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Abstract

Current natural language interfaces have concentrated largeiy on
determining the literal "meaning” of input from their users. While
such decoding is an essential underpinning, much recent work
suggests that natural language interfaces will never appear
cooperative or graceful unless they ailso incorporate numerous
non-literal aspects of communication, such as robust
communication procedures.

This paper defends that view, but claims that direct imitation of
human performance 1s not the best way to impiement many of
these non-literal aspects of communication; that the new
technology of powertui personal computers with integral graphics
dispiays offers technigues superior to those of humans for these
aspects, while stili satisfying human conununication needs. The
paper proposes interfaces based on a judicious mixture of these
techniques and the still vaiuable methods of more traditional
natural language interfaces.

1. iIntroduction

Most work so far on natural language communication between man
and machine has deait with its literal aspects. That is, natural language
interfaces have implicitly adopted the position that their user's input
encodes a request for information or action, and that their job is to decode
the request, retricve the information. or perform the action. and provide
appropriate output back to the user. This is essentially what Thomas {24}
calls the Encoding-Decoding maodel of conversation.

While literat interpretation is a basic underpinning of communication,
much recent work in artificial intelligence, linguistics, and related fieids
has shown that it is tar from the whole story in human communication. For
exampie, appropriate interpretation of an utterance depends on
assumptions about the speaker's intentions, and conversely, the
speaker's goals influence what is said (Hobbs [13]. Thomas [24]). People
often make mistakes in speaking and listening, and so have evoived
conventions lor effecting repairs-(Scheglolf et al. [20]). There must aiso
be a way of regulating the turns of participants in a conversation (Sacks et
al. [19)). This is just a sampling of what we will collectively call non literal
aspects of communication.

The primary reason for using natural language in man-machine
communication is to allow lhe user to express himself naturally, and
without having to learn a special lunguage. However, it is becoming clear
that providing for natural expression means dealing with the non-literal as
wetl as the literal aspects of communication: that the ability to interpret
natural language literally does not in itself give a man-machine interface
the ability to communicate naturally. Some work on incorporating these
non-literal aspects of communication into man-machine interfaces has
already begun ( 6, 8, 9, 15, 21, 25]).

The position | wish to stress in this paper is that natural language
interfaces will never perform acceptably uniess they deal with the
non-literal as well as the literal aspects of communication: that without the
non-literal aspects, they will always appear uncooperative, inflexible,
uniriendly, and generally stupid to their users, leading to irritation,
frustration, and an unwillingness to continue to be a user.

This position is coming to be held fairly widely. However, | wish to go
further and suggest that, in building non-literal aspects of communication
into naturai-language interfaces, we should aim for the most effective type
of communication rather than insisting that the interface model human
performance as exactly as possible. | believe that these two aims are not
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necessarily the same, especially given certain new technological trends
discussed below.

Most attempts to incorporate non-literal aspects of communication into
natural language interfaces have attempted to model human performance
as closely as possible. The typical mode of communication in such an
interface. in which system and user type alternately on a single scroll of
paper (or scrolled display screen), has been used as an analogy to normal
spoken human conversation in which communication takes place over a
simitar half-duptex channel, i.e. a channel that only one party at a time
can use without danger of confusion.

Technology is outdating this model. The nascent generation of
powerful personal computers (e.g. the ALTO {23] or PERQ [18]) equipped
with high-resolution bit-map graphics display screens and pointing
devices allow the rapid display of large quantities of information and the
maintenance of several independent communication channeis for both
output (division of the screen into independent windows, highlighting, and
olher graphics techniques), and input (direction of keyboard input to
different windows. pointing input). ! believe that this new technoloygy can
provide highly etfective. natural language-based. communication between
man and machine. but only if the half-dupliex style of interaction described
above is dropped. Rather than trying 1o imitate human conversadon
cirectly. it will be more fruitful to use the capabilities of this new
technology. which in some respects exceed those possessed by humans,
to achieve the same ends as the non-literal aspects of normal human
conversation. Work by, for instance. Carey [3| and Hiltz [12] shows how
adaptable people arc o new comimunication situations. and there is avery
reason 10 believe that people will adapt well to an interaction in which
their communication nceds are satisfied, even if they are satistied in a
ditferent way than in ordinary human conversation.

in the remainder of the paper | will sketch some human communication
needs, and go on to suggest how they can be satisfied using the
technology outlined above.

2. Non-Literai Aspects of Communication

in this section we will discuss four human communication needs and
the non-literal aspects of communication they have given rise to:

e non-grammatical utterance recognition
e contextually determined interpretation
e robust communication procedures
o channel sharing
The account here is based in part on work reported more fully in [8, 9).

Humans must deal with non-grammatical utterances in
conversation simply because people produce them ail the time. They
arise from various sources: people may leave out or swallow words; they
may start to say one thing, stop in the middle, and substitute something
else; they may interrupt themselves to correct something they have just
said; or they may simply make errors of tense, agreement, or vocabuilary.
For a combination of these and other reasons, it is very rare to see three
consecutive grammatical sentences in ordinary conversation.

Despite the ubiquity of ungrammaticality, it has received very littie
attention in the literature or from the implementers of natural-language
interfaces. Exceptions include PARRY [17], COOP [14], and interfaces
produced by the LIFER [11] system. Additional work on parsing
ungrammatical input has been done by Weischedel and Black [25], and



Kwasny and Sandheimer [15]. As part of a larger project on user
interfaces [1]. we (Hayes and Mouradian {7]) have aiso developed a parser
capable of dealing flexibly with many forms of ungrammaticality.

Perhaps part of the reason that flexibility in parsing has received so
little attention in work on natural language interiaces is that the input is
typed. and so the parsers used have been derived from those used to
parse written prose. Speech parsers (see for exampie |10} or [26})) have
always been much more llexible. Prose is normally quite grammatical
simply because the writer has had time 10 make it grammatical. The typed
input 10 a computer system is produced in "real time" and is therefore
much more likely to contamn errors or other ungrammaticalities.

The listener at any given turn in a conversation does not merely decode
or extract the inherent "meaning” from what the speaker said. Instead. he
interprets the speaker's utterance in the light of the totat available context
(see tor example. Hobbs [13], Thomas [24), or Wynn [27]). In cooperative
dialogues. and computer interfaces normaily operate in a cooperative
situation. this contexiually delermined interpretation allows the
participants considerable economies in what they say. substituting
pronouns or other anaphonc forms for more complete descriptions, not
explicitly requesting actions or information that they really desire, omitting
participants from descriptions of events, and leaving unsaid other
information that will be “obvious™ to the listener because of the context
shared by speaker and listener. In less cooperative situations, the
listener's interpretations may be other than the speaker intends. and
speakers may compensate for such distortions in the way they construct
their utterances.

While these problems have been studied extensively in more abstract
natural language research (for just a few examples see [4, 5, 18)), little
attention has been paid to them in more applied !anguage work. The work
of Grosz {6] and Sidner [21] on focus of attention and its relation to
anaphora and ellipsis stand out here. along with work done in the COOP
[14] system on checking the presuppositions of questions with a negative
answer. In general, contextual interpretation covers most of the work in
natural language processing. and subsumes numerous currently
intractable problems. It is only tractable in naturai language interfaces
because of the tight constraints provided by the highly restricted worlds in
which they operate.

Just as in any other communication across a noisy channel, there is
always a basic question in human conversation of whether the listener has
received the speaker's utterance correctly. Humans have evolved robust
communication conventions for performing such checks with
considerabile, though not complete. reiiability, and for correcting errors
when they occur {see Schegloff {20]). Such conventions include: the
speaker assuming an utterance has been heard correctly uniess the reply
contradicts this assumption or there is no reply at all; the speaker trying to
correct his own errors himself: the listener incorporating his assumptions
about a doubtiul utterance into his reply: the listener asking explicitly for
clarification when he is sulficiently unsure.

This area of robust conununication 1s perhaps the non-literal aspect of
communication most neglected in natural language work. Just a few
systems such as LIFER [11} and COOP [14] have paid even minimal
attention to it. Interesuingly, it 1 perhaps the area in which the new
technology mentioned above has the most to offer as we shall see.

Finally. the spoken part of a human conversation takes place over what
is essentially a single shared channei. In other words, it more than one
person talks at once. no one can understand anything anyone else is
saying. There are marginal exceptions to this. but by and large
reasonabie conversation can only be conducted if just one person speaks
at a time. Thus people have evolved conventions for channel sharing
[19]). so that people can take turns to speak. Inte 2stingly, if people are
put in new communication situations in which the standard turn-taking
conventions do not work well. they appear quite able to evolve new
conventions {3].
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As noted earlier, computer interfaces have sidestepped this problem by
making the interaction take pilace over a half-duplex channel somewhat
anaiogous to the half-duptex channel inherent in speech, i.e. alternate
turns at typing on a scroll of paper (or scrolled display screen). However,
rather than prowiding flexible conventions for changing turns, such
interfaces typically brook no interruptions whiie they are typing, and then
when they are finished insist that the user type a compiete input with no
feedback (apart from character echoing). at which point the system then
takes over the channel again.

In the next section we will examine how the new generation of interface
technology can help with some of the problems we have raised.

3. Incorporating Non-Literal Aspects of
Communication into User Interfaces

It computer interfaces are ever to become cooperative and natural to
use. they must incorporate non-literal aspects of communication. My
man point in this section is that there is no reason they shouid
ncorporate them in a way directly imitative ol humans: so iong as they are
incorporated in a way that humans are comlortable with, direct imitation is
not necessary. Indeed. direct imitation is unlikely to produce satistactory
interaction. Given the present state of natural language processing and
artificial intelligence in general. there is no prospect in the forseeable
future that intertaces will be able to emutate human pertormance, since
this depends so much on bringing to bear larger quantities of knowledge
than current Al techniques are able to handle. Partial success in such
emuiation s only likely to raise faise expectations in the mind of the user,
and when these expectations are inevitably crushed, frustration will resuit.
However. | believe that by making use of some of the new technoiogy
mentioned earlier, interfaces can provide very adequate substitutes for
human technigues for non-literal aspects of communication; substitutes
that capitaize on capabilities of computers that are not possessed by
humans, bul that nevertheless will result in interaction that feeis very
natural to a human.

Before giving some examnples. let us review the kind of hardware | am
assuming. The key item is a bit-map graphics display capabie of being
fitled with information very quickly. The screen can be divided into
independent windows to which the system can direct ditferent streams of
output independently. Windows can be moved around on the screen,
overiapped, and popped out from under a pile of other windows. The user
has a pointing device with which he can position a cursor to arbitrary
points on the screen, plus, of course. a traditional keyboard. Such
hardware exists now and will become increasingly availabie as powerful
personal computers such as the PERQ [18] or LISP machine [2) come
onto the market ang start to decrease in price. The exampies of the use of
such hardware which foliow are drawn in part from our current
experiments in user intertace research {1, 7] on similar hardware.

Perhaps the aspect of communication that can recgive the most benefit
from this type of hardware is robust communication. Suppose the user
types a non-grammaticai input to the system which the system's flexibie
parser is able to recognize if. say, it inserts a word and makes a spelling
correction. Going by human convention the system would either have to
ask the user to confirm explicitly if its correction was correct. to cleverly
incorporate #s assumption into its next output. or just to assume the
correction without comment. Qur hypothetical system has another option:
it can aiter what the user just typed (possibly highlighting the words that it
changed). This achieves the same effect as the second option above, but
substitutes a technological trick for huma  intelligence

Again. if the user names a person. say "Smith", in a context where the
system knows about several Smiths with different first names. the human
options are either to incorporate a list of the names into a sentence (which
becomes unwieldy when there are many more than three aiternatives) or
to ask for the first name without giving alternatives. A third alternative,
possibie only in this new technology. is to set up a window on the screen



with an initial piece of text followed by a list of alternatives (twenty can be
handied quite naturally this way). The user is then free to point at the
alternative he intends. a much simpler and more natural aiternative than
typing the name. although there is no reason why this input mode should
not be available as well in case the user prefers it.

As mentioned in the previous section, contextually based interpretation
is important in human conversation because of the economies of
expression it aliows. There is no need for such economy in an interface’s
output. but the human tendency to economy in this matter is something
that technology cannot change. The general problem of keeping track of
focus of attention in a conversation is a difficult one (see., for example,
Grosz |6] and Sidner {22]). but the type of interface we are discussing can
at least provide a helpful framework in which the current focus of attention
can be made explicit. Dilferent foci of attention can be associated with
different windows on the screen, and the system can indicate what it
thinks is the current focus of attention by, say, making the border of the
corresponding window different from all the rest. Suppose in the previous
example that at the time the system displays the aiternative Smiths, the
user decides that he needs some other information before he can make a
selection. He might ask for this information in a typed request, at which
point the system would set up a new window, make it the focused window,
and disptay the requested information in it. At this point, the user couid
input requests to refine the new information, and any anaphora or ellipsis
he used wouid be handled in the appropriate context.

Representing: contexts explicitly with an indication of what the system
thinks is the current one can also prevent confusion. The system shouid
try to follow a user's shifts of focus automatically, as in the above
example. However, we cannot expect a system of limited understanding
always to track focus shifts correctly, and so it is necessary for the system
to give explicit feedback on what it thinks the shift was. Naturally, this
implies that the user should be abie to change focus explicitly as well as
implicitly (probably by pointing to the appropriate window).

Explicit representation of foci can also be used to boister a3 human's
limited ability to keep track of several independent contexts. In the
example above., it would not have been hard for the user to remember why
he asked for the additional information and to return and make the
selection after he had received that information. With many more than
two contexts, however, people quickly lose track of where they are and
what they are doing. Explicit representation of aii the possibly active tasks
or contexts can help a user keep things straight.

All the examples of how sophisticated interface hardware can heip
provide non-iteral aspects of communication have depended on the
ability of the underlying system to produce possibly large volumes of
output rapidly at arbitrary points on the screen. In effect, this allows the
system muitiple output channels independent of the user's typed input,
which can still be echoed even while the system is producing other output,
Potentially, this frees interaction over such an interface from any
turn-taking discipline. In practice, some will probably be needed to avoid
confusing the user with too many things going on at once, but it can
probably be looser than that found in human conversations.

As a final point, | should stress that natural language capability is still
extremely valuable for such an interface. While pointing input is extremely
fast and natural when the object or operation that the user wishes to
identify is on the screen, it obviously cannot be used when the information
is not there. Hierarchical menu systems, in which the selection of one
item in a menu results in the display of another more detailed menu, can
deal with this problem to some extent. but the descriptive power and
conceptual operators of natural language (or an artificiai language with
similar characteristics) provide greater flexibility and range of expression.
If the range of options s large, but woll discriminated, it 1s often easier to
specily a selection by description than by pomnting, no matter how cleverly
the options are organized.
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4. Conclusion

In this paper, | have taken the position that natural language interfaces
to computer systems will never be truly natural until they include
non-literal as weil as literal aspects of communication. Further, | claimed
that in the light of the new technology of powerfui personal computers
with integral graphics displays, the best way to incorporate these
non-literal aspects was not to imitate human conversational patterns as
closely as possible, but to use the technology in innovative ways to
perform the same function as the non-literal aspects of communication
found in human conversation.

In any case, | believe the old-style natural language interfaces in which
the user and system take turns to type on a single scroll of paper (or
scroiled display screen) are doomed. The new technology can be used, in
ways similar to those outlined above, to provide very convenient and
attractive interfaces that do not deal with natural language. The
advantages of this type of interface will so dominate those associated with
the oid-style natural tanguage interfaces that continued work in that area
will become of academic interest only.

That is the challenge posed by the new technology for natural language
interfaces, but it also holds a promise. The promise is that a combination
of natural language techniques with the new technology will result in
interfaces that will be truly natural, flexible, and gracetul in their
interaction. The muitipie channels of information flow provided by the
new technology can be used to circumvent many of the areas where it is
very hard to give computers the intelligence and knowledge to perform as
well as humans. In short, the way forward for natural language interfaces
is not to strive for closer. but still highly imperfect, imitation of human
behaviour, but to combine the strengths of the new technology with the
great human ability to adapt to communication environments which are
novel but adequate for their needs.
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