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FOCUSING IN DIALOG
Barbara J. Grosz
Artificial Intelligence Center
SRI International, Menlo Park, California 94025

A. Introduction

When two people
attention on only a

talk, they focus their
small portion of what each of
them Iknows or believes. Not only do they
concentrate on particular entities (objects or
relationships), but they do so using particular
perspectives on those entities. In choosing a
particular set of words with which to describe an
entity, a speaker indicates a perspective on that
entity. The hearer is 1led, then, te see the
entity more as Sne kind of thing than ds another.
For exauple, a single building may be vienmed as an
architectural wonder, a house, or a home, and a
single event may be viewed at one ¢time as a
selling, another as a buying, and still another as
a trading. Some entities are central to the
dialog at a certain point and hence are focused on
more sharply than others. More importantly, much
of what each participant knows 1s not clearly in
view at all; it is not considered by the speaker
in choosing what to say or how to say it, or by
the hearer in interpreting an utterance.

Fogusing is an active process.2 As a dialog

progresses, the participants shift their focus to
new entities or to new perspectives on entities
previously highlighted by the dialog.

Furthermore, an actor 1is involved in focusing (as
the term 1is used in this paper): if an entity is
in focus, it is the object of someone's focusing;
it cannot.be impersonally in focus. When I use
the constructions "highlighted", "focused on", or
"in focua", there is always an implicit actor
doing the highlighting or focusing. Finally, the
entities that the speaker and hearer focus on are
entities in their (external) shared reality.
Focusing, then, is the active process, engaged in
by the participants in a dialog, of concentrating

attention on, or highlighting, a subset of their
shared reality.

The relationship between language and
focusing 1is two-way: what is said influences
focusing; what is focused on influences what is
said. The speaker provides clues for the hearer
both to what s/he is currently focused on and to
whiat s/he wants to focus on next. These clues may
be linguistic or may derive from shared linguistic

or nonlinguistic knowledge. The hearer depends on

The work reported herein was supported by the
National Science Foundation under Grant No. MCS
76-22004 and by the Advanced Research Projects
Agency of the Department of Defense under Contract
No. N00039~78~C~0060. I would like to thank Jerry
Hobbs, David Levy, Ann Robinson, Jane Robinson,
Candy Sidner, and Brian Smith for discussing the
ideas in this paper and commenting on various
drafts of it.

2 This is the reason the verb "facusing" rather
than the noun "focus" is used most often in this
paper.
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shared beliefs about what entities are highlighted
to interpret such things as the appropriate sense
of a particular word and the objact or event
corresponding to a definite description. The link
between the entities discussed in an, utterance and
the entities focused on when the utterance 1is
spoken i1s thus an important, aspect both of
producing and of interpreting that utterance.

The use and interpretation of definite
descriptions in dialog demonstrateé tge importanve
of focusing to dialog participants.” This paper

exawines the relationship between focusing and
definite description and the implications of this
relationship for computer systems for dialog
understanding. Section B presents an example that
illustrates this relationship. Section c
discusses definite descriptions from both the
speaker's and the hearer's perspectives and
presents problems that arise for both participants
whose solutions are influenced by how the
participants are focused. Section D addresses
some problems that arise in computationally
capturing the notion of focusing and discusses
other aspects of dialog with which focusing
mechanisms must be coordinated in a natural
language processing system, in order to handle the
problems introduced in the preceding sections.

B.  An Example

To begin, I want to examine a sample dialog
between two people, an expert and an apprentice,
cooperating to complete a task. It 1llustrates
several important aspects of the role of focusing
in comunication. The sample comes from a corpus
of task-oriented dialogs collected in situsations
simulating direct interaction between a person and
a computer (Grosz, 1977; Deutsch, 1974). The
particular task being performed is disassembly of
an air compressor.

(1) E: First you have to remove the flywheel.

(2) A: How do I remove the flywheel?

(3) E: First, loosen the two allen head setscrews
holding it to the shaft, then puil it off.

(4) A: OK.

(%) I can only find one screw. Where's the
other one?

(6) E: On the hub df the flywheel.

(7) A: That's the one I found. Where's the other
one?

(8) E: About ninety degrees around the hub from

the first one.

I don't understand. I can only find one.
Oh wait, yes I think I was on the wrong
wheel.

3 Although I will concentrate on dialog, much of

what I have to say carries over to other forms »f
discourse.

4 For most of these dialogs the expert and
apprentice had only limited visual contact.

(9) A:



(10) E:
(11) A:

Show me what, you are doing.
I was on the wrong wheel-and I can find
them both now.

(12) The tool I have is awkward. Is there
another tool that I colild use instead?

(13) E: Show me the tool you are using.

(14) A: OK.

(15) E: Are you sure you are using the right size
key?

(16) &: I'1l try sqme othetrs.

(17) I found an angle I can get at it.

(18) The two 'screws are loose, but I'm having
trouble getting the wheel off.

(19) E: Use the wheelpuller. Do you know how to
use it?

(20) A: No.

(21) E: Do you know what it looks like?

(22) A: Yes.

(23) E: Show it to me please.

(24) A: OK

{25) E: Good. Loosen the screw in the center and
place the jaws around the hub of the
wheel, then tighten the screw onto the
center of the shaft. The wheel should
slide off.

First, consider the use of' the phrase "the

two 'screws" in (18) to refer to the two setscrews
holding the pulley on its shaft and the use of the
phrases "the screw in the center" and "the.screw"
in (25) to refer to a part of the wheelpuller'.5
Since most objects do not have proper names,
definite descriptions ars a primary means of
identifying objects. However, as in this dialog,
the - same description may be used to identify
different objects at different times. When (25)
was uttered, the two screws mentiocned in (3)
through (18) were the most recently mentioned
objects that could be referred to by a phrase such
as "the screw", but they were no longer focused on
by the dialog participants -- they were no longer
relevant to either the dialog or the task -- and
hence were not considered as possible referents

for either "the screw in the center®™ or "the
screw" in (25).
One can see in this example that the most

recéntly mentioned objéct that satisfies a
description may not be the object identified by
that description. What entities a speaker and
hearer arg focused on influences both the kinds of
descriptions they use and how their descriptions
are interpreted. In utterance (3), the expert
indicates that he 1s focused on, and concurrently
gets the apprentice to focus on, the two subtasks
involved 1in removing the pulley. In particular,
the two aljgy head setscrews involved in the first
task are brought into focus; they continue to be
in focus through tHe first part of (18). The
initial clause of (18) indicates the completion of
the task involving the screws and hence suggests
that the apprentice will shift her attention to
some new task (she might not -- she could still
say something more about the screws). She does

- ———— o ——

5 The modifying phrase "in the center" does not
ur3tinguish the malr wheelpuller screw from the
setscrews, but from other screws that are part of
the wheelpuller.
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make such a shift in the second clause of (18)
("but I'm having trouble getting the wheel off").
In (19), the expert indicates that he has followed
this shift (note that he might have asked a
question about the screws -- e.g., "How loo3e are
they?" -- and thereby continued to focus on them
and the associated task) and narrows focusing from
the task of removing the flywhee€l to a particular
tool involved in that task. 1In this context, it
is clear that the ph.ase "the screw" cannot refer
to either of ghe setscrews, but must refer to
something else.

This dialog also indicates some of the ways
in which focusing is manipulated in a dialog. In
partioqular, it illustrates how the structure of
the entities being discussed (the 'domain')
influences focusing and hence the structure of the
discourse. The dialog concerns the performance of
a task; its topic is that task. As a result, the
way in which the apprentice and expert focus, and
hence the structure of the Wialog, are closely
linked to the structure of the task. Informat jon
about the structure of entities in the domain
provides one kind of clue to how focusing can
change. What about general 11nguistic clues to
focusing? What information in words themselves or
in sgntence structure can influence focusing? The

use of "but™ in (18) illustrates one kind of
linguistic clue to focus. The indicatidn of
contrast suggests a shifting of focus to the
entities described in the.clause following the
"but". In fact, this shift does occur and the

remainder of thé fragment cdngerns things involved

with "getting the wheel off"

The final point I want to make with respect
to this fragment conterns the relationship between
how the speaker and héarer are focused and how
differences in focusing affect understanding. It
is_clearly crucial for speaker and hearer to be
a to distinguish thelr own beliefs from each
Spoer's. What about focus? I am concerned here
ot with the consistent difference in focusing

- . - -

6 It 4y i3 interesting that some people who are not
familiar with the compressor or wheelpuller find
this sequence confusing: (18) seems to end any
concern with screws and hence (25) is
unintelligible. One must know -- or infer -- that
the vheelpuller has a screw for the statement to
make sense.

7 The concept of structure used here is similar to
that in Levy (1977), but dififerent from that in
work on story and text grammars (cf. vanDijk 1972;
Rumelbart 1975). In particular, I am not
interested 1in such things as generating or
recognizing a valid dialog (the analogy to
sentence grammars), but rather in those dynamic
aspects of intersentential relationships such as
focusing that influence the interpretation and
generation of utterances in a dialog.

8 One of the key open problems for incorporating
focusing mechanisms in natural language processing
systems is identifying the different kinds of
clues to focusing and how they interact. Some
aspects of this problem are discussed in
Section D.
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that results from the speaker being one step ahead
of the hearer (closing this gap is one goal of an
utterance), but rather with whether speaker and
hearer purposel}y maintain differences in focusing
over several interactions (as they do with
beliefs). An analysis of the dialogs we collected
indicates that, in most cases, whether or not a
speaker and hearer are focused similarly, they
speak as though they were. Speaker and hearer
assume a common focus; they usually do not have
distinct models of each other's focus. That-is,
the speaker assumes that the hearer 1in
understanding an utterance has followed any shift
in foeug indicated by that utterance and is, to
the extent it matters, focused on the entities the
speaker intended (from the perspective the speaker

intended). It is only when a difference in
foéusing results in some fairly ma jor
incompatibility that a problem is detected. The

interchange in (5) through (11) illustrates what
happens when the two participants in a dialog
believe erroneously that they are focused on the
same entity. Initially, the apprentice is focused

on the motor pulley, which she thinks 1is the
flywheel. Because the expert is not aware of this
(he probably doesn't even consider the

possibility), his responses are not very helpful.

C. Descriptions

One of the key ways in which the influence of
focusing on dialog is manifest is in tne definite
descriptions used. There is a two-way interaction
between definite descriptions and focusing: what
entities a speaker ana hearer concentrate on (and
from what perspectives) influences how they
describe entities, and how entities are described
influences how the speaker and hearer continue to
focus thelr attention. Two specific problems
relating to descriptions are strongly influenced
by focusing. From the speaker's perspective,
there i3 the problem of what to include in a
description. From the hearer's perspective, there
is the problem of what to do when a description
doesn't correspond to any known entity, when it
doesn't "match" anything.

1. Generating Descriptions

Three factors that influence the
production of a description are: the informatioh
speaker and hearer share about the entity being
described, the perspectives they have on it, and
the use of redundancy. %The following fragment of
dialog illustrates the first two of these
factors.

E: OK. Now we need to attach the conduit to
the motor. The condult is the coyvering
around the wires that you . ., . Were
vorking with earlier. There is a small
part . . . oh brother

A: Now wait a s . . the condult is the cover
to the wirea?

E: Yes and . .

segment also illustrates the cooperative
nature of task-oriented dialogs: the two
participants work togeéther to achieve a shared
goal of identifying the object the expert wants
the apprentice to locate.
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A: Oh I see, there's a part that . . .a part
that's supposed to go over it.

E: Yes.

A: I see . . . it looks just the right shape
too. Ah hah! Yes.

E: Wonderful, since I did not know how to
describe the part.

The problem that arises here is that
there is no simple shape-based description for the
object the expert needs to identify, sd he must
find some other shared information on whigh to
base his  description  (ef. Downing, 1977;
Chafe, 1977). The problem is complicated because
the expert and apprentiée do not share avyisual
field. If they did, the expert could point (if
they and the object being pointed at were all in
the same location) or use relative location 58 g-,
"it's next to the red-handled screwdriver").'¥ The
expert's solution in this case i1s to anchor the
description on the baasis of a past ‘action the
apprentice performed and then #o describe the
obJect functionally (i.e., to describe its
function rather than its shape). Functional
descriptions often enable bypassing other more
complex descriptions. The statement "it is used
for doing x™ or "it has the right shape for doing
x" may be used to communicate complex shapes and
structures. As always, the success of such
descriptions depends on the n@arer's ability to
determine what such an object is like, or to pick
out the object from a set.

The fragment alsor 1illustrates the
problems that arise when ¢two participanﬂs in a
diadog have different perdpectives on what 1is
being described. The expert's orientation 1is
basically functional; he has a model of what is
golng ofi, of how the compressor works, and of how
it goes together. His descriptions are based on
thi$ model. The apprentice's orientation is
basically visual or shape-based. He can see the
parts and can tell by trying whether they fit.
This discrepancy is even clearer in the following
fragment, where from the functional perspective of
the expert we get the descriptions "pump"™ and
"cooling fins", while from the shape~based
perspective of the apprentice, the same objects
are described as "thing with flanges™ and "little
ribby thinga™:

E: Remove the pump and the belt.

A: Isthis thing with flanges on it the pump?

%: Point at "the thing with flanges on it"
please.

A: I'm pointing at the thing with flanges on it.
These 1jttle ribby things are flanges.

E: Yes, the thing you are pointing at is the
pump. The little ribby things are ¢ooling
Lins.

In this fragment, one can see the expert and
apprentice working toward a shared view, trying-to

e o s e s @y W -

10 Rubin (1978) deseribes spatial and temporal
commonality between speaker and hearer as two
dimensions along which language experiences may
differ and considers how these dimensions affect
the interpretation of deictic expressions.



establish, or check that they have establisq?d, a
common referent and hence a common focus. An
implioit goal 1in a dlalog is to establish this
commonality -- the effort this requires is very
clear here. ne of the ways in which
misunderstandings arise im when the participants
in a dialog fail to establish this commonality but
think they have (this happened with the f¥ywheel
and motor pulley in the initial dialog fragment).
Not only do such mismatohes occur, they are
difficult to detect and often go unnoticed until a
fairly major problem arises.

A further problem that arises in
producing a description 1is deciding how much
information to 1include in 1it. The 1linguistic
description of an object must distinguish it from
aX¥l othqgs currently focused on by the speaker and
hearer. But the situation is more complicated
than this, It is clear from an analysis of the
task-oriented dialogs and from other data
(Freedle, 1972) that the description of an object
seldom contains only the wminimal amount of
information necessary to distinguish it.
Deacriptioqg, like the rest of language, are often
redundant . What appears to be the case for
physical objects is thap the speaker describes an
object not in the minimum pumber of 'bits' of
informati®a, but rather in a mamuer that will
enable the hearer to locate the object as quickly
as possible. Clear distinguishing features (e.g.,
color, size, and shape) are part of a description
precisely because they eliminate large numbers of
wrong objects and hence help the hearer to isolate
the correct object more quickly.

The use of redundant information (and
not Jjust distinguishing information) to speed up
the search for a referent can be seen easily from
an example. If someone asks What tool should I
use?"” the response "The red~handled one." may
not be satisfattory even if there is only one red-
handled tool, because proce€ssing such a

" There is a clear indication at the end of the
previous fragment that the expert realizes the

importance of shape 1in the apprentice's
orientation: he says he didn't know how to
describe the part, apparently meaning that he

didn't have a description of its shape (he did
describe it functionally and in fact that seems to
have worked just f'ine).

2 61s0n (1970) has shown that the description of
an object changes depending on the surrounding
objects from which it must be distinguished. For
example, the same flat, round, white object was
described as "the round one" when a flat, square
object of similar size and material was present

but as "the white one" when a similarly shaped but
black object was present. The importance of

contrast for distinguishing objects is well
established in vision research (e.g.,
Gregory, 1966). Comparison of differences has

also played a crucial role in computer programs
that reason analogically (Evans, 1963; similar
strategies are used in Winston, 1970).

13 Olson, 1970, p.266, comments on this phenomenon
and on the need for further investigation of it.
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description requires

considering oo many
alternatives. The phrase the red-handled
screwdriver 1is mone helpful, because it 1limits
the search to screwdrivers. In giving a

description that minimizes the time it takes the
hearer to identify the referent of a referring
expression, a balance must be reached. Too much
information is as harmful as too littile, since all
parts of the description must be proce$sed to make
sure the object is the correct one. Furthermore,
the hearer may wonder whether he is mistaken if he
thinks he has determined the referent but there is
more description to process . (ef Grice, 1975).
Using tme phrase, "the red-handled screwdriver
with the small chip on the bottom and a loose
handle" to identify the only ved-handled
screwdriver will probably both increase the
hearer's search time and confuse him. Rather than
ainimize either the communication time (including
processing of the description) or the Search time
alone, the combination of communication time and
search time must be minimized. A speaker should
be redundant only to the degree that redundancy
reduces the total time involved in identifying the
referent.

Matching a Description

As the preceding discussion illustrates,
a major role o1 descriptions 4is to point; the
gpeaker is directing the hearer's attention to
some entity. For the hearer, focusing is crucial
in providing a small set of items from which to
choose that entity. Being able to so restriet
attention is necessary poth for identifying the
correct referent (as the interpretation of the
phrase "the screw" in the initial dialog fragment
illustrates) and constraining search time (see
Grosz 1977).

One problem that arises for a hearer,
especially a computer system in the role of
hearer, 18 what to do when a reference does nat
torrespond, to (or match) any known entity. If the
description suffices to distinguish the entity
being .pointed at from others that are currently
focused on, then the mismatch does not matter.
But, what does "suffice to distinguish" mean? The
question of what kind of mismatch is significant
depends on more than the entities in focus. For
example, the difference between yeilow and green
may not matter when a yellow-green shirt is being
distinguished from a red one; it does matter when
plckihg lemons.

In addition, the hearer must decide
whether or not an inexact mateh should even be
considered. In the usual use of definite
descriptions, to identify some entity in the
domain of discourse, inexact matches are always
acceptable. Donellan (1966) distinguishes this
referential use from an attributive use for which
an inexact matgh 1is not possible: "In the
attributive use, the attribute of being the so-
and-so 1is all important, while it i3 not in the
referential use" (p.102). But the distinction in
the terms that Qonnellan makes it poses a problem
for a hearer, since it is th speaker's intent and
not the speaker's beliefs that distinguishes



attributive from referential usea of a
description. This means that the hearer (whether
a person or a computer system) must be able to
detect this intent. In certain cases (for
example descriptions of entities that do not yet
exist), the attributive use is usually clear. In
using the phrase, "the winner of the 1979 Nebel
Peace Prize", a speaker is describing a person
whose identity is not yet kgpwn; ther¢ is no other
way to desoribe that person (yet). There are
other instances in which the distinction relies on
knowledge outside the dialog in which the
reference occur's (in partidular, what the hearer
believes the speakér wants). It seems that for
this problem the dialog participants mysat rely on
the potential for clarification available in
further dialog. If a hearer misinterp an
attributive use of a description, the :\aEEa ?g
explicitly indicate the need for an exact match.

To summarize, the importance of focusing
to both the interpretation and the generation of
definite descriptions comes from the highlighting
function it serves. By separating those items
currently highlighted from those that aren't,
focusing provides a boundary around the entities
from which the entity being either described or
identified must be distinguished. For generation
purposes, this boundary circumscribes those itéms
from which the entity being described must be
distinguished, and thus provides some means of
determining when a description is gomplete enough.
It is wuseful for interpretation in providing a
small set of items from which to choose. If an
exact match cannot be found in focus, it 1is
reasanable to ask if any of the items in focus
comes close to matching the definite description
and if so, which is the closest.

D. Focus in Discourse: Prospects and Problems

The major, implication of the role 'of focusing
in dialog for a natqgal language processing gystem
is that such a system needs mechanisms for
focusing. In particulhar, suppose the system has a
knowledge base which encodes the portion of the
world the system knows about, and that this
inowledge base contains formal elements which
stand for’entities in that world. Then the system
needs a means of highlighting those elements in
its knowledge base that correspond to the entities

"A definite description can be used
attributively even when the speaker believes that:
some particular person fits the description, and
it can be used referentially in the absente of
this belief."(p.111)

5 There is, of course, the possibility that the
speaker ueant to say 1977, in which caseé s/he is
referring (wrongly) to an existing entity, but
then we are back with the referential case.

16 I have ignored a third issue that arises when
considering a computer system for natural languszge
processing: the formalism wused for encoding
knowledge in the system must be adequate for
handling attributive descriptions. For a

discussion of this issue, see Cohen, 1978 and
Webber, 1978.
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currently focused on and must be able both to use
this highlighting (for example, to interpret and

generate  descriptions) and to change it
appropriately as the dialog progresses. This
sectfion presents several issues that arise in

constructing such a computational model and for
each discusses what structures and procedures are
needed and what research issues must be resolved.

Grosz (1977) describes focusing mechanisms
incorporated in a computer system for
understanding task-oriented dialogs. These
include structures for highiighting elements of a
knowledge base, operations on those structures,
procedures that use them for interpreting definite
noun phrases, and procedures for updating them.
The implementation provides for two kinds of
highlighting, explicit and implicit and uses taak
information to determine shifts in focus. « An
explicit focus data structure contalns those
elements that are relevant to the interpretation
of an utterance because they have been discussed
in the preceding discoupse, In ‘addition, the
focusing mechanisms provide for differential
access to certain information assaciated with
these elements. in particular, the subactions and
objects involyed in a ‘task are implicitly
highlighted whenever that task is highlighted.
That is, implicit focus consists of those elenments
that are relevant to the incerpretation of an
utterance because they are closely conq*oted to
task-related elements in expiicit focus.

There are several directions in which these
mechanisms must be extended for a system to be
able to handle the general problems posed by
focusing &nd definite descriptions in dialog.
First, the only clues to how focusing changes that
have been incorporated in the system are .clues
based on shared knowledge about the structure of
entities in the domain (in particular, the
structure of the task); linguistic clues and the
interaction between  different kinds of clues
remain to be examined. Second, the highlighting
of explicit and implicit focus are used in
interpreting definite descriptions, but an exact
mateh 1s required; the quesation of what
constitutes an inexact match has not yet been
faced. Third, although the highlighting
structures provide for focusing on different
aspects of an entity, the deductioh routines do
not use this information in accessing information
about an entity in focus. Finally, the question
of how the focusing mechanisms interact with
represéntations of bellef has not been addressed.
The following sections examine the problems posed
by each of these extensions in more detail.

——— — - - ey -

7 Elements in implicit focus are separated from
those in explicit focus for two reasons. First,
there are numerous entities implicitly focused on
in a dialog, many of which are never reaferenced.
Including the elements corresponding to such
entities in the explicit focus data structure
would clutter 1it, weakening its highlighting
function. Second, references to implicitly
focused entities may indicate a shift of focus to
those entities, making it useful to distinguish
such references from others.
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The perspective from which an entity is
viewed influences how further information about
that entity 1is accessad. The representation of
focus presented in Grosz (1977) allows for
diiferential access to properties of an entit¥1
but this addresses only one part of the problem.
Using the initial perspective from which an entity
is viewed for differential access does not rule
out considering a concept differently from the way
it has already been portrayed. Instead, it orders
the way in which aspects of the concept are to be
axamined. One of the problems this raises is
deciding when to consider a switch in perspective,
when to abandon deriving properties or searching
items implicitly focused by an initial perspective
and examine other aspects of the entity.

Another problen that relates to
perspective is how perspective influences the
particular description a speaker chooses. Does
global focus give 4n indication to a speaker of
which properties to choose? The preceding
fragments of dialog contained several -examples
that illustrated the effect of differences in how
a speaker and hearer were focused on
communication. This suggesats that focusing,
though often quite useful, can cause problems for
people; similar problems may be unavoidable in a
natural language processing system.

4. Focusing and Beliefs

An additional aspect of focus that has
not yet been adiressed is its interaction with a
representation of beliefs. The dialog fragments
in the section on description pointed out some of
the problems that arise when the two partictpants
know different things about the entity being
described It is important, then, for a speaker
to be able to separate his own beliefs from what
he believes his hearer knows or believes. It
seems equally clear from the dialogs, however,
that focusing i3 not one of the things that is
separate for the two participants. There 1is a
pervasive assumption by speaker and hearer that
they share a common focus (this is. in fact, an
important part of how and why focusing works).
The extension that seems to be needed here is to
have the focusing mechanisms interact with an
encoding of knowledge that distinguishes beliefs

20 Fillmore says,

The point is that whenever we pick a word or
phrase, we automatically drag along with it
the larger context or framework in terms of
which the word or phrase we have chosen has
an interpretation. It is as if descriptions
of the meanings of elements must identify
simultaneously "figure" and "ground”,

To say it again, whenever we understand a
linguistic expression of whatever sort, we
have simultaneously a background scene and a
perspective on that scene.

21 Consequently, the reference
mechanisms did not use thils feature.

resolution
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(e.g., Cohen 1978) rather than, as is now the
case, with some uniform encoding of knowledge that
does not distinguvish between speaker and hearer.

E.  Summary

Focusing is the active process, engaged in by
the participants in a dialog, of concentrating
attention on or highlighting, a subset of their
shared reality. Not only does it make
commurfdcation more efficient, it makes
communication possible. Speaker and hearer can
concentrate on a small portiqn of what they know
and ignore the rest. The importance of focusing
to communication 1is clearly demonstrated by the
definite descriptions that are used in dialog.
For a natural. language processing system fo carry
on, a dialog with a person it mnmust include
mechanisms that computationally capture this
focusing process. This piper has examined the
requirements definite desoriptions impose on such
mechanisms, discuased focusing mechanisms included
in a c¢omputer system for understanding task-
oriented dialog, and indicated future research
problems entailed in modeling the focusing process
more generally.
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viewed influences how further information about
that entity 1s accessed. The representation of
focus presented in Grosz (1977) allows for
differential access to properties of an entit§1
but this addresses only one part of the problem.
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not yet been addressed is its interaction with a
representation of beliefs. The dialog fragments
in the section on description pointed out some of
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know different things about the entity being
described. It is important, then, for a speaker
to be able to separate his own beliefs from what
he believes his hearer knows or belieyes. It
seems equally clear from the dialogs, however,
that focusing is not one of the things that is
separate for the two participants. There is a
pervasive assumption by speaker and hearer that
they share a common focus (this is, in fact, an
important part of how and why focusing works).
The extension that seems to be needed here is to
have the focusing mechanisms interact with an
encoding of knowledge that distinguishes beliefs
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(e.g., Cohen 1978) rather than, as is ndw the
case, with some uniform encoding of knowledge that
does not distinguish between speaker and hearer.

E. Sumpary

Focusing is the active process, engaged in by
the participants in a dialog, of coneentrating
attention on, or highlighting, a subset of their
shared reality. Not only does it make
communication more efficient, it makes
communication possible. Speaker and hearer can
concentrate qn a small portion of what they know
and ignore the rest. The importance of focusing
to communication is clearly demonstrated by the
definite descriptions thatr are used in dialog.
For a natural language processing system to carry
on a dialog with a person it must include
mechanisms that computationally capture this
focusing process. This paper has examined the
requirements definite descriptigns impose on such
mechanisms, discussed focusing mechanisms included
in a computer system for understanding task-
oriented dialog, and indicated future research
problems entailed in modeling the focusing process
more generally.
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Topic Levels

Joseph E. Grimes
Cornell University and
Summer Institute of Linguistics

Now that the sentence is no longer
the edge of our world we see more clearly
than ever how totally responsive speech is
to the situation that calls it forth and
to the people involved in it. Bare content
is shaped and packaged to meet many
requirements at once.

I have tried to sort out two
categories of these requirements. The
first, cohesion, is hearer oriented. It is
the influence on form of the speaker's own
assumptions about what the hearer knows at
each instant of the communication process.
The second, staging, is speaker oriented.
It reflects how the speaker calibrates the
importance of different parts of what he
himself intends to say. I find it helpful
to tie down the discussion of both
cohesion and staging to differences in
linguistic form; there may be other
psychological or philosophical overtones
to cohesion and staging that have no such
direct repercussions, but getting at those
overtones is another matter.

broad

One of the areas where we are making
progress in the linguistic study of
discourse is in seeing how speaker and
hearer always seek a common ground of
refergnce. This area, however, is hidden
in a terminological thicket. Charles
Hockett (1959.201) originally identified
it as topic, in which, in his terms, 'the
speaker announces a topic and then says
something about it.' Gundel (1974) has
followed this wusage, and I think it the
best label for now even though it gets
confused with topicalization, which may or
may not be part of the same package. Much

earlier some of the Prague School
theoristss (summarized in Danes 1974), and
later Halliday (1967), used theme for a
similar concept, and now Grosz (1977) has
used focus for something not very
different, Each of these three terms,
topic, theme, and focus, has also been
used for at least two other kinds of
phenomena by reputable linguists, so
eventually we are going to have to put
together a road map to all the
alternatives; but Jjust because the terms

are confused is no reason to conclude that
no headway is being made.
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The idea that I am going to continue
to refer to as topic is this: for
communication to succeed, speaker and
hearer have to establish common ground.
™is common ground is usually a presumed
agreement about the identity of certain
objects in the real world. It may also be
agreement about certain events or about
certain relations that hold. As far as its
linguistic expression goes, I think it
significant that its formal makeup appears
to revolve around nominals most of the
time, treating things that are not
necessarily objects as if they were,.

One reason the common ground
phenomenon seems so important is that
without jits narrowing effect, the hearer
might not be able to manage the numerous
semantic alternatives  that could be
developed from each expression in the text
constructed by the speaker. Gundel has
pointed out the utility in this regard of
a formulation attempted by Searle
(1969.126):

For .any speaker S, any object X and
any predicate P,. it is a necessary
condition of S$'s having predicated P
of X in the utterance of a sentence
containing P, that X should have
been successfully referred to in
that utterance and all the
presuppositions of P should be true
of X.

Searle's X is very much like what I
am calling the topic, in that unless the
hearer can relate to it referentially, he
can neither agree nor disagree with
whatever else may be said about it.

Gundel 1illustrates how even an
isolated sentence like George ate a plate
of shrimp cannot be assimilated as part of
a real communication unless the hearer has
some way of knowihg which of the pepple
named George is being referred to; once he
knows that, he can react with yes he did
or no he didn't or oh, the sign of a new
constellation of TInformation in memory
(Winograd 1972).

Grosz has made a wuseful distinction



between the hearer's memory for concepts,
which tends to be long term and global to
a text, and the hearer's memory for
linguistic form, which tends tb he short
term and 1local to a segment of text. Her
distinction interlocks with the one
Halliday and Hasan (1976) make between
reference and substitution. What they
call reference identifies concepts,
objects outside of 1language, and even
pieces of langquagé itself, as they are
mentioned once they have been introduced-
What they call substitution includes
€ellipsis; it refers to the reactivation of
stretches of speech from earlier 1in the
text in order to talk about situations
that have not already been referred to,
but whigh have enough in common with
others that have been referred to that the
same linguistic expression can apply to
the new situation.

It is the first of these, memory for
concept, rather than form, from which the
speaker appears to take what he hopes is
common ground between himself and his
hearer, This selection from the field
available for global reference is what 1is
behind Gundel's observation that the topic
has to be accessible to the hearer. (The
most accessible things are
characteristically the standard elements
of the communication situation: I, you,
here, and now.)

In the course of a text, bq it
monologue or dialepgue, the referential
common ground that is used as the core of
communication may change. This is true of
the global topic and apparently of local
topics as well. The 1initial core of
reference may be designated very simply,
for example by a single noun phrase, with
no differentiation of parts ofr functions
at the beginning. Gundel even shows that
the teopic of some sentences may be
implicit, not mentioned 1n that sentence,
but nevertheless to be taken into account
if the sentence is to make sense.

Once the topic of a text is put into
play, that topic may be developed in at
least three different ways that have been
described so far in the literature: 1t may
be expanded, shifted, or split.
Expansion adds things to the core of
reference. Shift adds new referents to
the core and Yeaves others off, sa that
what 12s taken as common ground at one
point in the text differs from what was
taken as common ground earlier. Splitting
the «core results in 1local topics besng
brought into play in relation to global
topics; or rather, higher level topics are
split into a higher level part and a lower
level ©part, a process which if repeated

may yield more thar two levels in the same
text.

Topic expansion is 1llustrated

in a
story from Time magazine (June 21, 1976
p. 56). The date of the issue needs to be
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taken as the 1initial topic; there is no
other common ground to begin with between
the write? and the reader. This is normal
in news stories: consider how impossible
it is to agree or disagree with anything
like The Giants beat the Dodgers until one

knows the occasion. The title of this
piece 1is Teton: Eyewitness to Disaster.
For a reader who knows his geography,
Teton identifies a place, while for one
who does not, there is at 1least a good
chance’ that it is a place name or the name
of a person., The 1idea'of referential
common ground gives wus for starters a

reasonakie guess at an event that happened

the week before the appearance of the
mayazine, and possibly a place, as a
limiting field within which to place the

interpretation of the rest of the message.

The text begins with a paragraph set
off in italic type and quotation marks, in
which the speaker is not identified: "This

wet spot on the side of the dam started
spurting a little water .\." The noun
phrase that begins the sentence |is
definite, as is the dam contained within
it. The definiteness here suggests that

the writer expects the reader to

to find the reference because
accessible within the limits alread
If he follows that suggestion and takes
Teton as the name of the dam and accepts
this as. identifying something new within
that field, his reference succeeds. (The
side 1is 1legitimately definite once we
ldentify the dam by what Halliday and
Hasan call 1lexical cohesion; dams have
sides.) As far as pinning down a core of
reference 1is concerned, the text so far
has its topic built up as <clearly as if
the article had begun much more dully, as

be
it

able
is
set.

for example Last week at a place called
Teton Where there is a dam, a wet spot

appeared on its side.

The text goes on "... and I asked %x
mother, 'Do you think we should notify the
authorities?’ She said: 'T don't
think ...'" Here the person who is making
the report is mentioned explicitly for the
first time, as is the mother to whom the
question is addressed..This complex of the
observers, the wet spot on the dam, the
location, and the time persists as the
referential core or topic through the
course of over a column. It is built.up by

small references to give dn  expanded
topic.

Topic shift differs from expansion in
that some referential elements appear to
be dropped from the topic as the text
progresses; some things that were treated
as part of the common ground in the
earlier part of the text are not so
treated later. Schank (1977) focuses on
the intersection of the referential field
of one sentence and that of its succwsser,

and tries to define some (but not ail)
ways in which that intersection relates
to the referential field of the next

|2



sentence. His initial definitton of topic
as 'any object, person, location, action,
state, or time that is mentioned in the
sentence to be responded to' 1is probably
too 1inclusive, because it does not take
intec account Searle's factor of successful

reference; but once a text 1is begun,
Searle's boundary condition is no longer
needed, because the reference has been
established by the text itself.

For Schank a new topic is 'derived
from the original input but is not

identical to it', 1in that reference may
shift from a specific element mentioned in
the earlier sentence to the class of which
it is a part in the

later sentence, or
vice versa. The ¢lement in the later
sentence may also be a different
conceptualization that 1is like the first

in kind; Schank calls this supertopic. It
may also be 'a comment that can be
inferred from the interaction of two
conceptualizations', or metatopic, Schank
suggests more specific rules that he hopes
will <characterize the way topics shift in
the course of a text.

The key concept, however, 1is his
observation that a sentence out of context
cannot be said to have a topic, because
for him the topic arises only out of the
interaction of adjacent sentences by the
process of intersection, If he 1is right,
or close to right, 1t is reasonable that
some of the things that are treated as
topic earlier in the text be given
different treatment later in the same
text, because they are no longer taken as
part o¢f the referential commdn ground
between the speaker and hearer.

The idea of splitting
referential field embraced by the topic
into higher and 1lower level topics has
been treated in two different ways, each
of which: may be valid in its place. Grosz
recognizes the phenomenon, and gives an
intriguing example (1977.23) of a pronoun
it which refers back to a global topic
Tast mentioned half an hour earlier, even
though a whole series of local topics has
come between the pronoun and its
antecedent. In her discussion of global
and local topics, however, she tends to
equate the first with memory for concepts
and the second with memory for forms,
chiefly because she finds the domain of
ellipsis to be restricted to a local
segment of text, and to always 1involve
memory for forms.

up the

Meyer (1974) and Clements
however, find the global-local
operating independently of
other substitute-ljke memory
They construct a topical hierarchy
consisting of a global topic, whatever
local topics are talked about as part of
the discussion of the global topic, and
whatever lower 1level toplics are talked
about as part of the discussion of those

(1976),
phenomenon
ellipsis or
for form.

106

local topics, in what apparently gives a
recursiyely definable topic tree of
unrestricted depth. In this model,
psycholagical tests of recall show that
subordinate position in the topic tree

regularly gives worse recall than
superordinate position.

The definition of topic used by Meyer
and Clements is earlier than Gundel's, so
that one «could expect the variance in
their results to be reduced by attention
to her principles for recognizing :opics.
Topic for Clements is more like Halliday's
theme, ordinarily the first thing in the

sentence. His topic hierarchy comes from
three rules:
(1) Topic rule:
Identify the topic of each

clause and simple sentence.
(i1) 0l1d/new rule:
Decide whether the topic is new
(never previously mentioned) or
cld (mentioned 1in an earlier
topic or comment). If new —-
assign it one level below the
previous topic. If old -~
assign it the same level as its
first mention.

(iii) Coordination rule:
If a topic 1s coordinated
an earlier topic or comment,
assign it the same level as
that earlier topic or comment.

with

The work of Clements and Meyer lends
credence to the idea that there may be a
hierarchy of topics in a text, all
referential in Halliday and Hasan's sense,
rather than dependent only on short term

memory for form. Some observations from
Kgine Greek, the vernacular Greek of the
first century before Christ to the third

century after, appear to bear this out.

Word order is used much less in Koine
than it is in English to specify
grammatical relations, because the case
system of nouns carries that load. One of
the functions which word order expresses
seems to be that of identifying shifts in
topic (Grimes 1975). Noun phrases in the
nominative casg that precede the main verb
of a clause regularly make that nominative
the topic; that is, they signal the reader
to take it as part of the referential core

that is to be the cammom ground between
him and the writer.

The conjunctions of Koine Greek also

play a part 1in the topical structure.
There are three kinds of conjunctions:
coordinating, subordinating, and
resumptive. The coordinating conjunctions
include most of the ones translatable as
'and' or 'but'. The subordinating
conjunctions 1include the 'because' and
'if' wvarieties. The resumptive ara, dio,
and occasionally idou mean something Tike

1'%



now back to the main point . They reset
the topic level from wherever it was to
the global topic.

Working along with the conjunction
system 1s the system of grammaticgal
subordination. It uses relativizers,

complementizers, participles, and verbal
nouns to signal that certaih propositions
are peripheral in the author's perspective
on what he has to say. All these
subordinating grammatical mechanisms are
used constantly in the ancient Koine
documents, even though it would be
perfectly possible to express what they

expréss 1in strings of independent clauses
with no subordination.

The result 1s texts with a
elaborated yrammatical structure, with
some clauses at four or even five levels
of subordination. The general distinction
between global and local applies, but
recursively: at any level of
subordination, it appears possible to have

yet another level of subordination
attached.

richly

When we turn, however,
that make distinctions of
explicit in their pronominal
find no greater elaboration than a
distinction between global and local
topics. Bacairi of Brazil (Wheatley 1973)
is such a language. The terms Wheatley
uses 1n his descraiption are 'thematic -
athematic' and 'focal - nonfocal'; but 1t
seems clear from perusal of his paper that
we would now want to call the thlematic
category the topic, and the focal category
global. Someone who has been identified as
part of the common ground between speaker
and hearer for a text as a whole 1s
referred to by the pronoun maca 'thematic
focal animate'; someone who is topic for a
local segment but is not the 9lobal topic
at the
'thematic nonfocal animate'; someone who
is global topic, but is referred to within
a stretch that has a local topic active,
is mauanca or maunca athematic focal
animate'’ and those who are topic neilther
at the global level nor at the local level
are referred to by uanca 'athematic
nonfocal animate' There are 1nanimate
counterparts for all four pronouns.

to languages
topic level
systems, we

On the thematic side -- that 1s, 1n
the pronouns used for topics -- there 1s a
si1tuational or deictic use that confdses
the picture. The pronoun inara 'thematic
nondeictic animate' is only textually
defined, with 'an anaphoric antecedent that
is taken always from the preceding
sentence, not from the topical structure
of the text as a whole. 2n the other hand
there is a pronoun mira 'thematic deictic
animate' which applies only to animate
things that can be seen and are near the
Speaker. In between the nondeictic and
the deictic are the situational wuses of
maca and auaca. The first denotes Ssomeone

same time 1s referred to by auaca
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maca

It
far away but 1n sight, and the second

denotes someone nearey to the speaker but
not as nears as mira.

There are situations in which these
two pronouns appear to flip the1ir
reference; what they actyally do is change
the basis of the reference from the
si1tuation to the text. Thus I can begin a
text by 1dentifying a boy over there as
because he 1is relatively far away,
and a woman standing c¢loser as auaca
because she 1s not so far away. But 1f
what I have te say revolves around the
woman rather thah the boy, I will switch
after a few sentences to the textual
definition of the pronouns and use maca
for the woman because she is more central
to what I have to say, and auaca to the
boy when I treat him as a 1local topic.
However, we have no information about the
use of these pronouns to topicalize at
more than two levels at a time.

Longuda of Nigeria
elaborate pronoun system with
topics than that of Bacairi
press), but hevertheless it
topic from
series of
appear 1n
actions of
distinguish
others. 1In
character
the
as
are

has a less
respect to
(Newman, ,in
distinguishes
nontopic. There is actually a
pronoun-aspect particles that
sequence in texts to identify
the central character and
them from the actions of
some parts of a text the
singled out by the pronouns 1s
one the text 1s about; he 1is treated
the global topic. Where local topics
introduced, however, the topic pronoun
set switches over to the local topic, and
the referent of the glc¢cbal topic is
referred to by the same nontopic pronoun
as all the other characters.

For example, in a story
rabbit, most of the story uses the topic
pronoun serles for the rabbit and a
nontopic pronoun for everybody else,
including an elephant who interacts with
tne rabbit. One section, however, 1is
about what the elephant daid In that
section it 1s the elephant who gets the
topic pronoun series, and the rabbit gets
the nontopic series, even 1if 1t is the
rabbit ‘whom the story is about globally.
When the section about the elephant ends,
the topic pronoun series reverts to the
global toprc, the rabbit.

about a

Evidence from languages 1like
proves the linguistic realism
distinction between one kind of topic and
another. It albo agrees in the main with
the kinds of analysis we have been making
for English; apparently we are fairly
close to the right track, 1in terms of
those 1languages that put this kind of
thing right out on the surface What is
not yet clear is the number of levels of
topic we may deal with 1in a text:
Clements's analysis of English and nmy
analysis of Greek point toward more than
two simultaneous 1levels of topic, while

these
of a



the languages that distinguish levels of
topic in their pronoun systems seem to
support two levels,
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Toward a Rational Model of Discourse Comprehension

Jerry L. Morgan
Center for the Study of Reading
University of 1llinois
at Urbana~Champaign

| Introduction

| begin my tale with the moral: a quotation
from the greatest English grammarian, Otto
Jespersen (1965)

The essence of language is human activity--
activity on the part of one individual to
make himself understood by another, and
activity on the part of that other-to
understand what was in the mind of the first,
These two individuals, the producer and the
recipient of language, or as we may more con-
veniently call them, the speaker and the hear-
er, and their relations to one another, should
never be lost sight of if we want to under-
stand the nature of language and of that part
of language which is dealt with in grammar.
But in former times this was often overlooked,
and words and foyms were often treated as if
they were things or natural objects with an
existence of their own--a conception which
may have heen to a great extent fostered
through a tbo exclusive preoccupation with
written or printed words, but which is funda-
mentally false, as will easily be seen with

a little reflexion. (p. 17)

But the temptation to think of language as pure
form i1s great, Jespersen himself slips into this
metaphor a few pages later.

. we always find that there is one word
of supreme importance to which the others are
joined as subordinates This chief word is
defined (qualified, modified) by another word,
which in its turn may be defined (qualified,
modified) by a third word, etc. (p. 96)

But words do not define, modify, or qualify other
words. Speakers define, qualify, and mecdify

This confusion is so tempting that it is perva-
sive in every field that studies language, at any
level. |t 1s almost universal in linguistics. We
find it, for example, in the following from
Halliday and Hasan (1976), who probably know
better

Let us start with a simple and triviagl exam-
ple Suppose we find the following instruc-
tions in the cookery bobk:

[1 1] Wash and core six cooking apples.
Put them into a. fireproof dish.
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It is clear that them in the second sen-
tence refers back to (is ANAPHORIC to) the
six cooking apples in the first sentence.
This ANAPHORIC function of them gives cohe-
sion to the two sentences, so that we inter-
pret them as a whole; the two sentences
together constitute.a text. Or rather, they
form part of the same text, there may be more
of it to follow.

The texture is provided by the cohesive RELA-
TION that exists between them and six cooking
apples. It is important to make this point,
because we shall be constantly focusing at-
tention on the items, such as them, which
typically refer back to something that has
gone before; but the cohesion i1s effected not
by the presence of the referring item alone
but by the presence of both the referring
item and the item it refers to (p. 2).

There are two serious confusions here. First,
words do not reTter; speakers refer to things by
using words. The word them does not refer to
anything at all, obviously sp since it can be used
to refer to any set one wants to refer to. There
is no particular set of entities that one can say
the word them refers to. But one can use it to
refer to sets of things, when one's intended
referent will be recoverable in some way by the
hearer.

The second confusion is the idea that words
"refer back' to other words., The muddle here is
obvious Whether 1t is people or words that
refer, it 1s things, not (usually) other words,
that they refer to. Thus in Halliday and Hasan's
example [1:1], 1t is not the words 51x cooking
apples that them is used to refer to, one is not
being instructed to put three words in a fireproof
dish. The word them is used to refer to certain
apples that were previously referred to by use of
the words six cooking apples. My objection to
such descriptions is not based merely on &a nig-
gling concern with sloppy language. If it were,
one might respond that it's clear what Halliday
and Hasan mean here, so my complaint is beside
the point. Rather, | think the pervasive confu-
sion on just this point is a symptom of a serious
comceptual confusion that renders a tot of the
related work useless. This is the case with the
passage from Halliday and Hasan. They say that it
is some relation between sentences in a text that
gives it ''cohesion'', that renders 1t coherent,
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"so that we interpret them as a whole; the two
sentences together constitufe a text." The re-
lation that gives rise to this cohesion is that
them in one sentente 'refers back' to the six
cooking apples in a previous sentence. |f we
interpret this phrase charitably, then the ques-
tion arises, how do we know what them refers to?
How do we know that it refers to the apples, and
not ta two or the writer's bachelor uncles? We
can't know such a thing. We can only assume théat
the writer is rational, and that the recipe is co-
herent. If {t is coherent, we are justified in
assuming that it is the apples that are referred
to by them. But there is a victous cirt ularity
here. The recipe has ctohesion, is-a coherent
text, just in case them refers to the apples. But
we are only justified in inferring that them re-
fers to the apples if we assume that the text is
coherent. Thus, in spite of Halliday and Hasan's
claim, it is not the anaphoric facts that give
rise to cohesion; rather, the assumption that the
text is coherent gives rise to the inference that
them refers to the apples.

This kind of confusion, it seems to me,
arises from the linguist's habit of looking at
every aspect of language in terms of linguistic
forms and relations between them. Thus in this
case the mistaken characterization of reference
as a relation between wouds, and of coherence as
a property of an abstract linguistic object called
a text. In the rest of this brief paper | want
to sketch an opposing view, and to claim that
notions like !"'reference,'" ''text structure,'
“"relevance' and ''coherence' are best treated, at
least in part, in terms of communicative acts and
the plans and goals of speakers/writers who per-
form such acts.

Il. Three Ways of Looking at a Text

Assupe for the moment that we know what a
text (oral or written) is, and can tell a co-
herent text from-a random transcription of English
sentences (! will return to what counts as a
coherent text later). Then there are (at least)
three kinds of things and relations involved in a
text.

1. Sentences. First, conventional wisdom in
Jinguistics has it that texts consist of sen-
tences. | shall accept this for the moment,
though a bit later | will show cause to modify it.

But what kind of-'"'thing'' is a sentence?
It is, if anything is, an abstract linguistic
object, a unit of form. It is not a proposition,
nor a fact, though it is a means by whith such
things are asserted, denied, questioned, etc.
Nor is a sentence a speech act, though a speech
act will usually be performed by means of the
utterance of a sentence. But a sentence and an

utterance of a sentence are different kinds of
things.

A sentence is not the kind of thing that is
true or false; ''facts,' or "propositions," that
sentences can be used to express, dre true or
false. Or perhaps it would be more appropriate
to speak-of assertions as being true eor false.

At any rate, 't is quite clear that it is nonsense
to speak of sentences as true or-false, as
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evidenced by the familiar problem of indexical
expressions,

A sentence, then, may be used to assert that
something is true, or False, or has occurred,
but the sentence itself is not true or false,
and does not occur. Thus relations like causa-
tion, order in time, entailment, and so on, do
not hold between sentences. It is not clear what
kind of relation can accurately be said to hold
between the sentences of a text.

2. "Facts.'"™ The second kind of '"thing" involved
in a text' is what | shall call "facts." (Notice
that | do not say texts consist of or contain
facts, merely that they somehow involve facts.)
The term ''fact'" is a bit misleading--though |

can think of no better term--in that | wish to
include as facts events, states, and so forth
that do not actually hold in the real world;
"propositions,' more or less.

Relations among the ''facts" involved in a
text, then, consist of two classes: first, the
same relations that hold between facts in the
real world-~causation, relations of temporal
order, motivatidn, and so forth; second, those
relations that have to do with logic and hypo-
thetical facts, like entailment and contradic~
tion. lt.may be necessary to distinguish facts
on the one hand and propositions on the other,
on grounds that i1elations between facts are of a
kind different from relations between proposi-
tions, but | will ignore the problemn here.

3. Speech acts.
in texts issthe "speech act' (by this term |

mean to include as a sub-case acts of linguistic
communication by writing). Speech acts are not
sentences, nor ''logical forms,'" nor propositions,
in spite of occasional attempts to define them

in these terms. They are acts, just as the term
implies,

Relations between the speech acts involved
in a text are just those that can hold between
acts in general. First, since an act is a sub-
type of event, the relations that can hold be-
tween events can, in general, hold between acts,
thus between speech acts: relations of temporal
order, for example. Second, since a speech act
is a sub-type of act, relations that can hold
between acts can, in general, hold between speech
acts. The most important relation in this regard
is the relation of purpose: one does such-and-
such in order that such-and-such; qr one performs
a certain act in order thereby to perfarm a
second act. Long chains of these relations can
hold between acts. | may throw a switch in order
to turn on a light in order to frighten away a
burglar in order to save the family jewels. |
may tell my friend that there is a charging bull
behind him in order that he realize that he is
in danger, in order that he get out of the way.
{t is a mistake to ask whether my speech act was
an assertion or a warning, since this presupposes
that the two are mutually exclusive. |t was both;
| asserted something and thereby warned somebody,
just as | threw the switch and thereby turned on
the lights. | may make a certain mark on a
piece of paper, thereby marking my ballot for
Smith, thereby castina a vote for Smith. | may

The third kind of thing involved,
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assert that | will do the dishes, thereby volun~-
teering tQ do the dishes. And so on.

It is commoply the case tha* acts are linked
by complex relations of purpose and goal, includ-
ing the case where one act is perfarmed by means
of performing another act. This is especially
true of communicative acts.

There are several subvarietie$ of speech
acts, for whieh sgveral taxonomies have been pro-

posed; Austin (1962), McCawley (1977), for example.

One important distinction in kind is the distinex
tion between the act of saying a sentence, and

the act one thereby performs. In performing an
act of saying the English sentence 'Your hair is
in my yogurt" | may, ip the right circumstances,
thereby inform someone that their hair is in my
yogurt. The first kind of act, the act of saying,
includes making sounds in a way that conforms to
the conventions for what counts as a %Saying of a
sentence, or making visible marks in a way that
counts as a saying of a sentence. Texts, then,

do not really consist of sentences, but of sayings
(""uses") or sentences; or in the case of written
texts, of a permanent kind of record of uses of
sentences.

I1i. The Interpretation of Texts

A. Speech acts. The interpretation cof a
text, then, consists of the interpretation of this
record of sayings of sentences. Each saying is
interpreted in terms of some speech act(s) per-
formed by saying a given sentence. (Henceforth
by ""speech act' | will mean the communicative act
one performs by saying a sentence, as opposed to
the act of saying itself.) There are three
aspects to the interpretation of speech acts. the
interpretation of what speech acts are performed--
assertion, promising, denial, questioning,
warning, etc.--by the saying of the sentence; the
interpretation of what 'facts' are asserted,
denied, etc., and the interpretation of the
speaker's purpose and goal in performing the
speech act.

As an aside | should mention the special
instance where nothing is directly asserted,
denied, etc.: the case of speech acts of refer-
ence. An act of asserting, etc., (for brevity |
will henceforth use assertion as representative
of all speech acts types), will usually include
an act of referring as a subpart; a reference to
the entity of which something is asserted. But
acts of referring can occur independently. For
example, | might say '"The door!! to someone under
a number of circumstances, to get them to open
it, close it, shoot the bad guy standing in it,
or merely observe what beautiful hardwood it is
made of. It would be a mistake to say that
"The door!' means any of these things, or that
| have performed (directly) any kind of speech
act beyond merely referring. | have only re-
ferred to the door, thereby to call my hearer's
attention to it, with the expectation that when
he turns his attention to the door he will realize
what it is 1 want him to do about it,

The typical immediate goal associated with
speech acts of all kinds is the same: that the
hearer modify his model of a certain 'world"
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(in the sense of ''possible worlds') in a way

that involves the 'facts' that are asserted, ete.
in the speech act. The world involved may be

the real world, or, in the case of story-telling,
for example, some imaginary world. The modifica-
tion may include the construction ex pihilo of
some hypothetical or imaginary world. The rela-
tion between the ''facts' of the speech act and
the intended modification vary with the nature

of the speech act; but in all cases some modifi-
cation is involved. The simplest case is that of
assertion; normally the immediate goal of an-
assertion Is that the hearer modify the world
under discussion in a fashion that makes the
asserted fact true in that world. In the case of
yes-no questions, the goal is that the hearer
modify his model of the world such that in that
world the speaker wants the heaxer to tell him
whether the fact questioned is true. In the case
of imperatives, the goal is that the hearer
modify his model such that in that world the
speaker wants the hearer to bring about the truth
of the ordered fact, and that certain social
consequences will follow from non-compliance.

The raw datum of comprehension, then, is not
the sentence or the proposition, but the fact that
a certain speech act has occurred. In comprehen-
sion, people do not process sentences as abstract
formulae; they observe that someone has said
something to them, and attempt to interpret that
act and its consequences, which may include
modification of their model of the world. The
process of modifying the model according to what
is said is not direct, but the result of several
steps of evaluation. Interpretation of an
assertion might go roughly like this, from the
viewpoint of the hearer (where S is the speaker,
A the addressee, addressee and hearer may be
identical):

S has said x to A. Saying x counts as
asserting p. S knows that saying x
counts as asserting p. S knows that
therefore his saying x is likely to be
interpreted by A as an assertion of p.
S has done nothing to prevent A from
making this conclusion. Therefore S's
intention is that his saying x be taken
by A as an assertion of p. Then if S
is sincere S believes that P is true.
A must conclude that S has asserted p
because he wants A to take p as true
and modify his model of the world
accordingly.

But the decision to believe p, i.e. modify his
model of the world to include p, is a matter of
choice on H's part, not an automatic consequence
of processing the "'sentence."” The steps involved
in making this decision are equally complex,
involving the ability to construct a hypothetical
world just like the real one except that p is
true, to evaluate the consistency and plausi-
bility of that world, and so on. Some of the
facts that are asserted will relate to this
decision-making process. For example, in saying
(1) my goal is most likely that the hearer come
to believe that both facts asserted are true.

(1) John is here. He has a dog with him.



But in the case of (2), | am not so much con-
cerned with the second asserted fact in itself,
but with the goal that from concluding that it is
true, the hearer will be more likely to believe
the first, since 1 intend that he take the second
fact as evidence that my source is rehliable.

(2) The world is flat.
in the Encyclopedia.

it says so

Matters that are sometimes construed as rhetorical
relations between sentences fall inta this cate-
gory. Some fact is asserted not because it is
important in itself, but because it bears on H's
evaluation of some ,other asserted fact. Thus the
relation Is not one between sentences, but be-
tween speech acts. One speech act is performed

in order to influence the interpretation and
evaluation of another. At any rate, my pofwt here
is that in comprehending a text in the serious
sense, comprehension proceeds not from some dis-
embodied abstract object called a ''sentence,' nor
from a "proposition,' but from the perceived fact
that § has satd such-and-such, and that so0 saying
counts as a speech act of a certain type.

There is another way in which modification
of the world model is not a direct function of
the asserted fact: the widely studied problem
of inference. Given the hearer's acceptance of
what the speaker has asserted, incorporation of
the facts into the model of the world«may involve
more than merely adding the asserted facts.
There is, for example, a general principle of
ceteris paribus that comes into plfay in considera-
tion of alternative worlds. Roughly, when con-
structing a model of a world alternative to some
point-of-reference world-(usually she real one),
the hearer will assume, lacking evidence (from
assertion or inference) to the contrary, that the
alternative world is consistent with the point-of-
reference world in all relevant respects. To take
an extreme example, if someone is telling me about
life on Arcturus, | will assume that the laws of
physics are the same there as on earth, unless
something the speaker says leads me to believe
otherwise. In the same way, hearers will assume,
lacking counter-evidence, that what is typical
in the point-of-reference (e.g. real) world is
also typical in the alternative world. They will
also assume that things of a given type have the
properties typical of things of that type.
Gricean rules of conversation support these in-
ferential strategies in the following way: The
hearer knows that the speaker knows the hearer is
likely to make inferences according to these and
other strategies. The speaker has done nothing
to prevert the hearer from making them. There-
fore the hearer is Justified in inferring that
the speaker intends for the inference to be made.

Usiag these and other strategies, then, the
hearer modifies his model of one or more worlds,
based not on detached sentences or propositions
floating in some abstract semanti¢ space, but on
his observation that a certain person has per-
formed a certain speech act.

B. Relations among speech acts. But there
is more to the interpretation of a text than just
the interpretation of individual speech acts. A
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speech act is performed for some purpose, with
some goal in mind. And complete understanding
of a text involves the ability to infer such
goals and purposes at evéry level, from in-
ferring the purpose of referring expressions to
inferring the speaker's overall goal in con-
structing the text. One can understand every
sentence in a text, yet come away puzzled at what
it was the speaker was trying to say, or what
the parts of the text had to do with each other.
To understand the purpose of a speech act is to
understand how it relates to a goal, how it is a
step toward the achievement of that gpal. The
most appropriate kind of theory for this aspect
of a text is a theory of plans, in which pur-

poses, goals, acts, and intentions play a crucial
role.

There are a large number of goals a speaker
can have in constructing a text, including many
that are irrelevant to comprehension: to derive
royalties, for example, or to confuse an enemy
by furnishing misinformation. A proper theory
of text comprehension must distinguish goals
like these from those that are central to com-
munication and comprehension, probably by means
of conditions like those Grice (1957) proposes
as criteria for meaning.

C. What can go wrong. Then we can sKetch
the task of text comprehension as follows

1. From the sounds or marKings; H must
recover what sayings are recorded in
the text, in what order.

2. From this K must recover what speech
acts have been performed, in what
order.

3. From each speech act H must reccver
what facts are being asserted, denied,
promised, etc.

4., From this H must infer what modifica~
tions he is intended to make in his
model of the world, and how to make
them in the most consistent way;
this is not a direct function of
the facts, as discussed earlier.

5. For each speech act H must infer a
purpose that is consistent with the
purposes he inferred for earlier
speech acks; or he must revise
earlier hypotheses about purposes
accordingly. Questions H must infer
answers to are, ''Why did the speaker
perform this particular speech act,
at this particular point in the text?'
and "Why does he want me to have
this particular fact just now?"

6. From speech acts and their purposes
taken jointly, he must construct a
hypothesis of the speaker's goal in
the text, and of the plan that the
speaker is following in advancing
toward that goal. At each step the
purpose of a given speech act must
somehow be construed as consistent



with, and actually advancing that

plan, or the plan hypothesis wmust
be modified so that it can.

From Rypotheses about the speaker's
plané and goals in the text, the
hearer will form expectations:
hypotheses about what the speaker
is likely to do next in advancing
toward the goal of the text.

These matters do not proceed in separate compart-
ments, of course, but feed each other. The plan
one has constructed so far can influence decisions
about what speech act is performed in a given
utterance, for example, and the interpretation of
pronouns can be influenced by hypotheses about

the speaker's goals, just as a decision about what
a referring expression is being used to refer to
can influence the process of inferring a plan, and
expectations about what the speaker will do next
can influence the interpretation of what he
actually does.

From this sketch we can derive a picture of
where things can go wrong in comprehension, giving
some insight perhaps into notions like '"text
structure," "relevance,'" and 'coherence.'

The hearer can have difficulty in tasks
through 3, of ceurse, but the mattér seems
straightforward, so | will not discuss it. Diffi-
culties can arise in task 4 in at least._two ways.
First, the world described may be so factually or
logically bizarre, or so inconsistent with the
hearer's beliefs (a description of ping pong in a
black hole, for example), that the hearer is un-
able to construct a consistent model with any
degree of tdetail. The term ''incoherent' might be
applied to such cases, but | think this is not
what lénguists mean by '‘textual coherence," which
| will discuss-below.

A second kind of difficulty with task &
arises when the facts are consistent, but the
hearer lacks the knowledge netessary to figure
but how to construct a consistent model that
incorporates those facts. For example, if |
describe in detail a walk thraugh the South Side
of Chicago, a person who has been there before
will bé able to construct a much more richly de-
tailed model of my walk than a person who has not.

Difficulties can arise with task 5, insofar
as the hearer is able to understand clearly what's
being asserted, but unable to determine the
speaker's purpose in asserting it. Here is the
place to look for an adequate definition of
relevance. Actually there are two senses of
the word in ordinary usage. One can speak of
relevance .as a relation between facts. One fact
is relevant to another when the truth of one de-
pends in some way on the truth of the other. But
I think more often, linguists who speak of
"relevance'' as a problem of text. comprehension
have in mind a problem that is best treated in
terms of purposes behind speech acts. Given a
hypothesis atout the goal and plans of a speaker
in a text, a given "'sentence' (i.e. speech act)
is taken to be irrelevant when the hearer is un-
able to see how it functions within the pian to
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advance toward the goal. Relevance under this
interpretation, then, is a relation between an
act and a goal, not a relation between sentences.
if in recounting my recipe for Wienerschnitzel
describe my new driveway, it's not that the
sentences are irrelevant; rather, | have done
something irrclevant. The same passage may
count as full of irrelevancies, relative to one
goal, but uniformly relevant, relative to another
goal.

Task 6 is probably the most complex and
difficult, and the one we know least about. But
| suspect that it is a likely source of progress
in understanding such important but elusive
notions as ‘''coherence," 'text structure,'' and
"topic.!" In understanding a text, the hearer
unconscidusly searches out a primary goal! behind
the text, and tries to construe every part of the
text as a purposeful step toward that goal,
according to some plan. If the heaxer is unable
to reconstruct the goal or plan, or Indeed
decides there is none,.the text will be judged
"incoherent."! Coherence is not a formal property
of texts, nor of 'logical structures' of texts,
but a function of the hearer's ability to relate
parts of the text to a plan for achieving some
goal. If it should turn out that the coherence
of texts correlates with the number of pronouns,
it would be a mistake to conclude that lots of
pronouns makes a text coherent. Rather, it would
show that coherent texts tend to be ones where
the speaker says a lot about one or two topics,
rather than saying one thing about 32 topics.

It is the coherence of what the speaker is doing
in the text that gives rise to the abundance of

pronouns; the formal property of having a lot of
pronouns does not give rise to coherence.

At least some aspects of ''text structure'
can also be treated in these terms. An ideal
unified paragraph, for example, is a unit of
function, not of form; the speaker formulates
a subgoal as a step toward the Brimary goal of
the text and sets about to achieve that goal in
a serfes of speech acts. |Insofar as the hearer
is able to discover this, the series of speech
acts will be judged to be a unit; but a unit of
function, not of form, defined not in terms of
sentences or propositions, but communicative acts
of some person, who uses those sentences to convey
those propositions.

it is likely that an understanding of task 6
will lead to an understanding of ''topic' as
well. At present, there are nearly as many
definitions of "topic!" as there are linguists,
and none of the definitions is clear enough to
be usable. For some linguists the topic is a
certain NP in a sentence; for others a topic is
something a sentence has, though the NP may not
be present in the sentences., For some every
sentence has a topic; for others, only some
sentgnces have topics. But | suspect that aill
of these attempts miss hy a wide mark. First,
it is not NP's that are topics, but the things
in the world they refer to. Second, | suspect
that such definitions can never be made sense of
in that it is speakers, not sentences or even
texts, that have topics. (f so, then the proper
theoretical treatment of ™topic' would be framed

2.0



In terms of a theory of complex communicative
acts, not formal linguistic properties.

I1V. Conclusion

In this speculative paper | have proposed a
way of looking at the comprehension of connected
text that is counter to the linguist's usual way
of looking at language. My main point is that
certain notions are more likely to receive ade-
quate treatment in a theory that incorporates a

theory of speech acts, a theory of plans and goals,

and a theory of inference, in place of a theory
that looks for answers in terms of formal proper-
ties of texts. 1t remains, of course, to develop
such theories towa level where my claims can be
rigorously tested. The construction of such
theories should be a prime goal of theoretical
linguistics.

References

Austin, J. How to do things with words. Oxford:
Oxford University Press, 1962,

Grice, H. P. Meaning. Philosophical Review,

1957, 66, 377-388.

Halliday, M. A. K., & Hasan, R. Cohesion in
English. London. Longman, 1976.

Jespersen, 0. The philosophy of grammar. New
York: Norton, 1965.

McCawley, J. Remarks on the lexicography of
performative verbs., [® A, Rogers, R. Wall,
and J. Murphy (Eds.), Proceedings of the
Kustin Conference on Performatives, Pre-
suppositions, and Implicatures. Arlington,
Va.: Center for Applied Linguistics, 1977.

Footnote

This research was supported by the National
Institute of Education under Contract No.
US-N1E-C-400-76-0116.

114

oL/



27

ASSENT AND COMPLIANCE IN CHILDREN'S LANGUAGE, COMPREHENSION

David R.

Olson

Ontario Institute for Studies in Education
Toronto, Candda

Abstract

It is conventional to treat the meaning of an utter-
ance in a discourse in terms of two components, the
propositional and the pragmatic or speech act com-
ponent, the first indicating the meaning of the
sentence, the second indicating its intended use by
the speaker. Some arguments and evidence are pre-
sented to show that these two systems are interde~-
pendent. Roughly, it appears that social comsidera-
tions, primarily status, determine which aspects of
a proposition are lexicalized in the-utterance.
Thus, a child with high status relative to his inter-
locutor may use a command, "Give me a block", while
1f he has low status relatise to his interlocutor

he may use a request, "May I have a block?" If he
is an equal, a peer, (and perhaps only then) he will
use an explicit true proposition such as, "You have
two more than me", OCnly #wthis third case 1s the
propositional meaning explicit in the sentence per
se, and only in this case is an affirmative or
negative response dependent strictly upon truth con-
ditions (on assent rather than compliance).

This concept of the social aspects of qeaning is
examined through an analysis of what is =said vs
what is meant in some child~-child and teacher-child
conversations.

Theories of human cognition have gradually ad-
justed their accounts of perception and of know-
ledge to the fact that neither perception nor
knowledge are simple copies of the enviromnmental
events that occasion them. Bruner's (1957) "New
Look" in perception, which was devoted to showing
the role of hypotheses, expectancies and set on
the processes of perceptual recognition along
with Bartlett's (1977) analyses of the role of
"schema" in remembering helped to relativize the
accounts of the relation between stimulus and
perception or between reality and knowledge.

Now, however, we are asked to make our accounts
of human cognition even more relative as not only
to innate categories, and to expectancies based on

Paper prepared for Theoretical Issues in Natural

Language Processing (TINLAP-2). Urbana, University
of Illinois, July 25-27, 1978. I am indebted to Ed
Sullivan and Frank Smith for our lively discussions
of these issues, and to Canada Council for support.
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prior experience, but rxther to the social relations
in which those knowledge structures are constructed.
Theories advanced under the banner of the "socio-
logy ©of knowledge" have claimed that the structures
of knowledge and perception reflect the organizing
properties of the social system in which the exper-
iences occur and are¢ assimilated.

This line of argument is usually attributed to Durk-
heim. According to his biographer Steven Lukes
(1975) the cognitive processes reflect directly-the
social and political structures of a society. ''Con-
ceptual thought, was," Durkheim claimed, "social

and nothing but an extensioch of society" (Lukes,
1973, pp. 23-24) and again, '"Logical life has its
first source in society" (Lukes, 1973, p. 441).

In an admirable collection of essays and monographs,
Mary Douglas (1975) takes up and extends the Durk-
heimian view. With Durkheim, she claims that:
"...ideas rest on classification. Ultimately any
form of knowledge depend on principles of classi-
fication. But these principles arise out of social
experience, sustain a given social pattern and
themselves are sustained by it, If this guideline
and base is grossly disturbed, knowledge itself

is at risk" (p. 245). Specifically, she argues that
the discriminating principles as to what is clean
and what is polluted and what generally is "against
nature" is derived from social structure. Nature
is classified in such a way as to uphold the social
order——-thus in a social order in which men are
status-dominant over women and children it seems
only natural that women and children be assigned
low-status duties such as dish-washing.

Taken in their boldest form, these theories argue
that knowledge is socially constructed; there are
close ties between the social order and the concep-
tual order. But how does this social order affect,
caofi¢ to be affected, or otherwise interact with

the conceptual order?

Most of the theories which attempt to relate social
structures to cognitive ones have postulated symbols
as the mediating link. Symbols are culturally de-
signed and they are acquired by children_for use

in communication and for the interpretation of.
experience. But where in a symbol system, such as
language, shall{we look for evidence of their
relation to social structures? The best known

of these theories of this relation such as those



of Vygotsky (1962), Brumer (1966) or Whorf (1956) have

tried to isolate the social constraints on the se-
mantic, propositional side of language rather than
the social, interpersonal or pragmatic side of lan-
guage. In so doing they followed the then-predomin-
ant focus of linguistic and semiotic theory.

Theories of symbols have tended to emphasize the
semantic, denotative or referential side of meaning
at the expense of the socilal, pragmatic or inter-
personal side of meaning. In his classical treat-
ment of symbol systems, lelson Goodman (1968) focus-
ed ekclusively on the objective or informative or
semantic aspects of symbols, that is, the relation
that exists between the symbol and the event it re-
presents, derotes, expresses or exemplifies.

Chomsky (1972, p. 24) too, focuses on the logical
or semantic aspects of meaning--that aspect of
meaning which is invariant across the various func-
tions to which a sentence may be put, in his theory
of language. Studies of language and cognition
have similarly focused on labels and on grammatical
relations in their attempts to find the relations
between language and thinking. Hence Durkheim
looked at classification systems, Vygotsky looked
at the superordinate categories, and "scientific
concepts"” Bruner and Greenfield looked in the
structure of adjectives, Cole and Scribner looked
in the structure of logical inferences and so on
for.evidence of social-cultural differences. And
indeed some indications of social differences have
shown up in shose studies although thcy tend to
reflect simply degrees of familiarity with a certain
approach to problems primarily, "learning to con-
fine interpretation :tg the text" (Olson and Nicker-
son, 1978).

There is however a second dimension of language
which has been brought to the fore by recent analy-
sis of the functions of language under the rubric of
speech act theory. Sentences are now considered

and analyzed. both in terms of the propositional
content of the sentence, traditionally the sehan-
tics or meanings of the language, and the pragma-
tic function, what one is attempting to do by

means of that senténce--promising, comvincing,
commanding, requesting, stating and %he like,

Searle (1969) following Austin (1962) differentiates
propositional acts of referring and predicating
from illocationary acts or stating, questioning),
commanding, promising and so on. The same refer-
ence and predication can occur in the performance

of completely different speech acts as in Searle's
example!

+» Sam smokes habitually.

. Does Sam smoke habitually?

. Sam, smoke habitually!

. Would that Sam smoked habitually.

O

(p. 22).

Halliday (1970, 1973) too, in his analysis of the
functions of language, differentiated three primary
functions of language-~the ideational function, the
interpersonal function and the textual function——
which jointly specify the structure of any parti-
cular utterance or series of utterances. Clark
and Clark (1977) suggest that speakers and listen-
ers of the language use two general principles in
comprehending utterances, the 'reality principle”
and the "cooperative principle". .Again note that
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the reality praintiple has to do with the relation
between symbol and referent while the latter has to
do with the relation between speakers.

Let us try to simply this relationship by means of
a diagram. Figure 1 shows the set of relations sus-
tained by any symbol.

Logical

Social: speaker ¢w- symbol —) speaker
J

meaning
referent

Figure 1.

Note first that a symbol simultaneously serves two
sorts of relations represented in the diagram by
two dimensions of language--one dimension, repre-
sented by the horizontal axis in Figure 1, is that
specifying the social relations between speaker/
writer and listener/sudience; the symbol expresses
a soclal relation between speaker and listener.

And the second dimension, represented by the verti-
cal axis, is that specifying a relation between
symbol and meaning or between signifier and signi-
fied, The first we may call the social or inter-
personal meaning of a gymbol and the second the
logical meaning of that symbol, linguistic or other-
wise.

It is this horizontal dimension, the social one,
which until recently has not been given its due.
studies of language for example have been devoted
primarily to the syntactic/semantic meaning of
words and sentences and the veridical relationships
between sentences and the situations they represent.
This is the aspect of language which most weakly
reflects the social relations. And yet, as I
mentioned above, this is the dimension of meaning
that most hypotheses of the Durkheimian sort- have
focused upon.

It is the horizontal relation, the relations
between persons that promises to illuminate the
relations between social and cognitive structures.
Let us consider what some of these social constra-
ints on the meaning of a symbol may be, ®irst,
even the aspect of meaning representzd by the
vertical axis has an important social component.
To be represented in the language, symbols must

be socially shared. What gets into the language
depends upon-what others will agree to. Indeed,,
the semartic aspect of language may be important
partly because it constitutes a relatively undis-~
puted ground for the reaching.of social consensus,
what is coming to be called "intersubjectivity "

More recent work on the pragmatics of language,
the horizontal dimension, and the social relations
assumed and maintained in the expression of any
sentence, goes far to put the social dimension of
language back onto center stage. In the simplest
case the declaratives "The door is closed" is
logically related to the command "Open the door"
and the request "Could you open the door." As
Searle (1975) would say, the three utterances
represent the same propositional content yet they

Most
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perform different speech acts: the first, an asser-
tion, the second, a command and the third, a quest-
ion serving as a request. While this speech act
analysis contributes importantly to the view that
the meaning of a sentence is more than the proposi-
tion it expresses, that is, it explicates the func-

tion or pragmatics of language, it seems not to go
far enough.

It may be argued that in the above three utterances
both the propositional content and the pragmatic
function of the sentences are similar--they all re~-
present the proposition: not (door(open)) and they
all serve the pragmatic function of A attempting to
get B to open the door. These sentences which have
different illocutionary forces as part of their
"sentence meanings'" are being used indirectly to
perform the same illocutionary act (Searle, 1975,
p. 71). They vary in their indirectness, and polite-
ness.

However, the important poirt for us to notice is

that the social relations between the speakers assum~
ed by the three sentences is entirely different.

The command assumes that the speaker has superior
status to the listene¥, the request assumes a dif-
ferential inferiority of the speaker and the declar-
ative assumes, perhaps, the equality of the partici-
pants. The point I wish tc emphasize is that an ut-
terance is simultaneously doing two things——it is
specifying the logical relation between symbol and
referent, the vertical dimension of Figure 1, and

it is specifying a social relation between the inter-
locutors. Together, they contribute to the meaning
of the symbol, utterance or expression. However,
Searle's analysis is above all a theory of language.
It is less a theory of the social structures that
those linguistic structures construct and/or sus-
tain. My concern here 1s to relate these two sets

of structures.

One of the most notable attempts to construct a
bridge between sociological theory and psycho-
logical theory of language and the cognitive pro-
cesses is that of Bernstein and his collaborators
(1971). Bernstein isolated two patterns of speech
which, he claimed, mapped on to two social classes.
The language of working class children he character-
ized as a restricted code which limited grammatical
and lexical options, while that of the middle class
children he characteriz~d as an, elaborated code with
an expanded set of lexicel and syntactic options,
More fundamentally howeve , he argued that the root
cause of these linguistic differences could be found
in the patterns ef social relatiopns which held with-
in each of the family types of the differing social
classes, Working class familial structures he char-
acterized as '"'positional''--a fixed hierarchical
structure in which authority, responsibility, account-
ibility and priviledges were assigned on the basis
of one's position in the family. Middle class
families he described as person-oriented. Duties
and priviledges were assigned to various roles, but
a person was not permanently assigned to a fixed
role but rather the role was contracted or negoti-
ated with the other members of the social group.
Duties, priviledges and responsibilities were as—
signed by a discussion and contract rather than
being permanently assigned to particular indivi-
duals. Social theorists would recognize these

patterns as essentially '"monarchist" vyersus ''soc-
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ial contract' political structures. In the first
case the parent with the highest status has the
right to decree what family members are to do, he
is awarded respect and he is assigned high status
duties, Low status individuals are to be obedient
and to accept rpesponsibility for low status duties.
In the latter case, such assignments are negotiated.

th2se social differences translate directly into

the linguistic patterns mentioned above. The former,
relying primarily upon position and status require
the close observance of status relations and a mini-~
mum of negotiation. For the middle class, the social
contract requires a high degree of linguistic com-
petence in negotiating roles, rights, agreements

and priviledges. Hence the latter can be expected

to generate an elaborated code. Evidence for this
theory has generally outweighed evidemce against it
but several writers have attributed the observed
differences not to linguistic incompetence but to

the social environments in which the data was
collected. Labov (1972) for example found that
speakers of Black English Vernacular were essenti-
ally as adept with the language when they conver-
sed with theilr peers as were white ciiildren. Black
children did especially poorly only when they were

interviewed by a high-status white teacher/experi-
menter.

Bernstein's theory is primarily important for its
assertion of a direct link between social struc-—
tures and linguistic structures. However the dif-
ferences should be expected less in the lexical and
syntactic structures then in the social meanings--
in the pragmatics of language. Working class child-
ren do know the pragmatic options as Mitchell-
Kernan and Kernan's (1977) interviews make abund-
antly clear. However, working class children (more
generally children from families with a positional,
heirarchical structure) may be expected to assign
themselves a low status relative to various authori-
ties and assign interpretations on the basis of
those status differentials more SO than will middle
class children. Thus, it may be predicted that if
sentences which are ,ambiguous representations of
speech acts were presented to working class and
middle class children, the former would tend to
comply, that is to treat the statement as an indirect
requegt—--while middle class children would tend to
assent, that is to treat the statement as ability
or information questions. To illustrate if -asked,
"Can you tel! me what this is?'", working class
children may comply by responding "A pencil "
while middle class children may tend to assent

by responding 'Yes, I can!"

Generally speaking then, the linguistic options are
presumably much the same for all speakers. The
soclal relations assumed and maintained differ=-~
1f you have low status you can expect to be given
commands--if high, to give them. Many of our
institutional prdactices can be seen as keeping
people in their assigned status positions and
language may be seen as one such means.

Nice illustrations of these social-linguistic games
have been presented by Gumperz (Note 2), Ervin-
Tripp (1977) and Mitchell-Kernan and Kernman (1977).
Gumperz reports a conversation between a husband
and wife in which the husband asks '"Where's the
paper?" and the wife, with some annoyance, replies



"I'11 get it." The first statement may be interpret-
ed as either a request for locative information or

an indirect request trhat she get him the paper. Her
recognition of that seeond possibility, that he, even
if only in the back of his mind, wanted her to get
him the paper, was the source of annoyance.

Mitchell-Kernan and Kernan's (1977) example is even
more apposite. In the course of a group discussion
between an experimenter-teacher and a group of children
one child gave an indirect command to the adult who had
her foot on a chair: "I want that chair!" with which
the adult complied. Some of the other children gas-
ped and said "0-o0-o-o Claudia, you gon' let her talk
to you like that?" (p. 205). The social message is
obvious. You have to have status to give commands
and the child did not have this status. The child-
ren were well aware of that aspect of meaning.
Mitchell-Kernan' cites further examples of:precisely
this social game- Some of the children would try
commands on other children simply to see if the lis-
tenér would comply. If they complied, the child
issuing the command would have gained proof of his
greater social status. When they tabulated the
frequency of various kinds of "directives", tiitchell
Kernan and Kernan found that addressees who were lowy
er in rank than the speaker received over five times
as many directives as thwse higher in rank (p. 203).
They conclude: '"Directives and reactions to them
were constantly used td define, reaffirm, challenge,
manipulate, and redefine status and rank. At times
the directives involved actually served the ordinary
function of directives-~that of requesting goods

or services—-while at the same time, because of
their frequency of occurrence or the particular form
they took, served to test the addressee's view of
the statuses involved" (p. 201). Ervin-Tripp (1977)
too found a particular social distribution of vari-
ous forms of directives in her studies of how child-
ren learn to honor various factors such as age, dom-
inance, task and familiarity in making requests

(p. 186).

}
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As these authors point out, directives are used
only as instrumental means of carrying out prag-
matic speech acts suitable to particular inter-
personal and social conditions but also to accom-
plish certain interpersonal functions--primarily
establishing and maintaining a social order, a
status quo. In using these constructions, the child
1s simultaneously learning two interrelated pic-
tures of reality--the nature of "objective real-
ity", that is the propositiondal or knowledge sy-
stem, and his place in the social order--that is,
who has a right to make requests, to issue com-
mands, and to make true descriptions and so on.

As argued above, this is because every symbolic
expression has a value on both of these dimen-
sions. And I have suggested that these two dimen-
sions are interdependent; descriptions are more apt
to be assessed exclusively in terms of their truth
in some social relations than in others.

Lessg directtevidence of the uses of status differ-
entials in the speech patterns comes from studies

of language in the classroom. Feldman and Wertsch
(Note 1) reported that teachers in the classroom
rarely used what they called "stance indicators'"--
verbs such as may, or should, or wish or hope,

think or believe or qualifiers such as maybe 1fi their
classrooms but they frequently used them in their
speech in the lunchroom. That is, teachers in the
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classroom act as spokesmen for the official public
view and keep their feelings, aspirations and hesi-
tancies from display. In theilr classic studies of
the language in the classroom Bellack, Kliebard,
Hyman and Smith (1966) found that a predominant form
of language in the classroom was of the question-
answer routines known as the 'recitation methoa.”
Interestingly, it was the teachers who asked the
questions and it was the children who provided the
answers. It appears that the right to ask questions
was a high status perrogative. Furthermore, the
questions were not simply requests for information.
The teacher already knew the answer~-the point of
the question was to see if the child knew the
answer. The question serves primarily as a means

of holding students accountable for the information
acquired from reading the vext. While the utter~
ances specify true facts, that is, relations between
symbols and referents, the form that the proposition
takes again depends upon the social relations bet-
ween the interlocutors.

Sinclair and Coulthard (1975) also found that many
of the interrogative and declarative sentenges used
by teachers in fact served as. imperatives. For
example, the statement "Somebody's talking,” "I see
chewing gum" were not to be taken as true descrip-
tions but as indirect commands. They called, as

we prefer to state it, for compliance rather than
assent.

Goody (Note 3) in an interesting study of the forms
of questioning among the Gonja of Ghama, found that
questions 1n that society were not merely means of
securing information but were primarily reflections
of the status of the interlocutors. Hence, chiidren
rarely asked questions, not beacause they had no need
for information, but rather because asking

a question of an adult would be to upset the social
order. Goody comments: ''The secliring of information
becomes secondary to considerations of status
relations”" (p. 42, 1975).

The surface form of an utterance depends upon both
the propositional structure afd on the pragmatic
function. All sentences appear to do both simul-
taneously--as we have suggested the symbol simul-
taneously stands in a specifiable relation to a
meaning-~it represents a proposition--and in a
specifiable relation to the speaker and his listener
Both of these dimensions may be invariant across
some set of transformations. Different sentences
may assert the same proposition, as for example
active and passive sentences or declaratives and
questions. Presumakbly, as well, sentences with
different propositional content may be used to
construct or maintain the same social relation
between interlocutors. There is presumably more
vnan one way to be obsequious and more than one
way to be insubordinate.

Most theories of the ‘'ragmatics of language would
agree, roughly, to t .- point. However, even if
they may be differentiased, it is important to
notice that those two dimensions, the logical and
the social are not independent. This point may be
expressed by the question: W%What are the condi-
tions under which an utterance can be judged simply
or exclusively for its truth value or its proposi-
tional meaning? And what are the conditions under
which an utterance will be judged as an order, or

a request for action? Let us distinguish these two



criteria for interpretation by means of labels:
first, the judgment for truth or falsity we may
calls for assent; the second, the response to a
Statement as a call for action, we may say calls for
compliance. My conjecture is that certain social

and institutional arrangements lead any particular
utterance to be regarded as a call for assent while
others, as a call for compliance. Symmetrically,
certain social conditions are more likely to gener-
ate gssertions and infarmation questjgns while dthers
generate indirect requests and imperatives.

the
say

We have examined these conjectures in two ways.

First we have examined some transcripts of children's
discourse and secondly we have designed three small
exﬁerimemcs to follow up and clarify some of the
relations we seem to have isolated in the analysis

of transcripts.

Nancy Nickerson has recently collected and begun to
analyze a series of dialogues between pairs of child-
ren as they played with toys. We are intersted both
in the quality of oral expression (in an attempt

to see in what ways oral languape competence is re-
lated to learning to read) and 1in the yge of state-
ments, questions and commands in cooperating with

and controlling the behaviour of peers. Although
that project is at an early stage, I shall present
one analysis of a transcript in terms of the model
described above. This dialogue occurred between two
Nurserv School children named Jamie and Lisa who had
some difficulty arriving at an equitable distribu-
tion of a limited resource, namely some dominoes.

Let ys see how they use language to negotiate thas
social problem.

L: Let's make & domino house out of these
J: Okay

First, by grabs.

J: Lookit how many I got....You took a couple
of mine!
L: Now you took a couple....

Then py commands.
L: Now you got to give me three back!.

L: Now give me just one more and then
we got the same

And then by requestful declaratives.

J: Now, you got more than me-e
And denials.

L: No-o we got the same
By fact collecting and inferencing.

L: (Begins to count her dominoes). One, two,

hree, four....twenty-eight, twenty-nine

(Then counts Jamie's dominoes). One, two,

three, four....eighteen, nineteen...(short

pause) twenty-nine.

I got nineteen and you got twenty-nine....

You got more than me.

L No-o (shouting) I COUNTED....You have the
same as me....We got the same.

J: NO-0-0

C
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And when negotiations break down and again by grasp-
ing.

(There is a shuffle of dominoes across the
floor.)

And finally by appeal to authority.

L: You got much more than me now
J: No we got the same

(Paul, a volunteer teacher, enters the room.)

L: Does he have much more than me?
P: Not too many more!

Note first that almost all of these quite different
utterances are attempts to alter or preserve the
social arrangement of two children playing together
and sharing the limited supply of dominoces. ‘'ilow
you got to give me three back," a command, has the
same pragmatic function as 'Now, you got more than
me," an assertion standing as an indirect request,
spoken by the same person. And both speakers appear
to be aware of the social meaning, namely; that

the listener should hand over one or more of the
dominoes, even if in one case it is the explicit
"give me" and in the other, the implicit "you have

more." Why then do they use one device rather than
another?

We may see how the logical and the social meanings
interact if we score each sentence for both its
logical or "truth" meaning, the assent criterionm,
and for its social meaning, the camplicance
criterion. For the lqgical meaning, true may be
marked with a '"+" and false with a "-". For the
social.meaning, the categories are less obvious.

Ue let "+'" represent the preservation of any current

social arrangement, 1ie., those not requiring compli-

ance and "-" represent the realignment of any
social relationship--statements which require com-
pliance and call for revolutionary activity, so to

speak, Now let us examine some fragments of this
dialogue 1n this framework.
Criterion
Assent Compliance
Truth | Status-Preserving
Sentence Gloss Value
J: "You got  (Give me +
more than some)
me."
L: "lo, we (I don't -
got the have to)
same."
P: 'liot too (Yes, it's +
mANY true she
more " has more
but she
does nct
have to
give you
any).

Note that Jamie tells the truth with the hope of re-

aligning the distribution of dominoes.

cally speaki
the one who
merely one o

ng, tells a lie,
counted them).
f falsehood.

Lisa, techni-
(Recall that sne was

But her denial was not
She knows that if she

L



agreés to the truth 6f Jamie's statement, she will
have to turn over some of the blocks. That she
doesn't want to do so, she denies the statement. My
guess is that that is what all liés are--tampering
with truth value for social or personal ends. Truth,
like falsehood is motivated.

More than that. Lisa is not denying the truth of
Jamie's statement simply in the service of social
ends. Rather, I would guess, she does not know any
means of simulitaneously meeting both the social and
logical criteria, Paul, the teacher

does, llote his reply when Jamie appeals to him.
The presupposition of his sentence is that Lisa has
more. Rather than deny it, he presupposes it and
uses his sentence to hold that no redistribution is
required, presumably on the premise that possession
is nine-tenths of the law.

that I would like to suggest from this example is
that truth conditions are not separated from social
utility. Claims of truth will be advanced primarily
if the gaining of assent implies compliance with some
social goal. Symmetrically, denials of truth will

be offered if the social consequence of assent are
perceived to be undesirable.

It is at this point that social relations enter into
the language. Micro social orders, small scale tran-
sactions, like the one mentioned above, involve the
solution of small-scale interpersonal problems vhich
must be solved either for individual machiavellian
goals or for shared stcial goals. The main problem
is how to secure compliance, agreement or at least

to prevent the loss of the status quo (An interest-
ing expression). That may be done by several means,
direct action, commanding, pleading, or hard negoti-
ation on a common ground. Facts are one such ground,
which as we have seen, are overlooked if thev are
embarassing; authority is another such ground, which
as we have seen, tries to gct involved or take sides.

Disputes in the larger social order appear to be
solved on somewhat similar means. As Foucault
(1971) pointed out, different.social orders make

use of different criteria for truth and hence dif-
ferent grounds for the legitimation of the social
order. Authority, the father in a pitriarchical or
der or the priest in.an ecclesiastical order, has
the '‘power to decide in the case of disputes, as judges
do in our own courts. Hopefully, they have adequate
recourse to the truth, but poor judgments carry

just as much weight as good. ones. The decisions
likely to gain the greatest compliance have both.

It is interesting to recall in this context the
wisdom of Solomon. One may wonder 1if Solomon's
judgments were considered so good because he was
so wise or because he happened as well, to be king.
More likely the stories of his wisdom and justice,

helped to legitimize the authority that was social-
ly assigned to him.

In our own society, great weight is assigned to "truth"
"facts'", "sense data" as objective grounds for mak- ’
ing scientific, social and political decisions. As
long as people believe that truth is objective,

it serves as an important means of "legitimizing"

a social order (Habermas, 1973). Furthermore the
egtablishment of institutions like universities de-
voted to discovering the "truth" independent of its
social utility, helps to sustain the view that there
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are such facts and that those facts can be used to ;2:7
sustain the social order. (Hence, we may count on
some continued support even if we were (God forbid)
unsuccessful in finding any such truths.)

A single argument between two four-year-olds may bein-
sufficient empirical grounds to sustain 4 general
social theory, herce, we have attempted to further
examine some of these expressions and their inter-
pretations by experimental means. Angela Hildyard
recent ly took some of the statements from our trans-
cripts and built them into a series of ten stories.
Here is one of these:

One Saturday morning Susie and Kevin
Jones went to the movies, Their mum
gave them some money to buy some pop-
corn. Susie bought a large box and
they shared it out. When Kevin looked
at Susie's share he didn't feel too.
happy "You've got more than me" he
said.

The stories describing social predicaments of this
sort were each followed by a recall test, e.g.,
What did they buy to eat? What did Kevin say?

The most interesting results came from Kingergarten
and Grade 2 children's reply to the second question

100 Jr. Kindergarten
90 (4 years)
Grade 2
80 (7 years)
70 )
I
- —
S 50 /
&
% 40 /
30 /
20 /
/ /
10 / 7
A 1WA 1V &
Direct Verbatim Verbatim No
and Recall Recall Response
Indirect (plus (without
Requests  knowledge  knowledge
of of
1ndirect indirect
request) request)
Figure 2. The recall of declarative

statemants as given (verbatim
and as direct and indirect
requests by Junior Kinder-
garten and Grade 2 children.

Junior kindergarten children (Aged 4 and 5 years),
when asked what Kevin had said woula frequently
answer with a request or a command, "Can I have
some?" or "Give me some popcorn.’ #y the second



grade (Aged 7 and 8), children tended to recall the
statement verbatim: ''You have more than me". When
further queried as to why he said that, they replied,
"Because he wanted more". These results are shown in
Figure 2. The implication of these findings is that
almost all of the children interpreted the statement,
"You have more than me'" not simply as a true state-

ment but rather as an indirect request and that inter-

pretation biased the recall of the younger subjects.
Older subjects remembered both what was intended

by the sentence and the means the speaker used, here
a declarative, true statement, to achieve it. That
is, the sentence was not interpreted and evaluated
strictly or even primarily on truth criteria but on
social ones. And the younger the children, the
stronger the tendency to treat the sentence as a call
for compliance and hence to report it as such.

These findings are similar to those we have obtained
earlier in our studies of recall and inference from
stardes with children of different ages in which we
showed that recall tends to be of "what was meant"
rather than "what was said" and that with age (and
schooling) children come to be able to differentiate
the two (Hildyard and Olson, in press).
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Table 1

The use of various forms of directives as a funttion
of the type of request, rights vs. favors,
and the status relations imvolved

In a further study, llildyard read the stories, exclud-
ing the last line, to Kindergarten (age 5) and Grade 2
(Age 7) children, and adults and asked them to imagine
what the victim said--in the above story, for example,

"What do you think Kevin said to Susie?" There

were two important additional factors. First, the
child may be either demanding a right--it may be that
he is asking for his own sock back--or a favor--he
may be asking for something that actually belongs to
the other child. Further they could be asking these
rights or favors of low status individuals, young
children, or high status individuals, parents and
teachers. There were 16 subjects at each grade level
and there were three stories of each type.

Again, I shall.mention only the most interesting
results. First, favors were much more likely to

be signalled by a conventionalized request than were
rights. Over all age levels and item types, the
favor 1tems were marked by requests 77% of the time
while rights were so maixed only 45%Z of the time.
How rights were signalled varied with the age of the
subjects. The youngest subjects use direct commands
to thelr peers and conventionalized requests to
their parents and teachers. Thus they may say,
"Give me my sock" to a peer and '"'May I have my gold
star" (which had been promised) to the teacher.
Adult subjects, while they use requests for favors,
rarely use commands in attempts at obtaining their
rights and tend rather to use declaratives "You have
my sock", and questions, 'Do you know where my sock
is?" Adults use this device 337 of the time while
children of both ages use it about 15% of the time.
Adults, in obtaining their rights also use '"legiti-
mized requests', requests accompanied by reasons
more so than do the children. These results are
presented in Table 1.

Note that 2n all of these cases, subjects aspired
tds«the same goal--either through their direct mean-
1ng or in their indirect meanings they conveyed the
same illocutionary force. Yet the utterance used
to express that intention took a different form de-
pending upon the social relations between the
participants. Primary among those factors is the
status relations between them--commands may be is-—
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Kindergarten Grade 2 Adult] Total
N=16 N=16 N=16
Use of
Convention-
glized Requests
Favors 86 86 58 77¥
Rights 59 49 27 45%
Use of
Commands
Favors 5 2 10 6%
Rights 19 6 14 13%
Declaratives
and Questions
Favors 7 5 14 97
Rights 13 18 33 21%
Legitimized
Requests
Favors 1 6 1l 6%
Rights 5 24 19 16%Z
Threats,
Negotiations,
Appeals
Favors 0 0 7 3%
Rights 0 3 4] [ 3%

sued to lower status individuals, requests must be
1ssued to superiors even 1f you are only asking for
your rights. Secondly, the presumed rights, the
status quo, determines the form in which that 1llo-
cutionary force will be‘expressed. Favors are
largely expressed through requests, although

adults also frequently add reasons, while rights may
be expressed through commands, occasionally throuzh
threats, or through the provision of reasons (De-
claratives and Questions). Ervin-Traipp (1977) has
recently cited similar results from an unpublished
study by Sharon James.

In a thaird study, Beverly Wolfus gave Kindergarten
and Grade 2 children a series of direct commands
such as (Tell me what this is! Put the penny in
the glass!) and ambiguous ability requests (Can

you turn over the cup? Could you tell me the name
of this?), while pointing to a cup or other objects
and observed how children interpreted and responded
to them. She was particularly interested in
whether the children opted for the direct expressed
meaning or the indirect pragmatic meaning of the
amblguous expressions. Thus ""Tell me 1f you can put
the penny in the glass" could be answered by assent,
"Yes I can''--the direct meaning--or by compliance,
by actually putting the penny 1n the glass—-the
indirect, or pragmatic meaning. When 1ssued direct
commands, both age groups complied extremely con-
sistently. Told "Open the book'", everyone opened
the book. To '"Tell me what this 1s' every one

said, "A pen".



The differences in the responses to ambiguous ques-
tions and statements for the two age groups were
striking. These differences occurred in response
to the questions and stdtements which were ambiguous
between a propositional and a pragmatie interprata-
tion, that is ambiguous in their call for assent as
opposed to compliance. To the statement ''Can you
turn over the cup?" older children would say "Yes"
that »s, assent, younger children would silently turn
it over, that is, comply. To '"Tell me 1if you can
put the pepny in the glass', older children would
assent by saying "Yes" or "I can', younger children
would comply by putting the penny in the cup. To
"Do you know what this is?" while pointing at a
penny or a,cup, older children would assent by re-
plying "Yes", young children would comply by reply-
ing "Penny" or "Cup". To the statement, "The book
is closed", young children would, more often than
older children, silently open 1t, older children
would not but rather await further information.
These results are shown in Table 2.

Table 2

Assent versus compliance in Kindergarten and
Grade 2 children's 1nterpretation of sentences

Assent Compliance Both
Put the top on the pen.
Kindergarten 100%
Grade 2 100%
Tell me what thas is.
Kindergarten 1007
Grade 2 100%
Tell me if you can X.
Kindergarten 8% 837% 8%
Grade 2 697% 29% 27
Tell me 1f you know how
to X.
Kindergarten 13% 647 8%
Grade 2 667 37% 8%
Do you know what this
1s?
Kindergarten 5% 887 8%
Grade 2 30% 677 3%
Can you furn over the
cup?
Kindergarten 8% 647, 247
Grade 2 647 197 187%
Do you know how to X?
Kindergarten 25% 11% 64%
Grade 2 91% 37 5%
The book is closed.
Kindergarten 73% 20% 7%
Grade 2 92% 8%

Overall, these data show that the younger children
took every utterancé in terms of 1ts expressed or
implied illocutionary force and complied with it,
while older children tended to differentiate the
direct meaning from its indirect illocutionary
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force and respond to the direct meaning. Ervin-
Tripp (1977), observed a similar affect. When told
to "Say why don't you stand up" the child said
"Stand up!" and stood up--that is, he complied.
Again this indicates that the meaning of the state-
ment is, at least at the beginning, not simply its
truth value, although that meaning may be calculated
as part of its more pragmatic meaning. Rather, the
sentences are scanned, as it were, for their impli-
cations for action, and that is what the youngest
children tend to opt for. Further we can deée some
indication of the transition from compliance to
assent in the Kindergarten children in the item

"Do you know how to X?" Here these young subjects
would first assent and then comply 64% of the tidme.

Again, with age or schooling, children begin to
differentiate the propositional from the pragmatic
meaning and to be able to respond to either of them.
However, it appears that this propositional meaning
is not primary but rather specialized out of a
primary undifferentiated social pragmatic meaning.

Note that one of the factors that appears to give
those simple declarative sentences a powerful il-
locutionary force for the youngest children 1§ that
they are spoken by an adult in a school context.
The child assumes that the adult is not just stating
or asserting some thing "The book 1s open' but in-
directly requesting that something be done about
1t. Given a high status individual in a hierarchi-
cally structured institutional context, the child
assumes that any utterance requlres compliance not
assent.

let ws return, in conclusion, to some of the gener-
al issues raised at the outset. I have argued that
all utterances serve both objective (truth) functions
and social (compliance) functions and that these
are not independent. Many examples from the studies
showed that the form which a directive takes de-
pends upon the status relations between the inter-
locutors. This 15 clearly the case for imperatives
and requests--requests are more likely for privi-
ledges and imperatives for rights. Requests are
more likely to higher status indiv duals and imper-
atives to lower status individuals. Imperatives
occur more frequently when children address lower
status 1ndividuals and rationalized questions, de-
claratives and requests occur more frequently

in the language of adults. Futther the evidence
showed that almost any form of utterance from a
high status individwal ingluding a declarative
sentence such as '"The book is open" tended to be
interpreted as an indirect imperative when spoken
to a lower status individual. That 1s, the state-
ment calied for compliance rather than assent.

Our question at this point is whether or not statug
differences, differences in the social relations
between speakeys affect the interpretation of
statements with the putative status of true des;
criptions. Generally, are claims of truth inde-
pendent of claims af status?

As T hgve suggested, putative true statements call

for assent (or falsirication) while putative imper-
atives call for compliance (or defiance). But,

as we have seen, if a true description is given by

a high status individual, a lower status individual
may respond with compliance rather than assent.

Can the two criteriia be specialized? Can state-



ments ever be constructed such that they call for
assent and not compliance? If not why are there

such things as assertions? The fact that some state-
ments cln be assented to indisete that the truth
functions can be isolated at least somewhat from
their more general social functions. Even in that
case however, the true statements would be generat-
ed (or denied) when they have social utflity, much

as Lisa denied Jamie's statement that she had more.

The alternative, however, that the meaning of a
sentence ls purely subjective, that is whatever you
can get a listener to comply with, is even more pre-
carious. As Harrve (1974) pointed out this is a
territory suited only for the bravest machiaveliang
--to assum¢ the status to make demands and declara-
tions and to continue to do so until someone refu-
ses to complv.

A more promising approach would be to argue that the
meanings of utterances can galn their agreement
from speakers on the two bases we hava discussed
and that these two bases are in continuous inter-
action. ©Oon~ may gel agreement, cither assent or
compliance, simply because of' the status relations
involved. One ig in a position to command or to
declare that such and such is the cage and the
other, agreeing to that higher status, receives
those commands and declarations and assents or com-
plieswith them. The bulk of social negotia(lons
procced on thls basis., But If there is a collapse
of the social otder, or a condition of general
equality, no one person is in a position to demand
elther assent~3?>compliancv. Then the ground for
the adjudication of disputesor more simply for

the negotiation of meaning falls on to the objec-
tive, descriptive, ot logical dimension of meaning.
It is, presumably, casier to gain assent than to
gain compliance; hence the importance of truth in
any social order. And in the microsocial order,
negotiations are carried out by any means avadlable,
but as Friere (1972) has suggested, genuine con-
versition {s possible only between equals.
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1. Introduction

Webster's
"coherence®” as "the
logically integrated, consistent, and
intelligible®. 1If one were asked whether
a sequence of physical acts being
performed by an agent was coherent, a
crucial factor in the decision wculd be

dictionary defines

quality of being

whether the acts were perceived as
contributing to the achievement of an
overall goal. In that case they can

frequently be described briefly, by naming

the goal or the procedure executed to
achieve it. Once the intended goal has
been conjectured, the sequence can be

described as a more or less correct, more
or less optimal attempt at the achievement
of the goal.

One of the mainstreams of Al research
has been the study of problem solving
behaviour in humans and its simulation by
machines. This can be considered as the
task of transforming an initial state of
the world into a goal state by ffhding an
appropriate sequence of applications of
operators from a given set. Each operator
has two modes of execution: in the first
it changes the "real world", and 1in the
second it changes a model of the real
world. Sequences of these operators we
call plans. They can be constructed,
simulated, executed, optimized and
debugged. Operators are usually thought
of as achieving <ertain effects and of
being applicable only when certain
preconditions hold.,

The effects of one agent executing his
plans may be ebservable by other agents,
whao, assuming that these plans were
produced by the first agent's plan
construction algorithms, may try to infer
the plan being executed from the observed
changes to the world. The fact that this
inferencing may be intended by the first
agent underlies human communication.

* This research was supported in part by
the National Research Council of Canada.
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Each agent maintains a
world, including a mtdel of the models of
dther agents, Linguistic utterances are
the result of the execution of operators
whose effects are mainly on the models
that the speaker and hearer maintain of
each other. These effects are intended by
the speaker to be produced partly by the

model of the

hearer's recognition of the speaker's
plan.

This view of the communication process
is very close in spirit to the Austin-
Grice-Strawson-Searle approach to
illocutionary acts, and indeed was

strongly influenced by 1t. We are working

on a theory of speech acts based on the
notions of plans, world models, plan
construction and plan recognition. It is
intended that this theory should answer
questions such as:

(1) Under what circumstancgs can an
observer believe that a speaker has

sincerely and non-defectively performed a
particular illocutionary act in producing
utterance for a hearer? The observer
could also be the hearer or speaker.

(2) Wwhat changes does the successful
éxecution of a speech act make to the
speaker's model of the hearer, and to the

hearer's model of the speaker?

(3) How 1is the meaning (sense/reference)
of an utterance x related to the acts that
can be performed in uttering x?

A theory of speech acts based on plans
must specify at least the following:

(1) A Planning System: a language for
describing states of the world, a language
for describing operators and algorithms
for plan construction and plar inference.
Semantics for the languages should also¢ be
given.

(2} Definitions of speech acts as
operators 1n the planning system. What
are their effects? Wwhen are they
applicable? How can they be realized in
words?

37



T™> make possible a first attempt at
such a theory we have imposed several
restrictions on the system to be modelled.

(1) any agent Al's model of another agent
A2 is defined in terms of "facts" that Al
believes A2 believes, and goals that Al
believes A2 is attempting to achieve. We
are not attempting to model obligations,
feelings etc.

(2) The only speech acts we try to model
are some that appear to be definable in
terms of beliefs and goals, namely REQUEST
and INFORM. We have been taking these to
be prototypical members of Searle's
"directive™ and "representative" classes
(Searle (1976)). We represent questions
as REQUESTs to INFORM, These. acts are
interesting for they have a wide range of
syntactic realizations, and account for a
large proportion of everyday utterances.

(3) We have limited ourselves so far to
the study of so~-called task-oriented
dialogues which we interpret to be
conversations between two agents

cooperating in the achievement of a single
high-leve) goal. These dialogues do not
allow changes in the topic of discourse
but still display a wide range of
linguistic behaviour.

Much of our work so far has dealt with
the problem of generating plans containing
REQUEST and INFORM, as well as non-
linguistic operators. Suppose that an
agent is attempting to achieve some task,
with incomplete knowledge of that task and
of the methods to complete it, but with
some knowledge of the abilities of another
agent. How can the first agent make use of

the abilities of the second? Under whit
circumstances c¢an the first usefully
ptoduce utterances to transmit dr acquire

facts and goals? How can he
actiQn on the part of thé second?

initiate

We view the plan related aspects
language generation and recognition
indissociable, and strongly related to
process by which agents cooperate 1in the
achievement of goals. For example, for
agent2 to reply "It's closed" ' to agentl's
"Where's the

of
as
the

query nearest service
station?"” seems to require him to infer
that agentl wants to make use -of the

service station which he could not do if
it were closed. The reply "Two blocks
east” would be seen as misleading if given
alone, and unnecessary if given along with
"It's closed". Thus part of cooperative
behaviour is the detection by one agent of
obstacles in the plans he believes the
other agent holds, possibly followed by an

attempt to overcome them. We claim that
speakers expect (and intend) hearers to
operate this way &nd therefore that any

hearer can assume that inferences that he
can draw based on knowledge that is shared
with the speaker are in fact intended by
the speaker. These processes underlie odr
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analysis of indirect speech acts (such as

"Can you pass the salt?") - utterances
which appear to result from one
illocutionary act but can be wused to

perform another,

Section 2 of this paper outlines some
requirements on the models which the
vartous agents mnst have of each other.
Section 3 describes the planning operators
for REQUEST and INFORM, and how they can
be used to generate plans which 1include
assertions, imperatives, and several types
of questions.

Section 4 discusses the relation
between the operators of section 3 and the
linguistic sentéences which can realize
them. We concentrate on the problem of
identifying illocutionary force, in
particular on indirect speech acts. A
useful consequence of the 1llocutionary
force 1dentification process 1is that it
provides a natural way to understand some
elliptical utterances and utterances
whose purpose 1is to acknowledge, correct
or clarify interpretations of previous
utterances.

A critical part of communication is
the process by which a speaker can
construct descraiptions of objects involved
in his plans such that the hearer can
identify the intended referent. Wwhy can
someone asking "where's the screwdriver?
be anawered with "In the drawer with the
hammer™ if it is assumed he knows where
the hammer 1s, but maybe by "In the third
drawer from the left" if he doesri't. How
accurate must descriptive phrases be?
Section 5 examines how the speaker and
hearer's models of each other 1influence
their references. Finally section 6
contains some ideas on future research.

Most examples

in the paper are irawn
from a situation in

which one participant
1s an information clerk at a train
station, whose objective 1is to assist
passengers in boarding and meeting trains.
The domain is obviously limited, but still

provides a natural setting for a wide
range of utterances, both in form and 1n
intention.

2. On models of others

In this section we present criteria
that one agent's model of another ought to
satisfy. For convenience we dub the
agents SELF and OTHER. Our research has
concentrated on modelling beliefs and
goals. We claim that a theory of language
need not be concerned with what 1s
actually true the real world: it
should describe language processing in
terms of a person's beliefs about the
world. Accordingly, SELF's model of OTHER
should be based on "believe" as escribed,
for example, in Hintikka(1962) and not on
"know" in 1ts sense of ‘“true belief".

in
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Henceforth, all uses of the woras "know"
and "knowledge" are to be treated as
synonyms for "believe" and "belitfs". We
have neglected other aspects of a model of
another, such as focus of attention (but
see Grosz(1977)).

Belief

Clearly, SELF bught to be able to
distinguish his beliefs about the world
from what he believes other helieves.
SELF ought to have the possibility of
believing a proposition P, of believing
not-P, or of being ignorant of P.

Whatever his stand on P, he should also be
able to believe that OTHER can hold any of
these positions on P, Notice that such
disagreements cannot be represented 1f the
representation is based on "know" as 1n
Moore(1977).

SELF's belief representation ought to
allow him to represent the fact that OTHER
knows whether some proposition P is true,
without SELF's having to know which of P

or "P he does believe. Such information
can be represented as a disjunction of
beliefs (e.g., OR(OTHER BELIEVE P, OTHER
BELIEVE ~P)). Such disjunctions are

essential the

questions.

to planning of yes no

Finally, a belief representation must

distinguish between situations 1like the
following:
1. OTHER believes that the train leaves

from gate 8.

2. OTHER believes
departure gate.

3. OTHER knows what the departure gate for
the train is.

that the train has a

Case 1 can be represented by a proposition
that contains no variables. Case 2 can be
represented by a belief of a quantified
proposition -- i.e.

OTHER BELEIEVE (

Jd x (the y ¢ GATE(TRAIN,Yy) = X))
However, case 3 1s represented by a

quantified belief namely,

J x OTHER BELIEVE

(the y : GATE(TRAIN,y) = X)

The formal semantics such beliefs
been problematic for philosophers
Quine (1956) and Hintikka (1962)).
approach to them 1s discusséd in
(1978). In Section 3, we discuss
quantified beliefs are used
planning, and how they can be
during conversation.

have
(cf.
Qur
Cohen
how
during
acquired
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Want

Any representation
(wants) must distinguish such information
from: OTHER's beliefs, SELF's beliefs and
goals, and (recursively}) from the other's
model of someone else's beliefs and goals.
The representation for WANT must also
allow for different scopes of quantifiers.
For example,; it should distinguish between
the readings of "John wants to take a
train" as "There is a specific train which
John wants to take" or as "John wants to
take any train"., Finally it should allow
arbitrary embeddings with BELIEVE. Wants
of beliefs (as in "SELF wants OTHER to
believe P") become the reasons for telling
P to OTHER, while beliefs of wants (e.g.,
SELF Believes SELF wants P) will be the
way to represent SELF's goals P,

of OTHER'sS goals

Levels of Embedding

A natural question to ask is how many

levels of belief embedding are needed by
an agent capable of participating in a
dialogue. Obviously, to be able to deal

with a disagreement, SELF needs two levels
(SELF BELIEVE and SELF BELISVE OTHER
BELIEVE ). 1If SELF were to lie to OTHER,
he woitld have to be able to believe some
proposition P (i1.e. SELF BELIEVE (P)),
while OTI4ER believes that SELF believes
not P (i.e. SELF BELIEVE OTIER BELIEVE
SELF BELIEVE (~P)), and hence he would
need at least three levels.

in Cohen
in a

We show
represent,

(1978) how
finite

one can
fashion, the

unbounded number of beliefs created by any

communication
situations.
which employs
formalizes the concept
(cf. Schiffer (1972)).
these levels of belief
represented in three
theoretically, any finite
possible.

act or
The Einite
a circular

by face-to-face
representation,
data structure,
of mutual belief
Typically, all
embedding can be
levels, but

humber are

3. Using a

Model of the Other
What to Say

to Decide

As an aid
definitions,
computer
range
program

capacity

in
we
program,
of speech

evaluating speech
have

act
constructed a

0SCAR, that plans a
acts. The goal of the
is to characterize a speaker's

to issue speech acts by
predicting for specified situations, all
and only those speech acts that would be
appropriately issued by a person under the
circumstances. In this section, we will
make reference to prototypical speakers by
way of the OSCAR program, and to hearérs
by way of the program's user.

Specifially, the program 1s able to:

Plan REQUEST speech
a speech act

acts, for instance
that could be realized by



"Please open the door", when its goal is

to get the user to want to perform some
action.

- Plan INFORM speech acts, such as one
that could be rtrealized by "The door is

locked", when its goal is to get the user
to believe some proposition.

- Combine the above to produce multiple
speech acts in one plan, where one speech
act may establish beliefs of the user that
can then be employed in the planning of
another speech act.

- Plan questions
user inform,

as
when its

the
to believe

requests that
goal is

something and when 1t believes that the
user knows the answer.
- Plan speech acts incorporating third

parties, as in "Ask Tom to tell you where
the key is and then tell me.”

To illustrate the planning of speech
acts, consider first the following
simplified definitions of REQUEST and

INFORM as STRIPS-~like operators (cf. Fikes
and Nilsson (1971)). Let SP denote the
speaker, H the hearer, ACT some action,
and PROP some proposition. Due to space
limitations, the intuitive English
meanings of the formal terms appearing in
these definitions will have to suffice as
explanation.

REQUEST (SP,H,ACT)

preconditions:

SP BELIEVE H CANDO ACT

SP BELIEVE H BELIEVE # CANDO ACT

SP BELIEVE SP WANT TO REQUEST
effects:

H BELIEVE SP BELIEVE SP WANT H TO ACT

INFORM(SP,H, PROP)
preconditions:

SP BELIEVE PROP

SP BELIEVE SP WANT TO INFORM
effects:

H BELIEVE SP BELTEVE PROP

The program uses a simplistic
backward-chaining algorithm that plans
a¢tions when their effects are wanted as
subgoals that are not believed to be
true. It is the testing of preconditions
of the newly planned action Dbefore
creating new subgoals that exercises the
program's model of its user. We shall

briefly sketch how to plan a REQUEST.

Every action has "want preconditions",
which specify that before an agent does

that action, he must want to do it. OSCAR
plans REQUEST speech acts to achieve
precisely this precondition of actions
that it wants the user to perform.
Similarly, the goal of the user's
believing some proposition PROP becomes

OSCAR's reason for planning

to INFORM him
of PROP,
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Suppose, for example, that OSCAR is
outside a troom whose door is closed and
that it believes that the user is inside.
When planning to move itself’ into the
room, it might REQUEST that the user. open
the door. However, it would only plan
this speech act if it believed that the
user did not already want to open the door
and if it believed (and believed the user
believed) that the preconditions to
opening the door held. If that were not
so, OSCAR could plan additional INFORM or
REQUEST speech acts. For example, assume
that to open a door one needs to have the

key and OSCAR believes the user doesn't
know where 1t is. Then OSCAR could plan
"please open the door. The key is in the

user
believes he

closet”. OSCAR thus employs. its
model in telling him what it
needs to know.

Mediating Acts and Perlocutionary Effects

The effects of INFORM (and REQUEST)
are modelled so that the hearer's
believing P (or wanting to do ACT) is not
essential to the successful completion of

the speech act. Speakers, we claim,
cannot influence their hearers' beliefs
and goals directly. Thus, the

perlocutionary effects of a speech act are
not part of that act’'s definition. we
propose, then, as a principle of
communication that a speaker's purpose 1n
sincere communication is to produce in the
hearer an accurate model of his mental
state.

To bridge the gap between
acts and their intended perlocutionary
effects, we posit mediating acts, named
CONVINCE and DECIDE, which model what it
takes to get someone to believe something
or want to do something. Our current
analysis of these mediating acts
trivializes the processes that they are
intended to model by proposing that to
convince someone of something, for
»xample, one need only get that person to
Know that one believes it.

the speech

Using Quantified Beliefs -- Planning
Questions
Notlice that the precondition to

OSCAR's getting the key

-- knowing where
1t is -- 1s of the form:

4 x OSCAR BELIEVE
(the y : LOC(KEY,y) = x)

When such & quantified belief i1s a goal,
it leads OSCAR to plan the guestion "Where

is the key?" (i.e., REQUEST(OSCAR, USER,
INFORM (USER, QSCAR, the Yy .

LOC(KEY,y))). 1In creating this question,
OSCAR first plans a CONVINCE and then

plans the user's INFORM speech act, which
it then tries to get him to perform by way
of requesting.



The above definition of INFORM is
inadequate for dealing with the quantified
beliefs that arise in modelling someone
else, This INFORM should be viewed as
that version of the speech act that the
planning agent (e.g., OSCAR) plans for
itself to perform. A different ‘view of
INFORM, say INFORM-BY-OTHER, 1is necessary
to represent dgts of informing by agents
other than the speaker. The difference
between the two INFORMs™ is that for the
first, tHe planner knows what he wants to
say, but he obviously does not have such
knowledge of the content of the second
act.

The precondition for this new act is a
quantified speaker-belief:

3 x USER BELIEVE
(the y : LOC (KEY,y) = Xx)
where the user is to be the speaker.
the system to plan
for the user,

For
an INFORM-BY-OTHER act
it must believe that the
user knows where the key is, but it does
not have to know that location!
Similarly, the effects of the INFORM-BY-
OTHER act is also' a quantified belief, as
in

3 x OSCAR BELIEVE
USER BELIEVE
(the y LOC(KEY,y) = x)
Thus, OSCAR plans this INFPORM-BY-OTHER act
of the key's 1location in order to know
where the user thiuks the key is.

Such 1nformation has been
from all other formulations of
INFORM) that we have séen
literature (e.g., Schank (1975), Mann et
al. (1976), Searle (1969)). Cohen (1978)
presents one approach to-defining this new
view of INFORM, and 1its associated
mediating act CONVINCE

lacking
ASK (or
in the

4, Recognizing Speech Acts

we discussed
that include
REQUEST and
the relation
and sentences
This section
exploring this
particularly
of recognizing

In the previous section
the structure of plans
instances o0f the operators
INFORM without explaining
between these speech acts
used to perform them.
sketches our first steps in
relation. We have been
concerned with the problem
illocutionary force and propositional
content of the utterances of a speaker.
Detailed algorithms  which handle the
examples given 1n this section have been
designed by J. Allen and are being
implemented by him. Further details can
be found in (Allen and Perrault 1978): and
Allen's forthcoming Ph.D. dissertation.

Certain syntactic clues in an
utterance such as its mood and the use of
explicit performatives indicate what act
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the speaker -intends to perform, but, as is
well  known, utterances which taken
literally would indicate one illocutionary
force can be wused to indicate another.
Phus "Can you close the door?" can be a
request as well as a question. These so-
called indirect speech acts are the acid
test of a theory of speech acts. We claim
that a plan-based theory gives some
insight into this phenomenon.

Searle(1975)

correctly suggests that
"In cases where

these sentences <indirect
forms of requests> are uttered as
requests, they still have their 1literal
meaning and are uttered with and as having
that literal meaning'. How then can they
also have their indirect meaning?

Our answer relies i1in part on the fact

that an agent participating in a
cooperative dialogue must have processes
to:

1) Achieve goals based on what he
believes.

(2) Adopt goals of other agents as his
own,

(3) Infer goals of other agents.

(4) Predict future behaviour of other
agents.

These processes would be necessary even 1f
all speech acts were laixteral to account
for exchanges where the response indicates
a knowledge of the speaker's plan. For
example

Passenger: "when does the next train to
Montreal leave?"

Clerk : "At 6:15 at Gate 7"

or

Clerk :
tomorrow."”

"There

won't be one until

Speakers expect hearers to
executing these processes
hearers to know this. Inferences that a
hearer can draw by executing these
processes based on information he thinks
the speaker believes can be taken by the
hearer to be intended by the speaker,
This accounts for many of the standard
examples of indirect speech acts such as
"Can you close the door?" and "It's cold
here" For instance, even if
here" is intended literally and is
recognized as such, the helpful hearer may
still close the window. When the sentence
is uttered as a request, the speaker
intends the hearer to recoghize the
speaker's intention that the hearer should
perform the helpful behaviour

be
and they expect

If 1indirect speech acts
explained in terms
can expect

are to be
of inferences speakers
of hearers, then a theory of
speech acts must concern 1itgelf with how
such inferences are controlled, Some
heuristics are particularly helpful. It a
chain of inference by the hearer has the
speaker planning an action whose effects

"1t's cold
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are true before the action is executed,
then the chain is likely to be wrong, or
else must be continued further. This

accounts for "Can you padss the salt?” as a
request for the salt, not a question about

salt-passing prowess. As Searle(1975)
points out, a crucial part of
understanding indirect speech acts is

being able to recognize that they are not
to be interpreted literally.

A second heuristic is that a chain of
inference that 1leads to an action whose
preconditions are known to be not easily
achievable is likely to be wrong.

-also be controlled
through the use of expectations about the
speaker's goals. Priority can be given to
inferences which relate an observed speech
act to an expected goal, Expectations
enable inferencing to work top-down as
well as bottom-up.

Inferencing can

The use of expected goals to guide the
inferencing has another, advantage: it
allows for the recognition of
illocutionary force in elliptical
utterances such as "ThHe 3:15 train to
Windsor?", without requiring that the
syntactic and semantic analysis
"reconstitute" a complete semantic
representation such as "wWwhere does the
3:15 train to Windsor leave?". For
example, let the clerk assume that
passengers want to either meet incoming
trains or board departing ones. Then the
utterance "The 3:15 train to Windsor?" is
first interpreted as‘ a REQUEST about a
train to Windsor with 3:15 as either
arrival or departure time. Only departing
ttains have destinations different from
Tordntd and this leads to believing that
the passenger wants to board a 3:15 train
to  windsor. Attempting to  identify
obstacles in the passenger's plan leads to
finding that thejpassenger knows the time
but probably not the place of departure.
Finally, overcoming the obstacle then
leads to an INFORM like "Gate 8"

Our analysis of elliptical utterances
raises two questions Mrst, what
information does the illocutionary force
recognition module expect from the syntax
and semantics? Our approach here has been
to require from the syntax and semantics a
hypothesis about the literal illocutionary
force and a predicate calculus~-like
representation of the propositional
content, but where undetermined predicates
and objects could be replaced by patterns

on which certain restrictions can be
imposed. As part of the plan inferencing
process these patterns hecome further
specified.

The second question 1s: what should
the hearer do if more than one path
between the observed utterance and the

expectations is possible?

He may suspend
plan deduction and

start planning to
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achieve a goal which would allow plan

deduction to continue. Consider the
following example.
Passenger : When is the wWindsor train?
Clerk : The train to Windsor?
Passenger : Yes.
Clerk 3:15.

After the first sentence the clerk
cannot distinguish between the

expectations "Passenger travel by train to
Windsor" and "Passenger meets train from
Windsor", so he sets up a goal : (clerk
believes passenger wants to travel) or
(clerk believes passenger wants to meet
train). The planning for this goal
produces a plan that involves asking Bhe
passenger if he wants one of the
alternatives, and receiving back the
answer, The execution of this plan
produces the clerk response "The train to
Windsor?" and recognizes the response
"Yes". Once the passenger's goal is
known, the clerk can continue the original
deduction process with the "travel to
Windsor" alternative favoured. This plan
is accepted and the clerk produces the
response "3:15" to overcome the obstacle
"passenger knows departure time"

5. Reference and_the Model of the Other

We have shown that quantified beliefs
are needed in deciding to ask someond a
question. They are also 1involved, we
claim, in the representation of singular
definite noun phrases and hence any
natural language system will need them.
According to sur analysis, a hearer should
represent the referring phrase in a
speaker's statement "The pilot of TWA 510
1s drunk" by:

4 x SPEAKER BELIEVE

(the vy PILOT(y,TWA510) = x &
DRUNK (%))

This is the reading whereby the speaker is
believed to "know who the pilot of TWA 510
is" (at- least partially accounting for
Donnellan's (1966) referential reading).
This i® to be contrasted with the reading
of whoever is piloting that plane is drunk
(Donnellan's attributive noun phrases).
In this' latter <case, the existential
quantifier would be inside the scope of
the belief.

These existential presuppositions of
definite referential noun phrases give one
important way for hearers to acquire
quantified speaker-beliefs. Such beliefs,
we have seen, can be used as the basis for
planning further clarification questions.

We agree with Strawson (1950) (and
many others) that hearers understand
referring phrases based on what they
believe speakers intend to_refer to.
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Undoubtedly, a hearer will understand a
speaker's (reference) intentions by using
a model of  that speaker's  Dbeliefs.
Speakers, of course, know og these
interpretation strategies and thus plan
their referring phrases to take the
appropriate referent within the hearer's
model of them. A speaker cannot use
private descriptions, nor descriptions
that he thinks the hearer thinks are
private, for communication.

For instance, consider the
riant of an example
(1966): At a party, a woman is holding a
martini glass which Jones believes
contains water but of which he is certain
everyone else believes (and believes he
believes) contains a martini. Jones would
understand that Smith, via question (1),
but not wvia question (2) is referring to
this woman.

following
of ™MDonnellan's

(1) Who 1s the woman holding the martini?
(2) Who is the woman- holding the water?

since Jones does not believe
about the water- in herxr glass.

Smith knows

Conversely, if Jones wanted to refer
to the woman in an utterance intended for
Smith, he could do so wusing (1) but not
(2) since in the latter <case he would not
think the hearer could pick out his

intended referent.

Thus 1t appears that
plan a successful
referenti1al expression
speaker believe the

for a speaker to
singular definite

reguires that the
expression he finally

chooses have the right referent in the
hearer's model of the speaker. Our
concept of mutual belief can be used (as
1n< Cohen (19783) to ensure that the
expression denotes appropriately in all
further embedded belief  models. This

example is problematic for any approach to

reference where a communicating party
dssumes that 1ts reality 1is the only
reality. Speakers and hearers can be
"wrong" or "1gnorant" and yet

communication can still,
successful.

be meaningful and

6. Purther Research

We believe that speech acts provide an
excellent way of explaining the relations
between utterances in a dialogue, as well
2s relating lingulstic to non-~linguistic
activity. Until we better understand the
mechanisms by which conversants change the
topic and goals of the conversation it
will be difficult to extend this analysis
beyond exchanges of a few utterances, in
particular to non-task oriented dialogues.
Fuller justification of our approach also
requires its application to a much broader
range” of speech acts. Here the problem is
maimly representational: how can we
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handle promises without first dealing with
bbligations, or warnings without the
notions of danger and undesirability? We
are,currently considering an extension of
the approach to understanding stories
which report simple dialoque,

Much remains to be done on the
representation of the abilities of another
agent. A simple setting suggests a number
of problems. Let one agent H be seated 1n
a room in front of a table with a
collection of blocks. Let another agent
S be outside the room blit communicating by
telephone. If S believes that there is a
green block on the table and wants it
cleared, but knows nothing about any other
hlocks except that H can see them, then
how can S ask H to clear the green.block?
The blocks S wants removed are those which
are i1n fact there, perhaps those which he

could perceive to be there 1f he were in
the room. The goal seems to be of the
form

S BELIEVE

X (x on the green block => S WANT
(x removed from green block))

but our planning machinery,éand definition
of REQUEST are inadequate for generating
"I request you to clear the green block"

We have not vyet spent much taime
investigating the process of giving
answers to How and Why gquestions, or to WH
questions requiring an event description
as an answer. We conjecture that because
of the speech act approach answers to
"what did he say?" should be found in much
the same way as answers to "What did he
do?" and that this parallelism should
extend to other question types. The
natural extension of our analysis would
suggest representing "How did AGT achieve
goal G?" as a REQUEST by the speaker that

the hearer inform him of a plan by which
AGT achieved G. We' have 'not yet
1nvestigated the repercussions of this

extension on the reptesentation language.

Finally consider the following
dialogue. Assume that S is a shady
businessman A his secretary.

A : IRS is on the phone

S : I'm not here

How 1is A to understand §S's utterance?
Although 1its propositional content is

literally false, maybe even nonsensical,
the utterance's intention is unmistakable.
How tBlerant does the understanding system
have to be toinfer its way +to0 a correct
interpretation? Must "I'm not here™ be
treated idiomatically?
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A Framework for Comparing Language Experiences
(with particular emphasis on:
The Effect of Audience on Discourse Models)

Andee Rubin

Bolt Beranek and Newman Inc.
Cambridge, Massachusetts

Those of us who have been involved in the
study of language have often thrown up our
hands in dismay at the complexity of the
prohlem (at least I have, almost daily) and
tried somewhat desperately to find some facet
of the many-faced gem we confront which
appears manageable. This desire to focus - to
train the flashlights we use to illuminate the

problem on a well-circumscribed area - led,
for example, to the early transformational
grammarians' separation of syntax from the

rest. of language. Many researchers have since
discarded that particular focus and attempted
to 1ntegrate syntax, semantics and pragmatics
in a single theory. Yet, ewen they end up
focusing on a particular kind of linguistic
interaction. Many study oral conversations,
some , look at computer-person dialogues, some

study newspaper articles. These limitations
in scope are often not explicit, but are
reflected in the examples they choose and

discuss, Very few people study more than one
communicative situation and even if they do,
they do not usually analyze the similarities
and differences among them.

Just as the early transformational focus
on syntax resulted 1n a model which missed
many crucial insights about languvage, so does
our current research risk formulating
incomplete and even inaccurate models by
focusing on certain communicative situations
without adequate insight into their
relationship to others. My own focus in an
attempt to point out what such a narrow view
might miss, and to provide a framework in
which to “examine a wide variety of 1language
experiences and discover what effect the
differences among them have on theories of
language. This paper first presenis the
framework, then examines further one dimension
of language experience -~ the audience for an
utterance as an example of the kind of
considerations sucli an analysis suggests.

1. Building the Space of Language Experiences

Consider first two language experiences
commonly studied by present-day investigators:

face~-towface gral conversations and
computer-persan dialogues. These two
situations differ 1in at least two ways: the
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modality of the interaction (current
tomputer-person dialogues are written) and the
lack of possibility of communicating with
extra-linguistic devices such as gestures and
facial expressions. The kinds of questions we
want to be able to address are:

What are the effects of these two distinctions

on tne language wused in each of these
gituations? What are the effects on the
models of language use which we thereby
formulate?

In order to capture these kinds of
differences 1n a way which will enable us to
approach these questions, I have used the
metaphor of a multi-dimensional space, Each
language experience lies at a point ir the

space defined by its position along several
dimensions of the 1linguistié& medium. The
medium of a language experience is defined in

contrast to its message; in as much as they
san be separated, the message is what is
communicated, while the medium is how 1t is

compunicated. Further, the medium here is
expressed in experiential terms and does not
represent simply the vehicle for the &essage;
for example, the contrast 1s made between
being 1in a conversation and watching a play,
rather than between a conversation and a play.

(1)

Consider as a starting point in building
Lthe space the following message: an
invitation and directions to a party. One
common 1i1inguistic situation in which this
might be communicated is a face-to-face oral
conversation. Conversations, however, do not
need to be oral; it 1is quite possible to
maintain all the aspects of a conversation
while writing it down by, for example, passing
notes. These two language experiences form a
"minimal pair"; that is, they aiffer along

(1) I have omitted from this discussion any
consideration of the message communicated in a
language experience. In Rubin (1978) I
identify three message-related dimensions -~

structure, function and topic ~ and discuss
their interactions with the medium=related

dimensions introduced here.
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only one dimension. We might represent the
situation graphically by labelling the 1line
connecting the two experiences with the
dimension along which they differ. The
relevant dimension in this diagram is pmodality
i.e. whether a language experience is oral or
written. (Modality will be further dissected
below.)

HAVING A
HAVING A MODALITY | CONVERSATION
GARDEN‘VAR‘ETY BY PASS'NG
CONVERSAT1ON NOTES
Figure 1,

Let us now look at two other pairs of
language experiences which illustrate another
dimension. Consider communicating the same
message over the telephone compared to using a
tape oassette. In the first case, it is
possible for the two participants to interact,
for the listener to express confusion and ask
for additional information, for the speaker to
monitor the listener's reactiong and provide a
more complete explanation. In the cassette
situation, tRe speaker must decide once and
for all how to give the directions without the
benefit of intermediate feedback; any feedback
which might occur would happen after the
listener had heard the tape all the way
through and would be temporally removed from
the time the speaker composed the tape. I
have termed this dimension of language

experignce interaction, as Figure 2
illustrates.

The other minimal pair in Figure 2, which
also illustrates the interaction dimension, 1s
communicating by letter versus communicating
by a conversation over teletypes (while. this
is a somewhaf{ unusual communicative setting,
many of the people reading this paper have
probably participated in it). Here again the
crucial difference betweed the two is the
possibiyity of feedback. In this particular
task, for example, the speaker might want to
ask of the listener, "Do you know the corner
of Lew® and Fairview?" and base her further
explanation on the response. Such an exchange
would be impossible in the case of a letter

r~7‘L””G INTERACTION | LISTENING
~ ON THE 70 ATapg ¥
TELEPHONE CASSELFE
CONVERSING
TELETYPES LETTER

Ptiure 2.

Notice now that we can connect the two minimal
pairs in Figure 2 by lines labelled
"modality". Reading a letter and listening to
a cassette form a minimal pair which differ
only in modality; the same 1is ¢true for
teletype and telephone conversations. The
modality and interaction axes together form a
plane in which we can place these four
language experiences.

TALKING INTERACTION | UISTENING
ON THE TO A TAPE
TELEPHONE CASSETTE
MoDALITY MODALITY
CONVERSING | |NTERACTION
OVER LINKED REANNG A
TELETYPES ETTER
Figure 3

Other dimensions can similarly be added
to this space, by first discovering a minimal
pair which focuses on a particular dimension,
then attempting to pinpoint each 1language
experience alfeady in the space on that
dimension and finally filling in the holes
which exist because of the added axis. As an
example of° one step in building the space,

consider the dimension of extra~linguistic
comnunication, that is, communication by

gestures, facial eypressions, ete. For the
message we are considering, gestulres would be
particularly useful to indicate spatial

features such as Yright" and "left" and the
relative location of objects ,and landmarks.
None of the four media in Figure 3 admit this
type of interaction, but for each of them it
is possible to construct an experience which
differs from %t along only this new dimension.
For example, garden-variety conversations
differ from telephone conversations because
they allow this extra dimension, and passing
notes differs from conversing over a teletype
link in the same way. We now see where the
pair of 1language experiences illustrated in
Figure 1 comes in and by adding two more nodes
we get the following cube.

TS MODALITY
'j;s ESSAY ON THE ,‘:“ L;S{t['ém
S8 sackeonmo o
» ‘5;\ J ';\9“7
¥ Y
W) | R
g INTERACTION g9
; INTERACTION
READING A | MODALYTY | USTENNG | -
LETTER CASSETTE
MODALITY
HAVING A el T e HAYING A
& | comversanion & | WAy
A"
wrenacridy ‘pﬂﬁ‘/ BY PASSING wioacron 50 GARDEN VARKET
L9 NOTES 3 NVER
«¢v:;9’/ ‘;
do??" d‘:,b
CONVERSING HAVING A
QUER LAKED Ry TELEPHONE
TELETTPES CONVERSATION

Figure 4.
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The language experiences in this subspace
differ in their degrees of <«aturalness;
writing on the blackboard in suchi a way as to

allow extra-linguistic communication but
prohibit interaction, for example, seems
contrived. This awkwardness is due primarily

to the fact that certain dimensions generally
covary and that the independence implied by a
dimensiona)l, analysis doesn't really hold.
Secfion 3 below discusses these
interdependencies in more detail.

2. The-Dimensions of Language Experience

In a similar fashion,
dimensions to the space of language
experiences. I have so far identified eight
separate dimensions along which the medium of
a language experience may vary. The
dimensions are at least semi-independent; my

we can add more

informal criterion for 1listing a dimension
separately was the existence of dome minimal
pair of language experiences whose media
diffemed only along that dimension. The
medium-related dimensions of language
experience are: modality, interaction,
extra-linguistic communication, spatial
commonality, temporal commonality,
caoncreteness of referents, separability of
characters and specificity of audience.

Below, each dimension is explicated by means
of the question one would have to ask about a
language K experience to correctly place it on
that dimension and additional details about
its substructure amd ramifications are given.

1. MODALITY -~ Is the message written or
spoken? Even in this seemingly simple
dimension are hidden at 1least two different
characteristics which affect the communicative
situation: prosody and permanence, I will
Wriefly discuss these here, but a more
extensive discussion of the components of
modality may be found in Schallert, Kleiman &
Rubin (1977) and Sticht, Beck, Hauke, Kleiman
& James (1974) provide a review of the
literature comparing auding (comprehension of
oral language) and reading.

An obvious difference between an oral
utterance and a text is the availability of
prosodic cues. Temporal characteristics of
speech such as pauses and changes in speed
provide clues for the chunking of words ainto
larger constituents. In general, pauses and
breaths oceur at syntactic boundaries and a
more quickly spoken set of words may indicate
an aprositive phrase or an aside which 1s not
germane to the top-level structure of the
sentence. We rely on stress in oral language
as an indicator:of such discourse organizing
topics as given/new, contrast and focus, as
well as to aid in the disambiguation of
proneminal references. Intopation 1is often
used as an indication of the illocutionary
force of an utterance or to communicate
affective qualities of language such as humor
or sarcasm.
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While written text clearly lacks these
properties, it has some compensating features,
Punctuation and other textual devices provide
a partial analogue of many prosodic features,
includjng illocutionary force (. ?'l), pauses
(;), gsts (, : ;), related statements (;) and
contrast and emphasis (underlining and
italicizing). A written message also provides
the recipient with con¢retely indicated
segments both on the lower levels of word and
sentence and on the more abstract level of
paragraph and section structure.

The second major distinction included in
modality is the permanende of written text in

contrast to the transitory nature of oral
language. This permanence makes possible
varidus "“good reading" techniques sueh as

skimming ahead to 1look at chaoter headings,
re-reading an entire paragraph whose point
became c¢lear only at the last sentence, or
just re-reading a sentence which was misparsed
the first time around. In oral language
situations, such heuristics for dealing with
misunderstanding are often replaced by an
appeal to another (independent) characteristic

of language experiences - interaction.

2. INTERACTION - Are the participants able to
interact? In an interactive language
experience, participants have the opportunity
to 1indicate that they have not understood a
previous utterance, that a pronominal or other
reference is ambiguoug or that they wish to
change the topic. Keenan and Schieffelin
(1976) in particular have represented the
establishment of discourse topic as a dynamic
process which  includes input from all
participants. Thais possibility for
interaction means that there i1s less necessity
for a participant to entertain and maintair® a
set of competing hypotheses about the meaning
of some part of the message.

3. EXTRA-LINGUISTIC COMMUNICATION - Can the

participants communicate via extra-linguistic
means which require visual or tactile:s
interaction? (This communication may
sometimes be one-way, as 1n the case of a
lecturer speaking to a large class.,)
Gestures, facial expressions and even body
positions are all powerful in their

communicative potential. In situatiions where
emotions or spatial attributes are being
communicated, theSe extra-linguistic means may
be especially relevant. Children's early
language experiences are especially dependent
on this aspect of communication; delLaguna

(1927) describes one developmental thread in
children's language use as "a progressiye
freeing of speech from dependence on the
perceived conditions under which 1t 1s uttered
and heard, and from the behavior  which
accompanies it."
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4y, SPATIAL COMMONALITY - Can the participants
interpret spatial deictic words such as "here
and "there" with reference to their own
location? One indication that situations in
which this pondition is not met are difficult
is the well-known situation in which two

people, having arranged over the telephone to
meet \*here", discover that they had two
different places in mina. Because the

listener had to interpret the speaker's use of
"here" relative to the speaker's location, it
was necessary for her to know where the
speaker was; incorrect information in this:
situation can have serious consequences.
Young children may actually interpret "here"
and "there" relative to their own position,
rather than the speaker's. (see Tanz (1976)
for details)

5. TEMPORAL COMMONALITY - Do the participants

share a temporal context which allows for
simple interpretation of temporal deictic
terms such as "now", "today" and "last

Surday"? The correct interpretation of such
words, as well as verdb tense markers, teguires
the reader/listener to take the temporal point
of view of the speaker/writer.

6. CONCRETENESS OF REFERENTS - Are the
objects agnd events referred to visually
present for the participants? If an object or
event 1s concrete, many of its details are
immediately apparent to the reader/listener
besides the ones linguistically described in
the message. Reading or hearing dbout an
object which is not present often requires
remembering a partial, incomplete description
and then reformulating i1t as more information
becomes available. Objects (or pactures) also
provide an external "memory" for their
existence and properties.

7. SEPARABILITY OF CHARACTERS
distinctions among different people's
statements and points of vdew clearly
indicated? In face-to-face conversations,
such distinctions are obvious, as each person
makes his own statements and each point of
view has a ohysical "anchor" In reading a
play, #haracters' lines are clearly marked,
although there 1s no physical object toswhich
to atta¢h each character. In a book, the
reader must partel out comments, feelings and
motivations to characters on the basis of more
subtle clues: pumetuation, paragraph structure
and inferences bhased on some consistent model
of each of the characters,

Are the

8. SPECIFICITY OF AUDIENCE - How complete and
specific is the speaker's model of the
audience for her message? Two extremes which
illustrate this dimension are garden- variety
conversations in which the speaker and hearer
know each other well and books, which are
written for wide non-specific audiences. In
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the former  case, references to shared
knowledge are possible, suchy as "The man
looked 1like Uncle Joe," while in the latter,
such ap attempt would surely miss a large
portion of the auadience. To make matters
worse, often a writer (or. speaker) does not
know who the audignce is likely to be and in
the case of books which are several hundred
years old, the intended audience differs in
signifiicant ways from c¢urrent readers.

Now that we have these eight dimensions,
Wwe can use them to generate new language
experiences which begin to fill up the space.
Watching a play, reading a book with pictures,
viewing a movie with subtitles, wreading a
comic book - all these fit in the
eight-dimensional space we have defined. (In
Rubdn (1978) I discuss quite a number of
"intermediate" language experilnces and show

how they fit into a multi-dimensional space.)
Howevér, sope areas of the space are only
sparsgsely filled. These relatively empty
sections are indications of interactions
between dimensions; given a particular.
position on one dimension, the choices for
certain other dimensions may be sharply

constrained. Descriptions of
interactions follow.

some of these

Interactions Among the Dimensions

One fairly obvious
etween spatial commonality apd
xtra-linguistic communicatdon. Since both
ely primarily on the participdnts being in
he same place, 1t is not surprising that most
anguage experiences which  exhibit the
otential for extra-linguistic communication
1so allow participants straight-forward use
f spatial deictic terms. (In fact, in Rubin
1978), I treat the two as a single
imension.) However, in a note left, for
xample, on the kitchen table, the writer may
se« "here" and "there", but cannot |use
estures or facial expressions, so the two
imensions do not always co-occur.

interdependency 1is

Extra-linguistic
most commohnly

communication 1isu also
found in oral language
situations. The situation with the mos§
potential for combining extra-linguistic
communication with a written message is that
of two people passing notes in what amounts to
a written conversation. Although it is
theoretically possible for them to point and
grimace, it would be difficult for them ¢tpo

coordinate these gestures with the, words in
the written text.

Interaction and temporal commonality also
appear closely linked. If the participants
are not communicating in "real time" “that
is, if the sending and receiving take place at
different times - then 1t might even seen
impossible for them to interact. However, if
we allow the kind of attenuated interaction
that Dbakes place in, for example, an exchange
of letters, We can maintain these dimensions
as at least semi-~independent.
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Finally, we note that specificity of
audience and interaction have an interesting
relationship. Less well-defined audiences
tend to occur in situations 1in  which
interaction is difficult, if not impossible.
In lectures, for example, the speaker has only
a vague idea of the audience's beliefs and
interaction between them 4is 1limited. This
covariance reflects two different facts. One
is that 1in a large (and therefore
poorly-specified) audience, interaction is
rédstricted simply because of its size. The
other is that interaction is one device by
which speakers construct better models of
their audiepces; thus, a laak of interaction
would lead to less well-specified audiences

An obvious question at this point is: Why
bother to separate dimensions that are so
clogely related? There are really two
answers: the first methodological, the second
historical., 1In terps of getting a clean model
of the complex tangle Jf language experiences,
it 1is better to postulate a large number of
dimensions and specify how they interact than
to identify only a small number but talk about
subdimensions. Having a larger number of
dimensions also inspires a wider range of
language experiences when the process of
filling in the space is carried out, Without
the separation of temporal commonality and
interaction, for example, we would have missed
the subtle notion of temporally attenuated
interaction,

The historical explanation derives i1rom
the original motivation for this work, which
was an attempt to assess the relevance of
children's early language experiences to their
learning to read. Even 1f the dimensions
identified here interact significantly, each
still represents a cognitive skill which a
ghild must learn in making the transition from
garden-variety conversations to reading a
text. In this framework, interactions among
the “dimensions are interesting because they
represent pairs of Bkills which the child may
have to learn together, rather than being able
to separate them and learn one at a time.

Now that we have a notion where
garden-variety dialogues fit into the
framework of 1language experiences, it 1is
possible to see what kinds of conslderations
we arc liable to leave out if wk focus only on
conversations. While all of the dimensions
identified above point out areas which deserve
attention, I want to fqocus here on specificity
of agdience as an example of the ways our
models must bBe stretched to account for the
diversity of language experience,

4, Limitations and Compensation in Language
Experiences: Non-Specific Audiences

Certain language experiences present
problems for the participants, especially 1in
comparison with garden-variety conversations,
which have many communication-facilitating
features. Lack of spatial commonality, for
example, poses extra difficulty in the
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interpretation of certain deftic words, and
the absence of non-verbal communication in
telephone conversations makes expressing
emotion especially hHard. In some cases, an
aspect of the medium itself provides
compensation for the 1limitations, Written
text, for example, partially compensates for
its lack of prosodic cues to structure by its
permanenge, which allows the reader to make
several attempts at parsing and Understanding
the words on the page. 1In other cases, we
ourselves take into account the limitations of
the medium by expressing our message
differently. In talking on the phone, for
example, we express our emotions more
explicitly, rather than .relying on facial

expressions to communicate thedM in more subtle
ways

An important facilitating aspect of most
garden-variety conversations is that they take
place between people who have Fairly good
models of one another and who share a large
set of beliefs. (See Cohen (1977) and Clark &
Marshall (1978) for details on shared
beliefs.) The disappearance of this feature
in  other language experiences can causé
difficulties which require special attention
from both speaker and listener. To get a
feeling for the effect of an audience,
consider the task of explaining-the difference
between analog and digital computers. Talking
to a technically unsophisticated person makes
the task hard enough, but it would be even
more difficult 1if the audience were a large
number of people with widely uvarying technical
backgrounds. When one is faced with
communicating with a person about whom one
knows very little or, worse yet, an audience
made up of many people with different Heliefs
it  becomes necessary to use Several
compensating techniques to é&nsure that the
message gets across I will describe below
some of the heuristjcs beth speaker/writers
and listener/readers use to deal with complex
and poorlyspecified audiences. (From here on,
I will use the words "speaker" and "listenerm
to refer to speaker/writers and
listener/readers, respectively.)

5. OSpeakers' Heuristics for Complex Audiences

The audience for an utterance may be
poorly specified in two different ways: it may
be a single person about whom the speaker has
less than complete knowledge or a group of
people, each of whom the speaker knows more, or
less well. The speaker's task is to construct
an utterance which is comprehensible to those
who  perceive that they are part of the
intended audience. The following are

techniques by which speakers may accomplysh
this task.

Identify the Audience: 1In somé cases, the:
speaker really wants to address her remarks to
a single person, even though several people
are physically present and ‘"avallable" as
audience. Straightforward techniques exist
for idehtifying the audience in these
situations: a speaker may simply look in the
direction of the intended audience or address



her by name, In giving a technical talk to a
large and varied audience, a speaker may
analogously select a subset of those present
as the audiense for a particular remark by
using a phrase like "for you linguists in the
audience". A more subtle and interesting
method for accomplishing the same goal is to
include in the remark a reference which only
some of, the audience understands, thereby
clueing the others in to the fact that they
may not get'arything out of the utterance. At
a pecent conference attended by linguists,
computer scientists and psychologists, a
speaker, in answering a question from a
computer scientist, resorted to Some technical
language (what he actually said was, "It!s EQ,
not EQUAL"), even though he knew two-thirds of
the audienee would be lost, Afterwards, he
remarked that he had also realized that it was
precisely the computer scientists wwo were
confused about the point he was trying to
make, g0 the remark was douply appropriate: it
fotected exattly the audience who needed to
comprehend it.

L e: v the : If he
realizes that the audience consists of two or
wore definable subgroups, a speaker may choose
$o ihclude several descriptions of the same
topie, one for each set of people. In
addressing an audience made up af computer
scientists and psychologists, a speaker might
refer to the same concept by two different
terms, e.g. "cache memory" for the computer
scientists and ‘“working memory" for the
psychologists, In this case, most members of
the audience understand only one of the two
descriptions 80 both are necessary. A
slightly different situation exists when a
speaker makes a statement such as, "He had
eyes just like, Paul Newman...deep, dark blue."
Here the elaboration may be seen as a eomment

to those 1in the audience who don't know what

Paul Newman S eyes look like. Thoge who do
must realize that, in some sense, the
elaboration was not,/directed at them since it
was planned for 1listeners with different
knowledge. A third example of the "play it
safe" strategy is this conversation which took
place in front of an audience:

B: Jerry has been satudying the same
thing.

M: That's right...that's Jerry Fodor...T
read his paper.

Had B and M been conversing in private,
the explanation that the Jerry being referred

to was Jerry Fodor would have been
unnecegsary. However, M was aware that some
people in the autNence might not be able to

figure out who was being referred to,
played it

80 he
safe and made the reference clear.

€ ty: Sometimes, the speaker 1is
aware that an utterance may be interpreted in
two different ways, but decides that the
ambiguity is acceptable or even desirable. An
example from a personal letter: "The weather
has been .beautiful...perfect for riding a
motorcycle -in the country." What the writer
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had in mind here was a particular. time she and
the addressee had taken a motorcycle ride; sNe
wanted to allude to that event. If, however,
ve didn't remember the ride, the sentence
still communicated a coherent, if 1less
speaific, message. The writer actually
con8idered both of these ssibilities and
decided that either readifig of the sentence
was acceptable.

The following sentensce- taken from an
advertising brochure shows a different kind of
ambiguity: "The cane seats of a Mad River
canoe provide excellent ventilation and
drainage. The ad will be read both by peQple
who already know that Mad River canoes have
cane seats and by those for whom this is a new
fact. For the latter group, the word "cane"
obviously conveys new information; for the
former group, . perhaps, it focuses on that
aspect of the seat which is relevant to the
properties discussed. (I use the word
¥focuses! here in amy informal sense, but it is
similar to its dse in Grosz (1977) and Sidner
(19787%. Again, the ambiguity exists because
of the non-specificity of the audience, but
both readings—are acceptable and, in fact,
desirable.

Rely on Interaction: The standard way speakers
chedk whether or not they are being uUnderstood
and modify their utterances appropriately is
by interacting with the hearer. 1In the Paul
NeWwman example above, the speaker could have
watched for signs of recognition (a smile or a
nod) from the listener which would have made
the elaboration - . unnecessary. In an
interactive situation, the motorcycle example
could have been*followed by "Do you remember
that time?" Unfortunately, language
experiences in which the audience is unknown
or unknowable, such as hooks and lectures, are
often those in which interaction is diffficult.
The presence of both a specific audiedce and
inferaction is_a "positive feedback" ‘situation
in which communication is greatly facilitated.
The absence of both, however, necessitates the
adoption of some of the heuristics mentioned

here - and even then, communication.,may be
impaired

The heuristics identified above assume
that the speaker takes the responsibility for

thg efficacy of the communication. Speakers
in"general, though, can assume that they share
with the listener certain cOmmunicative

principles of the type
(1975). They can similarly assume shat
listeners have certain heuristics for
determining what assumptions the speaker is
making about the audience and whether or not
they as 1listeners fit those assumptions.
Because they have this faith in their
listeners, speakers sometimes just "broadcast"
a remark, leaving it to the listener to decide
who ,the intended audience is. Some of these
listener's heuristics for interpreting

broadcast utterances are described in the next
section.

explicated by Grice
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6. Hearers Heuristics for

Utterances

Integral to a listener's understanding of
any utterance is a model of the speaker's
model of the hearer. Where there 1s some
mismatch between this model and the listener
himself, it may be difficult for him to figure
out what the speaker really intended to
communicate. In language experieaces where
the listener suspects that the speaker is

"Broadcast"

broadcasting ~- that 1is, not being careful
about specifying an audience -~ he must
"broadreceive", usimg some heuristics for

deciding whether or not he should consider the
remark to be addressed to him.

One general technique a 1listener might
use 1s to compare the intended effect of the
utterance with his current state. If he has
already fulfilled the effect, he can consider
the remark to be addressed elsewhere.
Commands have clear intended effects, so it is
relatively simple for a listener to use this
heuristic with such speech acts. A member of
a congregation who 1s already standing when
the minister says "Please stand up™ will
understand that the utterance is not meant for
him, rather than yelling out, "I already am!".
Signs are another medium in which this
broadcast behavior is apparent. A sigh asking
patients to PLEASE REGISTER WITH THE
RECEPTIONIST is clearly meant only for those
who haven't already done 80; if patients
didn't wuse this heuristic, they would find
themselvies in an infinite loop of registering.
A somewhat more complex example is the
familiar airport announcement: Extinguish all
smaoking materials and have your boarding pass
ready." which selects two different subsets of
the audience which hears it - those who are
smoking and those who do not yet have their
boarding passes ready.

Deciding on the
utterance is no mean

intended
trick, of

effect of an
comrse; the

speech act 1literature, (e.g., 8ustin (1962),
Searle (1969)), makes this clear. One
interesting example of the interaction of

these considerations with those of audience is
a subway sign proclaiming SMOKING IS DANGEROUS
TO YOUR HEALTH. The intended effect may be

seen either as getting smokers to give up
their habit or as telling smokers and
non-smokers  alike that smoking iz not
healthful. In the first case, the intended

audience i3 smaller
Although this more restricted audience 1is
implied by the use of "you" on the sign, it
seems plausible that the, informational effect

than 1in the second.

and, therefore, the larger audience is
intended: as well. A non-smoker's
interpretation of the sign is then a complex

process, involving an awareness of the two
possible audiences for the message.
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Finally, and most obviously, speakers
assume that hearers will make use of pragmatic
clues to determine whether they are part of
the intended audience. 7 vollgyball player
yelling "I'll set" assumes that only the
members of her team will attend to the remark;
she doesn't need to preface it with a direct
address to her teammates. Similarly, the same
player calling "You hit" hopes that the
pragmatic context {is strong enough that the

one person who is the intended audience can
identify herself.

7. Summary

This admittedly brief discussion of the
specificity of audiences is meant to
illusérate the kinds of considerations a
narrow focus on a single language experience
might overlook. It is clear from just these
Tew examples that the pracess of planning a
speech act must utilize heuristies like those
listed above and that speakers' models of
listeners must contain some explicit
representation of the size and specificity of
the audience. These insights would not have
arisen had we restricted ourselvesr to
two-person conversations. The
multi-dimensional space developed in this
paper provides eight dimensions which can
provoke similar investigations and a framework
in which to integrate the results.
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Abstract

Thig paper analyzes principles of human
comversation based on the conversational goals of
the participants. Several couversational rules
are propogsed that seem crucial to the process of
interpreting and generating conversations. The se
rules, as well as other aspects of the
conversatjon process, are embodied in MICS, a
computer program that generates one side of a
conversation. The process model underlying MICS,
and some jllustrative output, are presented.

I)*Formulating rules about human conversations.

This paper 1s an empirical approach to
understanding the processes that underlie human
comversations. Since the task of codifylng all

the knowledge required for modeling human
discoursg is monumental, we confine our approach
to formulating rules about the conversational
intent of utterances in the course of a dialog.
This approach leads us to investigate the e ffects
of shared assumptions and knowledge between the
speakers the social and interpersonal relations
of the speakers, and the inferences that must be
made by both speakers in a conversatiom. We take
a different approach to analyzing conversations
than other research efforts, such as those
adopting the speech-acts paradigm (Mann et al
[1977]) or d4nvestdgating task-specific dialogs
(Grosz [1977]), in the hope that our new
perspective will shed some iight on otherwise
obscure or neglected aspects of human discourse.

Consgider the following conversation
between Bill and John, two college
sharing an apartment!

fragment
students

1) JOHN; Hi, wnat s new, Bill?
BILL: I'm going to visit my folks tonight.

We can analyze Bill’s wutgerance in Comversation
Fragment (1) in terms of its immediate meaning,
that is, a representation of Bill's wutterance in

Conceptual Dependency or some other meaning
representation. This, however, is a very
incomplete analysis of what Bill said. why did

BiIl say that he was visiting his folks? Bill
could just as easily have said, "I'm going to
brugh my teeth tonight." Thig utterance, however,
doesn t answer John’s question; brushing one’s
teeth is not "'something new". Therefore, we could
propose awrather simple conversational rule:
RULE=l: If a question is asked in the course of
a conversation, the other participant
should answer this question.

Rule 1, however, 1is a 1little too naive.
Suppose Bill’s answer wast: '"There are a ‘few more
microns of dust on the windowsill than the last
time you asked me that question.” This 1s indeed

"gomething new", but we would think of Bill as a
wise guy for answering the question i1iterally
rather than addressing what John "must have
meant". What did John really mean? John must
have been looking for something out of the
ordinary and of some intrinsic importance. let us
propose a new rule to imcorporate this principle:
RULE 2: In the formulation of an answer, the
speaker should address the true signifi-
cance of the question, not just its
literal meaning.

What is the true siguificance of a
In Comversation Fragment (1),
answered: "The J-particle angular momentum of
+3/2 was confirmed today." John, a literature
major who does not imderstand Physics, may not be
inclined to continue the conversation. Therefore,
Bill’s answer is not what was called for, unless
Bill intentionally wanted to end the conversation.
This example suggests that Bill missed something
in establishing the true significance of John’s
question. John did, indeed, explicitly ask to
hear something new; implicitly he meant something
important and out of the ordimary. The J~particle
answer conforms to these requirements, but it is
still an inappropriate response. Therefore, the
true slgnificance of John’s answer must includé
John’s comversational goal. Why did John ask
"What’s new"? The answer is, obviously, to start
a conversation with Bill. Bill, being aware of
this conversational goal, needs to choose an
answer that attempts to initfate conversation.
That 1is Bill should <choose a tople of
conversation that John can talk about and that
John méy be interested in. Conversational Rule
(3) summarizes this discussion:

question?
Bill might have

RULE 3: In introducing a new topic of conversa-
tion, the topit should be chosen so that
both speakers have some knowledge and
interest in its discussion.

The process of understand ing the

ronversational © import of an utterance may be
:onceptually divided into two primary
subprocesses: 1) determine the conversational
goal of the utterance, and 2) establish the real,
often implicit, meaning of the utterance. Lehnert
[1977] analyzes the process of esthblishing the
real meaning of questions. Our analysis focuses
on the conversational goals &f the participants
and the establishmeént of a shared knowledge base
between the participants. It 15 this shared
cultural, personal, and factual knowledge that the
conversational participants leave implicit in each
communication. To illustrate this fact, consider
Conversational Fragment (2):

2) JOHN: Db yow want to go out and try the bar
at Monument Square?
BILL: 1’m going to visit my folks tonight

Real significance of Bill’s utterance:
i) No, I do not want to go to the Monument
Square bar.
11) My reason for not wanting to go is that
‘T made a previous commitment, and I can-
not be in two plafes at once tonight.
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i{ii) The previous commitment is a visit to
ny f01kﬂr

iv) I am telling you about the reason why
I cannot go drinking with you rather
than just saying "no" because I do not
want you to get angry at me.

v) I may also wish to shift the topic of

conversation to a discussion about my
family.

Bill knows that Johm will interpret his
answer so as to conclude its real significance;
otherwise Bill wuld have chosen to explicitly
statd the real significance. How does Bill know
that John will understand him correctly? Clearly
Bill and John must share some common sense
knowledge such as:

a) A person cannot be in two places at oOice.

b) Previous commitments should be honored.

c) If X's invitation or suggestion is turned
down by Y without apparent reason, then X
is 1ikely to get upset at Y.

d) If a person introduces a new topic in a
conversation, he may want to discuss the
current topic further.

Both Bill and John are aware that they share a
common cultural knowledge base. This knowledge 1is
very crucial in determining what is said in the
conversation. Bill must have considered (1)
through (iv) before deciding that is was
sufficient to say only (iii). How did Bill decide
to say only (1i1)? He must have concluded that
John would infer (i), (ii) and (iv) without
difficulty. Thus, Bill .néw about John’s general
knowledge because of their common cultural
background and their personal relation. Bill used
this knowledge to decide what to say in the
conversation.

In the course of a conversation, people make
assunptions about each other’s knosledge. It is
sometimes easler to see what these conversational
assumptions are when they turn out to be
incorrect, as in the following example:

3) PETE: How are you going to vote on
Proposition 13?

MARY: On what?

PETE: You know, the oroperty tax limitation

MARY: Oh yean. I’m not registered to vote.
Which way were you trying to convince
me to vote?

PETE: was hoping you would help me make
up my mind.

MARY:

Actually, I don’t give a damn about
politics.

At the beginning of the conversation Pete assumed
that Mary knew what Proposition 13 was, that she
was able to vote, that she wuld vote, and that
she had already decided how to vote on Proposition
13. All of these assunptions turned out to. be
incorrect, and the course of the conveéersation
turned towards clarifying the incorrect
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assumptions. This example is an instance of a

more-general rule of conversation:

RULE 4 If a participant in a conversatiom

discovers that his assumptions about

the shared knowlege between the two

speakers is incorrect, then he will

steer the conversation to

1) establish a common knowledge base on
a specific topic, or

2) discover what their shared knowledge
is in general, or

3) shift the conversational topic to
some matter where a common knowledge
base is more likely to exist, or

4) end the conversation.

The assumptions discussed thus far have been
of a factual nature, but assunptions are also made

about the conversational intent of the
participants and about their interest in the
conversational topic. Mary inferred Pete’s
conversational intent incorrectly: He was seeking
advice, not trying to 1lobby for or against
Proposition 13. Pete started the entire

conversation on the wrong topic by assuming that
Mary was intefested in politics or taxes. A
conversation about a topic that one of the
participauts finds uninteresting will wusually
digress to other topics or fizzle out as the
uninterested party volunteers no new information,
finds an excuse to do something else, or states

outright that the conversation is boring (as was
the case in our sexample)

Erroneous assumptions about conversational
intent lead to wmisunderstandings because each
speaker will address the perceived intent of the
other speaker’s utterance. It 1is, therefore,
imperative to correctly infer the other speaker’s

conversational intentions 1n order for the
conversation to proceed naturally. The type
nisunderstanding that often results from

incorrectly perceivedw conversational iatentions
is, on occasion, exploited in cxeating certain
types of jokes, as in example 4:

4) SON: Dad, I robbed the liquor store yesterday

DAD: How could you ever do such a thing, son.

SON: Well, I got me this gun, and I pointed

at the cashier...

To illustrate the fmportance of the implicit
conversational goals and shared knowledge between
the participants in a conversation, we present a
few more dialog framents between Bfll and John,
the two college students sharing an apartment. In
each exdmple, as 1in eaversations (1) and (2),
Bill utters the same response, but its meaning 1is

significantly different, depending on the context
of the conversation.

5) JOHN: Are you broke again? You are going to
Have to eome up with your share of the
rent this month.

BILL: I'm going to visit my folks tonjght.
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Meaning of, Bill s utterance:
(1) Yes, I’'m broke again.
(11) Yes, I'1l1l try to contribute my share of
the rént,
(11i) My parents mightggive me some money if
I ask'them.
(iv) If I visit them and ask them in person I
have a better chance of getting some money
(v) 1’11 visit them tonight and then I’11 ask
them for money.

When we read Conversation Fragment (59, we
infer that Bill wmay be going to ask his parents
for money. How do we do this? We do not share
knowledge with Bill to the effect that his parents
have money or that Bill is willing to ask them for

money. The answer 1s based on a conversational
rule:
RULE 5: The utterances in a comwersation should

be connected by continuity of topic,
common conversational goals, and each
participant. addressing the intent of the
utterances of the other participant.

Since the reader assumes that Rule (5) ia true for
Conversation Fragment (5), he concludes that there
must be a connection between Bill needing. money
and the visit to his parents. The reader then
infers the most likely connection: Bill will ask
his parents for money. John must also make this
inference based on Rule (5), unless he knows that
Bill regularly visits his parents to ask for
money. The significant. point 1llustrated in
example 5 1s that the conversation focused the
inference mechanism to find a connection between

the respectlive utterances. Therefore,
conversational principles can play an important
role in focusing human reasoning processes. The
yinciple of focusing inference processes on
significant or interesting aspects of

ronversational utterances and évents Ls developed

into a theory of human subjective understanding in
Carbonell [1978]

Let us continue with the
fragments between Bill and John:

conversational

6) JOHN: How come ydu never see your family
BILL: I'm going to visit my folks tonight

Meaning of Bill’s utterance:
(i) I do visit my family.

ii) Supporting evidence: I'm going to visit
them tonight.

(iii) Therefore what .you just said is not true.

7) JOHN: Can I borrow your car? I got this heavy
date tonight.

BILL: I-m going to visit my 10ixs rouiguc.

Megning of Bill‘s utterance:
Alternative I.
(i) No, you cannot wu..uw wy,car tonight.
(11) I am going to visit my folks tonight.
(1i1) I need to drive there.
(iv) The car cannot be in two- places at dnce.
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Alternative’1l.
(1) Yes, you can borrow my car tonight.
(11) I am going to be at my folk’s place,
where I don’t need to use it.

8) JOHN: Can I have the apartment to myself?
I got this heavy date tonight.

BILL: I'm going to visit my folks tonight.

Meaning of Bill’s utterance:
(1) Yes, you can have the apartment.
(11) What you want is for me to be elsewhere.
(1i4) J was planning on that anyway, since 1
am visiting my f81ks tonight,

Conversation fragments (6), (7) and (8)
illustrate the degree to which the understanding
of conversational utterances is
expectation-driven. The expectations are

generated from previous dtterances according” to
rule 5 the topic, intent, and cogversational
goals introduced earlier in the conversation will
be addressed by later utterances. In each case
the same utterance on Bill‘s part is understood
differently, depending on the context established
by John’s previous utt#rance. Utterances in a
comversation do not wusually have a meaning
independent of the rest of the conversation;
their meaning is part of the context of the entire

coavergation. Thus, it is easy to see why quoting
only a short passage from a conversation (or a
political speech) can give that passage has an
entirely different meaning from what was
originally intended.

The shared knowledge between two speakers
depenas on many different factors. Two speakers

share a large amount of basic knowledge by merely
being members of the human race (e.g. the basic
drives that motivate humans such as hunger,
self-preservation, etc.). More knowledge is

shared if the two speakers are members of the =ame
culture, (Muoch of the cultural and more basic
hudan knowlé&dge necessary to understand natural
language is discussed 1in Schank and Ableson
[1977].) If the tw participants hold the same
tvpe of Jjob, are professional colleages, or have
the same speclal interests, then they will share
somg rather specific knowledge. Two people with
the same special interests (such as football or
radio-astronomy) will usuwally steer the

comversation to a discussion of their common
interests.

he topic of a conversation may drift to
subject where the conversatignal partici-
pants share a great amount of knowledge.

Anpother factor that determines the knowledge
shargd by the participants in a conversation is
their interpersonal relation i.e., how well they
Know ,each other. In conversational fragment (7),
Bill’s response can be ipterpreted in two
different ways by the reader, but Jhn  will
interpret his response unambiguously. John must
know whether Bi11’s response means that Bill needs



the car or
otherwise,
his answer.

whether John 1s free to wuse it;
Bill would have been more spegific in

Social relations and the perceived goals of
corversational participants play an important role
in interpreting the meaning of conversational

utterances. Let us first consider the influence
of the social relations between the two
participants:

9) ARMY GENERAL:
STAFF AIDE:

I want a jurcy hamburger.
Right away, sir!

10) 7-YEAR-QOLD:
MOTHER

I want a juicy hamburger.
Maybe next week. We are having
chicken today.

11) PRISON INMATE 1:
PRISON INMATE 2:

I want a juicy hamburger.
Me too! Everything here
tastes like cardboard

The utterance "I want a julcy hamburger" is
interpreted differently in each dialog fragment.
The difference in the interpretations is based on
the different social relations existing between
the two conversational participants. In Dialog
(9) the utterasnce was interpreted to mean a direct
order to the staff aide: "Get me a hamburger and
make sure it is Julcy!" In Dialog (10), the
7-year-old was expressing a request to his mother,
hoping that his mother might comply. In Dialog
(11) the same statement was interpretéd as
nothing more than wishful thinking. The first
immate made no order or request to the second
inmate. Hence, the first utterance of each dialog
fragment implies a different conversational goal
depending upon the differences 1in the social
relations of the conversational participants. The
social context and the relationship between the
two speakers generate expectations that guide the
eourse of the conversation. A staff aide expects
to be ordered about by a general. A mother
expects her son to ask her for favors. Prison
inmates cannot expect each other to do things that
are made impossible by their incarceration. These
expectations lead to a formulation of different
conversational goals for the utterance, "I want a
julcy hamburger " in each comnversatiomnal fragment.
The conversational principle exemplified in our
discussion is summarized as Comversational Rules
(7) and (8):

RULE 7. The social relationship between the
participants in a conversation generates
expectations about the intentional meaning
of utterances in the conversation. These
expectations are used to determine the
comrersational goals of each participant.

RULE 8: Each speaker s perception of the comver-

sational goals of the other speaker

determines his 4pterpretation of the
other speaker s utterances.

Di fferences in urider stand ing of
conversational goals lead to different responses
in a dialog, as 4illustrated in Conversation
Fragments (9), (10) and (11). We saw how a social
relationship between tw people can influence
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thelr interpretation
conversational goals. Two strangers can also wake
assumptions about each other s conversational
goals based on appearances, social circumstances
and each other 8 occupation. Consider, for
ingtance, the various responses to John s question
in the example below:

of each other s

Scenario: John walked up to a person in the cormer
and asked: "Do you kmow how to get to
Elm Street?"

12.1) The stranger replied: "You go two blocks
toward that tall building and turn right."
12.2) The cab driver in the corner replied: "Sure,
Hop in. Where on Elm do you want to ge?"
12.3)

The person, who was holding up a map and a

plece of paper with an Elm Street address on

it, replied: "No, could you tell me how to
get there?"
12.4) The child anmuwered: "Yes, I know how to get
therel”

The question was interpreted to mean four
different things, depending on whom John spoke to.
If a stranger asks, "Do you know how to get to X,"
the listener wusually interprets this to mean "I
want to go to X, but I do not know how to get
there. Please give me directions." Since the
occupation of a cab driver is to take people to
their destinatiom it is perfectly legitimate for
him to interpret the question as: "If vyou know
how to get to X please take me there.'" The person
who is visibly lost and trying to find his way may
interpret Johln’s question as: "You seem to be
lost. Can I help you find your way?" Response
(12.3) 1llustrates that the responder did not
infer that John s goal was to go to Elm street, in
contrast with the tw previous responses., A child
often interprets questions of the form: "Do you
know Y" 1literally. possibly inferring that the
person asking the question is quizzing him. As in
our previous examples, the differences in
interpretation can be explained in terms of
differences in the perceived goals of the
participants in the conversation.

II) MICS: A process model of human conversation.

The phenomenon of human conversation is too
complex for ény single study to do justice to more
than a narrow aspect of the problem. In order to
fully understand human conversations we may have
to understand all human cognitive reasoning
processes., Our research approach can be outlined
as follows: 1) Stuly many sample conversations;
2) try to establish some relatively general rules
of conversation; 3) encode these rules into a
progess model; &) see 1f this model accounts for
certain aspects of human conversation; 5) realize
that we sdlved hardly more than a minute part of
the problem, and 6) reiterate the research process
in a (hopefully positive) feed-back loop.

The comversgsational rules
first section address
considered 1f one

discussed in the
ptoblems that need to be
is to understand bhuman



conversations. There 1is
demonstrated by countless examples, that
conversational goals. shared knowledge between
speakers, social relationships between speakers,
and the conversational import of each utterance in
a dialog are aspects of human discourse that need
to he analyzed if one is to understand how human
corversations work. Analyzing these aspects,
however, solves only a small subset of the larger
problem of how conversetions function. For
instance, the problem of topic selection in a
comersation needs to be addressed. How does a
person change the topic in a conversation? How
are new topie¢s thosen? These questions are
analyzed 1in Schank [1977]. Here we propose some
additional ideas on the impact of shared knowledge
and interests on topic—selection.

little doubt, as

MICS (Mixed-Initiative Comversational System)
is a fully implemented computer program that
generates one side of a natyral-language
comversation. MICS embodies the conversational
rules discussed in this paper, a topic transition
mechanism based on Schank [1977], and the idea of
a conversational syntax. Conversational syntax is

a set of rules that help to oharacterize
well-formed conversations. For instance, the
following four rules are among the twenty

comversational syntax rules in MICS:
RULE 9: Do not repeat information in the course
of a conversation unless explicitly
requested.

RULE 10: Do not say things that the other speaker
already knows about.

RULE 1i: If the other speaker says something that
violates one s beliefs, then respond in
kind by re asserting the violated belief.
RULE 12: If insulted, return the insult or end the
comversation.

MICS illustrates that the conversational rules,
toplc transition rules and comversational syntax

rules provide a sound 1f possibly incomplete
approach to the modeling of human comversation.
MICS is able to generate reasonable conversations
about domains on which it has some knowledge, but
there are still many short-comings, as illustrated
in the examples tlat follow.

MICS "knows" about itself as m person (e.g.
it believes itself to be a computer programmer)
and uses a model of the other conversational
participant that contains certain information
about the speaker, such as his social status, his
occupation, his relationship with other people and
his areas of special interest and more detailed
knowledge. The model of the other speaker is a
necessary part of the conversational model, since
it enables MIC® to apply the comversational rules.
When MICS talks to a stranger, it builds a model
of the speaker; in fact, one of its
comversational goals 1s to learn about the person
with whom it 1is conversing. In the dialog that
follows (an actual computer run), MICS starts out
knowing nothing about Dave.
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MICS CONVERSATION LOG ***kAkkk fekk ke kk

10/11/77
HELLO, WHAT IS YOUR NAME?

I am Dave.
WHAT’S NEW TODAY, DAVE?

Nothing, What’s your name?
MY NAME IS MICS.

What is your job?
I AM A COMPUTER PROGRAMMER

That’s nice.
WHAT DO YOU DO FOR A LIVING?

| MICS takes the initiative by asserting
| its conversational goal of learning
| about Dave.

I am still a student.
DO YOU LIKE BEING A STUDENT?

For the time being yes.
WHAT WILL YOU DO AF TERWARDS?

I want to be a professor some day.
WHAT DO YOU DO FOR FUN?

| MICS formed a person-frame for Dave. At this
| point, the conversational goal of trying to

| establish an area of mutual interest and
| shared knowledge is activated.

1 smoke dope.
YOU MIGHT GET STONED IF YOU SMOKE TOO MUCH.

I know, that's the idea.
YOU MIGHT GET IN TROUBLE IF THE COPS CATCH %O0U.

all right, stop moralizing, what do you do for fun?
I LIKE TO PLAY CHESS

That sounds boring.
NO, IT IS A LOT OF FUN!

My brother Eric plays chess.
HE MUST BE SMART.

I have to go. Bye Mics.
NICE TALKING TO YOU, DAVF

As a result of the conversation, MICS knows
something about Dave, in particular that one of
his life goals is to becomie professor. MICS’s
conversational goals cause it to establish its own
eornversational topics. When a new topic 1is
introduced by the human speaker, MICS stays on the
chosen topic or chooses a closely related topic.
Another rule of conversation 1s invoked in the
above dialog:

RULE 13: Each participant in the conversation has
the conversational goal of saying things
that are important to the other
participant.

When the human participant says that he 1likes to
smoke marijuana, MICS finds in its memory that
smoking marijuana is illegal and can lead to the
smoker getting stoned. According to MICS’s



beliefs getting stoned is undesirable, and doilng

something illegal leads to undesirable
consequences. MICS determines that it 1is
important for Dave to know about the bad
consequences of his acts. Therefore, applying
Rule (13), MIS warns Dave about the evils of
marijuana. It is evident that MICS should have
known that Dave knows that smoking marijuana leads
to getting stoned, and that, in fact, getting
stoned is Dave s primary purpose for smoking
marijuana. If MICS knew this fact then

Comversational Syntex Rule (10) would prevent MICS
from warning Dave about getting stoned .
Therefore, MICS needs a better mechanism for
deciding what knowledge it shares with the other
speaker. It 1is very difficult to dstermine what
the other person already knows and what he is able
to infer, but this is a problem that cannot be
circumvented if we are to model human discourse.

The conversational syntax rule of coimtering
a belief violation (Rule 11) caused MICS te object
wvhen Dave said that playing chess (MICS s favorite
pastime) was not exelting, Since he two
participants could not find a common area of
interest, the tonversation ended without any
substantitive dialog. This 11lustrates
Conversational Rule, (4), discussed in the previous
section. let us gnalyze a comnversation between
MICS and Pete, someone who MICS believes to be its
friend.

HELLO, WHAT IS YOUR NAME?

Pete.
WHAT’S NEW TODAY, PETE?

Professor Stevenson is giving us an exam friday.
STEVENSON GIVES DIFFICULT EXAMS.

Yeah, do you know that Dave 1s probably going
to flunk?

THAT’S GOING TO MAKE IT HARD FOR DAVE TO BECOME
A PROFESSOR.

Too bad, Dave is ngt too smart anyways.
YES, DAVE LIKES TO SMOKE DOPE.

I’ve got to go and study.
YOU WILL DO WELL IN THE EXAM.

The above ecomversation illustrates the
usefulness of shared knowledge between the two
participants. Pete and MICS both know about
taking exams, and they have a common acquaintance

- Dave. MICS is able to use what it learmed about
Dave in its previous conversation. MICS s
response to Dave possibly flunking the exam

illustrates Conversational Rules (3), (5) and (7).
The continuity of the couversation 1is preserved.
The <chosen topic transition is probably of
interest to Pete, as inferred by MICS in the
following manner: Pete iatroduced Dave into the
conversation; therefore, he probably wants to
talk about Dave. Not fulfilling a life goal (e.g.
becoming a professor) is an inherently important
consequence to Dave; therefore, Pete is probably
interested in knowing this consequence. Rule

applies because in the social relationship between
Pete and MICS (they are friends) it is ©K to talk
about mutwl acquaintances. (It is NOT
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necessarily OK for a judge and a defendant, for
instance, to discuss mutwal acquaintances.)

MICS’s utterance about it being difficult for
Dave to become a professdr illustrates® the
inferenceing that proceeds in the course of a
comversation. The inferences are directed at the
most serious consequences of the preceeding
utterance: flunking the exam. Focusing the
inference process by importance criteria was found
to be necessary in order to keep comversations
from digressing into uninteresting topics.

When Pete states that Dave is not too smart,

MICS reacts by verifying this evaluation. Since
ir the previous conversation Dave chose to ignore
MICS’s warnings about smoking marijuana, MICS
concluded that Tave was not too bright. This

cohc}usion Is used as supporting evidence to back
Pete’s evaluation. The process of responding to
opinions is captured in conversational rule 14:

RULE 14: If a speaker in a cemversation states an
opinion, the other speaker should consider
whether or not he agrees with the opinion.
The first speaker usually has the comver-
sational goal of wanting feedback (usually
agreement) on his opinion.

The 1last exchange in the above dialog
illustrates a deficiency in MICS determinatiomn of
the conversational goals. When Pete says, "I've
got to go and study," he means, "I want to end the
conversation,”" but inferring this conversational

goal requires wunderstanding what it wmeans to
study. One cannot infer from the phrase, "I've
got to go ...", that the conversation should

terminate. For instance, if Pete says, "I've got
to go to Europe," he probably wants to introduce
his upcoming trip as a new topic of conversation.
The knowledge that studying and talking cannot
proceed simultaneuously is necessary in order to
conclude that Pete wanted to end the conversation.

The primary usefulness of the MICS system 1s
that it sheds light on problems gbout the rules of
conversation that might otherwi se remain
unnoticed. The feedback from testing the
implementation of our conversational model forces
us to be more precise and complete in our
formulation of our ideas about conversation. The
following 1is a conversation fragment from a later
version of MICS which has a more sophisticated
inference capability for determining the knowledge
that 1t shareg with the other speaker. For
instance, MICS infers that 1f a person voluntarily
chooses to pursue a certain activity, then that

person is aware of the intended ronsequences of
this activity.

Ashtrays.
WHAT ABOUT ASHTRAYS?

Ashtrays are useful.
DO YOU SMOKE?

Yes.
YOU MIGHT GET CANCER IF YOU SMOKE TOO MUCH.

Who cares, anyway I smoke dope, not tobacco.
1 SEE, YOU LIKE TO GET HIGH.

It is better than getting drunk.
NOT NECESSARILY: YOU MIGHT GET CAUGHT BY THE COPS.
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Figure (1) is a diagram of the control flow

of MICS. As a process model of conversation, MICS
ig a useful tool, but it is far from a complete br
even an entirely correct model of human
comversation. MICS is a 3 level production
system. The first set of productions is the
conversational-syntax rules. The se rules
formulate contraints on the nature of the

utterance that MICS will generate next in order to
insure that the conversatien follows a proper,
"natural" course. Some of these constrains take
the form of conyersational goals used by the other
two sets of productions rules. The second set of
rules 1is the topic selection productions. These
productions generate topic transitions guided by
coversational goals and the amount of shared
knowledge between the gpeakers. Several
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and an inferemcer when necessary. The purpose of
these rules is to choose the most interesting
topics (to both the self and the other speaker)
from the alternatives generated by the second set
of production rules. The inferencer is wused to
determine what the other speaker is likely to know
and which aspeé¢t of the topic he would be most
interested in discussing. Thus, the menaing of an

utterance is produced by the third set of
production rules.

The utterances are generated in English by a
rather crude phrasal English generator. The
utterances from the other speaker are analyzed for
their meaning and conversational form by a
primitive, key-concept oriented analyzer.

alternative things to say may be generated in this Disclaimer: MICS is a <¥irst-pass process

phase of the processing. These, as well as the model of a theory of comversation, not a theory of

conversational goals are stored in a short term learning 2bout other people. As such, its ability

memory (ST™M) and are used by the third and to learn about the other comnversational

fheoretically most significant phase of the participagks is not as general as the dialogs

program: the topic evgluation rules. p;esentei in this paper may suggest. MICS leatns
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Comclusion.

We believe that the best way to analyze a
problem as difficult as modeling human discourse
is to forge ahead by creating ryles that capture
important aspects of the conversation problem
The usefulness of these rules should be tested in
a reactive enviromment such as an interactive
computer program. Since conversation 1is not a
problem that candbe isolated from other aspects of
human cognitive behavior, we are rasearching it in
conjuction with other aspects of Artificial
Intelligencd. A process-based theory of human
conversation should give some insight into other
Natural Language Processing issues in particular,
and Al modeling of human reasoning processes in
general.
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ON THE INTERBEPENDENCE OF LANGUAGE AND PERCEPTION*

David L. Waltz
Coordinated Science Laboratory

University of Illinois at Urbana/Champaign

ABSTRACT

It is argued that without a connection to the
real world via perception, a language system can-
not know what it is talking about., Similarly, a
perceptual system must have ways of expressing its
outputs via a language (spoken, written, gestural
or otlrer). The relationship between perceptton
and language 1is explored, with special attentien
to the implications of results in language re-
search for our models of vision systems and vice~
versa., It 1s suggested that early language learn-
ing 1s an especially fertile area for this explo-
ration. Within this area, we argue that perceptual

data is tonceptualized prior to language acquisition

according to largely innate strategies, that thas
conceptualization 1s in terms of an internal, non-
ambiguous ''language,' that language,production
from its beginnings to adulthood 1s a projection
of the internal language which selects and high-
lights the most important portioms of internal
concepts, and that schemata produced 1in the
sensory motor world are evolved into schemata to
describe abstract worlds. Examples are pravided
which stress the important of '"gestalt" (figure-
ground) relationships and projection (3-D to

2-1/2 or 2-D, conceptual to linguistic, and
linguistic to vonceptual); finally mechanisms for
an integrated vision-language system are proposed,
and some preliminary results are described.

Introduction
perception 1. obs.: CONSCIOUSNESS
2a: a result of perceiving: OBSERVATION

b: a mental image. CONCEPT

3a., awareness of the elements of environment
through physical sensation color

b: physical sensation interpreted in the
light of experience

4a: direct or intuitive cognition, INSIGHT
b: a capacity for comprehension

syn see DISCERNMENT

(Webster's Seventh New Collegiate Dictionary)

*This work was supported by the Office of Naval
Research under Contract ONR-N00014-75-C-0612.

twhile I intend perception to refer in the human
examples to all the senses: vision, hearing,
touch, smell, taste, and motor sense, in the
case of computers, only vision has been explored
in more than a cursory manner,
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Language understanding in its deepest sense
1s not possible without direct experience 8@ its
real world correlates. 1 believe that it is no
accident that the same word can refer both to
sensory awareness and to comprehension. Nearly
all efforts in language processing, both in
artificial intelligence and linguistics, have
concentrated on transforming strings of words into
trees or other structures of words (sometimes
surface words, sometimes ''primitive' words) or
conversely, on producing strings of words from
these structures, Few researchers have even
1ecognized the importance of interfacing language
and vision systems,T let alone uniting the %wo
lines of research. (Exceptions include [Minsky
1975], [Woods 1978], [Miller & Johnson Laird [1976],
[Schank & Selfridge 1977}, [Pylyshyn 1977 a & b],
[Clark 1973]). At this time an history, Al
vision and natural language researchers have
little to sgy to each other; most of the work
which treats language and perception together
would I think be considered to lie in the realms
of philosophy or psychology.

Moreover, the areas of language processing
which could have a bearing on perception have
been largely ignored. Very little work has been
done on programs to understand language about
space, spatial relations, or object descriptions.
(Some exceptions are [Simmoms 1975] and [Novak
1976), [Kuipers 1975), and [Goguen 1973]).)

By the same token, current computer vision
systems are not able to describe what they ''see"
in natural language, in fact very few programs
can even identify objects within a scene (except
for programs which operate in very constrained
universes), Most vision systems produce scene
segmentations, labellings or 3-D interpretations
of scene portions, etc. Very little progress
has been made toward the goal of having programs
which could describe a general scence, let alone
describe the most salient features of a scene.
(Some exceptions are {Preparata and Ray 1972],
[Yakimovsky 1973], [Bajcsy and Joshi 1978],
[Zucker, Rosenfeld and Davie 1975]; and [Tenen-
baum and Weyl 1975].) Similarly, no programs I
know are able to locate or '"point to'' scene items,
given a natural language description of scene
i1tems or their whereabouts,



The need for an internal representation separate
natural language

It is now réasonably well-established that
people use large structures like '"scripts" [Schank
and Abelson 1977] or "frames-systems" [Minsky
1975] prevasively for reasoning and language and
that a large script can be invoked by referring to
a single salient aspect of the script. Thus we
can answer a question like "How did you get here?"
by saying "I borrowed my brother's car,'" and this
answer can only be understood if we are able to
vse it to reliably retrieve a larger structure
which answers the question more directly. (Example
from George Lakoff [1978],) To understand lan-
guage at the level of an adult human will certainly
require a huge number of such scripts, with rich.
interconnections and powerful, flexible matching
procedures as in Bobrow and Winograd [1977]. For
scripts that refer to the physical world directly,
what language can be used to construct the scripts?
How can we construct scripts for abstract worlds
(e.g. economics, psychology, politics)? What
language should be used for abstract worlds?
all these scripts to be hand coded?

Are

Consider also sentences like "A man was
bitten by a dog". 1f we were to be asked "Where
could the man have been bitten, we would probably
in the absence of more information guesd the
ankle, leg or arm. However if we are also told
that the dog was a doberman or that it was a
dashshund or &hat the man was lying down or that
the dog was standing at the time, we would give
somewhat different answers. It seems to me that
natural structures for representing and answering
questions about such language will be very differ
ent from those usefl in all programs today - a
prototypical dog which can be scaled, repre-
sentations of a person in various canonical
positions, sizes of mouth openings and limbs, etc.

would be the most appropriate, economical repre-
sentations.,.

There is also a great deal of prima facie
evidence of close ties between perception and the
language used by adults to describe abstract
processes such as thinking, learning, and commu-
nicating, and to describe abstract fields like
dconomics, dirlomacy, and psychology. Witness
the wide use of basically perceptual words like:
start, stop, attract, repel, divide, separate,
join, connect, shatter, scratch, smash, touch,
lean, flow, support, hang, sink, slide, scrape,
appear, disappear, emerge, submerge, deflect, rise,
fall, grow, shrink, waver, shake, spread, congeal,
dissolve, precipitate, roll, bend, waxrp, wear,
chip, break, tear, etc., etc, While we obviously
do not always (or even usually) experience per-
ceptual images when we use or hear such words, I
suggest that much of the machinery used during
perception is used during the processing of
language about space and is also used during the
processing of abstract descriptions. I do not
find it plausible that words like these have two
or more completely different meanings which simply
share the same lexical entry.

There are significaant linguistic generali-
zations to be found in language about perception.
As an example, Clark [1973] demonstrates beauti-
fully the structural regularities underlying
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prepositions which express spatial relations and “5~r7
the metaphorical transfer of spatial prepositions
to describe time,

Finally, language plays an important role in
guiding or directing attention and in providing
explanations via analogy or wvia connections which
are not directly accessible to sensory perception.

I contend that (1) we should strive to under-
stand and to learn to represent the sensory/moto:
world; (2) we should study the relationship of
language to the representations of the world,
being aware that language does not itself repre-
sent the sensory/motor world, but instead points
to the representations of this world via a set of
word and stracture conventions.

The development of perception and language

What we learn to name and describe 1in our
experience must in some sense exist prior to and
separate from the words associated with the experi-
ence, I believe that an infant develops very
early a kind of "language of perception," i.e. a
natural, innate segmentation of experience and
ordering of the importance or interest of segmented
items, Moreover, before an infant ever learns
(or can learn) the name of an object, the infant
must (1) be able to perceive that object as a
unitary concept, and (2) must in fact perceive
the unitary concept of the object as the most
salient characteristic of that object. Thus, we
assume that when we point to a telephone and say
"telephone," the infant prefers to attach the
name to be entire object and not to some property
(e.g. color or size) of the object.

I will use the word '"gestalt" to refer to
such a unitary concept, pecause the words 'con~
cept" or "percept' may be misleading, and because
I would not want to coin an entirely new word.

By "object," I will mean not only visual objects,
but also auditory "objects," having figure/ground
relationships, such as a clap of thunder or a
word spoken in isolation, and of course "objects"
from other sensory and motor domains as well,

As I will discuss later, I believe that we
can get around haviﬁg to postulate perceptual
primitives by viewing gestalts as the result of
information theoretic types of processes, e.g.
processes which select and attach importance -to
points with highly improbable surroundings (for
example, points of symmetry).

How much is innate?

There has recently been a good deal of dis-
cussion about the ''language'" of thought or
'mentalese" ([Fodor 1975}), [Pylyshyn 1978},
[Woods 1978], [Johnson-Laird 1978]). The central
issues discussed in these accounts are: (1) the
innate "vocabulary" of such a language (innate
concepts), (2) ways in which new concepts are

added to mentalese; and (3) the relationship of
mentalese items to words.

I would like to focus om one aspect of these
discussions: innate concepts, To quote Pylyshyn
[1978] at some length:



"There is no explanation, not even the begin-
nings of an approach, for dealing with the
accommodation of schemata or conceptual struc-
tures into ones not expresgsible as definitional
composites of existing ones. There is, in
other words, no inkling as to how a completely
new non-eliminable concept can come into being."

and later,

"The first approach [to this dilemma] is to
simple accept what seems an inevitable con-
clusion uand see what it entails. This is the
approdth taken by Fodor [1975] who simply accepts
that memtalese is innate.,."

"This approach to the innateness dilemma
places the puzzle of conceptual development on
a different mechanism from the usual one of
concept learning. Now the problem becomes:
given that most of the concepts are innate why
do they only emerge as effective after certain
perceptual and cognitive experience and at
various levels of maturation?"

Pylyshyn goes on to sketch another solution
in which mentalese is viewed as a sort of machine
language for use with the fixed hardware archi-
tecture of the nervous system; new concepts could
then arise 1f we allow the hardwired connections
or architecture to change. As he points out,
this merely buries the problem in hardware, and
does not really provide a solution, but a differ-
ent locus for the problem; at least it does get
beyond the limitations inherent if the only
formal concept development wmechanism available is
symbolic composition,

I find the notion of an 1nnate language to
be unsatisfying, and offer below a different sort
of solution to the problem of the source of nobel
concepts,

A sketch of the development of perception and
language

In this section I sketch what I feel.is a
plausible account of the development of perception
and language. This account is heavily based on
intuition and on my ob%ervation of my two .children
(Vanessa, now 5 and Jeremy, now 3), it thus repre-
sents an extreme case of inductive generalization.
However, I have attempted to also cite ties with
and supportive evidence from other work of which
I am aware - I will be grateful to readers of this
paper who supply relevant supporting or conflicting
references which I do not acknowledge.

The basic positions I would like to argue on
these 1ssues are as follows:

(1) mentalese arises out of perceptual experience,
and is not per se innate (i.e. present at birth);
(2) the development of mentalese depends instead dn
certain innate abilities and reflexes, plus per-
ceptual experience. The innate abilities* are (at
least).

a) the ability to form "figure/ground" per-
ceptual relationships, where figures have distin-
guishing properties like local coherence on a
homogeneous background ¢ 'objectness'), symmetry,
repetition, local movement against a fixed back-
ground, etc., I will assume that the gestalts each
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have a certain salience or measure of 'interest-
ingness" to the infant which is a function of the
inherent perceptual characteristics of each
gestalt, the order and timing of attention to
various gestalts (in turn these afe eventually
related to the current goals aud hypotheses of the
infant) and the current degree of pleasure or pain
being experienced by the infant - at the extremes
of pleasure or pain, gestalts have high salience,
and could become independent goals to be pursued
or items to be avoided.

b) the ability to remember quite literally
one or more figures (''gestalts') from a figure
ground relationship for a short period of time
(on the order of 10 seconds):

c) the ability to form associations between
gestalts, where by association I mean that the
experience of one gestalt can lead to the experi-
ence of an associated gestalt,

d) infants also have reflexes and certain
impate behaviors, such as crying when hungry or
in pain. Throughout this article, I will assume
that these reflexes and behaviors - physical,
mental, emotional, etc. - are also portion of an
infant's perceptual experience.

(3) The primary goal of an infant is to maximize
its pleasure and minimize 1ts pain, and this goal
drives tne infant to attempt to understand its
perceptual experience;

(4) The primary mechanism of understanding 1its
experience is the organization of gestalts, this
organization involves:

a) the formation of a taxonomy of the gestalts
of experience, where the taxonomy is generated by
successively subdividing existing categories into
two (usually) or more new categories, and

b) the formation of association8 between two
or more gestalts to form new gestalts.

Reorganization occurs when previous taxomomic
decisions appear to be deficient (e.g. are not
leading to the achievement of pleasure or the
cessation of pain), and the particular form chosen
for reorganization depends on which gestalts are
currently available, and of these which are most
salient. The formation of gestalts by association
1s only possible initially between gestalts which
both fall within the time period during which
gestalts can be remembered. Associations initially
are (probably) merely links, these links are them-
selves later sub-categorized into temporal sequence
(elementary source of cause-effect relationships
and "scripts'), constant copresence (elementary
source of notions of identity or inherent connect-
edness), and eventually semantic relatedness (e.g.
the link between the gestalt of a perceived visual
object and the auditory gestalt of a word) as well
as other connections.

*It 1s a b1t strange to call these "abilities"
since I do not believe that 1t 1s possible for us
to experience the world at all except through the
action of these "abilities," so that they might
better be called "processes' or 'properties of
perception''.



(5) Once associations are formed, items can become
available as gestalts even if they are not at the
time directly available to the external senses;
this allows escape from the narrow bounds of the
initial time window associated with externally

perceived gestalts, since each gestalt can continue

to reactivate others associated with it for inde-
finite periods (though 'habituation" and competing
external gestalts will soon interfere in general).

Taken together, any gestalt and the associ-
ates it can evoke form something like a “'frame"
[Minsky 1975], every non-isolated concept thus has
a frame, Default values for slots correspond to
gestalts evoked in the absence of definite per-
ceptual input. Language, then, is a sort of pro-
jection, where only some of the items to be com-
municated need to actually be mentioned directly.
Syntax can be viewed as a means of camstructing a
perspective toward the gestalts selected by words
and context; specific structures and words select
specific connections between gestalts, as in
[Fillmore 1977]).

Early language is=an extreme projection: a
child beginning to speak can only output one word
per sentence, later two words (this is the limit
for a long time), etc, Thus "ball" when uttered
by a one-year old might mean "I want the ball,"
""That's a ball,' '"Where is my ball?", "I was just
hit by a ball," etc. There is strikiag recent
evidence from the study of deaf children deliber-

ately deprived of language* [Feldman, Goldin-Meadow

and Gleitman 1977] that these children develop
language independently, and that the length and
the contents of their "sentences" are eRtremely
similar to "sentences'" of hearing children, in
which certain types of sentences (e.g. verb +
patient case) predominate and certain case roles
(e.g. agent) are usually omitted. I suggest that
their language development is similar because
their perceptual experiences (and needs to commu-
nicate) are similar, and that the items chosen to

appear in sentences are the ones with the highest
salience.

In order to understand projected language,
one must understand the context in which
it 1s occurring. br example, at age 2 years
8 months Jeremy Waltz held a new toy train up
to the telephone receiver and said ''look at the

present I got, grammy,'") Later language development

can be viewed as learning to communicate-in the
absence of a shared physical context.

In the direction of language comprehension,
we must then postulate a reconstruction process,
Schank [1973] supplies evidence that by the age of
one year, children understand the concepts of the
primitive ACTs of :onceptual dependancy;? Schank
and Selfridge [1977] have demonstrated that
children's responses, tQ sentences at one year can
be mimicked by a program by assuming the child has
a single word input buffer, that,(s)he selects
only one word from a given input sentence, and
finally picks and executes an ACT which plausibly
could invQlve the concept associated with the word
selected. Thus, when told "Take the ball to
Roger' a child might simply get the ball, or take

the ball to someone else (if ball were selected) or

run to Roger (if Roger were selected).
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I would finally like to emphasize the idea
that language at all ages (not just for children)
involves the complementary processes of projection
from and reconstruction into mentalese. (See also
Marcus [1978] for more evidence on input butter
restrictions in adults.)

(6) New gestalts can probably be integrated into-
the infant's taxonomy only one at a time, i.e.,
new items must be associated with items which are
already part of the organized taxonomy. Thus
words: would usually be learned for items which are
already organized conceptually, although novel
words could be used fo point out the need for new
categories (e.g. by poipting out that a dog and
sheep are different). The net result is the like-
lihood of many more total concepts (individual
concepts, associated individual concepts, and
associations of associations) than there are con-
cepts with words attached to them ([Woods 1978]
comes to a similar conclusion).

Properties can be selectively named by (a)
presenting two or more quite different objects
which share a single property, say color, or (b)
contrasting objects which differ in only a single
property (big/small), or (c¢) having names firmly
enough in placé so that items pointed to c¢an be
understood as details or properties, not the name
per se., ((a) and (b) are like Winston's [1975]
mear~misses")., I would like to point out the
analogy given above and the use of metaphor to
select and highlight relationships for which we
do not already have names.

Concepts are at least potentially completely
unambiguous, with the exception of auditory
gestalts corresponding to words.§ Clearly some
auditory gestalts corresponding to words can be
associated with two or more different gestalts
(e.g. falr (carnival), fair (clear or beautiful),
fare (travel fee), fare (menu items)); I suggest
that in order to be understood unambiguously, such
words must occur in a context where one under-
lying concept is associated much more close§§ with
concepts in the current context (verbal or other
perceptual), This idea is related to work in
spreading activation for semantic networks [Collins
and Loftus 1972], as well as to '"focussing as in
Gfosz [1978].

*BecaESe the Philadlphia school system believes
that lip-reading and vocal speech are best, and
that learning sign language destroys the willing-
ness of children to learn to lip read and speak.

TE.g MOVE (a body part), INGEST, EXPEL, PTRANS
(transfer a physical object), ATRANS (transfer an
abstract relationship, e.g. possession). MTRANS
(transfer information between or within animals),
PROPEL (apply force to), GRASP, SPEAK (make a
noise, and ATTEND (Focus a sense organ on an
object [Schank 1975].

§Of course, visual or other sensory inpuE can be
ambiguous at times, but i1f a unique mentalese

item is selected for a sensory item, the item is
then uniquely understood,



(7) Jackendoff [1975] and Gruber [}965] have point-
ed out evidence that linguistic schemata we develop

to describe GO, BE and STAY events in the sensory/
motor ("position'") world are later-transferred via
a broad metaphor to describe events in abstract
worlds (possession, "identification’ and "circum-
stantial"), ‘Thus we learn to use parallel surface
structures for conceptually very different sentences
like:
(la)

The dishes stayed in the sink (position)
(1b)

The business stayed in the family (posses-
sion).

His puppy went home (position),

His face went white (identification).

She got into hexr car and went to work
(position).

She sat down at her desk and went to work
(circumstantial).

(2a)
(2b)
(3a)

(3b)

Along these same lines, there are striking
parallels in the structures of Schank's [1975]
conceptual dependency diagrams for PTRANS, ATRANS,
and MTRANS (see earlier footnote). Reddy [1977]
has described what he calls the "conduit metaphor"
for linguistic communication in which we typically
speak of ideas and information as though the} were
objects which could be given dr shipped to others
who need only to look at the 'objects" to under-
stand them., Thus we say 'You aren't getting your
message across,' '"She pave me some good ideas,"
"He kept his thoughts to himself," "Let me give
you a plece of advice," etc. (Reddy has compiled
a very long list of examples.)

These examples suggest many deep and fasci-
nating questions, It seems clear that the same
words and similar syntactic structures can be
transferred to describe quite different phenomena.
What internal structures (if any) are also trans-
ferred in such cases? What perceptual criteria
are uged to classify events to begin with? Ulti-
mately? How does a child transfer observatiqn to
imitation? « How are memories of specific events
generalized to_form_event types, and how are the
representations of event types related tv memories
of specific events?

To answer one portion of these questions, it
scems clear from an economic point of view that
if syntax and words are conventional and not innate,
we would want to include only enough distinct syn-
tactic structures and words to make distinctions
that are necessary and to unambiguously select
mentalese representations. We would thus predict
that words and syntactic structures would be heavi-
ly shared (see also [Woods 1978]).

I suggest that internal mentalese structures
are not transferred, but that, just as single words
can point to more than one concept, these parallel
structures for verbs can point to more than one
mentalese structure, However, there are limita-
tions: the structures pointed to must share some
properties, e.g. the number' of case roles musat be
the same, and selection restrictions on case role
slots should be sufficient to choose the appropriate
concept unambiguously,

Another interesting question involves the
status of inferential knowledge - is it attached
to mentalese concepts or to words? Surprisingly,
there may be some evidence that inferential know-
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/
ledge is attached to wards. In the position world LDC)
we know that an object ¢can only be in one place at
a time, that two objects cannot occupy the same
place at the the same time, etc, Some of these
same inferences may be carried over inappropriately
to the possession world: for example my children
appeared to have some difficulty fully understand-
ing concepts like "joint ownership'. 1If we assume
that in the conceptual transfer a child creates

an imaginary ''possession basket" for each person,
and that the interdors of two such baskets cannot
intersect, then objects must be in one basket or
another,_and sentences like '""Real [our dog] belongs
to all of us but he's really mine' (Vanessa,
about 4-1/2) become more intelligible, (There are
of course other plgusible explanations for this
sentence.) Reddy [1977] has also pointed out ways
in which the ''conduit metaphor'" for communication
minimizes the constructive role of the listener,
and leads to the notion that failure of communi-
cation is due primarily to the speaker. Whorf's
[1956] ideas and data may be relevant here also.

The role of aesthetics

1 feel that it is important to keep our
central attentian on the functional roles of per-
ception and language for the survival of the
infant, which I take to be the primary goal 1in
evolution, and the place where we must look
ultimately for explanations about innate abilities
and early development. I accept Pugh's [1977]
suggestion that all our values (pleasure, pain,
good, bad, happy, unhappy, etc.) serve as ''second-
ary values," i.,e. as surrogate values for the
primary value of survival. We have these second-
ary values because they allow us to distinguish
situations which have significant positive or
negative survival value. Woods [1978] has pointed
out the survival value of language in allowing
the transmission of knowledge in the absence of
genetically 'wired" behavior. (See [Dennett 1974],

I suggest that the values like goodness,
economy, aesthetics, and interestingness are per-
vasive in our perceptual systems and in the
mechanisms which evaluate hypothesized taxonomies
of experience. We attend to sensory items which
interest us, store descriptions in ways that are
aesthetically satiwfying (e.g. have good symmetry
properties, divide phenomen& imt$ balanced cate-
gories, help avoid dangling, unexplained phenomena,
ett.), in addition to evaluating whether our hypo-
theses are helping us get what we want.

Development of a taxonomy of experience

Let us assume that we start with a unitary
concept of the world, and examine a plausible
development of distinctions in the visual world.¥*
The first sort of dist nction likely is moving/not
moving, where "moving' refers to a figure on a
ground. The "moving" category 1is soon divided into
categories for moving items over which the infant
has some control and moving items where (s)he does
not (random motions). Later,this category is
gseparated into items where the infant has direct
control (e.g. parts of the body), and others (e.g.

*It is likersy that some distinctions, e.g. kines-
thetic moving/not moving, are made in utero.



parents who sometimes come when the child cries,
objects nearby which can sometimes be hit or
touched by body movements, etc.).

Out of this process eventually, come basic
distinctions like self/other, mind/body, near
(reachable)/far (unreachable); also, categories
from various sense modalities can be merged (ob-
jects from the tactile and visual worlds, mother
from the visual, auditory and tactile worlds, etc.)
I have a wealth of observations on the development
of these distinctions from watching my children
which cannot be expounded further in the space
here. I would like to suggest in passing that the
development of this taxonomy can have deep psycho-
logical significance ~ to point out one example,
consider the following contrasting situations:

(1) parents are attentive to an infant's cries

and thus are thus initially within the category

of moving items controlled by the Ynfant vs.

(2) the parents are inattentive to cries, and thus
initially are classified in the "random motion"
category. See Wilber [1976] for an extension
exploration of the development of fundamental
dualities,

A computer model of gestait formation

My recent work in vision [Waltz 1978] has
explored computational methods for finding points
in scenes which have high information content,
which I suggest a5 the primary basic of the de-
finition of "interestingness,'" which in turn
should drive attention.

Because we (George Hadden and I) have been
working with static scenes, our programs do not
sperate moving tigures on groumds (which I take
be important, as should be obvious from earlier
discussions).* We have concentrated instead on
methods for funding symmetry axes, ppints with
high curvature, edges and edge completions, iso-
lated objects on backgrounds, spatially repeated
patterns, and characteristics texture elements,
In each case we are assuming that processes that
be bottom-up and task-independent (although I
would be willing to include some special pre-

ferences for things like vertical or horizontal
directions).

to

This work is based on the notion that shape
is the best 'property" with which to sort items
into categories. Our programs attempt to locate
unique points of high information (e.g. the center
of a circle) and to store at that point suffi-
cient information to '"unfold" a shape envelope of
an object (the shape envelope is the same for a
solid line rectangle, dotted line rectangle,
rectangle with a notch removed from the side,
etc.). The notion here is that shape should be
represented hierarchically, with the shape envelope
typically at the top of the hieraxrchy, and de-
viations from the shape envelope located lower,
along with other properties like color, size, etc.

However, in the long run visual objects
should be described in a more flexible structure
which draws on a list of properties; my current
favorite list of properties comes from Pylyshyn
[1977b]) who in turn got the list from Basso [1968].
Basso identified the items through the analysis
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of tlagsificatory morphemes in diverse languages,
He identifies semantic dimensions: animal/non-
animal, enclosed/non-enclosed; solid/plastic/
liquid; one/two/more that two; rigid/nonrigid;
horizontal leagth > 3 times width or height/
Yequidimensional'; portable/nonportable. These
can be combined to form categories which recur
commonly in other cultures, e.g. "rigid and
extended in one dimension" (pencil, knife, ciga-
rette); "rigid and equidimensional" (pail, light
bulb, egg, box, coin, book); '"flexible and ex-
tended in two dimensions" (paper, blanket, shirt);
"flexible and extended in one dimension'" (rope,
belt, chain).

Of importance in all these cases 1is that the
descriptions be hierarchical, with meaningful
generalizations at the top of the hierarchy (see
Preparata and Ray [1972] for other ideas along
these lines that we have adopted), and the des-
cription be capable of being generated bottom up.,

Visual imagery

My position may be acceptable to both
Pylyshyn [1973] and Kosslyn [1978]. With Pylyshyn,
I believe that visual descriptions are proposi-
tional, and that the descriptions are organized
hierarchically, However, as argued in the last
section, shape seems to be the primary distin-
guishing property of objects, and we have reason
to believe that shape can in general be repre-~
sented rather compactly with respect to some
point (e.g. of symmetry or a centroid). 1 supgest
that shape representations may actually be capa-
ble of being '"run backwards' or "unfolded," and
that the result may be activation of portions of
our brains (visual cortex?) which are also acti-
vated when an item is directly perceived.

In this view, visually imagery could provide
useful clues about the nature of shape representa-
tion. However visual imagery does not seem to be
generally experiences or used - based on informal
questioning of my classes, fewer than half of
engineering students (who might be expected to
visualize more frequently than average) report
other than occasional use of imagery. (As a per-
son who does use visual imagery extensively, I
found this result surprising.) Perhaps imagery
is a latent talent which can be developed; once
developed I believe it has significant value for

problem solving, organization of material, and
memorization,

*
Moving figures are however trivial ta compute by
subtraction of: successive frames of a moving scena,

As discussed in Bajcsy & Joshi [1978], in adult
speech shape 1s described verbally by referring to
other familiar (or canonical) objects. However,
in order to note the similarity of objects, we
must have neutral descriptions of each, e.g. the
kinds of descriptions I am discussing here. Also
of interest is the observed fact that we have
very few verbal items to describe shape in a non-
relational manner, except for highly regular
objects (sphere, cube, etc.).
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In a related vein, I am intrigued by (and
intend to follow up furlher) the ides that we may
organize memory in such a way that we can use
perceptual strategies for understanding its con-~
tents. Two particularly suggestive phenomena
(other than visual imagery):

(1) The striking similarity of some memories to
sensory phenomena: in ordey to retrieve the
punchline of a joke or content of a story, I
sometimes have to go through the whole joke or
story; I can "play back'" music; etc.,

(2) recent work by Fillmore [1977] and Grosz
[1978] which suggests that language may guide an
analog of the attention process by suggesting a
perspective from which to view memory structure (s)
as they are retrieved.

Can we dispense with the idea of innate ideas?

In order to show that we can account for
mentalese without requiring innate ideas, 1 must
shaw (1) that the mechanisms proposed are capable
of generating all the primitive concepts of
mentalese, and (2) that I have not simply buried
innate ideas somewhere in the mechanisms. Let
me say immediately, relative to point (2) that
there are some innate ideas in my account; one
set of ideas are related to the values (good/bad,
symmetrical/nonsymmetrical, etc.) discussed
earlier. There must also be ideas relating to
generating hypotheses on which the values can
operate, and the idea of objectness (if this can
be called an idea) must be present. Hypothesis
generation might seem a candidate for further
search for embedded ideas; however, as I have
Jescribed it, hypothesis generation is primarily
a categorizing operation where it acts on the
"raw material' of perception. On the whole I do
not beljeve that 1t is difficult to accept the
sorts of innate ideas which remain in my account:

It is much more difficult to make a con-
vincing case for the sufficiency of these
mechanisms to explain mentalese. (The situation
is not aided by the fact that there are few
suggestions comncerning the nature of mentalese,
let alone general agreement on its nature.) I
have dealt at least briefly here with physical
objects (from the points of view of all senses),
properties, actions (to a slight degree I do
have what I feel is a reasonahle fccount), cause-
effect relationships, aspects of the mind-body
problem, as well as a number of other concepts.
What is missing? The two major areas I am aware
of are (1) quantification (I suggest this could
be handled by assuming that its origins are in
operations on finite sets); and (2) logical
operatlons (probably these also need to be innate).

Afterthoughts and acknowledgements

It has been a long time since I read Koffka
[1935] and Piaget's works (e.g. [1967] and
[Plaget & Inhalder 1967]), but clearly many of the
ideas in this paper can be traced to those two
sources. I had not read Jacendoff's [1978] paper
in this volume before writing this paper, but I
wish I had been able to.
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The Problem of Naming Shapes:
Vision~Language Interface

by
R. Bajesy®
and
A.X. Joshi®

Computer and Information Science Department
University of Pennsylvania
Philadelphia, PA 19104

1. Introduction

In this paper, we will pose more questions
than_present solutions. We want to raise some
questions in the context of the representation of
shapes of 3-D objects. One way to get a handle on
this problem i1s to investigate whether labels of
shapes and their acquisition reveals any strugture
of attrabutes or components of shapes that might
be used for representation purposes. Another
aspect of the puzzle of representation is the
question whether the information is to be stored
in analog or propositional form, and at what level
this transformation from analog to propositional
form takes place.

In general, shape of a 3-D compact object h3s
two aspects: the surface aspect, and the volume
aspect. The surface aspect includes properties
like concavity, convexity, planarity of surfaces,
edges, and corners. The volume aspect distin-
guishes objects with holes from those without
(topological properties), and describes objects
with respect to th4ir symmetry planes and axes,
relative proportions,.etc.

We will discuss some questions pertinent to
representation of a,shape of a 3~D compact object
without holes, for example: Is the surface
aspect more important than the volume aspect?

Are there any” shape primitives® In what form
are shape attributes stored?, ete¢. We shall
extensively draw from psychological and psycho-
linguistic literature, as well as from the recent
Al activities in this area.

2. Surface and Volune

In this section, we will invesfigate the
relationship between the surface aspect and
the volume aspect from the develo@mmental point
of view and from the needs of a recognition
process. By doing sus we hope td learn about
the representation of shapes. Later, we will
examine the naming process for shapes and its re
lation to'representation.

This work has been supported under NSF Grant
#MCS76-19465 and NS Grant #MCS76-19U66
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“the absolute values of thesé variables.

There is evidence that a silhouette of an_cb-
Ject, that is its boundary with respect to the
background, is the determining factor for the ree-
ognition of the object (Rock 1875, Zusne 13970).

If we accept the 9bove hypotheses then the fact
that the silhouette is a projected outline of the
3+D object implies that the recognition of the 3-I)
object at first is reduced to the recognition of &
2-D outline. This is not entirely true, however,
as Gibson (Gibson 1950) has argued.” According to
Gibsop's theory, the.primitives of form perception
are ggadients of yarious variables.as opposed ‘to

From this
follows the emphasis-on.perceiving.the surface

-first and the perception of the outline only falls

out as a consequence of discontinuities of the
surface with respect to the background.’

~We are pursuaded by Gibson's argument and re-
gard the recognition progess as starting with 'sur
face properties; Miller and Johnson-Laird (Miller &
Johnson~-Laird 1976) have suggested some surface
predicates as possible primitives, such as convex,
concave, planar, edge, and corner. The 2-D ocut-
line 1s furthermore analyzed as a whole according
to the Gestalist and some salient features
(Pragantz) are detected faster and more frequently
than others (Koffka 1935, Goldmeir 1972, Rosh
1973); such pragmatic features are for example,

rectangularity, symmetry, regularity, parallelness,
and regtilinearity.

Piaget also argues (Paiget, Inhelder 1956)
frem the developmental point of view that children
first learm to recognize surfaces and their out-
lines, and only later, after an ability to compose
multiple views of the same object has been devel-
oped, they can form a concept of its volume.

Volume representation becomes essential as
soon, as there is motion of the object or of the
observer. Note that the salient features of 2-D
shapes are invariant under transformations such as
rotation, translation, expansion-~and shrinking.
Features with a similar property must be found in
the 3-D space for the volume representation. We
feel that the most important feature is §zmmg§gx.
Clark's work seem to support this (Clark 1975);
he shows that in language space as in the percep-
tual space we hawe 3 primary planes of reference:
ground leveTl; vertical: Ileft-right; verticaX:
front-back. While the ground level is not a sym-
metry plane. the two vertical ones are symmetry



planes. The fact that the ground level is not a
symmetry plane is supported by the experlments of
Rock (Rock 1973), who has shown that gome familiar
shapes are herd to recognize with 180° rotation
with respect to the ground level. After a careful
examination of the relevant literature to date, we
find that there is a claim that we can recognize
shapes via some features which are more salient
than others. But does it follow from this that
shape is an independent attribute like color, or
is it a derived concept frem other features?

In an effort to answer this question, we set
out to examine labels of shapes in the hope that
if there are any shape primitives (other than
angles, edges, parallelness, and the like) then
they may show up in labels describing more complex
shapes. One immediate observation we can make is
that there are vesy few names which only describe
a shape, such as triangle or rectangle. More
commenly, label of a shape is derived from the
label objects which have such a typical shape, for
example, letter-like shapes (V, L, X); cross-like
shape, pear-like shape, heart-like shape, etc. A
special category of labels are well defined geo-
metric objects, such as circle, ellipse, sphere,
torus, etc. The question is whether we store for
every shape a template or whether there are any
common pramitives from which we can describe dif-
ferent shapes.

In addition to the 2-D features mentioned
earlier, prlmarllv;Z-D features, we do use 3~D
shape descriptions (primitives) such as: round,
having: 3 symmetry planes and all the symmetry axes
approximately of the same length, elongated,
where the size in one dimension 1s much longer
than the two remainings thin, where the size of
one dimension is much smaller than the other,
ete. Note that many of these descriptions are
vague, though often there more accurate shape
labels available; for example, cone stands for
an elongated object with two symmetry planes,

a circular crossection, and sides tapering
evenly up to a point, called appex (Webster's
dicitionary).

We believe that there are some descrip-
tions of shapes which are more primitive than
others; for example, round, elongated, thin,
flat, circular, planar, etc., as opposed to
heart-like, star-like, and so on. As pointed
out earlier, these latter descriptors are
derived from the names of previously recognized
objects. When we use these descriptions during
a recognition process. we do not necessarily
match exactly all features of the template
shape to the recognized shape, but rather we
depict some characteristic properties we
associate with the given label, and only these
are matched during the recognition process.

In this sense, we approximate the real data to our
model and primitives. The labels which encompass
a more complex structure of these properties (like
cone, heart, star, etc.) when they are used in
describing other shapes, are used as economical
shorthand expressions for the complexity that
these shapes represent. (This appears to be re-

lated to the codability notion of Chafe (Chafe
1975)).
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3. Analog and Propositional Representatior.

In this section, we will discuss certain
issues concerning the form of the stored informa-
tion, necessary not only for recognition purposes
(matching the perceived data with a stored model)
but also for recall, and introspection of images.

There are two questions:

1. At which level the analog information is con-
verted to propositional (verbal or non-verbal)
and after this conversion, is the analog in-
formation retained?

2. How much of the propositional information is
procedural and how much structural?

For simplicity, we will regard analog infor-
mation in our context as picture points, or retina
points. Any further labeling, of a pomnt or of a
cluster of points, such as an edge, line, reglon,
etc. leads to derived entities by one criterion or
another and therefore may be regarded as proposi-
tional.®

At this point, it is appropriate to point out
that any such unit as an edge, line or region can
be described in at least two different ways; one
is structural or organizational, and the other is
parametric or dimensional. Structural information
refers to the organization of perceptual elements
into groups. Figure-ground and part-whole rela-
tionships are paradigm examples of structural in-
formation. Parametric information refers to the
continuous values of the stimulus along various
perceivable dimensions. Color, size, position,
orientation, and symmetry, are some examples of
parametric information.

We are not advocating that these two types of
information are independent (cf. Palmer 1975). It
is, for example, a well known experience that by
changing drastically one dimension (one parameter)
of an object (say a box), one can change the
structure of the object (in this case, it becomes
a wall-like object). However, we do wish to keep
the distinction between structural and parametric
information. The importance of this distinction
is that while structural information 1s inherently
discrete and propositional, parametric information,
is both holistic (integral) and atomic (separable).
The fact that parametric information is separable
is quite obvious if we just recognize that differ-
parameters represent clearly distinguishable dif-
ferent aspects of the visual information. For
example, color, size, position, etc. On the other
hand all these parameters are represented
holistically in an image, and can be separated
only by feature (parameter) extraction procedures
(Palmer 1975).

Parametric information is separable, however,
the question is whether each parameter-feature

The distinction is not really as sharp as
stated here. One way to make the distinction
is to look at the dloseness with which a trans-
formation of a representation parallels the
transformation of the object represented. The
closer it is the more analog the representation
is.
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has continuous or discrete values. Continuous
values would imply some retaimment of analog in~
formation (Kossylyn 1977), while discrete values
would not. Opponerrts of the discrete value rep~
resentation argue that a) the number of primitives
needed would be astronomical, and b) the number of
potential relationships between prlmltlves would
be also very large (Fishler 1977). This is
further supported by experiments on recall of
mental images (Kbsslyn, Shwartz 1977) where these
images appear in cont1nuous~analog fashion.
Another similar argument in favor of analog rep-
resentation is the experiment of comparing objects
with respect to some of their parameters, like

size, or experiments on mental rotation (Shepard,
Metzler 1971).

Pylyshyn (Pylyshyn 1877) cautiously argues
against the analog representation for the same
oblect viewed under different conditions as a
result of the semantic interpretation function
(8IF). The SITF will extract only those invariances
characteristic for the object in a given situation,
and thus reduce the number of possible discrete
values and their range for a given parameter. The
invariances. are determined by laws of physics and
optics, and by the context, i.e., the object sizes
will remain fixed as they move, the smaller ob-

jects will partially occlude the larger object,
etc.

We would like to propose a discrete value
representation for parametric information with an
associated interpolation function (sampling is an
inverse of interpolation) and m c¢lustering pro-
cedure. During the recognition process, a
clusterang procedure is evoked in order to cate-
gorize a parameter while during an image recall
an interpolation procedure is applied to generate
the continuous data. Our model seems not to
contradict Kosslyn's findings, that is we assume
as he doez, that the deep representation of an
image consists of stored facts about the image

in a propositional format. Facts include infor-
mation about:

a) How and where a part is attached to the whole
object.

b) How to find a given part.

c¢) A name of the category that the object belongs
to.

d) The range of the size of the object, which
implies the resolution necessary to see the
object or part.

e) 'The name of the file which contains visual
features that the object is composed of
(corners, edges, curvature descriptions of
edge segments, their relationshipg etc.).

The only place where we differ from Kossyln's
model is in the details of the perceptual memory.
While his perceptual memory contains coordinates
for every point, our perceptual memory has iden-
tified and stored clusters of these points, like
corners, edges, lines, etc. From these features
and the interpolation procedure, we create the
continuous image. This is very much in the spirit
of a constructive vision thecry as proposed by
Kosslyn and others. A similar argument can be
used for preserving continuity in transformation
of images, such as rotation (Shepard, Metzler
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1971) and expansion (Kosslyn 1975, 1976). The
contraction process is the ihverse of expansion
and therefore will envoke the sampling routine
instead of the interpolation routine. The problem
of too many discrete values and their relation-
ships, as stated by Fishler, is taken care of by
the fact that for each parameter there is an asso-
ciated range with only a few categories such as
small, medium, and large. As pointed out by
Pylyshyn, it is the range of parameters which is
context dependent and thus differs from situation
to situation. This view also offers some explana-

tion that often incomplege figures are perceived
as whole.

We also want to postulate that analog infor-
mation, as we specified it, is not retained, and
if there are ambiguities due to the inadequacy of
the input data, a new set of data is inputed.

This is supported by several psychological experi-
ments, for example, by asking people to recognize
a building where they work from accurate drawings
and sloppy pictures (Norman 1975). The over-
whelmlng evidence is that people prefer a sloppy
picture to the more accurate one, for recognizing
their own building. Even the experiment of
Averbach and Sperling (Averbach and Sperling 1968)
concerning the visual short memory after 1/20 sec
exposure to letters does not contradict our hy-
pothesis that we maintain in this case, edges
rather than picture points, although it allows the
other interpretation as well.

We now turn to the second question. Sihce
propositional information can be represented by
an equivalent procedure (giving a true or a false
value), the question of propositional information
vs structural information can be replaced by the
question: What are the necessary procedures that
have to be performed during a recognition process
and what type of data they require? Clearly, the
parametric information is deraved procedurally
There are well defined procedures for finding ’
color, size, orientation, etc. The part-whole
relationship as well as the instance relationship
clearly have to be structurally represented
(Miller and Johnson-Laird 1977).

While the structural information is derived
from symbolic  propositicnal data and the trans-
formations performed are, for example, reductions,
and expansions, the paramstric information is
derived from the perceptual data and the transfor-
mations performed are more like measurements,
detections, and geometric transformations.

In the context of 3-D shape representation
we believe in a combination of procedural - para-
metric and propositional nodes organized in a
structure. Take an example of representing a
shape of a human. We have the part-whole rela-
tionship: head, neck, torso, arms, legs, etc.
Head has parts: eye, nose, mouth, etc. These
concepts are propositional - symbolic. From the
shape point of view, however, head is round, neck
is short and wide elongated blob, the arms and
legs are elongated and the torso is elongated but
wide. Although these labels correspong to 2-D
as well as 3-D shape, there is a mechanism: pro-
jection transformation which transforms elongated
3-D into elongated 2-B shape. In any case, round,



elongated, wide, short, are procedures - tests
whether an object is round, elongated, etc. We
know that round (circle) in 2-D corresponds to
sphere in 3-D, elongated (rectangley or ellipse)
to a polyhedra or cylinder, or ellipsoid.

When we view only one view of a scere or a
photograph, we analyse the 2-D outline. However,
when we have more than one view at’ our disposal
or when we are asked to make 3-D interpretation
then we reach from the 2-D information to corre-
sponding 3-D representation. This is the time
when volume primitives like sphere, cylinder, and
their like come into play. These primitives do
not seem to be explicit (we do not say a shape of
a man is a sphere attached to several cylinders)
in the representation. Rather what is in the
shape representation are the feature primitives,
(like the symmetry planes, the ratio of symmetry
axis) attached to other pointers, which point also,
if appropriate; to labels like sphere, cylinder,
flat object, polyhedron, etc. These labels are in
turn used for shortening a complex description.

An implementation of a 3-D shape decomposition
and labelling system is under development (Bajcsy,
Soroka 1877). Earlier we have experimented with
a partially ordered structure as means to repre-
sent 2-D shape (Tidhar 1974, Bajesy, Tidhar 1977)
in recognition of outdoor landscapes (Sloan 1977)
and in the context of natural language under-
standing (Joshi and Rosenschein (1975), Rosenschein
(75)).

Note that not always are we able to describe
a shape as a composition of some volume primitives
like sphere, cylinder, or a flat object. As an
example in the case is a shape of a heart. A
heart has 2 symmetry planes and it is roughly
round, but its typical features are the two
corners centered, one, concave and the other
convex comnected by a convex smooth surface. Here
clearly, any attempt to describe this shape, by
two ellipsoids or some other 'primitive' is
artificial. Thus, the representation will have
only feature primitives but no volume primitives.

0f course, there are cases that fall between.
As an example, consider a kidney shape where one

can say it is an ellipsoid with a concavity on
one side.

What are the implications from all ofsthis?

1. We do not measure or extract spheres, cylin-
ders and their like as primitives, but rather
we measure convexity, concavity, planar,
corners, symmnetry planes, which are primitive
features.

2. These features form different structures to
which are attached different but in general,
not independent labels.

3. While these structures represent explicit con-
ceptual relationships, the nodes are either
labels or procedures with discrete values
denoting, in general, N-ary relations.

4, Conclusions

In this paper, we have considered the fol-
lowing problems:
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1. How much of analog information is retained
during recognition process and at which level
the transformation from analog to propositional
takes place?

2. How much of the information stored is pro-
cedural (implicit) and structural (explicit)
form?

3. What are the primitives for two dimensional
and three dimensional shapes?

4. How is the labelling of shapes effected by the
way the shapes are represented? By studying
the shape labels can we hope to learn some-
thing about the internal representation of
shapes”?

Clearly, these four questions are intimately
related to the general problem: representation of
three dimensional objects.

We are led to the following conclusions. Our
conclusions are derived primarily on the basis of
our experience in constructing 2-D and 3-D recog-
nition systems and the study of the relevant psyco-
logical and psycholinguistic literature.

1. Analog information is not retained even in a
short term memory.

2. Our experience and the analysis of the relevant
literature leads us to be in favor of the con-
structuve vision theory. The visual informa-
tion is represented as structures, with nodes
which are either unary or n-ary predicates.
The structures denote conceptual relationships
such as part-whole, class inclusion, cause-
effect, etc.

3. The shape primitives are on the level of prim—
itive features rather than primitive shapes.
By primitive features we mean, corners, con-~
vex, concave and planar surfaces and their

like.

4. The labels of shapes, except in a few special
cases, do not describe any shape properties
and are derived from objects associated with
that shape.

5. In order to preserve continuity, we need inter-
polation procedures. We assume that several
such procedures exist, for example, clustering
mechanisms, sampling procedures, perspective
transformations, rotatipn, etc. These are
available as a general mechanisms for image
processing.

We certainly have not offered:camplete solu-
:1ons to all the issues discussed above, but we
.10pe that we have raised several valid questions
and suggested some approaches.
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An Argument about the Composition

of Conceptual Structure

Ray Jackendoff

Brandeis University

In order for people to be able to talk
about what they perceive, there must be a level
of mental representation at which information
conveyed by langugge is xcompatible with infor-
mation from sensory systems such as vision,

nonverbal audition, touch, and so forth. T will
call this level conceptual structure, Though

the existence of conceptual stridcture has been
more-or less taken for gtanted (especially by
the AI community), the need to consider it
seriously has been brought to the attention of
linguists rather recently, by such works as
Fodor (1975) and Miller and Johnson-~Laird (1976)
This paper will present a combination of ling-
uistic and visual evidence which bears on

the nature of conceptual structure.

1, General properties of a theory of concep-
tual structure

A linguist's questions about conceptual
structure can beé separated into two major issues.
The first, which the linguist shares with many
branches of psychology, concerns the form of
conceptual structure itself; the second, rar-
ticular to linguistics, concerns the mapping
between conceptual structure and syntactic
structure. An answer to the first question,
within the theoretical paradigm I will assume,
will consist of a set of well-formedness rules
for conceptual structure. The second will be
answered by a set of correspondence rules
which relate some subset of coneptual structures
(the verbally expressible concepts) into some
subset of syntactic structures (the meaningful
sentences).

[t seems reasonable to assume for a first
approximation that the well-formedness rules
for conceptual structure are universal and
innate, i.e, that everyone is born with the
capacity to develop the same concepts. However,
the actual concepts that one does develop will
depend to some extent on experience--including
possibly linguistic experience, so there is room
for a certain amount of "Whorfian' variation if
necessaly.

On the other hand, this position is not con-
sistent with what I gather is the strongest
versioh of Piagetian developmental theory,
whjch could be construed in the present frame-
work as a claim that certain conceptual well-
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formedness rules must be learned., Rather, the,
development of the child's conceptual ability
must be attributed to increasing richness and
intercoftinection of concepts, or to growth either
in the well-formedness rules or in computational
capacity, over which the child and the environ-
ment have little or no control. (The kind of
growth I have in mind here is akin to the

growth of bones and muscles: the environ-

ment mus® furnish nourishment, but it hardly

can be said to control the interesting aspects
of structure, See Chomsky (1975) for discussion.)

In addition t® the assumption of univer-
sality and innateness of the conceptual well-
formedness rules, I will make three other
assumptions about the theory of conceptual
structure and its relation to language. First,
a theory of conceptual structure must be obser-
vationally adequate: as the level linking
language and other perceptual systems, it must
at least be able to express all the conycep-
tual distinctions made by natural language.

In practice, this calls for an attempt to
account for a lexically and grammatically sig-
nificant fragment of the language without
artificial assumptions about the semantics (such
as restriction to a microworld).

Second, a theory of conceptual structure
must provide some principled way for the meanings
of the parts of a sentence to be combined into
the meaning of the whole sentence. This
requirement of compositionality may be taken
more or less strongly, depending on whether or
not .one requires each syntactic constituent (or
ever. each word) of a sentence to correspond to
a well-formed concept.

Related to this second assumption 1s a third,
that the correspondence rules relating syntax
and eonceptual structure be relatively simple.

As motivation for this constraint, we observe
that the language learner must relate syntactic
form to understood meanings--in fact he must
probably learn many aspects of syntactic form

in part by figuring out from context what meaning
is intended by other speakers. Since syntactic
form varies from language to language, the corr-
espondence rules must be at least partly learned.
In order to be able to explain how the child
manages to acquire language, we should
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strive for a theory in which at least the }anguage-

particular part of the correspondence rules is
fairly straightforward.



A second argument for the simplicity of
correspondence rules is more heuristic, Language
is, after all, an inférmation transmission system,
conceptual structure being the information which
language conveys, It would be perverse not.to
take as a working assumption that language is a
relatively efficient and accurate encoding of
the information it conveys-~despite generations
of philosophers who havé assured us that language
is impossibly unsystematic and vague. To give up
this assumption is.to refuse to look for principles
in natural language semantics. Accepting it
entails that all deviations from efficient enco-
ding be rigorously justified; what appears to
be a quirky relattonship betwean syntax and concep-
tual structure may turn out to be merely a bad
theory of conceptual structure.., (See Goldsmith
and Woisetschlaeger (1976), Jackendoff (1978) for
arguments to this effect,)

2. The argument:
anaphora

Figure formation and pragmatic

The preliminaries complete, we tuxrn to the
main argument, which begins with a discussion
of one aspect of visual perception before turning
to linguistic matters. We then will draw
consequences for conceptual structure, where
visual and linguistic information interact.
One of the most important and well-studied
phenomena of visual perception is the emergence
of a figure apainst a background. Intuitively,
the figure is what attention is directed to;
coherence or "thingness" inheres in the figure,
It is often reported that the figure seems to
stand out from the ground or to be imbued with
greater vividness than the ground.' The study of
~the figure-ground opposition has been one of the
major preoccupations of the school of gestalt
psychology (see e.g. KBhler (1947), Koffka (1935)).
For a simple and hopefully illustrative
example, consider the contents of this page, in
particular the geometric configuration in Figure 1.

N
/N

Figure 1

The whole of this configuration can form a visual
figure seen against the background of the page.
Parts of it can also emerge spontaneously,as fi-
gures; probably the most prominent are a square
and an X, each of which can seen against the

rest of the page (including the rest of the
configuration) as background. Among dess natural
figures, which emerge only with more.deliberate
effort from Figure 1, are such configurations

as these (in order of decreasing salience, from
left to right):

\l\/l

Figure 2

‘
<
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A number of important observations can be
drawn from this simple example.

l. The number of possible figures that can be
be perceived in a given configuration is very
large, perhaps unlimited;, however,

2, Only a small number of these are-particularly
salient.

3. Relative salience of perceived figures is a

function of both features of the physical

signal and properties of the visual system.

Features of the visual context can affect

relative salience of figures. :For example,

the configurations in Figure 2 become much more

likely to emerge from Figure 1 upon presen-
tation of Figure 2; certain other possible
figures (such as other arrow-shaped configu-
rations) undoubtedly become somewhat more
salient than before, while certain other
possible figures not presented here remain

as unlikely as before.

Features of the visual signal interacting

with the viewer's intention can make certain

figures more salient than they otherwise

might be. For example, more figures will

emerge from Figure 1 if the viewer is instructed
to find all possible figures. Similarly, this
aspect of figure formation is crucial in
children's puzzles which ask the reader to

find three rabbits and two bears hidden in

the forest, or in the Hirgschfeld cartocns in

the New York Times in which the reader in on
the joke is to find a stibulated number of
instances of the configuration NINA. These
figures would not emerge at all were it not
for the reader's intention to find, tnem.

6. Features of the visual signal interacting
with the viewer's$ knowledge may make cereain
figures more salient, Someone who has
worked with automobile engines will perceive
more distinct figures upon looking under the
hood thanka mechanical novice; a botanists
may see a number of distinct plants where a
layman sees only a tangled confusion.

It is important to distinguish the conscious
decomposition of a figure into parts from the
process of figure formation itself. The former
1s avallable to awareness, and is in fact governed
by principles.of figure formation: as was seen
in the example above, the perceived parts are
themselves figures. On the other hand, the mental
processes which bring about the emergence of a
figure are themselves nqQt open to awareness, and
the aspects of the configuration which are rele-
vant to the character of the perceived figure
may have little to do with the intuitive (ise
conscious) decompositon of the figure. To make
this clearer, consider the not-atypical example
of facial recognition. Though one can recog-
nize and distinguish thousands of faces, one can-
not in most cases consciously decompse faces and
say specifically what makes them recognizable and
different from each other. 1In present terms,
each recognized face forms a remembered figure,
but many of the distinctive features of faces do
not themselves form figures and hence are not
avallaple to conscious awareness (see Carey (1976),
and also Helmholtz's (1885) brief but insightful
remarks (p. 369)).

The observationsg we have made about the figure-



ground phenomenon have a bearing on the nature of
conceptual structure, They suggest that there

is a privileged set of conceptual structures

which encode figures as unitary entities, and

that this set is samehow related to coanscious
awareness, As far as consciousness is concerned,
there is no representation of how figures are
composed; thdugh to other, unconscious, processes
the composition of figures is accessible. Let

us call this set of structures figural expressions.

We now relate figural expression in concep-
tual structure to language. Suppose spmeone
podints and simultaneously utters (1).

(19 I bought that yesterday.

What must the hearer do to fully understand the
speaker? He must of course understand the words
and the syntactic structure, and be able to use
the correspondence rules involved in interx-
preting the sentence; but he also must imterpret
the word that., In this particular utterance,
that is a case of what Hankamer and Sag (1976)
call "pragmatic anaphora." In order to under-
stand the intended referent of a pragmatically
controlled pronoun like that in (1), the hearer
mpst pick something out of his visual field.
perhaps aided by the speaker's pointing gesture.

To make clearer the process of interpreting
pragmatic anaphora, consider an example where no
figure emerges which can correspond to a prag-
matically controlled pronoun. Suppose speaker
A utter (1) and points to a blurry photograph:
"I bought that yesterday--ism't it gorgeous?"
Speaker B, unable to make out anything in the
picture, doesn't fully understand the utterance
and responds "What are you talking about?"
Suppose A then says, "That boat!" B peers at
the picture and sure enough the figure of a
boat emerges. He has a minat aha-experience:
"Oh, that! How could I miss it?" He now has
received the message and discourse can continue.

Every reader has probably had an experience
like this; its relevance in the present setting
is as follows: 1in order for a pragmatically
vontrolled pronoun to be understood, its intended
referent must emerge as a fdgure in the mind of
the hearer, that is, it must have a represen-
tation as a figural expression in conceptual
structure, Thus we have established an important
connection between the figure-ground phenomenon
ahd pragmatic anaphora.

So far we have dealt only with figures
that correspond to things (or their shapes).
and large this has been the kind of figure
that has been investigated. But as Hankamer and
Sag (1976) point out, there are many sorts of
pragmatic anaphora.

By

Here and there:
Your coat is here (pointing) and your

hat 1s there (Eointing).

(3) Do it:
(Hankamer attempts to stuff a 9" ball
through a 6" hoop)
Sag: It’s not clear you'll be able to do it.

(2)

(4) It happen:

That (pointing) better not happen again.
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(5) Nominal identity-~of-sense anaphora:
a. (Sag produces an apple)

Hankamer: Did you bring one for me
b. Those (pointifig,se.g., to a (siagle)

Cadillac) are expensive,

(6) Manner adverb:
thus
You shuffle cards S0 (demonstrating)
his way
(7) Measure phrase:

this
The f£ish that got away was ¢ that

yay
(demonstrating) long.

There was more than that much (pointing)
in the jar when I left

The same conditions hold on the comprehensibility
of these sorts of pragmatic anaphora as on that
in (l). For example, if the hearer is unable

to see or figure out what goings-~on the speaker
is pointing at in (4), he will not fully under-
stand the utterance (in the sense of having
received akl the informdtion he is intended. to
receive).

Given that the existence of an appropriate
figural expression in conceptual structure;
supplied by the visual system, is necessary
for the comprehension of pragmatic that-anaphora
in (1), we must conclude similarly that a figural
expression is necessary for all the sorts of
pragmatic anaphora in (2)-(7) as well. But from
the selectional restrictions involved in these
constructions, we see that the figures involved
cannot be things or shapes. Rather, each corres-
ponds to a different sort of figure, distinct
from things. Roughly, here and there correspond
to places; do it to actions; it happen tp events;
nominal identity-of-sense anaphora to categories
or kinds; manner adverbials to mannerss and
measure phrases to amounts. Eagh—of these types
of figures represents a different organization
of the visual field than do figurea carrespbnding
to physical objects.

The existence of this variety of types of
pragmatic anaphora suggests three points. First,
the mind has the capacity to form figures of a
number of distinct types on the basis of visual
perception. Second, conceptual structure can
represent such entities as places, actions,
events, etc. as figural expressions,and this is
why we can talk about them. Third, by the cri~
terion of simplicity of correspondence rules,
these entities are conceptually simple, since
they correspond to womething syntactically simple,
More explicitly, that, a maximally simple NP,
represents a minimally specified thing in (1),
and the visual field is the source of the remaining
information about the intended message. Similarly,*
the other expressions of pragmatic anaphora are
maximally simple PPs, VPs, etc., and therefore
ghould likewise correspond to minimally specified
entities of the proper type; again, the remainder
of the intended message is conveyed through the
visual system,




3. The alternative to psychological and philo-

sophical reductionism

One might object that all these different
types of eptities should be reduced by the theory
of conceptual structure to concurrences of
physical objects over time (a four-dimensional
ppace-time map, for example), and that such en-
tities as places and events should play only a
derivative role in linguistic semantics., But
such a view generally assumes that the psycho-
logical notion thing can be fairly simply
correlated with physical objects via patterns
of retinal stimulation; and this assumption is
patently false, Most of the literature of per-
ception is concerned with how we manage the re-
markable feat of construing the world as full of
more or less stable things, given constantly
shifting patterns of retinal stimulation, and
with how the things we see are or are not corre-
lated with actual physical facts. It's not easy.

What seems to me a more productive approach
is to abandon the goal of reduction and to claim
that the types of entities referred to by the
anaphoric expressions in (1)- (7) are all present
as primitives of conceptual structure. Formally,
this means that the well-formedness rules fbr
conceptual strudture must allow for figural
expressions which correspond to each type. Fur-
thermore, the well-Formedness rules must provide
an algebra of relationships among the types: a
thing can be in a place, an event may have a
certain number of things and places as consti-~
tuents, some events consist of an action performed
by a thing (the agent), and so forth. Under this
approach, linguistic semantics is not concerned
with reducing out events, places, and so forth,
but with clarifying their psychological nature and
with showing how they are expressed syntactically
and lexically.

If any reduction is to take place, it will
be in the theory of perception, which now must
explain the relation of retinal (aid auditory, etc.)
stimuli to event- and place-perception as well
as, thing-perception, If this view is correct,
ane would expect these other aspects of perception
to have many of the same gestalt properties as
thing~perception. dependence on proximity, clo-
sure, "good form," and so forth. In fact, the
few pieces of work I know of on perception of
entities other than things (Michotte (1954) on
causation, Jenkins, Wald, and Pittenger (1976)
on events, remarks of Kohler (1947, pp. 89-90)
on temporal grouping) do reveal just what we are
led to expect. This suggests that there is no
fundamerital new difficulty for perception in
admittrng entities other than things into concep~
tual stpucture--just more of the old probliem of
how we perceive anything at all.

The Argument of section 2 also explicitly
addresses tvhe important philosophical ismue of the
ontological tammitment of natural language
semantics: what entities should semantic theory
allow language to talk about? The predominant
philosophical tradition, modeling itself after
mathematics, tries to minimize primitives and
axioms. (It is perhaps not insignificant that
Frege and Russell, the founders of mddern logic,
were most deeply concerned with foundations of
mathematics,) Thus logicians mostly confine them-
selves to semantic systems which contain only
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things and sets as primitive ontological types.
A few, such as Davidson (1967, 1969), have tried
to argue that events and actiorls are mecessary
as well. But Davidson himself has some qualms
about such entities, because criteria of indivi-
duation are not easy to define.

The view of language taken here, however,
takes the ontological commitment of natural
language 'semantics not to be a question of
elegance, but an empirical question: what possible
ontological types are psychologically real? The
argment presented here, based on the interaction
of language and visual experience, provides simple
preliminary evidence for a relatively rich onto-
logy. As further justification, one would hope
to show that this ontology is necessary on bath
language-internal and perception-internal grounds
independently. (Jackendoff (1978) gives linguis-
tic arguments to justify the notion place.) One
would also hope to come to terms with the philo—~
sophical traditions concerning reference, which
will be drastically affected by the expansion,

I am not prepared to reconstruct the entire edi-~
fice at this point; some arguments will appear
in Jackendoff (in preparation).

4, Conclusion

The main argument of this paper combined
perceptual and linguistic evidence to show that
figural expressions in conceptual structure

must include entities of a great number of
ontological types, I take this to be a prototype
for a novel sort of linguistic argumentation--
one that treats descriptive semantlcs as funda-
mentally a psychological rather than logical
discipline, and which seeks to account for the
nature of thought and of human experience through
grammatical structure., It is mot clear that this
is linguistics in the usual sensd any more. Rather
it is an attempt to use linguistic theory as a
tool of cognitive psychology. This seems to me
to be a promising way to go.
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ON THE ONTOLOGICAL STATUS OF VISUAL MENTAL IMAGES

Stephen Michael Kosslyn»
Harvard University

There has )long been considerable
controversy over the ontological status
of mental images. Most recently, members
of the A.I. community have argued for the
sufficiency of “propositional
repreggntation” and have resisted the
notion that other sorts of
representations are functional in the
human mind. The purpose of this paper is
to review what I take to be the best
evidence that images are distinct
functional representations in human
memory. Before reviewing these data,
however, I offer a preliminary deffnition
of what I mean by a "visual mental
image.” This deffnition arises out of
the “cathode ray tube" metaphor
originally introduced in Kosslyn (1974,
1975, 1976) and later jimplemented in a
computer simulation by Kosslyn & Shwartz
(1977a, in press). OQOn this view, images
are spatial representatioms in active
memory generated from more abstract
representations in long~term memory:;
these spatial representations are able to
be irnterpreted ("inspected”) by
procedures that clagsify them into
varjious semantic categories.

1.0 A preliminary definition of a visual
mental image

I wish to define a “visual mental
image” in terms of five basic kinds of
properties.s Images are often
distinguished from more discrete,
propositional or linguistic
representations because they supposedly
have "analogue®" propertiés. Thud the
first two pyoperties noted below describe
analogue repregentations as a class.
Goodman (1968), Palmer (in press),
Shepard (1975), Sloman (1975), ané others
have provided informative and detailed
discussions of relevance here, and I will
draw freely on these sources in the
present discussion.

1) Images can capture continuous
variations in shape. Thlis continuity

The work reported here was supported
by NSF Grants BNS 76~-16987 and BNS 77-21782.,

property implies that image
representations are both semantically and
syntactically “dense" or
"undifferentjiated” in the extreme
(Goodman, 1968, p. 136 ff.). For
example, a reading on a tire pressure
gauge is an analogue representation to
some ekXtent, because every reading along
the continuous scale has meaning (and so
it is semantically dense); if the gauge
had an infinity of markings of
pounds-per~square inch, the scale would
be syntactically dense and readings on it
would be purely analogue. In contrast,
discrete reprgsentations are not
semantically or syntactically dense, but
are differentiated (i.e., separable and
distinct). For example, each reading of
a digital clock, in contrast %o the
traditional dial variety, is entirely
unambiguous in terms of its identity
(i.e., is syntactically distinct) and its
meaning (i.e., i8 semantically distinct).
Images are both semantically and
syntacically dense.

2) Part and parcel of the continuity
property is the property that analoyjyue
representations are nor arbitrarily
related to their referents. Because
analogue yepresentations can be arranged
on a continuum (e.g., of size), a symbol
indicating a value falling between two
others (e.g., an intermediate size) must
refer to a values of the referent falling
between the two indicated by the others
(evg., an object of intermediate size).
Hence, unlike discrete representations,
any given analogue representation cannot
be assigned an arbitrary meaning (this
point was first brought to my attention
by Wilkins, 1977).

Because of this requiremenc,
portions of images of surfaces or objects
(involving two or three dimensions) bear
a ane-~to-one structural isomorphism to
the corresponding portions of the
referent. That is, portions of the
representation correspond®to portions of
the referent, and the spatial relations
between portions of the referent are

pregserved in the image. Thig property
has been described by Shepard (1975) as

I wish to thank Willa Rouder for her assistance,, waphgrract first-order isomorphism.* In

in preparing the manuscript.
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this came, there is not a genuine
first-ordexy isomorphism, where a trianygle
is actually represented by something
triangular in the brain, but there is a
more abstract isomorphism where a
triangle is represented by a set of
representations corresponding to the
vertices and sides stidnding in the proper

relations. Thus images depict, not
describe. While any symbol can be used

to represent an object or part thereof in
a depcription, the particular
representation of such in an inmage is
constrained by other
representations--givaen that the
interportion spatial relations must be
retained in the image representation.

The following three additional
properties follow from our CRT metaphor:

‘ 3) Images occur in a spatial medium
that ig equivalent to a Euclidean
coordinate space. This does not mean
that there is literally a screen in the
head.* Rather,, locations are accessed
such that the spatial properties of
physical space are preserved. A perfect
example of this is a simple
two-dimensional array stored in a
computer’'s memory: There is no physical
matrix in the memory banks, but because
of the way in which cells are retrieved
one can sensibly speak of the inter-cell
relations in terms of adijacency,
distance, and other geometric properties.

4) The same sorts of representations
that underlie surface images also
uhderlie the corresponding percepts.
Hence, in addition to registering spatial
properties like those of pictures, images
depict surface properties of objects
like texture and color. Thus, although
the image itself is not mottled, or
green, or large or small, it can
represent such properties in the same way
they are represented in our percepts.
That {8, the image representations must
be able to attain states that produce the
Qualia, the experience of seeing texture,
color, size and so on.

5) Finally, by dint of the
structural identity of imagqge
repregsentations and those underlying the
corresponding percept, images may be
appropriately processed by mechanisms
usually recruited only dyring
like~modality perception. For example,
one may evaluate an image in terms of its
"size" (i.e., being depicted~-the
representation iBself is neither large
nor small) in the same way one would
evaluate the représgéntation evoked while
actnally seeing the object.

Images, then, share virtually all
the properties of percepts, as opposed to
properties of pictures or objects
themselves. I refrain from making a

i. Althodgh there could be, if images
occur as topographic projections on the
surface of the cortex; this kind of space
is a subset of the one I am definina
here, however.
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complete identity because of a crucial
difference: Perceptual representations
are "driven™ from the periphery, whereas
images are someho¥ formed from memory.
Hence, in both cased there may be
particular kinds of “capacity
limitations” that influence properties of
the representation. For example (and
this is an empirical question), images
may be cagrser and less detailed than the
corresponding percept because of memory
capacity limits.

These prqperties of images can be
further understood in contrast to
properties of "propositional®
repregentations. Consider the two
representations of a ball on a box
i1llustrated in Figure 1. A propositional
représentation must have: 1) a functiop
or relations 2) at least one argument; 3)
rules of formation; and 4) a truth value.

ON (BOX, BALL)

Figure 1. Two representations of a ball on a box.

In contrast:

1) Images do not contain
identifiably distinct relations;
relations only emerge from the
conglomerate df the components being
represented togqether. Thus, one needs
two components before a relation like
"on" can be represented.

2) Images do not contain arguments.
The components of an image are not
discrete entities that can be related
together in precise ways. The box, for
example, can be decomposed into faces,
edges and so on-~and these are certainly
not arguments in and of themselvesn.

3) Images do not seem to have a
syntax (except perhaps in the roughest
sehse). That is, a relation like "on"
requires two argumesnts in order to create,
a well~-formed proposition; “on box" is an
unacceptable fragment. In contrast, any
syntax dictating "well-formedness" of
pictures or iwmages will probably depend
on some sort of interaction with a
*semantic coffiponent," will depend on what
an image is supposed to be an image of
As we all know, "impossible pictures” are
created regularly (e.qg., by artists such
as Escher), and rules that govern the
nature of objects in thé world may not



necessarily constrain the things that one
can depict in a picture.

4) Firally, unlike a prdposition, an
image does not have a truth value. In
fact, as Wittgenstein (1953) pointed out,
there is nothing intrinsic in a picture
of a man walking up a hill that prevents
one from interpreting it as a picture of
a man sliding downhill backwards. The
meaning of an image, and hence its truth
value, are assigned by processes that
work over the representation and are not
inherent in the representation itself.
2.0 Five classes of empirical findings

supporting the functional reality of

visual mentaAl images

2.] Experiments on scanning visual
images

A key property of images is that
they embody spatial extent. If images
are functional, then, we should expect
this property to affect some forms of
processing that involve using images.
Kosslyny Ball, & Reiser (1978) report a
number of experiments that demonstrate
that more time is required to scan
further distances across mental images.
In one study, people imaged a map
containing seven locations and scanned
between all possible nairs of locations.

Time to scan increased linearly with
increasing distance betwean the 21
possible pairs of locations, each of
which was separated by a unique diamtance.
There were no effects of distance in a
control condition where subjects focused
on a location in the image but then
simply decided whether another object was
ptesent, without being asked to scan to
that location.

Tn another experiment, people imaged
schematic faces wherein the eyes were
either light or dark and located 2ither
3, 4, or 5 inches above the mouth; in all
other respects the faces were identical.
After a given face had been removed, a
subject was asked to focus on the mouth
and then to image the face as larqge as
possible without it seeming to overflow,
or image it half of this size, or image
it so large subjectively that only the
mouth was left visible in the image.
Following this, the word "light" or
"dark™ was presented. As soon as either
word had occurred, the subject was to
“glance up" to the eyes of the imaged
face and see whether or not they wvere
appropriately described by the word.

Time to judge whether the eyes were light
or dank increasad linearly with distdnce
from the mouth. Further, overall
scanning times were reduced when people
were asked to "shrink” an imaged face
mentally prior to scanning it, and times
were increased when subjects "expanded" =a
face before scanning. These results are
difficult to explain if images are simple
“abstract propdsitional”™ list structures,
but follow naturally if images are
spatial represantations that preserve
metric distance information.
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2.2 Measuring the visual angle of the 7é

mind's eye

The notion that images embody
spatial extent suggests that they may
have spatial boundaries; after all, they
do not extend on indefinitely. If images
occur in a spatial representational
medium, then their maximal spatial extent
may be constrained by the axtent of the
medium itself. KXosslyn (in press) used
the following paradigm in an attempt to
test this idea: People were asked to
image an object as if it were being seen
from very far away. Then, they were
asked to imagine walking towards the
object and were asked if it appeared to
loom larger; all subjects reported that
it aida (of the subjects who could do the
task at all, which was usually only about
80% of the people tested). Further,
these subjects claimed that the image
loomed so0 large at one point that it
seemed to "overflow." At this point, the
subject was to "stop"” in his/her mental
walk and to estimate how far away the
object would be if s/he were actually
seeing it at that subjective size. We
did this basic experiment in a variety of
ways, having subjects image various sorts
of pictures or image animals when given
just their names and sizes; in addition,
subjects estimated distance by verbally
assessing feet and inches or responded by
moving a tripod apparatus the appropriate
distance from a blank wall.

If images occur in a spatially
constrained medium, then the larqger the
imaged object, the further away it should
seem at the point of overflow. In
addition, a constant angle should be
subtended by the imaged dbbjects (which
ranged in actual size) at the point of
overflow. Using simple trigonometry, we
were able to compute the "visual angle of
the mind's eye” from the estimated
distances and longest axis of each imaged
object. In all of our experiments, the
basic results were the same: First,
people claimed that smaller objects
seemed to overflow at nearery apparent
distances than did larger objects (the
correlation between obiect aize and
distance was always very high), anad
distance usually increased linearly with
size of the imaged object. Second, the
calculated “"visual angle"” at the point of
overflow remained constant for
different-sized objects wlen subjects
imaged pictures or objects that had just
been presented. The actual size of the
angle varied, howvever, depending on
instructions: More stringent definitions
of "overflow" resulted in smaller angles.

These last findings imply that images do
not overflow at a distinct point, but
seem to fade of gradually towards the
periphery. (The best estimate of the
maximal angle subtended by an 1m£ge while
still remaining entirely visible seemed
to be around 20 degrees.)

In another experiment,

we askead



people to scan images of lines subtending
different amounts of visual arc and ve
calculated how many msec were required to
scan each degree. These people also
scanned an image of a line they had
constructed to be as long as possgible
without either ené& overflowing. The
visual arc subtended by this "longest
possible non-overflowing line" was
inferred from the time required to scan
across it. This estimate was very close
to one obtained using the technique
described above and to one obtained by
simply asking people to indicate the
subjective size of a longest
non-overflowing line by holding their,
hands apart so as to span the length ot
the longest line.
2.3 Effects of subjective size on ease
cf “steing™ parts of mental images

If asked which is higher off the
ground, a horse's knees or the tip of its
tail, many people claim to image the
beast and to “inspect"” the image, '
evaluating the queriéd relation. It
makes sense to suspect, then, that images
might be appropriately processed by the
gsame sorts of classifjicatory procedures
used in cacegorizing perceptual
representations. If so, then we might
expect constraints that affect ease of
classifying parts perceptually also to
affect ease of imagery classification.
Parts of smaller. objects are “harfder to
see” in perception, for example, and also
may be harder to "see® in imagerye. Thais
result was in fact obtained (see Kosslyn,
1975)7 parts of subjectively smaller
images of objects did require more time
to classify mentally than did parts of
subjectively larger imaged objects. 1In
addition, simply varying the size of the
part per gse¢ also affected time to examine
an image. In this case, smaller
parts-=-like a cat's claws-~-required more
time to see on an image than did larger
parts--like its head. This last result
was obtained (Kosslyn, 1976) even though
the smaller parts were more strongly
associated with the animal in question,
and were more gquickly verified as
belonging to the animal when imagery was
not used (more highly associated
propertiegs are typically affirmed as
appropriate more quickly than less
associated ones in studies of “semantic
memory”~--see Smith, Shoben & Rips, 1974
These findings, then, not only are
consistent with the notion that images
are functional spatial representatiodns
that may be interpreted by other
processes, but also seérve to distinguish
between procegsing imaginal and
non-imaginal representations.
2.4 Effects of subjective size on later
mem

If parts of subjectively smaller
images are less distinct, then one might
expect that the imaged object itself
would be more difficult to identify.
Thus, if one actually encbdes a
subjectively small image into memory,
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one's ability to Yecall the object later
should be poorer than if the image had
been larger~~if in fact the image itself
is recalled and inspected when one tries
to recal) the encoded words or objects.
Kosslyn & Alper (1977) asked subjects <o
construct images of the objects named by
pairs of words. Sometimes one of the
images was to be very small subjectively
and sometimes both images were to be
*normal” sizes. When a surprise memory
test for the words was later
administered, memory was in fact worse if
one member of a pair initially had been
imaged at a supjectively small siz

This result was replicated in seve
studies, each of which controlled for
different possible confoundings (e.q.,
less "depth of processing® may have
occurred when people constructed
subjectively smaller images).

2.5 Transforming visual images
] Cooper & Shepard (1973a, 1973b) and
others have demonstrated that
increasingly moxre time is reguired when
one “"rotates" a mental image through
progressively greater arcs. Similarly,
we have found that more time is required
to expand or contract images to greater
degrees (Kosslyn & Shwartz, 1977b), as
did Sekular & Nash (1971). A
propositional model of the sort offered
by Gips (1974) does not lead us to &xpect
these resulta. A spatial model, wherein
a pictorial image is transformed, seems
to imply in a straightforward manner that
images will pass through intermediate
positions as they are transformed, given
that the same image 18 being retained and
processed.
3.0 Conclusions

On my view, the most parsimonious,
straightforward accounts of all these
data will inciude the notion that images
are functional representations in human
memory. I have no doubt that alternative
non-imagery accounts can be formulated
for each set of results, but the
collection of each of these individual
accounts will likely be more ad hoc, post
hoc and cumbersome than the imagery
accounts.
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What has language to do with perception?
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Some speculations on the Lingua Mentis.

Zenon W, Pylyshyn

partments of Psychology and Computer Science
University of Western Ontario
London, Canada

1. Introduction.

The topic under consideration iam this confer-
ence session (viz. Language and Perception) 1s not
the one to which the greatest amount of attention
has been devoted in philosophy of mind and philoes-
ophy of language. There a major concern has been
the relation between language and thought. As
everyone knows there has been a long standing dis-
pute regarding whether or not it makes sense to
view thought as being carried out in the medium of
natural language or whether some other form of
representation is involved. Ihere has not been a
comparable dispute over the relationship between
perception and language. For one thing no oéne to
my knowledge has proposed that perception occurs
through the medium of natural language (though
some early behaviorist writings come close,
especially in respect to memory for perceptual
events). What I propose to consider in this
brief note are some respects in which the lan-
guage-thought relationship is similar to the
language-perception relationship.

2. Language and Thought,

y At least since Aristotle there has been specu-
lation and argument comcerning the form (or lan-
guage) of thought. Many contemporary philosophers
(e.g., Quine, 8ellars, Harman) as well as some
past students of language (e.g., Whorf, Humbolt)
believe that we think in our "outer'" natural
language: that knowing a language is being able
to think in it. Hdrman (1975) takes a sophis-
ticated approach to this position. He argues
that in thinking in one's spoken language one
need not parse or disambiguage it--since that
would get us 1into the vicious circle of having to
parse the thought into something which itself
would be a thought and hence 1n need of further
analysis. In Harman's view our thoughts are
carried by "sentences under analysis" or by am-
biguit¥-free already analysed sentence structures
(e.g., P-markers), One problem with this view 1s
that it denies the possibility of thought in
animals and pre-verbal children. Other diffi-
culties were recognized by psychologists. In the
beginning of this century the Wurzburg school.was
able to argue that much of our thinking was un-
conscious. A more modern view (e.g., Paivio,
1975) takes the conscious experience of thoughts
as occurring in language or in imagery as 1its
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starting’point and demonstrates by operational
means that at least two distinct modes of thought
need to be postulated. This "dual code" approach
is quite widely held in psychology although it is
not precisely clear what intrinsic properties are
being claimed for the imagistics mode of thought.
But more on this later.

My own view, which I have been espousing for
some half dozen years, is that an adequate account
of the process underlying thought will show it as
occurring in a symbolic mode which has few of the
properties we would normally ascribe to either °
natural language or to images. For example, the
vehicle of thought does not require words (but
only concepts) nor does 1t have such intrinsic
properties as size or shape. Rather it consists,
as do all computations, of the transformation of
formal symbolic expressions whose terms are given
an intentional interpretation by the theoretican.
In other words, thought 1s a symbol manipulation
process. Because the data structures represent-
ing thorghts have an implicit syntax and because
1ts terms and composite expressions arg interpre-
ted, one can think of them as expressions of an
internal language-or lingua-mentis--call 1t
"mentalese'.

While the particular argumemts and examples
I have presented in support of this posit¥ion have
varied over the years the thrust of the arguments
has always been a two-pronged one. On the one
hand I maintain that criteria of explanatory
adequacy require one to give an account of certain
specifically cognitive phenomena in a manner which
neither presupposes certain erucial properties
which themselves require a cognitive explanation,
nor avoids a complete process explanation (involv-
ing a reduction to primitive mental operations) by
attributing certain phenomena to intrinsic features
of the brain. On the other hand, the argument has
always appealed to empirical evidence. It is the
dual requirement of meeting explamatory criteria
and empirical evidence that has, for me, been the
basis of my rejection of specific imagistic models
such as “those of Paivio, Kosslyn, and Shepard.

This is obviously the wrong forum in which to
continue this debate especially sinice many of the
details are peripheral to our present concerns.
However, I do want to elaborate very briefly on
what I referred to above as criteria of explan-
atory adequacy since I believe that this is the’
real crux of the debate, not only over ihagery
accounts of thought but also over some of the




issues about language and perception I want to
raise later: Further details can be found in
Pylyshyn (1978a).

The 1ssué about explanatory adequacy 1s the
following. Positivist doctrine not withstanding,
an explanation of a phenomenon has to do more than
predict or duplicate aspects of the phenomenon.

It must also explicitly characterize the proper-
ties of the system by virtue of which the observed
(or predicted) behavior occurs. Since some of
these properties are adventitious or ad hoc while
others are principled, such a characterization is
essential. Furthermore, the account must separate
properties which are fixed and universal from those
which vary from task to task., To use an analogy
from logic, it must separate the contribution of
the notation, the logical axioms and inference
rules from the particular premises used in deriv-
ing entailments. In the case of a process theory
it is not sufficient to simply provide a procéddure
which generates behavior similar to that observed
in humans. We must, in addition, explicitly iso-
late those properties and mechanisms which wall
remain fixed over all cognitive processes (the
underlying system architecture), those which can
vary gradually with learning or accomodation but
whose component parts and intermediate states are
not available to the whole system (the compiled
sk1lls), and those which represent particular
methods adopted for particular tasks or which
represent particular Knowledge which the system
possesses (and thus which can change freely).
Furthermore, this parametrization or attribution
of behavior to separate sources must,be individu-
ally empirically justified--e.g., we must show
that 1t 1s reasonable to postulate such properties
of the architegture as we do by appealing to
gmpirical evidence. If we can in this way iso-
late the fixed properties and show hdw these can
be combined to produce the observed behavior,

then we would have an account of the behavior
which refers 1t to both fixed universal properties
and to particular task specific ones. Such an
account would not only capture cross-task general-
1zations but it 1s the best we can do from a cog-
nitive or functional point of view, Further ex-
plication would involve describing, for example,
how the fixed properties are realized in neural
tissue or how and why the variable aspects got

to be the way they are given the nature of the
environment-organism interactions., An account
partitioned this way would provide a means of
deducing current behavior from fixed universal
properties of mind and hence would provide a

basis for explaration.

My main objection to such notions as ana-
logues and to such hypothesized mental operations
as scanning and rotation (to cite just two) 1s
that the empirical evidence does not support the
position that these are primitive properties of
the mental architecture. I have argued that an
all the proposals I gm aware of which postulate
dnalogues or analogue-like operations on images,
there 1s independent evidence that the phenom-
enon in question must be attributed, at least
part, to tacit knowledge which the system or
person) possesses or to more articulated and
piece-meal processes than those ¢laimed, In
other words these analogue operatilons cannot be
taken as explanatory primitive operations in the
mental architecture. Consequently to explain
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the experimental findings that these terms were
introduced -to account for we are forced to show
how they could be carried out jn an architecture
in which scanning and rotation are not primi-

tive operations. In such an architecture the
processes might be quite different (e.g., while
there might be a subroutine that accomplishes scan-
ning or rotation, these particular terms would
only be descriptive and not explanatory since the
functions implied by them would in turn have to be
explained in terms of more detailed computations
using other more primitive and independently justi-
fied operations). The exact form of the argument
against the hypothesis that scanning or rotation
are primitive operations in the fixed mental archi-
tecture can be found in Pylyshyn (1978a, 1978b).
Essentially they depend on showing that certain
empirical facts (e.g., that rate of rotation
depends on properties of the figure, the probe, and
the task in general) require for their explanation
that we specify more detailed processes which carry
out the function described as rotation or scanning,
thus demonstrating that the function was not a
primitive,

The general concldysion I draw from these argu-
ments is not that talk of analogues or other non-
symbolic systems is incoherent. or logically ruled
out, but only that none of the phenomena which
people typically appeal to have been shown to re-
quire them--and even if they were admitted they
would, at least in these instance$, not be explan-
atory in the required sense, though they might well
be predictive (but then so would a multiple regres-
sion equation). Within the information processing
paradigm (1.e., excluding phenomenological or
purely neurophysiological explanations for reasons
which we canpot go into here) the only remaining
candidate paradigm for explaining the nature of
thought 1s computation, in the sense of transfor-
mations on symbolic expressions. Of course within.
this alternative we may still posit different
symbols, and even different composite data struc-
tures for different areas of cognition. What I
am saying, however, 1s that this most basic level
of symbolic representation 1s the modality ainde-
pendent medium of thought, the ¥Ymentalese" 1n
which goals, belrefs, hypotheses, knowledge, and
other cognitive states are expressed.

What makes this point of view on the rela-
t1dn between language and thought relevant to the
perception-language discussion 1s that mentalese
1s not only taken to be the form in which thoughts
are carried, it 1s also proposed as the appro-
priate representation of percepts.

3. Language and Perception.

Before discussing the similarities between the
language-perception relation and the language-
thought relation 1t may be useful to consider why
one might be motivated to ask about the relation
bétween language and perception in the first place.
An obvious connection between the two 1s the fact
that we can talk about what we perceive. But that
tells us little about how the two are related. We
get hints that the relation may be more intimate
from the widespread use of perceptual terms
(especially spatial relation and movement or trans-
fer terms) to refer ta~abstract relations in
general., The experiments on imagery by people like
Shepard, Kosslyn, Moyer, Paivio, and others show,



if nothing else, that perception and thought are

closely related. Thus the issues raised in dis-

cyssing language and thought become relevant here
too,

But perhaps one of the main reasons why lan-
guage and perception are inextricably related is
that the perceptual system 15 the primary means
through which language acquires a semantics, A
system which contained a body of data and a lan-
guage processor might conceivably be able to carry
on a coherent dialogue. But without a perceptual
component it would, in an important sense, not
know what 1t was talking about. We could, in
principle, change the ASCII coded strings in its
lexicon and it might conduct an equally intelligent
conversation on an entirely different topic without
anything (other than the external tokens) having
changed.” This is possible because the only con-
straints in the system are intra-linguistic ones
and hence only linguistic and data-base consistency
can be detected. In such a system there 1s no
correspondence between internal symbols and things
and hence the systemamakes no reference to the
world.! This argument 1s made with painful force
by Fodor (in press). It would be more obvious to
people in A.I. that this is indeed the case if
they heeded McDermitt's (1976) suggestion and
refrained from using English words and phrases
inside their programs and only employed nonsensical
atomic symbols (GENSYMS). In that case it would be
clear -that only the programmer (and not the program)
knew what it was talking about.

There 1s in fact a general and largely ignorped
problem of the distribution of explanatory burden
between program and programmer that needs to be ex-
plicitly acknowledged in discussions in which pro-
grams are presented as theories. I have come to
realize over the years that any crackpot theory can
be implemented on a complter in'some sense or other
simply by assigning the appropriate names to various
things in the program (e.g., call this buffer '"con-
sciousness’, that data structure an '"aimage" and
this procedure '"the mind's eye'"). Elsewhere
(Pylyshyn, in preparation) I have suggested a
number of ways in which some of the arbitrariness
can be taken out of this enterprise. They
include 1independent validation’ of the '"fixed
mechanisms" that are to serve as the primitive
components out of which cognitive processes ar(
constructed (what I called the mental architec-
ture) and the independent provision of at least
a partial intrimnsic semantics for symbols in the
system by relating them teo perceptual and motor
subsystems. A further step might also_ be to
provide the system with a learning component (an
the very geneéral sense of a history-dependent
relatiofiship with an environment) which would
also serve to constraim the interpretation of
symbols by connecting 1t to the physical world
through a historical causal chain (c.f., Kripke's,
1972, causal theory of regference).

Now 1f we accept that in order for a system to
have a semantics, as opposed to merely a complex
intra-verbal deductive system operating on uninter-
preted symbols (or ''logical forms'), 1t must at
least have a perceptual component, a number of
fundamental questions arise. Though the whole
issue of semantics is fraught with difficulty I
will take advantage of thé invitation to speculate
by rushing in where many have been lost. The
questions I shall in a sketthy way comment on
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concern the nature of the perception-language
correspondence, the way in which this correspon-
dence might be represented, and how such a corre-
spondence could arise in the first place.

3.1 The nature of the language-perception
correspomdence.

Since the set of perceptual patterns and the
set of definite descriptions are both unbounded,
the correspondence between the two cannot be
thmpugh existing associative links. The mapping
can only be given by a recursive procedure which
associates subpatterns of the language with sub-
parts of the percept-«in other words the corre-
spondence 1s between some analysis of both des-
criptions and percepts. We are of course no more
aware of the conceptual analysis of percepts than
we are aware of the analysis of linguistic inputs.
Given the necessity of an analysis of both, the
most parsimonious story of how this occurs is one
which assumes that both are analysed into a struc,
ture in the same interlingua--viz., mentalese.
Contrary to some of my critics on this point
(Kosslyn § Pomerantz, 1977, Anderson, 1978) such a
view is neither inconsistent nor unnecessarily
complex. Independent arguments suggest that at
least this much analysis or translatien is
necessary and there 1s, to my knowledge, no con-
vincing argument that more than one form pf
interlingua is needed. Though this latter possi-
bi1lity 1s not ruled out, the relatively weak con-
straints placed on the formal properties of the
representing medium at present (viz., that 1t con-
sist of sumbol structures) make this possibility
seem unlikely. Furthermore, the freedom we have
in thinking about information received through all
modalities and the readiness with which we forget
(outside of experimental settings) how we came to
know something argues that at least memories and
thoughts might appropriately be viewed as being
amodal,

Another question that arises in connection
with the nature of the language-perception corre-
spandence 1s whether the formal properties of the
two are independent or whethgr one might be able
to explain linguistic properties in terms of per-
ceptual or general cognitive ones and vice versa.
Such a possibiligy is most attractive since 1t
woutd increase the explanatory power of the re-
sulting theories, On the other hand, there 1s no
a priori necessity that such an explanatory link
exist. As Chomsky (1975) has frequently poirfted
out we do not expect to be able to explain why
humans have certain physical characteristics
(e.g , why they have 10 as opposed tov 8 toes,
etc.) so why should we expect to explain why the
noun-verb dichotomy appears to be a linguistic
universal., Still one might be permitted to hope
for some economy of explanatory principles by
uni1fying over cognitive domains.

There 1s already reason to believe that at
least some of the lexicon can be explained in
terms of universal properties of perception
Perhaps the clearest and most familiar example
is the case of color terms. Berlin and Kay
(1969) have demonstrated that color terms in
various cultures form a strict hierarchy so that
languages with more color terms invariabley in-
clude the terms used by languages with few color
terms, In this example, however, 1t has been
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possible to go further and demonstrate universal
color perception properties paralleling the
linguistic findings and even to relate these to
visual physiology. Denny (in press) has cau-
tiously suggested the possibility of a similar
hierarchy across cultures of lexical systems

for spatial deixis. For example, compared to
English's two terms 'here'" and '"there',

Kikuyu has 8 spatial deictic terms and Eskimo
has 88, all forming an inclusive hierarchy.

It 1s not inconceivahle that the structure
of the lexicon will exhibait many such poaints
of contact with perception--at least for concrete
descraptive terms. Is there any rcason to believe
that this parallel might also hold for other' parts
of language--specifically for grammar”? There have
been suggestions that syntactic classes such as
noun or verb or even adjective correspond to con-
ceptual categories--to ways of conceptualizing the
named entitities, There have even been occasional
suggestions that grammatical rules are a reflection
of how people conceptualize what they perceive.

We must be quite clear about what such claims
can mean There is a sense in which these claims
are very likely (but perhaps not too interestingly)
true, For example, when I choose to say '"that's a
red ball" as opposed to '"the color of that ball 1s
red" it seems reasonable that I select a part of
speech and grammatical form which highlights
certain aspects of what I i1ntend to assert.
Gramuwar provides many options on how essentiall)
the same propositional content can be asserted.
These alternatives may differ in respect to which
1tems are treated as figure and ground (or topic
and comment). Which option we take on a parti-
cular occasion no doubt depends, at least an part
on how we conceptualize the situation Thas,
however, 1s very different from the claim that
grammatical categories represent conceptual cate-
gories., Even less doe$ 1t suggest that syntactic
rules can be expressed in terms of conceptual
properties In spite of considerable effort de-
voted to the problem no onc has, to my knowledge,
provided even a glimmer of hope that any parti-
cular grammatical rule of language bears anything
but a conventional relation to things in the per-
ceptual field. It 1s as though syntactic struc-
ture provides a sort of system of codes which can
be exploited to carry conceptual distinctions
even though the system of codes 1tself 1s inde-
pendent of what 1t can be used to express. In
fact the linguistic code 1S rather severely con-
strained by properties of the communication
channel into which 1t encodes i1deas, for ex-
ample by the serial nature (1.e., low bandwidth)
of our speech and hearing apparatus in contrast
with the richness of our conceptualizations an
our perception in generai,

Since,.however, language is in all likel1
hood a function of the same cognitive appa-
ratus as 1s available for other cognitive
domains, we might expect an influence to be
apparent at some level--even if not at the level
of rule structures., For example, Lf figure-
ground organization was a primary mode of struc-
turing perception and thought one might expect
syntactic features of some kind t. be used con-
sistently to reflect this organization--even
though the code could 1n principle also be used
tg represent quite a different type of concep-
tualization or the same conceptualization in a
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different way. Thus, 1t 1s entirely conceiv-
able that some predicate-argument type of char-
acteristic might be foynd in grammar, whether
represented as a surface takonomy or some less
obviolis way. Whether or not this is the case 1s
an empirical question in respect to which I don't
believe there is wide agreement at present.

When 1t comes to more abstract properties of
language, such as some of the putative linguis-
tic universals, I believe the possibility of
showing parallels hetween language and other
areas of cognition may be more hopeful. My
rather tentative view on this is based on the
belief that whereas the form of grammar may well
be an unexplainable consequence of some properties
of brain structure together with properties of
channels of communication, sentence comprehension
must bg, implemented on a system with the same ar-
chitecture as that used in other areas of cognition.
Consequently, there may be some very general pro-
cessing constraints that might show up as linguis-
tic universals. In any case, 1f they appear in
linguistic data at all the effects of system archi-
tecture wilY be seen 1n abstract universals rather
that particular language specific syntactic rules,

For example, one very general universal prop-
erty which Chomsky (1975) has cited as evidence'.for
the innateness of Universal Grammar 1is that of
"structure dependent rule'  Rather than infer the
apparently simplest rule (or the rule whose features
are most evident on the surface of the set of
samples) the child infers more complex structure-
dependent ones. :For instance, rather than infer
that declaratives and questions are related by
virtue of a certain pattern of permutation of sub-
strings of the sentences, the child learns that the
permutation applies over an analysis of the sentence
into abstract phrases. Thus, while the simple rule
accounts for the relation between "The man 1s tall"
and '"Is the man tall?", thas would produce the in-
correct transformation of '"The man who 1s tall is in
the room" as, "Is the wan who tall 1s in the room",
Yet children never make the latter error, thus sug-
gesting that their hypothesis formulation capacity
1s constrained in ways characterized by Universal
Grammar.,

But structure-dependence is not only a phenom-
enon of language, 1t is also ubiquitous in percep-
tion. Even a ¢asual examination of what 1s invol-
ved in visual tasks, such as the solution of geo-
metrical analogy problems, makes 3t clear that the
rules employed must bec seisitive to variows level
of abstract-structure as opposed to more superfi-
cial features of the figure. In fact 1t 1s charac-
teristic of all of perception that the structuring
of the perceptual field must be hierarchical. If
we were to describe what a child learns in learn-
ing to perceive 1its world we would come to the
same conclusions about vision a$ Chomsky does waith
language--viz., that the way 1n which the regular-
1ties of the visual field are captured 1s con-
stained by innate mechanisms in a way which would
be described as '"structure dependent',

There have also been attempts to explain more
specific linguistic universals--such as the
Specified Subject ar Subjacency constraints--in
terms of general properties of the processor (e.g.,
Marcus, 1977). Such studies are only beginning
but I have no doubt that some linguistic prgperties
will eventually be attributable to architectual or
strategy properties unique to the human cognitive



gystem. How much will be explainable this way
remains an open question.

3.2 Representing semantics.

The much misused term "semantics' refers to
the 1nterpretation of a symbol system (in this
cage language ) into some other domain. In a com-
puter without 4 perceptual component the only
symbols which strictly speaking have a semantics
are ones which are either directly executable by
the hardware or are translated into other symbols
which are executable.? All other symbol struc-
tures which are referred to as semantic are

really supports for the deductive apparatus. They
simplify the process of deducing new expressions
from old ones in such way as to maintain the
truth of the expressions under a consistent inter-
pretation. This interpretation, however, is pro-
vided by the user, not the system.

Often what 1s referred to as the semantic
representation has some of the properties of a
model. For example, it provides a set of objects
which can be used to evaluate expressions, the way
models are used in mathematics. In a sense then,
these models form a domain of interpretation.

They are not, of coursg, the ultimate intended
domain of interpretation. Expressions are typi-
cally intended to .efer, for example, to beliefs
about ohjects in the real world, not to other
symbols. But this formal model can itself be taken
to represent such cognitive objects and so provides
a formal semantics for the symbolic expressions
which hopefully 1s vdlid in the intended domain,
The design of such formal models 1s a major concern
in A.I. and the computational version of such
systems are typically hybrid mixtures of models

and inference schemes. 1 will have very little

to say about them here.

In a system which does contain a perceptual
component there has to be some facility for trans-
lating between the perceptual analysis and the lin-
guistie analysis. 1n order to deal with the
"semantic content'" of sentences and percepts we
must provide the potential for cross-modality and
extra-linguistic correspondence, I have suggested
that,the most parsimonious view of how this occurs
1s that the end products of both perceptual and
l1inguistic analyses are conceptual structures, or
expressions in a single symbol system which we call
mentalese. Other altermatives are occasionally
proposed. We shall very briefly examine one below.

There have sometimes been objections to the
view that percepts are conceptually analysed into
articulated symbol systems, Some people feel that
this loses the holistic and continuous aspect
which seems intuitively to characterize percepts.
It 1s hard te know what to make of such intuitions.
They seem to suggest to people something more than
that we see distributed features (e.g., roundness)
or continuous properties and therefore that the
percept must represent such properties. Rather
these i1ntuitions seem further to suggest that the
percept must-have such properties--i.e., 1t must
not only represent the property of continuity but
It must actually be continuous, This is a danger-
ous direction to pursue, however, since it could
lead one to" also claim that percepts actually are
large, blue, warm, heavy, etc., running us right
into Leibniz's problem.

The only proposals I have seen for dealing
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with the holism concern are ones which propose un-
analysed objects such as templates or holograms as
perceptual representations. These are not only
atomic wholes but are clearly relatable to the
proximal stimulus, at least in the case of vision.

I have discussed such proposals elsewhere
(Pylyshyn, 1974; 1978b). Their inadequaoy stems
from several sources. One is that by considering
the percept to be holistic in this sense one loses
the abality to attend selectively to parts or
aspects of it or to notice the respects in which
two such representations differ. Of course, one
can gain this facilaty back by positing a process
of comparison or analysis which yields the more
detailed features--but this is just to postpone
the translation into mentalese. Alternatively one
might posit that the comparison itself is done by
a non-symbolic holistic process like that used 1in
matching holograms. But here we run into trouble
with the sheer empirical facts concerning the
cognitive structure of percepts. The type and
degree of perceived similarity among stimuli can-
not be matched by a uniform interpretation-indep-
endent process like the hologram one. To what
extent and in what respect two things are per-
ceived to be different depends entirely on what.we
perceive those things to be. In other words simi-
larity must be defined over an already interpreted
--and hence conceptual, nonuniformly detailed, pre-
analysed, and articulated--representation.

Even a compromise in which the representation
is an articulated structure with something like
"imagoids" or pieces of templates at its modes will
not help.
cases to be further analysed then we are back with
the problems sketched above.
they do not need to be analysed then there 1s no
distinction between this proposal and one in which
the templates are replaced by atomic symbols--1.e.,
terms in the mentalese vocabulary. Recall that
mentalese terms appear in the output from the per-
ceptual system and thus can arise from such per-
ceptual properties as ''large', "round", '"red" or
ones for which there is no single word in Englash,
such as ''sand-like texture" or ones best displayed
graphically, What mentalese terms there are--i.e.,
what well-formed perceptual categories exist--is
an empirical question.

Whatever merits the proposals for imagistic
or analogue frepresentations may have they clearly
do not help the language-perception interface
problem since sooner or later the representation
must be analysed in such a way as to be commensur-
able with natural lapglhage terms. VWhether thas ns
done at the time of perception, or jostponed by
storing an unanalysed proximal stimuilus so that it
must be done at the time of sentence generation,
does not affect the basic problem. Other inde-
pendent considerations, discussed in Pylyshyn
(1973, 1974, 1978bjJ, argue against ithe view that
unanalysed stimulation is stored in memory.

3.3 The genesis of the language-perception
correspondence.

In an earlier paper I noted three major pre-
conditions for learning a language (Pylyshyn,
1977).

1. Sensory experience must be structured. The

"bloomng, buzzing confusion' of William James must

be susceptible to segmentation, analysis, and re-

For 1f those template pieces need in some

If, on the other hand,
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construction. Some aspects must be foregrounded
relative to others so that the environment becomes
articulated or differentially noticed in some
fashaion.

2. Communication codes (both verbal and nonverbal)
must likewise be structured The stream of vocal or
gestural behavior must be perceived as segmented and
a distinction between signifying and nonsignifying
variation must be made (1in generation and/or percep-
tion).

3. The occurrence of a speech act must be recog-
nized. This 1s perhaps the most important but most
heglected aspect of preconditions for language
acquisition Not only must a child attend to the
appropriate aspects of his environment, but he must
do 1t within the context of what Merleau-Ponty
would call [loosely) an "intention to mean",

In this section I wish to deal primarily with
th® first of these preconditions and with what has
to happen in order for a simple naming or describ-
ing correspondence to occur, I will not dwell on
the other two preconditions except to note that,
as the third precondition suggests, a simple
associative pairing will not make one perceived
pattern (e.g., a word) refer to another. The
pairing must be conceptualized and subsequently
treated as a particular kind of asymmetrical
irreflexive relation called naming or reference.
This in turn means that one pattern (e.g., a word)
1s not simply an indizcator that, say, the other
pattern 1s about to appear but rather becomes a
symbolic surrogate for i1ts referent. It can then
be used in arbitrary cognitive combinations with
other such surrogates. It can be used not only in-
strmentally to anticapate or to ask for objects,
but also to think about, hope for, question, assert
something about, plan for, and vicariously play
with the designated object.

What I would like to consider in a general way
1s how a linguistic sign or word can come to refer
to sometimng 1n the perceptual field Take the
simple example of naming by ostention. A child
15 shown a dog and the word "dog'" is uttered.
Suppose the preconditions are fulfilled. The first
problem to be faced 1s the well known difficulty
of how the child 1s, to know that what 1s being
pointed at 1s the obiect rather than any of
1ts properties. Alternatively, how 1s the child to
know whether the word refers to that vety object
lying on the carpet with a collar around its neck
and a bone 1n 1ts mouth or any member of the
Cocker Spaniel family or any canine or mammal or
livipg creature, and so on.

First of all 1t 1s clear that what the speaker 1is
referring to must be a conceptually integral unit for
him--something he can conceptually detach from his
cognitive or phenomenal field Secondly, 1f the
hearer 1s to have any chance of acquiring the
same referent for that word he will also have to
to have conceptualized the field in such a way as
to individuate the same entity as the speaker.
Given the unlimited number of in-principle
possible ways of analvzing the entire ostention
si1tuation, nothing short of a miracle could ensure
that the same analysis was given by both parti-
cipants. Nothing, that 1s, except a highly con-
straining universal innate mechanism that severely
l1imits the set ot alternatives which are humanly
conceivable.?® What this in turn comes to 1s the
¢laim that the terms of mentalese are innate
This outrageous claim, which 1s argued for in con-
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Biderable detail by Fodor (1973), is also pressed
on us by other considerations which we take up
below. Thirdly, the,K listener must use both his
perception of the physical situation and his
understanding of the social context to infer the
intentions of the speaker. This gives definition-
by-ostention a problem-solving character.

John Macnamara (1972) has revived interest in
the view, often associated with St. Augustine, that
'"...1nfants learn their language by first determin.
ing, independent of language, the meaning which the
speaker intends to convey to them, and by then wark-
ing out the relationship between the meaning and the
language (p. 1)." In other words the child has
various sources of evidence concerning such things
as what objects, classes and properties are in has
environment and what the adult intends to convey,
say, by pointing and speaking a word, His task 1s
then to make the inference to the best hypothesis
concerning the correspondence betwecen these events
But the question arises, how 1s the hypothesis
formulated? Clearly this view assumes that the
relevant aspects of thought and perception (my
first precondition) are present prior to language
learning. This in turn presupposes that the terms
of mentalese are also available prior to language
learning since the hypothesis must be expressed in
mentalese. But how then 1s mentalese acquired?

The answer 1s that 1f 1t 1s "acquired" at all
no one has the slightest i1dea how this could
possibly occur. The only notion around (as Fodor,
1975, has argued) regarding how a new concept (or
term of mentalese) could be learned 1s one which
says that what people learn 1s the relation of the
new concept to some relational structure of already
known concepts. But this precludes the learning of
any concepts that are not definitional composites
of old ones, and therefore strictly eliminable.
Unfortunately, this appears to include most natyral
concepts  Like the theoretical terms in science,
most natural concepts cannot be given a context-free
definition but rather depend on the entire system
of concepts for their meaning (which 1s why dictio-
nary definitions are invariably circular). While
one can speak of the accomodation of linguistic
usage (e.g , the referents of wcrds can vary as we
discover new empirical facts--such as that both
steam and 1ce are really just forms of water), the
accomodation of the mental concepts, 1n terms of
which the linguistic terms can be understood,
remains a mystery. The mystery 1s not lessened,
moreover, by talk of motor schemata or '"equili-
bration" as Piaget does. In each case of
putative conceptual change the process either
depends on assimilating new concepts into arrange-
ments (or schemata) made up of old contepts, thus
severely limiting the type of coénceptual change
possible, or 1t is left unexplained There 1s no
explanation, nor even the beginnings of an
approach, for dealing with the accomodation of,
schemata or conceptual structures into ones not
expressable as definitional composites of exist-
1ing ones. There 1s, in other words, no inkling
as to how a completely new non-eliminable con-
cept can come 1nto being.

This 1s in fact an extremely deep problem
about which very little sense has been made.

People are sometimes mislead by certain compu-
tational metaphors into believing that the
prublem ¢an be dispensed with by something like
compilation. But however attractive that
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notion 1S, as a way
procedures canjcome
selves expressed 1n

of talking about how new

into being which are them-
terms of new operations, 1t
does not generalize to concepts in general

Such a notion works in the case of procedures
because the sct of computable functions 1s closed
and reduceable to elementary (Turing machine)
operations in a way that the set of conceptuali-
zations of the world 1s not.

It stems to me that there are two gefieral
avenues open for dealing with this dilemma, both
of which simply raise more questions than they
answer. In both cases what we are doing 1s
opting- for a different locus for the myS3tery,
rather than resolving 1it.

The firgt approach 1s to simply accept
what seems an 1nevitable conciusicn and see
what 1t entails. This 1s the approach taken by
Fodor (1975) who simply accepts that mentalese
1s innate This means accepting that virtually
all unitary concepts of which we are capable
are genetically determined. Compound concepts
(such as circular red object) can also be con-
structed as well as definitional composites, but
these constitute a minority of our mentalese yo-
cabulary. Of course, there need not be (and in
fact certainly will not be) a one-one correspon-
gence between concepts and words in the spoken
language. It 1s quite Jikely that mdst words do
correspond to concepts, though there have heen
suggestions that some words are represented by com-
positions of more primitive concepts (e.g., kill =
do something to cause to die; never = not ever).
So far few, 1f any, of these suggestions have with-
stond empirical tests (c.f., Fodor, Fodor, and
Garrett, 1975). Clearly, however, not all
mentalese terms correspond to words. Not only do
societies differ in their basic vocabulary but the,
view of mentalese we have Jeen discussing requises
terms for stable percemtual features which are not
encoded 1n our langwgmge,at least not as single words

While the notiom of all oun comepts being
innate 1s repugngnt to the contemporary Zeitgepst,
part of this attitude may be due to the connota-
tions of this way of speaking. If we thought of
the 1nnate mentalese vocabulary as corresponding
to the fixgd structura] properties of the compu-
tational system, together with the input-output
tragnsducersd, this*might not secem as distasteful.
Even the simplest*modern computer has a consider-
able amount of fixed hardware (1.e., annate)
structure~-including a faeirdity for discriminating
an unlimited number of formal atomic symbols, If
each of these symbols had predetermined potential
referents (say by virtue of the way they were
wired to mechanisms which were eventually connec-
ted to transducers), they could be considered
innate concepts, Of course this 1s not the whole
story since 1t as hard to see how many of the
required concepts (e.g., Kant's transcendental
categories such as space, time and cause) could
be thought of as wired fo transducer$. The
problem here 1s that 1t 1s still not very clear
what the force of the claim 1s when we say that
concepts, qua interpreted symbols, are innate
Concervably 1t could mean little more than that
the constraints on the system of symbols 1s so
great that the class of possibie interpretations
(like the clasg¢ of realizeable grammars) 1s ex-
tremely limited. In fact one way that the class
of possible interpretations could be characterized
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might be to formulate them 1in

terms of the requirement that tire only concepts
the organism can hold are ones expressable in
terms qf a certain "innate vocabulary'. In that
case, ''innate vocabulary' has the same status as
"universal grammar''--viz., they both somehow
characterize the endowed cognitive capacity of
the organism.

This approach to the innateness dilemma
places the puzzle of conceptual development on
a different mechanism from the usual one of con-
cept learning. Now the problem becomes, given
that most of the concepts are innatg why do they
only emerge as effective after certawn perceptual
and cognitive experience and at vd¥ious levels of
matuxration?

Another approach to this dilemma 1s to locate
the puzzletin yet another quarter. We think of
the '"innate copcepts'" as being the representational
capacity of the fixed hardware architecture--so
that mentalese becomes 1dentified with machine
language. The innate concepts are thus not truly
concepts but, as suggested above, symptoms of the
interpretive constraints imposed by the computa-
tional architectuie on the system of, avaidable
symbols. Now the symbols do have to ‘be exploited
i1n representing the world, and for any particular
machine architecture their interpesecability 1is
constrained in certain ways For example, if a
zertain subset of available atomic symbols 1s treat-
ed 1n a certain way by the motor transduecer (e.g ,
cause the hand to open or the arm to reach out)
then they cannot copsistently be interpreted as,
say, referring to phonemes

Now the problem we had was to explain how
new concepts can develop which are not definable
in terms of old ones. This 1s the essense of
radical conceptudl change or_ accomodation. The
paradox arose because the only formal mechanism
which seemed to be available was symbolic composi-
tion (or definition). A whole new realm of possi-
bilities opens up however 1f we allow non-symbolit
changes to occur--1.e., if we allow the actual
hatdwared connections or architecture to change
Concepts can then drift or mutate insofar as the
constraints on symbols can change in novel ways.

The trouble with this proposal, of course, 1s
that 1t 1s nothing more than a burying of the
problem into hardware. So leong as the relation
between hardware and symbolic levels 1s not
systematically understnod--so that, for instance,
we had spme formal rules for how the underlying
architecture could change i1n response tQ programmed
instructions --then this proposal is not a real
alternative. It does, however, contain one
recurring suggestion which seems to surface in many
different contexts and for /many different reasons
(most, in my view, are invalid)--viz., that there
are some cognitive functions whose realization will
require that we transcend the symbolic mode and
deal with physical (or, at any rdate, a quite
different set of symbolic) processes. Maybe that's
wnat Kant had in mind when he spoke of ''transcen-
dentar reasoning'.

Foothotes
1. The fact that a system without instrinsic
semantics could gonceivably stall pass the
Turing test and meet Newell's criterion for



understanding (viz,, "S understands knowledge K a1f
S uses K whenever appropriate') suggests that

such criteria may show that there is a difference
among (a) achieving "understandan' (b) knowing what
things, properties, etc. in the world 4re being
referred to, and (c) explaining what such under-
standing consists in, or what 1t means to compre-
hend on utterance. As noted earlier, criteria

of performancte are distinct from criteria of ex-
planation,

2., Even numerals are not interpreted by the
machine. The transformations of numerals into
numerals carried out by what are called arithmetic
commands are just formal operations on symbols.

The user typically interprets the symbols as desig-
nating numbers and the operations as designating
the usual arithmetic operations but he could just
as well interpret the symbols as, say, propositions
and the operations as deductions (though the inter-
pretation function might be quite complex)--or any
other interpretation which happens to maintain its
coherence,

3. It 1s understandably not easy to provide an
example of a humanly 1inconceivable unitary concept.
Goodman's "Grue" and '"Bleen', introduced to high-
light certain problems of induction, may be such
examples. Grue is the unitary concept whichfin
English corresponds to the color description ''Has
a green color up to time t and a blue color after",
Thus 1n the new system green would be the name
given to.that strange gelor which 1s Grue up to
time t and Bleen afterwards So far as anyone
knows, concepts like Gruec and Bleen mever occur 1n
human cultures. lowever we must not be too pre-
sumptive about what concepts actually can exist,
Lxot1ic societies. frequently provide examples of
what are for us inconceivable ways of carving up
experience, For example Foucault (1972, xv) quotes
Borges' citation of an ancient Chinese encyclo-
pediaa which has the following strange taxonomy.
"Animals arc divided into (a) belonging to the
Lmperor, (b) embalmed, (c) tame, (d) sucking pigs,
(e) sirens, (f) fabulous, (g) stray dogs, (h) in-
cluded 1n the present classifacation, (1) fren-
zied, (J) nnumerable, (k) drawn with a very

fine camelhair brush, (1) et cetera, (m) having
Just!broken the water pitcher, (n) that from a

long way off look like flies." If very strange
coficepts do ex18t we might find 1t very nard to
decipher them, given our censtrained schemata
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SEMANTIC PRIMITIVES IN LANGUAGE AND VISION

Yorick Whklks
Department of Language and Linguistics
University of Essex
Colchester, England

The purpose of this brief note is to argue
that, whatever the justification of semantic
primitives for language understanding may be [see
Wilks 1977] there 1s no reason to believe that it
relates togvision in any strong sense

By ‘'semantic primitives' | mean the general
sort of item proposed within Artificial Intelll-
gence (Al) by Wilks (1972, 1977), Schank (1973)
and within linguistics by~Fodor and Katz (1963),
Jackendoff (1975) mmong many others, in both case
The generality of these items is essential to my
argument, and | shall not count as semantic
primitives items used for special tasks, whether
or not those tasks are related to vision, as are
the visual description primitives of Johnson~
Laird (1977}

Spatial versus visual

What follows is highly naive and specu-
lative it will rest largely upon the opposition
of linguistic knowledge to spatial and visual
knowledge respectively | take it for granted

that the latter are not necessarily connected,

and so to establish that we need spatial know-
ledge to understand language (to name & task ay
random) does not establish that we need visual
knowledge The lack of necessary connexion is
shown by such haikneyed examples as the person
blind from birth, who has no visual, but a great
deal of spatial, knowledge

One initial reason for distingyishing the two
is the great deal of argumentation in linguistics
i recent years that falls under the general
heading localism This thrust of argumentation
has sought to establish the central role of spatial
concepts in lthguistics, and among Tts best known
proponents are Anerson (1971), Fillmore (1977)

and Jackendoff (1975)

to argue that temporal expressiors are in general

One stand in this view it

reducable, in some sense, to spatial ones that

in ten minutes (a time expression) is dependent

on the spatial sense of such forms as in five

miles This is a very difficult and general

debate there is contrary evidence from cultures

where space is indicated by time (The airport is

is about ten minutes awag), and there is a strang
phi fosophical tradition, centred round Kant, that
our sense of time is logically prior to our sense
of space That is to say, we could conceive of
structuring our experience without the concept of
space, but not without that of time because, if we
could ngt know thit one eévent preceded another,
then we could probably not know anything at all,
not even mathematics if that consists at bottom In
sequences of operations
experiments ofi the willingness of subjects to

Michotte's famous

attach the word cause to moving piectures of pairs
of "striking billiard balls' is sometimes cited
as providing a visual basis for causality (Clarke
& Clark 1977), although the notion of causality
may well in fact make no sense without the
concept of time We could assert (wrongly, as it
happens) that lightening causes thunder without

the aid of a spatial concept, but not without a
temporal one

The logical or linguistic priority of space
to time is by no means a settled matter, and
neither therefore is the thesis of localism
have argued that the role of the visual in
language is not necessarily supported by the need
for spatial knowledge, and so the status of the
latter need not be discussed Nongtheless, |

have questioned the self-evidential truth of



lotalism, just In case anyone should think that,

if it were true, it would support the centrality of
visual knowledge in language understanding.

Let us now, as the brief substance of this
paper, look at three arguments that might be put
forward to support the dependence, or inter-
dependence, of linguistic and visual knowledge.

Evolutionary arguments

This comes in phylogenetic and ontogenetic
forms. The former is the ingeniqus argument
{Gregory 1970) that, since the human race has been
able to see for many times more millenia than
has been able to speak or write, then it might
seem reasonable to believe, on evolutlonary
grounds that. the brain "took over'' the existing
visual structures for language understanding and
production. This argument may well bé true, but
@t present there is no independent evidence that
would count for or against it.

The '"ontogenetic form'' of the argument - in
the individual, that Is - is that one first learns
words essentially through the visual channei, and
so again our linguistic knowledge is essentially
dependent upon visual criteria and experience.

The best quick answer is to turn tp the sort of
word often used as a semantic primitive in Al
language understanding systems: STUFF (m=substance),
ATRARS (=changing the ownership of an entity),
CAUSE (=preceding and necessitating an event)

it is highly dubious that such very general
concepts are, or can be, taught by visual/
astensive methods. Can one point at substance as
such? One may want, or mean, to, but can one IJ
fact relipbly do so?

One structure for many purposes

This Is a widespread view in Al that has been
argued for explicitly by Minsky (1975) and Rieger
(1976), among others. Roughly speaking, it is
that implemented systems should use a single
knowledge structure for a range of purposes:
language understanding, problem solving, etc,
it is an additional assumption that human beings
do function in thjs way.

The thesis can be expressed at many levels,

and at a sufficiently general level it is almost

certainly true. But it might then mean no more

than that a single proaramming language could
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express general sub-routines for parsing, noise
reduction etc. for a number of input channels.
At a more specific level was the thesis, not now
widely supported, that language and vision in some
sense shared the same ‘grammar', in the sense of
Chomsky's transformational grammar (Clowes 1972),
Striking evidenck from the paralielism between
visual and linguistic ambiguity was found, and the
fact that Chomsky's grammars no longer seem such
plausible candidates for such a role does not mean
that the thesis itself is false at that level.

Let us concentrate for a moment on two more
specific levels. First, consider the well-known

contrast between such sentences as:

The paper moved

The dog moved

Linguists who differ about much else would
want to ascribe a notion of agency to the subject

Many
in A] working on natural language would agree, and

of the second sentence but not the rirst.

add that the notion of agency is essential if other
important inferences are to be made. But, surely
no one would argue that agency Is, in any useful
sense ascribed a visual criteria, that could be
reduced to the visual differences of paper and
dogs. It is in fact a complex theoretical notion
dependent upon our beliefs and theories about the
world: we do not now attribute agend) to trees,
though some fellow humans do. But this difference
is a theoretical (including linguistic) one, not

one of differgence of visual perception.

Secondly, we may return to general semantic
primitives of the sort already mentioned (and
simi lar inventaries may be found in (Bierwisch
1970) and (Leech 1974)),

There are many possible ways in which one
might seek to Justify such primitives (see Wilks
1977), and Bierwisch (1970) has gone on record
as saying that they do denote, and are to that
extent dependent upon visually ebservable
entities. | suggested above that that may not be
so: one may point at treacle, water or elephant
meat, but It Is not so clear one can point at
SUBSTANCE, yet this notion has a role to play in
language ynderstanding for how, without it, can
one economically express such axioms as 'A

quantity of a substance plus a quantity of it



yield a quantity; of it" This axiom is not true
of physical objects, as distinct from suhstances
A well-known confusion must be avoided here
it may well be true, as the model theoretic
semanticists like Montague claim, that any
contentful notion, primitive or not, refers to a
function of sets In that sense move might be
said to refer to a set of entities that move
However, this point about logical reference
has no consequences for the point about whether
or not such primitives denote entities in_the

real world

Visual and spatial imagery

Finally, it is sometimes argued, that the
structures underlying language must depend upon
those underlying vision if only because natural
language is so full of visual imagery In
whatever sense "visual imagery' is taken, this
fact is, | believe, irrelevant to any precise

assertion under discussion/, by which | mean any of

I) Language understanding processes in humans
depend, either a5 to primitive elements or
strdcture, on visual experience and the

mechanisms that interpret 1t

II) The specification of language in humans has
no significant overlap, in terms of primitive
elements or structure, with that of other
faculties, like vision

III) Visual processes in humans depend, either as

to elements or structure, on linguistic
experience and the mechapisms that interpret
and produce (sic) it

For all three cicacs unly anecdoval evidence
is available, though | would be streagthened by
empirical evidence that the biind from birth were
less able to understand the use of visual imagery
in language Those with a predeliction for motor
theories should be tempted to consider the Whorfian
thesis III (wWhorf, remember, believed we might
perceive, say lightning, as an entity, rather than
an activity or process because we denoted it by
a member of the theoretjcal categorv NOUN, rather
than VERB) sipce, as the structural difference of
I and IIl makes clear, language is an activity in
a way vision is not

Thesis II will be agreeable to those who are
impressed by the way in which confusion can arise
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when one tries to bring together information on
the same topic; but obtained via different
channels As when one refers to two clities whose
mutual relation of position one knows from a map,
between which one can drive 'without thinking ,
and also about both of which one has a great deal
of textual/factual information Readers of
(Fitimore 1977) will recall his attempt to
describe the relation of a text-based frame and
an experientially-based scene ta the same
situatfon | think Al workers at this particular
interface could profit from considering the
extent to which such possible inconsistencies
can be matters of theory rather than superficial
fact an observer who is asked whether two sides
of @ long railway )ine meet at the furthest point
he can see will give an answer not independent
of of his abstract (possibly linguistically based)
theory of paraliel lines

In concluston, this note has tried to do no
more than ward off certain confusions, and to
stress how many points of view are still open,
since the evidence for and against them is no
more than anecdotal, even when the anecdotes come
from Psychology labs The choice between theses
I/11/111 is a metaphysical one, in the more red-

blooded sense of that ovértired word

it cannot
be made on empiricatl grounds now, but it can have
important practical tonsequences about where one

chooses to look for answers
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