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ABSTRACT This paper reports the development of a
computer-aided conversation prosthesis which is designed
for severely physically impaired non-speaking people.
The research methodology was to model aspects of con-
versational structure derived from the field of conversa-
tion analysis within a prototype conversational prosthesis.
The prototype was evaluated in empirical investigations
which also suggested successful strategies for carrying out
satisfying conversation using such a system. Two versions
have been built and tested, one using an able-bodied op-
erator to test the feasibility of creating conversation from
prestored material, the second being used by a physically
impaired non-speaking operator. The prototype demon-
strated the advantages of this interface design in helping
the user to carry out natural sounding and satisfying con-
versations.
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INTRODUCTION

People can be so severely physically impaired, either
through paralysis or lack of muscle control, that they are
unable to speak. Many such individuals can communicate
via a keyboard (or special switches) connected to a speech
synthesiser. However, the general lack of muscle control
which usually accompanies loss of speech means that they
are very slow in controlling any sort of input device. The
result is that, even with currently available technical help,
users typically only achieve 2-10 words per minute [7].
Unimpeded conversation, by contrast, usually proceeds at
120-200 words per minute [5], and slowness of communi-
cation and long silences tend to be interpreted negatively
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by listeners {12,16]. Non-speaking users of current com-
munication systems also have great difficulty in taking the
initiative in conversations, and retaining conversational
control [9].

The fact that most people whose physical impairments
keep them from speaking are cognitively intact, and can
understand what is communicated to them, makes their
situation even more frustrating. The development of high
quality speech synthesis and the widespread availability
of portable computers would seem to offer a potential so-
lution to this problem, but the progress thus far has been
modest. Current systems either allow the user to build ut-
terances word by word, giving the typical communication
rate already cited of 2-10 words per minute, or allow the
storage and retrieval of phrases and sentences. Although
this could offer much higher communication rates, in
practice users found it impractical to remember all but a
small part of what they had stored, and how to access it
[1l.

TOWARDS A MORE INTELLIGENT COMMUNICATION
AID

A more promising approach to this problem, however, is
to have the communication system itself keep track of the
user’s conversation, and offer help in selecting the next
thing to say. Rather than just passively storing material,
such a system might use information about conversational
structure and the pragmatics of dialogue to retrieve con-
versational items depending on what is currently happen-
ing in the conversation, and what would be likely candi-
dates for the next thing to say.

Although, of course, conversation can be unpredictable, it
is a highly rule-governed activity [3,17}, and, 'an enor-
mous amount of natural language is formulaic, automatic,
and rehearsed, rather than propositional, creative, or
freely generated’ [Fillmore, cited in 6]. Thus the content
of many conversations is to a certain extent predictable.

With Fillmore’s observation as a starting point, a reason-
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able focus is to consider ways of aiding a user to store and
retrieve reusable conversational material. Following the
development of a predictive system which helps a user to
open and close conversations and give feedback to the
other speaker [2], work has been proceeding on develop-
ing ways to incorporate predictive and conversation mod-
elling techniques into a system which would help a user to
take part in topic discussion, drawing on a store of reus-
able conversational material.

The way that an interface is designed between the user
and this store of reusable material should reflect the
pragmatics of the conversation. The pragmatics of a lan-
guage concems how the language is used to accomplish
interactional purposes. It is on the top of the hierarchy of
language analysis which has the usual stages: lexical, syn-
tactic, semantic, and pragmatic. To give an example, the
utterance 'Could you pass me the salt?’, stripped of its
pragmatic component, is simply a request for information.
More than semantics is needed to interpret this phrase as
a polite request for action.

Pragmatic analysis is important both in interpersonal com-
munication, and in human-computer interaction. [11,18].
In the application described here pragmatic considerations
are important, both at the user-computer and user-listener
interface. The interface with the system needs to be sensi-
tive to what the user is wanting to accomplish in the dia-
logue with the other person, rather than operating at the
low level of individual words which are being used. Such
sensitivity would increase the speed of the communication
and give a transparency to the computer operations which
would allow the user to concentrate on the interaction. In-
terpreting the interaction with the other person in terms of
pragmatics suggests a communication system which helps
the user to accomplish certain interactional goals, rather
than simply to send messages.

An aspect of designing for people with disabilities is that
the requirement that a system be as easy to use as possible
is not an optional, but an essential feature of a system
where most users will need to exert a great deal of effort
to make any sort of directed movement. In fact, we are all
disabled in a number of ways from the point of view of a
computer, particularly in the bandwidth by which we are
able to communicate with it - it is just that some of us are
more disabled than others [10].

Given the extreme slowness with which a severely im-
paired person would be able to input text for speaking, the
assumption made in this research was that the items to be
spoken would be entered in advance, in their own time, by
the user.

The interface design began with a simulation using text
written on index cards. In this simulation, a researcher
took the role of a non-speaker, and prepared on file cards
plausible contributions to a conversation on ’job inter-

views’. Conversations were then conducted with volun-
teers by means of the researcher pointing at a card when-
ever she wished to communicate what was on that card.
The content of the card was then read out by another vol-
unteer. Repeated runs of this system lead to the addition,
deletion, and alteration of cards as problems became ap-
parent through breakdowns in the conversation. The par-
ticipants reported that they found the conversations rea-
sonably natural, and control passed satisfactorily between
the card user and the conversation partner.

LESSONS FROM CONVERSATION ANALYSIS

In addition to lessons learned from the above simulation,
the interface design was also based on a number of as-
pects of conversational structure which have been estab-
lished by conversation analysis research. The aspects
which were incorporated were the predictability of open-
ing and closing sequences, the alteration of speaking turns
and perspectives, the orderly movement through topics in
a conversation. and the importance of rapid and continu-
ous feedback to the other speaker.

Opening and closing sequences

Opening and closing sequences are an important and fre-
quently performed conversational feature. People do not
just start talking about something with each other. They
work at getting started, and they work at finishing the
conversation gracefully [8,15]. If steps are left out of
these sequences, the impression is created of rudeness, or
lack of social training. A common opening sequence is
GREETING & SMALLTAILK. A common closing se-
quence is WRAPUP REMARKS & FAREWELL. For
this prototype, the opening sequence was GREETING &
INTRODUCTION, and the closing sequence was
WRAPUP REMARKS & FAREWELL. Because the sys-
tem was to be tested in a laboratory experimental situ-
ation, it was thought that introductory remarks were more
appropriate than smalltalk.

Alternating perspectives

Conversation tends to consist of alternating turns, with al-
ternating perspectives on the topic being expressed [4].
For the conversational content of the system it was de-
cided to enable the user to have a dialogue on the subject
of ’holidays’. The prototype allows the user to change
perspectives and select an appropriate new set of texts by
choosing three aspects of the topic of holidays: person,
time, and orientation. The person aspect is either ME or
YOU. The time aspects are PAST, PRESENT, FUTURE.
The orientation aspects are WHERE, WHAT, HOW,
WHEN, WHO, WHY. For instance, selecting ME-WHO-
PAST would produce a set of candidate texts all on the
subject of people who, in the past, accompanied the user
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on holiday, or who they met on past holidays (see Figure

1).
Topic shifts

The way speakers tend to move through topics in a con-
versation is governed by rules of relevance. It is usual to
change topic in a ’step-wise’ fashion, by small incre-
mental moves [14]. The system presents the user with a
set of candidate texts for speaking, which have been se-
lected on the basis of the perspective chosen. The user
may speak the texts in sequence, which produces a coher-
ent narrative, or select and speak any text or any sequence
of texts within the chosen set. If the user wishes to change
topic, the selection of a new choice for one of the aspects
will bring up a new set of texts, which share the other two
aspects with the previous set. The user is free to reset two,
or all three aspects if they wish.

Feedback remarks

Rapid and continuous feedback from listener to speaker is
important in a conversation. The model of an active
speaker and a passive listener is a simplification. Conver-
sation is a simultaneous creation of all the participants.
The speaker relies on a continuous steam of feedback
from the listeners, and will tend to modify what they are
saying and how they say it accordingly [20]. This is a par-
ticularly difficult problem for physically impaired non-
speakers, who find it very difficult, or impossible, to give
appropriate feedback to another speaker. (As a conse-
quence they can be wrongly thought of as deaf, unintelli-
gent, or not paying attention.) The importance of timing

of feedback remarks suggests that it is better to say some-
thing which is more or less appropriate than to take too
long to say a precise remark. The system thus incorpo-
rates a feature developed in an earlier experimental proto-
type, which gives immediate output of randomly selected
exemplars of a selected speech act [2]. For instance, se-
lecting AGREE would result in phrases such as "I"m with
you on that.’, and "Yes, I agree with you there.’ Trials of
the earlier prototype suggested that, with speech acts such
as feedback remarks, users might accept a trade-off be-
tween speed and specificity {2]. This is not surprising,
since, for many non-speaking people, the communication
rate problem simply precludes them from using these
speech acts effectively.

IMPLEMENTATION

The system was developed in Hypercard on a Macintosh
computer with an external speech synthesiser. The inten-
tion was to have as simple a control procedure as possible,
thus leaving the user free to concentrate on the interaction
and not spend a great deal of time looking at the computer
screen. Two types of user actions were envisaged : to
speak, and to request more choices. The user employs a
mouse to point and click over the relevant areas of the
screen. An example of the interface in use is shown in
Figure 1. When the user clicks on any of the text windows
in the centre of screen the displayed text is spoken
through the speech synthesiser. The displayed texts are re-
placed when the user selects a new perspective from the
left part of the screen. On the right are a set of feedback
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remarks. When one of these is selected, a suitable speech
act of that category is spoken immediately through the
speech synthesiser. Opening and closing sequences are
selected from the top area of the screen. Also available
are comments, which are intermediate between very gen-
eral feedback remarks and fully specific content remarks.
Thus, comments are phrases which are more effective if
selected depending on the immediate context. A quick
feedback remark might be to THANKS (e.g. 'Thanks
very much.”). A comment might be a SAYING (e.g.
*Well, anything’s possible, I suppose’).

EVALUATION WITH AN ABLE-BODIED USER

The purpose of the initial evaluation was to determine the
feasibility and observe the process of using such a system
in conversation. Evaluations were done in the first in-
stance with one able-bodied user and one physically im-
paired non-speaking user.

The system was first tested by a researcher loading it with
conversational material about holidays. In all 1600 con-
versational items were put into the system. The items
were stored in structure which mapped the categories of
utterance described above, i.e. they were stored as open-
ers/closers, comments, quick feedback remarks, and sub-
stantive contributions grouped by perspective.

Conversations were held with eight student volunteers on
the subject of holidays. No time limit was put on the con-
versations. They varied from 5 to 15 minutes in length.
For comparison purposes three conversations were held
between two student volunteers talking about the same
subject. All conversations were audio recorded and tran-
scribed.

Below is an extract from one of the computer-aided con-
versations :

Computer-aided speaker :
I went to France last year, to Marseilles.
Natural speaker :
I've never visited Marseilles. I've sort of driven
round the outskirts, but never actually gone into
Marseilles.
Computer-aided speaker :
Surprisingly, it’s really beautiful.
Natural speaker :
Really? I justimagine it as sort of a port, and just like
any other large city, with nothing particularly
interesting.
Computer-aided speaker :
You expect a major port to be fairly grotty, don’t you ?
Natural speaker :
[LAUGH] That’s right [LAUGH].

Computer-aided speaker :
We also visited other places on the coast, but we
decided to give St. Tropez a miss.
Natural speaker :
That’s one place I'd like to go.
Computer-aided speaker :
I’ve beard it’s pretty grotty now, and crowded.
Natural speaker :
Really ? Oh, well, maybe give it a miss then.
Of course, there’s always the chance to see Brigitte
Bardot there.
Computer-aided speaker :
Whatever turns you on.

In the person-person conversations, the mean rate of
speech was 144.4 words per minute (standard deviation =
4.9). The mean rate in the computer-aided dialogues was
88.2 words per minute (standard deviation = 20.6), with
the individual rates for the computer user and her partners
being 67.4 words per minute (standard deviation = 14.7)
and 132.9 words per minute (standard deviation = 22.2)
respectively. For the computer-aided dialogues, the mean
length of utterance by the computer user (mean = 6.1
words) and that of her speaking partners (mean = 6.7
words) did not differ significantly in a one-tailed related t
test (t (df=7) = 0.74; p > 0.05). In order to ensure that the
speaking partner was not accommodating to the
computer-aided speaker, a comparison was made between
the normal speakers’ mean utterance length in the dia-
logues with a computer-aided speaker (6.7 words) and in
the person-person dialogues (6.0 words). An unrelated t
test showed no significant difference between these means
(t (df=12) = 0.85; p > 0.05).

The interface was designed so that the number of mouse
clicks needed to output an utterance varied from 1 to 4.
The minimum number occurred when the desired utter-
ance was on the screen and merely had to be clicked on to
be spoken. The maximum number occurred when the user
made changes to all three aspects of the perspective and
then clicked on a displayed text. The usage statistics
showed that selections involving more than two mouse
clicks were rare (2 out of 422 total selections).

In debriefing interviews, the volunteer conversationalists
evaluated the communication system and the competence
of the user positively and several expressed surprise at
how normal and satisfactory the conversation had seemed,
apart from the use of an artificial voice and the longer
pause times preceding computer-user turns at speech (me-
dian value = 3.4 seconds). Preliminary analysis of ratings
of the content of the conversations, obtained in a follow-
up experimental study, suggests that the content of the
computer-aided conversations was viewed at least as fa-
vourably as that of the person-person conversations. Fur-
ther support for the 'normality’ of the computer-aided
conversations comes from sequential dependency analy-
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ses showing considerable similarity between the ’speech
act structures’ of the aided and unaided conversations
(Chi-square (df=1) = 122; p < 0.0001) {19].

EVALUATION WITH A PHYSICALLY IMPAIRED
NON-SPEAKING USER

Having established that holding a satisfying conversation
with prestored material was possible, a version of the sys-
tem was tested by a non-speaking physically impaired
volunteer. The volunteer was a 20-year old young man
with cerebral palsy, who had been non-speaking from
birth. This person had a number of communication meth-
ods which he employed to try to convey his meaning. His
primary means of communication was a word board with
400 words which he pointed to. He augmented this with
some gestures and a few vocalisations for simple re-
sponses like "Yes’ and 'No’. He also had a portable
speech output word and phrase storage device, which he
used primarily for names of people and places and spe-
cialised words which were not on his board.

He was able to operate a mouse and to make single clicks
with it. (For physically-impaired people who have more
difficulty operating a mouse, a number of adaptations and
emulators are available). In common with many people
who have had no expressive language abilities, however,
he had problems with reading. This meant that the inter-
face needed to be simplified somewhat for ease and speed
of use. A smaller number of text windows was used, and
the perspective switching feature was changed to a sim-
pler range of buttons to change to another topic.

The system was tested with this person not as a replace-
ment, but in addition to his other devices and methods.
The intention was to measure its effectiveness as a means
to include longer narratives and conversational contribu-
tions than were possible with his existing methods, while
leaving him free to use these as much as necessary. A se-
ries of conversations were held on the subject of a trip
abroad for a disabled swimming competition which the
person had done in the previous year. He held six conver-
sations using his normal communication methods, and six
with the addition of the system. Of his conversation part-
ners, half were known to him, and the other half were
strangers, who had never communicated with a non-
speaker before. They were distributed equally between the
system in use and system not in use conditions. A single-
case study design was employed with an ABAR sequence,
to allow for any learning effects. The conversations each
lasted 15 minutes. They were all video-recorded and tran-
scribed. Video recording was necessary in order to capture
the non-speaker’s gestural communication. All utterances
in the transcriptions were coded using a classification sys-
tem derived from Prutting and Kirchner [13]. Of particular
interest were ’Initiators’ - utterances which indicated a
control over the interaction, which is normally difficult for
non-speakers, and 'Responders’ - responses to the other

speaker’s utterances.

The results were encouraging. It seemed subjectively clear
that the non-speaker was making good use of the system
during the times it was available, and that this had the ef-
fect of helping him to take a fuller part in the conversa-
tions. The objective measures, from the coded transcripts
bore this out. The results are shown in Table 1. The mean
number of words spoken by the speaking partners in the
conversations is about the same, whether the system is in
use or not. Using the system increases the non-speaker’s
mean number of words pearly 3% times. Conversational
control, as measured by the balance between ’Initiators’
and "Responders’, also improved when the system was be-
ing used. The improvements in number of total words used
and number of Initiators used were statistically significant

One unexpected outcome of the research was that the non-
speaking volunteer has used the prototype system as a lec-
turing giving aid (Giving a talk, followed by answering
questions from the audience). Using the system, he has
given lectures in Scotland, the U.S. and Canada on the
subject of his experiences as a non-speaking person. He
has also been interviewed on local radio using the system.

Non-speaker Non-speaker

without with
system system
Mean number of words
Natural speaker 917 999
Non-speaker 143 534
Mean number of initiators
Natural speaker 48 50
Non-speaker 10 27
Mean number of responders
Natural speaker 19 36
Non-speaker 87 71

Table 1 : Performance with and without
the computer-aided conversation system

CONCLUSIONS

This work has indicated that it is possible to hold reason-
ably satisfying conversations using a computer-based
communication system with prestored material, if appro-
priate material is available to the user in a suitable form.
By applying principles derived from conversation analysis,
a prototype system has been developed which helps a user
to take part in a conversation in a way which is a marked
improvement over existing systems, both in terms of
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amount of participation, and degree of conversational con-
trol exerted. The next step in this research will be to ex-
pand the conversational range of the system to cover mul-
tiple topics. In order to help the user cope with what will
become a very large store of material, predictive tech-
niques will be explored which will offer the user the con-
tinual opportunity to move out of the current topic area
into other parts of the conversational database.
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