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Abstract

Researchers in Al often say that certain types of reference
are based on perception. Their models, however, do not
reflect perceptual functioning, but instead represent denota-
tion, an intellectually modeled relation, by using exact fea-
ture matching in a serial device as the basic mechanism for
reference. I point out four problems in this use of denota-
tion: substitution of an intellectual model for a perceptual
one; unclarity about the nature of referential identification;
relative neglect of the role of contrast in reference; and
inexact matches. 1 then suggest an alternative theoretical
account for perceptually based indexical reference, the
figure-ground model, and [ explain how this model handles
the four problems.

I. Introduction

Reference concerns the relation of symbols to things
outside the system of symbols. Indexical noun phrases
(e.g., 'this," 'I,' 'you," ‘that dog,') are important vehicles
of reference in natural language. In their most basic use in
communication, they serve to connect discourse with
things present in the dlzhyucal surroundings. To model
such reference, Al workers have used exacr feature maich-
ing in a serial device. They combine this mechanism with
various devices for restricting the search space containing
possible referents. In regard to devices for restricting
search spaces, much progress has been made since the
early 1970's when Winograd developed his work on refer-
ence in Shrdlu. For example, Grosz (1977, 1981), Sidner
(1979), Reichman (1978, 1985), and Bruce (1981)) have
developed theories aimed at restricting lists of possible
referents. The motivation for these theories was general
theories of the structure of discourse, rather than theories
of reference. Despite this progress in restricting the search
space for reference, the basic mechanism for picking the
referent out of such search spaces has remained unchanged
since Winograd's work.

In this paper, I argue that four issues in the Al literature
on reference indicate serious problems in the supposition that
exact feature matching in & serial device provides an
explanatory mechanism for reference. I discuss the Al
literature as though it aimed at explanatory rather than
purely specificatory models for reference. An explanatory
device aims at replicating certain results (e.g., the under-
standing of reference in natural lan, e) by using means
that are similar or parallel to the ones. In contrast,
a purely specificatory device aims at replicating the results,
but not at using similar means. I (1993) have discussed the
distinction between explanatory and specificatory theories
elsewhere. My assumption of explanatory goals for Al
studies of reference is not always correct, but I make it for
two reasons. First, it would take up too much space in a
short paper to sort out which type of Al is the goal for
each piece of work. More importantly, I am interested in
explanatory Al for reference, and I want to show that
current Al theories of reference have some deficiencies if
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construed as explanatory theories.

The four problems in the Al literature that I discuss concern
the distinction between tual and intellectual bases for
reference, the nature of referential identification, the role
of contrast in referential identification, and inexact match-
es. To deal with these issues, I suggest an alternative
approach to perceptually based indexical reference, the
figure-ground model.

II. The Four Problems

A) Perceptual vs. Intellectual Bases for Reference

The basis for connecting indexical phrases to their refer-
ents in the physical surroundings is perception: I use 'that
dog' or 'you' to refer in such a way that your perceptual
attention is directed to the referent. My claim that

tion is at the foundation of a basic variety of indexical
reference is generally accepted by many Al workers (e.g.,
Cohen (1984), Goodman (1986), Appelt and Kronfeld
(1987), Grosz (1981), ce and Levesque (1993),
Dale (1988), and Claasen (1992)). Despite their agreement
about the datum that perception is the basis for certain
types of reference, none of these authors provides any Al
device to model perception. Instead, the basic mechanism
they use to model reference is exact feature matching in a
serial device. They use this mechanism in conjunction
with various devices for restricting the search space con-
taining possible referents.

Exact feature matching in a serial device models denora-
tion, rather than perception. Al scholars, in fact, often
seem to take denotation as equivalent to reference. Phi-
losophers, since Strawson's (1950) "On Referring,” have
usually agreed that reference is an action of a speaker,
involving his use of words and actions in a context to
determine a referent. In contrast, denotation is simply a
relation between a description and an object, by which the
description is true of the object and of nothing else. Thus
denotation leaves out of consideration the speaker, his
actions, and the context. Nevertheless, many philosophers
have used denotation to explicate the basic functioning of
words in reference. In this way, the basic mechanism of
reference is taken to be a type of predication.

The tradition of using denotation to explicate reference
goes back to Frege (1879, 1950) and Russell. In his "On
Denoting," Russell (1905) analyzed "The present king of
France is bald" as "There is one and only one present king
of France, and he is bald.” This analysis takes denotation
to be the mechanism by which "the present king of France"
functions. Interestingly enough, Russell held that indexical
reference is determined in a perceptual way, rather than by
denotation (cf. my (1984)). But his view on indexicals has
been ignored in the literature (though Castaneda (1977) and
Smith (1982) offer similar views) while his denotational
account is commonly accepted, not only for definite de-
scrtigﬁons, but also for indexicals (for a prominent instance

e latter, cf. Quine (1960, p. 163)). Frege and Russell
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influenced later mal{:lcs of reference not only by their
papers on the topic, but also by their development of the
predicate calculus, a formal system in which descriptions
have no function but that of being predicates. The
common use of this system as a tool for theorizing about
natural language has promoted the view that descriptions in
referring expressions function in virtue of being true of
refereats.

Using denotation to explicate the basic mechanisms of
reference treats these mechanisms as functioning at an
intellectual level, in virtue of true description, than
at a perceptual level. Since one can perceive things with-
out describing them, and can describe things without per-
ceiving them, it is clear that description perception are
different. Nevertheless, most (but not all) Al scholars omit
commenting on the fact that their models for perceptually
based reference treat something quite different from such
reference, namely, true description of the referent.

B) The Nature of Referential Identification

Some AI scholars explicitly note that their denotational
models for reference do not treat the perceptual identifica-
tion involved in certain kinds of reference. Philip Cohen
(1984a, 1984b), as well as Appelt and Kronfeld (1987),
say that perceptual identification is an additional step in
referring, after the one represented by a true description of
the referent. They also say that there is no adequate theory
of just how people identify referents. On their view, not
only are our Al models deficient in modeling referential
identification, but we also do not know what referential
identification is, i.e., we don't have any underlying philo-
sophical account of such identification. This is a serious
problem for Al theories of reference, since these theories
take referential identification to be the heart of reference.

C)The Role of Contrast in Referential Identification

Several Al scholars say that contrast is basic to the function-
ing of referential identification (e.g., Dale (1988), Grosz
(1981), Goodman (1986), Appelt and Kronfeld (1987), and
Reichman (1985)). This position was held earlier by the
psychologist, Olson (1970), who is cited by Grosz. Con-
trast of the referent to its surroundings is ible with
denotation of the referent, in that one could pick a referent
out of some set by a description that was true of it and of
nothing else in the set. Despite this compatibility, it is not
clear that true description is necessary for distinguishing an
intended referent from a set of possible referents because
descriptions which are false of the referent often suffice in
natural language for communicating reference.  For
example, one could use 'the man with the martini' to refer
to a man drinking water from a martini glass, or one could
use ‘that desk’ to refer to a table. Therefore, if contrast is
to play the major role in reference, it is not clear that
denotation, or exact feature matching in a serial device, is
also needed.

D) Inexact Matches

If contrast is the most basic device for reference, then a
description that is false of a referent, but sufficient for
contrasting it to other possible referents, may suffice for
reference. Such a description would "inexactly match" its
referent: calling such a match “inexact,” however, is based
on the assumption that true description is the basic device
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for matching, rather than contrast. If true description is
not the relevant device, then the use of 'the man with the
martini' in the circumstances described above may count as
an exact maich according to some other basis for matching.
Both Barbara Grosz (1977) and Bradley Goodman
(1986) discuss the fact that inexact matches of descriptions
to referents often suffice for communicating reference in
natural language. Grosz (1981) says that the question of
inexact matches needs further study, and Goodman (1986)
provides such a study. He has developed interesting
devices for replacing or removing descriptions that do not
match any possible referents. His device has preset rank-
ings of which kinds of descriptions are most likely to be
wrong, and it tries replacing or removing them, and then
matching the resultant description set to the list of possible
referents. Goodman's methods and algorithms are ingeni-
ous, and produce useful results. However, his approach is
justified practically rather than theoretically, and has been
called "ad hoc" by Charniak (1988: 288). In my opinion,
several parts of Goodman's treatment are theoretically
motivated, but not the assumption that exact matches like
those modeled by denotation are required for reference in
natural language. If contrast to other things in the sur-
roundings, rather than denotation, is the basic mechanism
of a certain of reference in natural language, then
many cases of "inexact matches" are exact enough. It is an
empirical question whether people use mechanisms other
than denotation to make reference.

Summary of section II. I have argued that there are
several theoretical problems in using denotation, and exact
feature matching in a serial device, as bases for explana-
tory models of perceptually based reference: denotation
captures an intellectual rather than perceptual relation;
current models leave it unclear just what constitutes refer-
ential identification; contrast rather than true description
may be the basic mechanism of reference; "inexact match-
es” are commonly used in referring in natural language. In
what follows, I describe a theoretical model for perceptual-
}y based indexical reference which deals with these prob-
Ems.

III. The Figure-Ground Model

My theoretical model for the determination of indexical
reference, which I (1986, 1993) have developed at length
elsewhere, is called the "figure-ground model," and has
three steps:

A. The use of an indexical determines a context contain-
ing the referent. (To simplify matters, I take the context to
be the physical surroundings, but there are additional
kinds.)

B. Gestures may direct the hearer's attention to one part
of the physical surroundings as containing the referent.

C. Descriptions in the indexical phrase (or connected
with it in certain other ways) function as a figure to make
the referent stand out by contrast to the background.
Consider an example. Suppose a person, at a bar known
by the conversers to be frequented by transvestites, says
while nodding in a certain direction,

"That strikingly beautiful woman is not a woman."
In this context, the nodding is a gesture indicating that a
certain part of the surroundings contains the referent, and
the descriptive terms 'strikingly beautiful woman' function
as a figure to make the referent stand out (for the hearer)
qua particular from that background. This perceptual



functioning of the description requires the hearer to scan
the indicated part of the physical surroundings for someth-
ing that fits the perceptual content conveyed by ‘strikingly
beautiful woman.' This initial presentation of the figure-
ground model is too brief, but rwill clarify it further by
contrasting it to denotation, and by explaining how it deals
with the four problems about ly based reference.
Denotation functions in virtue of a predication model, in
that the denotarum or referent is whatever the description
in the referring expression is true of. The predicational
mechanism identifies a thing qua member of a kind, in that
the referent is whatever satisfies the description. For
exl.mfle, most uses of "the winner of the next New York
state lottery” and of "whoever is in the next room" pick an
individual out not qua individual, but rather qua having
certain features, or falling under a certain description. A
contrasting manner of identification is identification qua
individual (or qua particular). For example, most uses of
"this dog" or "that car” based on perception would ideatify
a thing qua individual, because the hearer's attention is
directed to pick out a certain individual from the surround-
ings. The mechanism of the figure-ground model naturally
produces identification qua particular by the way it func-
tions: the figure functions as a template that makes a par-
ticular thing stand out for the hearer from its und.
Such contrastive functioning is quite different from direct-
ing attention to whatever it may be that a certain descrip-
tion is true of. The two different manners of identifying a
referent have effects on the logic of negation and on rigidi-
ty of designation (cf. my (1993)). Note that I am not
proposing that either the figure-ground model or the predi-
cation model is more fundamental than the other. Instead I
view descriptive terms as having a lexical meaning which
may be used either to provide a figure for drawing a con-
trast, or to provide a predicate that is to be true of someth-
ing (or in various other ways—I do not attempt a complete
account of the varieties of reference).

Next, I discuss the four problems. First, in contrast to
denotation, the figure-ground model provides a perceptual
model for perceptually based reference, as shown by its
three main features: hearing the use of the indexical is the
basis on which the hearer picks out the ground containing
the referent; gestures direct the hearer's perceptual atten-
tion to a part of the surroundings; and the figure functions
in a perceptual way in drawing a contrast of an individual
to its surroundings. Even though this paper focuses on
perceptual applications of the figure-ground model, the
contrast of figure to ground is also present in higher level
cognition, so that the figure-ground model is applicable
also to indexical reference that is not perceptually based
(cf. my 1993, ch. 3).

The perceptual nature of the figure-ground model ena-
bles it to give comtrast, rather than true description, the
major role in reference. Both gestures and descriptions
function in the figure-ground model in virtue of contrasts
to backgrounds. Descriptions need not be true of the
referent as long as they suffice for distinguishing it from
other possible referents in the indicated part of the sur-
roundings. Because the description need not be true of its
referent, as long as it provides the needed contrast, certain
types of "inexact matches® of descriptions to referents are
explained: a description may function by creating a percep-
tual contrast, rather than function at an intellectual level by
being true of something. An Al model of such functioning
could use a connectionist device, which allows a less rigid
type of feature matching, that better fits perceptual match-
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ing. John Moulton and I are now working on such a model
(Moulton and Roberts, 1994).

The figure-ground model also helps in regard to the
problem of the nature of referential identification, both by
offering a model for the mechanism of such identification,
and by providing a basis for explicating identification qua
Enrticulnr. I submit that identification qua particular on the

-ground model explicates what %ohen, Appelt, and
Kronfeld call "referential identification” in the case of
indexical reference. But this is not an account of
referential ideatification in general. I believe that there are
at least three types of referential identification based on
uses of descriptions. One type is based on the figure-
ground model, and a second type is based on the predica-
tion model and approximates denotation. The third type,
which I have not discussed here, directs attention to a thing
qua kind, and produces generic reference, as in "An ele-
phant never forgets.” I view reference made by means of
descriptive noun phrases as a complex type of attention
directing, which puts the descriptive content of the phrases
to work in various ways, and not just by means of true
predication.

I conclude that the figure-ground model provides an
alternative to denotation as a model for perceptually based
reference, and that this alternative overcomes several
problems that exist for a purely denotational model.
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