
Key Words: Augmentative communication-Alternative access system-Voice output-Applications
software.
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high-level spinal cord injury, can affect the speech
mechanism as well as upper and/or lower extremity
function, resulting in severe dysarthria and an inability to efficiently perform writing or other manual
tasks. Many of these individuals have little or no cognitive impairments and have a strong desire to utilize
their intellectual abilities. However, their physical
limitations represent a major obstacle to the pursuit
of educational, vocational, and personal goals. An
appropriate comprehensive augmentative communication system can compensate to some degree for
these communicative impairments and open new opportunities for personal achievement.
A comprehensive augmentative communication
system supports many forms of communication, de pending on the user's needs. Spoken communication
is frequently a primary function of these systems. In
addition, a number of users can potentially benefit
from access to a variety of diverse tasks, including
written communication, telecommunications, environmental control, even music, financial analysis, or
computer programming.
Personal computers (PCs) provide a powerful way
to achieve communication goals in such areas because of the vast number of application programs
available for the PC . Individuals with only moderate
upper-extremity deficits may not be able to efficient-
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A comprehensive computer system for the nonvocal user should combine the ability to use standard
software with convenient access to speech output.
The main criteria for such a system include: (a) efficient production of spoken and written communica-

BACKGROUND AND REVIEW

This paper presents an implementation of a system
for IBM-compatible PCs running under the DOS
operating system, in which standard word-processing
software is used to provide both speech output and
written communication. Various features of the
word-processing application are exploited to improve the efficiency and functionality of the system.
If necessary, any alternative access system that is
compatible with the word processor can be used.
Th is provides flexibility for the user and clinicians in
designing a communication system that integrates
computer access and voice communication. The efficacy of this approach is qualitatively discussed and
compared to other approaches that provide multiple
methods of communication.

(1).

systems for the PC is that they allow access to any
commercial application program, such as a word processor or spreadsheet.
For the severely speech-impaired individual, spoken communication can be integrated with the other
forms of communication in the system, to give the
user the ability to "speak" while performing other
tasks. One way to achieve some degree of integration
is to use an alternative access system that has voice
output capability. Another way is to exploit features
of the commercial application programs that are already part of the augmentative communication system . Many commercial application programs have
features that go beyond the basic function of the program, which can provide significant utility if they are
identified and utilized properly. These features can
complement or even replace some of the functionality provided by an alternative access system. For
example, standard word-processing software can be
used to provide spoken as well as written output

finger typing systems, depending on the user's physical abilities. A key feature ofall alternative access

from single-switch scanning to head-pointing to one-

acknowledges the fact that, although it is natural and
sometimes necessary to communicate verbally while

performing other tasks, it is impossible for a user to
perform more than one interactive activity concurrently on a single computer. One solution to this
problem is to provide a means to switch easily between voice output and other computer tasks. Ideally, this approach allows a user to run any standard
application software, quickly switch to spoken output
as desired, then return to the same place in the original task.
Current approaches to comprehensive augmentative communication systems can be classified into
three categories. The first combines dedicated voice
output communication aid hardware with the PC .
The communication aid provides a means of alternative text entry as well as spoken output of text. It can
be connected to the PC via a keyboard emulator to
allow use of standard software. As a stand-alone
voice-output device, the dedicated communication
aid provides a high degree of portability and can be
configured for efficient spoken communication. However, to access application software, both a communication aid and a computer are required, which essentially prohibits portability and increases cost.
The second approach uses a single piece of dedicated software for spoken communication, written
communication, and/or other functions. The software can be run on a laptop PC to provide a degree of
portability that approaches that of a dedicated communication aid. Integrating several user tasks into
one package can make it efficient to switch between
activities. However, the performance of each individual function cannot match the power ofthe analogous
commercial software, and many tasks, such as business analysis or preparation of high-quality graphics,
simply cannot be accomplished with such dedicated
packages. Another drawback of this approach is that
the alternative access method is bundled with the
dedicated software, so use of other software requires
a second means of alternative access, which can add
expense and complexity.
A third category is comprised of memory-resident
programs that combine alternative access and speech
output. For example, in many Words + 1 systems, the

application for his needs. The third criterion

We have developed an alternative approach that
eliminates the need for specialized speech output
software. The primary use of this system is as the
basis of an integrated workstation for spoken and
written communication. Standard word-processing
software is used for speech output, which provides a
natural integration of written and spoken communication.
The means for implementing this method is the
capability of most word processors to direct print
output to any input/output (I/O) port using a choice
of printer drivers. This allows voice output from the
system to be sent to a speech synthesizer using the
"print" command provided by the word processor in
the same way that written output is sent to the printer. The destination of output can be selected by the
user; by changing the word processor's printer settings (print options) appropriately, text entered by
the user can be sent either to the speech synthesizer
or printer.
For example, a typical configuration might include
an Epsorr' printer attached to the parallel port of the
computer (known as LPTl), with a DECTalk3 speech
synthesizer attached to the serial port (known as
COM 1). To generate hardcopy output on the printer,
the user selects the print command with the print op-

METHODS

any program without disrupting the current task. A
limitation of current implementations is that there is
no provision for storing or retrieving text in the speech
window. This means that messages must be entered,
then spoken immediately; a message cannot be stored
and spoken at a later time. In addition, because these
systems are memory-resident, they display incompatibilities with some application software and even
some PCs, which limits the commercial software and
hardware that can be used. Another limitation is that
there is only a small number of available systems that
support speech output, so a wide choice of alternative
access interfaces is not available. Finally, the cost to
the user includes both that of the commercial application programs as well as the alternative access/
speech output software, which alone can be in excess
of $1,000.

native access system can be used, as long as it is compatible with the word processor. Since the word -processing application is solely responsible for printed
and spoken output, the alternative access method
used for text entry need not be limited to those that
support speech output on their own. This means that
text entry can be accomplished through the hardware
or software that supports the most efficient technique for the user. These can include such techniques as standard keyboard access, optical pointing,
Morse code, and single- or dual-switch scanning, and
may incorporate any appropriate rate enhancement
technique, such as abbreviation expansion or word
prediction.
This basic approach may be greatly enhanced by
exploiting some additional features of the word-processing application. First, many commercial word
processors can display more than one window of text
on the screen simultaneously. With two window s on
the screen, one window can be used mainly for written
text (e.g., business correspondence, personal writing), and the other can be used for the development of
communication for vocalization. Text in either window can be directed to the printer or speech synthesizer by setting the print options appropriately and
executing a print command. Typically, however, the
print options for each window are set automatically
when the window is opened, so the user does not have
to take the time to set them explicitly. When the print
options are set automatically, text in the writing window is sent to the hardcopy printer, and text in the
speech window is directed to the speech synthesizer.
While the user is working in the writing window , a
single selection can be used to switch to the speech
window. This allows the user to leave the writing ta sk
temporarily, have a conversation, and return to the
writing window, without affecting the contents of the
written text. Figure 1 illustrates this concept.
A second desirable feature of the word processor is
the ability to "print by selection," i.e., to print or
speak a particular section of the window , rather than
all the text in the window . Once the user has placed or
entered text into a window, any portion of it can be
selected for output. This is especially important for
spoken output in order to give the user control over
what is spoken and to avoid unnecessary repetition of

allows the user to enter and store text relevant to particular environments or in preparation for a specific
future conversation. By loading the desired file into
the voice communication window, the user can then
retrieve portions ofthe prestored text. Figure 2 shows
an example of this technique in a school setting. As

Two text windows on the screen provide integration of both spoken and printed output.

quired to select a line and send it to the speech synthesizer, can be reduced to a single selection for maximum efficiency. In addition, macros can be used as a
means of abbreviation expansion when writing or
speaking to enhance text entry rate.
Finally, the ability to store and retrieve text files

FIG.1.

outputdestinations. The first, initiated by selecting
Alt-W, opens two windows and sets the top window for

capabilities, with file storage/retrieval, (b) supportof

serial I/O port for output, and (c) support of ASCII
text output driver. The following additional features
are suggested, since they can increase the efficiency
of the system: (a) support of more than one on-screen
text window, (b) ability to "print by selection," and (c)
support for macros.
Many commercial word processors, such as Word Perfect" or Microsoft Word'' have all ofthese features.
In addition, a number of so-called "integrated" software packages, such as Microsoft Works 5, which combine word processing with spreadsheet, database,
and/or other capabilities, may have these features as
well.

S.P. is a 45-year-old woman with a progressive
movement disorder of unknown etiology. She is severely dysarthric and therefore requires an alternative means of spoken communication. Her previous
means of communication was a Sharp Memowriter"
that provided printed output of typed messages. She
is well-educated and has a great interest in writing,
with a goal of publishing a collection of her poems and
stories. A portable system that combines high-quality
output of both written and spoken communication is
required to meet her needs. A Zenith SupersPort ATcompatible laptop computer" and modified DECTalk
speech synthesizer", both battery operated, were
chosen as the hardware platform for her system. S.P .
also has a desktop printer, which she uses for hard-

CASE STUDY

primary means of controlling her text windows and

communication: (a) word-processing or text-editing
print output and the bottom window for speech output. The second, initiated by selecting Alt-S, selects
the current line of text and sends it to the DECTalk
for speech output. For example, to speak a me ssage,
S.P . first types in the message text on a single line of
the speech window, using abbreviation expansion
where possible. She then types Alt-S to select the text
of the message and send it to the DECTalk. She can
also speak messages on other lines of the window by
moving to the desired line , using the cursor keys, then
typing A1t-s.
Two additional macros were created to give her
freedom to change the automatic print options settings if needed; these are used infrequently, but they
are necessary to give her complete control over her
system.
Training S.P. to use this system proficiently re quired several weeks of daily 2-3-hour sessions with a
speech-language pathologist and rehabilitation engineer. Most of the training time was spent on developing abbreviation expansion strategies with
Quickey and understanding the DOS operating system. Only a couple of sessions were needed for her to
initially understand the importance of print options
and text windows and to be able to use the macros
appropriately for speaking and printing. However,
she has had some difficulty in retaining the macro
information, so she frequently uses only one window
on her screen, for speech output only. While she
could potentially be more effective using a two-win-

copy output. An optional battery-operated printer
was not seriously considered in this case, because the
relatively low importance of portable printing for S.P.
did not warrant adding it to the system.
Because she has the ability to use a standard keyboard with one finger , her alternative acce ss system is
quite simple and inexpensive. She uses the l-finger"
program to allow her to latch "shift" keys , such as
Control, Alt, and Shift, and the Quickey9 program for
abbreviation expansion to increase text entry rate.
She uses the WordPerfect word-processing program
as her means of both spoken and written communication. Two macros were created in WordPerfect as her

the user is writing a homework assignment in the top
window, she enters questions about the assignment
in the bottom window. She can then store questions
in a file and retrieve them for speaking in class the
next day . Once the questions have been placed in the
window, individual questions can be automatically
selected for speech, as discussed above. This technique can also be used to generate more generic communication files on common topics to be retrieved as
appropriate.
In summary, any software package with a minimum
of the following features can be used as the basis of a
workstation that integrates both written and spoken

First, the efficiency of spoken and written communication is determined in part by how quickly the
user can enter text. This component of efficiency
depends on the alternative access and rate enhancement methods used. Since the system can be used
with any available access system for IBM-compatible
PCs, not only those that incorporate voice output,
there are a larger number of alternative access and
rate enhancement methods to choose from. Choosing
from this wide range of options improves the likelihood of maximizing the text-entry rate.
Another factor in communication efficiency is the
ability to store and retrieve files of text designed for
specific conversation, as discussed above. This is a
method of rate enhancement that is currently available only when using a word processor to provide

Efficient Production of Spoken and
Written Communication

By employing the techniques described above , a
system that provides both spoken and printed output
from a standard word processor can be developed.
As mentioned, it may also be possible to use other
commercial software packages as the basis for this
system. This discussion focuses on issues affecting
the efficacy ofthis approach, including how well such
a system can meet the three criteria previously introduced for a multipurpose workstation used by severely speech-impaired individuals.

DISCUSSION

computer and the speech synthesizer are batteryoperated in order to be portable, it is an ongoing
challenge to mount them successfully to S.P.'s threewheel scooter. The computer, in particular, must be
easily accessible and protected from possible damage during driving, yet not interfere with the driving
tiller. While work remains to be done to make S.P.'s
system as functional as possible, it is currently providing her with capabilities, such as abbreviation expansion, voice output, written communication, and
file storage/retrieval, that her Memowriter could not
supply.

striction on the content of spoken text; any desired
text can be produced, then selected for speech output. For greatest efficiency , however, the user is
encouraged to enter his text in units that can be automatically selected. For example, individual short utterances, such as "I don't know" or "Let's go," could
be entered on separate lines of the window to be selected and spoken separately.
As discussed above, the efficiency of spoken communication is a function ofthe alternative access system used, as well as appropriate exploitation of numerous features in the word processing software. For a
given access technique (e.g., single-switch scanning) ,
it is not yet known how spoken communication rates
attainable with a word-processing-based system
compare quantitatively with those achieved using
other PC-based software or dedicated communication

Note that automatic text selection places no re-

doctor's office. The technique allows the user to
spend time formulating her words when no one is
waiting to hear her message, then speak the message
quickly when listeners are waiting.
The ability to retrieve files also supports the development of a communication library where general
text relevant to particular situations or environments
may be stored in a number of files. The power of this
technique, however, has not been well explored and
needs further investigation.
A third factor affecting communication efficiency
is the overhead associated with selecting the text to
be spoken and executing a "print" command to send
the text to the speech synthesizer. This factor must
be carefully considered before using a commercial
software package for voice output. Word processor
features that automate the process of selecting and
speaking text, such as single line printing and macro
creation, can minimize this overhead. It should be
noted that there are usually natural units of text that
can be most efficiently spoken from a word-processing program such as a single line (up to about 80
characters), sentence, paragraph, or an entire text
window. Other units oftextcan be selected explicitly,
but may require multiple use of cursor keys or mouse,
which can be inefficient. Therefore, it is important to
organize messages into segments that correspond to
a natural word processor unit of text.

Finally, the third criterion for fast task switching is
addressed, particularly when the user is only using the
computer for the two tasks of written and spoken
communication. When two windows are used in the
word-processing application to separate written and
spoken text, switching between speaking and writing
requires only a single selection. The time required to
make this selection depends only on the means of
alternative access being used by the user.
If a user needs to run other application programs in
addition to a word processor, it is still possible to pro vide convenient and rapid access to a means of spoken communication. The ideal situation is to rapidly
switch between the speech output window and other
application programs using one or two selections,
without the overhead of exiting one program and
running another one . This can be achieved using one
of two techniques. The first uses the "DOS shell" feature of many word processors, which allows a second
program to run while the word processor remains in
memory. When the user exits the second program, he
is automatically returned to the original place in the
word processor. The second approach entails the use of
an extended DOS environment such as DESQView lO •
These environments provide fast switching among
applications. When the user leaves one application to
go to another, the state of the program is saved, so the
user returns to his original place.
A limitation of both of these techniques is that all
applications being used must fit simultaneously in
the computer's RAM (random access memory). The
standard capacity of 640K is often enough for two

Fast and Nondisruptive Switching Between
Speech Output and Other Tasks

In considering the second criterion regarding compatibility with other commercial software, the approach described in this paper does not impose any
additional limitations beyond those arising from the
chosen alternative access system. In fact, a relatively
high degree of compatibility can be expected, since
almost any alternative access system can be chosen
for alternative keyboard input.

Compatibility with any Commercial Software

The system presented provides an example of an
approach that integrates voice output with other
tasks, particularly written communication, using

CONCLUSIONS

user does not necessarily need to thoroughly understand the specifics of the different print options
explicitly, since these options can be changed by executing preprogrammed macros. However, the user
does need to understand the basic principles behind
the system in order to be able to independently troubleshoot typical problems that may occur. These are not
especially difficult concepts, but it can take some
time for someone who is not familiar with computers
to understand them. Since the system is only appropriate for individuals who have the ability and desire
to learn at least one computer application (i.e., the
word processor), the additional learning required to
understand the importance of print options should
easily be in range of the capabilities of the target user
group.
Finally, system portability is an important issue for
some users, particularly to provide spoken output in a
variety of environments. Any PC -based system can
be run on a battery-operated laptop PC to achieve
some degree of portability when combined with a
battery-operated speech synthesizer. If the user is
not independently mobile, it is relatively simple to
mount the laptop PC and synthesizer on a manual
wheelchair or on a bed. For independently mobile
users, the laptop PC and synthesizer must be mounted on the user's powered mobility system to provide
independent and convenient access to the PC without restricting mobility. As shown in the case study
above, it can be difficult to achieve this ideal with certain combinations of mobility system and laptop PC.
In addition, some important factors, such as quality
of display or processing power, may be compromised
to achieve maximum portability, and these tradeoffs
must be taken into consideration before a final choice
is made. However, as laptop PCs evolve , there will be
more and more features in a smaller and lighter package, which will minimize these tradeoffs and improve
the "mountability" of a PC-based system.
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