UC Merced
Proceedings of the Annual Meeting of the Cognitive Science
Society

Title
The Structure Grounding Problem

Permalink
https://escholarship.org/uc/item/31j40661

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 15(0)

Author
Gasser, Michael

Publication Date
1993

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/31j4066r
https://escholarship.org
http://www.cdlib.org/

The Structure Grounding Problem

Michael Gasser
Departments of Computer Science and Linguistics
Indiana University
Bloomington, IN 47405
gasser@cs.indiana.edu

Abstract

Work on grounding has made a start towards an un-
derstanding of where simple perceptual categories
come from. But human concepts are made up of
more than the simple categories of these models;
concepts have internal structure. Within the vi-
sual/spatial domain, it is necessary to go beyond an
account of how “square” and “above” are grounded
to an account of how “here is a square above a circle
which is to the left of a triangle” is grounded. Con-
ceptual/linguistic structure is not just arbitrary
patterning which falls out once the object and rela-
tion categories have been identified. Rather, it re-
flects fundamental aspects of the perception of ob-
jects and relations. Thus there is a need to ground
the structure as well as the categories which make
up concepts.

Grounding and Structure

Since Harnad’s important paper on the need to
ground symbols in perception or action (Harnad,
1990), there have been various attempts to train
systems to categorize visual inputs in terms of
noun or noun-like categories or simple one- or
two-place relations (Dorffner, 1990; Nenov, 1991;
Regier, 1992). While the progress made by these
researchers should not be minimized, grounded cat-
egories by themselves are only the beginning. One
of the hallmarks of human concepts is their struc-
ture. On the traditional view, symbols combine to
form an effectively unlimited set of possible sym-
bol structures, which are interpretable by virtue of
the context-freeness of the symbols and the small
number of rules of composition.

There are at least two ways in which conceptual
structure may relate to the symbol grounding prob-
lem.

1. Assuggested by Harnad (1990), once symbols are
grounded, it is the job of the symbol system to
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see that they are arranged in ways that make the
results meaningful. Symbol structure is a purely
symbolic matter.

2. The structure of concepts, like the symbols that
are combined in the structures, gets its signifi-
cance from the learned or wired-in connections
between perceptual phenomena and structural
distinctions. Structure is grounded.

My purpose here is to argue for the second alterna-
tive.

The Structure of a Scene Description

I will be considering only the limited case of what
is involved in generating a description of a simple
scene, such as that shown in Figure 1.

Figure 1: A Scene to Describe

One way in which a speaker might choose to de-
scribe this scene is as follows:

(1) In the middle of the scene are two rect-
angles. (2) Inside the cne on the left are two
circles. (3) They are more or less the same
color. (4) The rectangle on the right has two
small figures above it. (5) The one on the left
is a triangle, (6) and the one on the right is a



square. (7) The rectangle on the right also has
rounded corners.

At one level, this description can be viewed
as structured in terms of what each sentence is
“about”, or what is relatively given, and what it in-
troduces that is new. I will refer to the more given
element somewhat sloppily as the “topic”, though
givenness and topicality are probably not the same
thing. In the first sentence, the scene, taken to be
giv-n, is used as a setting to introduce the rect-
angles. The rectangles, in the form of one or the
other of the members of the pair, become the topic
of sentences (2), (4), and (7). Sentences (2) and
(4) also introduce new objects which the succeed-
ing sentences take as their topics. At the level of
the entire description, there is a hierarchical struc-
ture, defined in terms of the topics which are as-
sociated with sets of sentences.! Note how the use
of also in the last sentence reflects this structure;
this word says, in effect: “now I’m saying some-
thing more about the rectangle on the right.” The
distinction between given and new also plays a role
in the structure of individual clauses; the topic ap-
pears early in the clause, the new information later
on. One possible way to represent the structure of
the description is through a directed acyclic graph
like that shown in Figure 2. The sequential nature
of the description is indicated by the thick arrows,
and the height of the nodes representing the as-
sertions in the description reflects the hierarchical
structure.

A further aspect of the structure of the descrip-
tion concerns the way in which particular objects
are grouped with others. There is grouping of two
kinds here. First, objects appear grouped with
other objects in terms of particular relations. For
example, the small triangle and square are intro-
duced in terms of their position with respect to the
rectangle on the right rather one of the other fig-
ures in the scene or the whole scene itself. Second,
groups of two or more objects, for example, the two
circles or the triangle and square, may be treated
as sets rather than as unrelated objects. This is
reflected linguistically in the use of grammatical
morphology: the plural and the noun phrase the
one.

!There is nothing new about these claims; the hier-
archical nature of discourse is familiar in discourse func-
tional linguistics and in the natural language processing
literature concerned with discourse comprehension and
production.
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Scene Description and Perception

How does the description relate to the scene de-
scribed? It seems clear how each of the lexical items
in the description (e.g, rectangle, middle, above,
corner) corresponds to some aspect of the scene.
But the structure of the description, in particular,
the ordering of the constituents and the sentences
and the way in which the topic shifts, seems to bear
no direct relationship to the scene itself. These fea-
tures of the discourse derive instead from the man-
ner in which the scene was processed by the system.

The selection of a new object to introduce, and
possibly to continue discussing in further clauses,
depends in particular on its relative salience. But
it may also depend on a top-down strategy for scan-
ning a scene in a consistent direction. Such as
a strategy tends to be adopted in descriptions of
rooms, for example. The sequential arrangement
of the arguments of a clause, and in the case of
asymmetric relations such as above the categoriza-
tion of the relation itself, depends on which of the
objects in question is treated as more given than
the other.

The grouping of objects in terms of particular
lexical relations or as sets with the same category
label is based on judgements of the relative similar-
ity and proximity of the objects and possibly also
on similarity judgements of a higher order. For ex-
ample, if there were two small figures above the
triangle on the left as well as that on the right,
this would increase the likelihood of these particu-
lar groupings because of the analogy that could be
made. It is also possible to group relations, though
this is not reflected in the above description. For
example, one could refer to an instance of jumping
in terms of crouching, leg straightening, becoming
airborne, and landing, or simply in terms of jump-
ing. Here it is not only the similarity of the actions
involved that is relevant; it is their close temporal
proximity and the fact that one flows smoothly into
the next. In this case, the availability of a lexical
category (jump) for the sequence of actions proba-
bly also plays a role in the grouping, at least in the
context of language production.

Finally, there is another aspect of the scene de-
scription which though not, strictly speaking, struc-
tural is a reflection of a basic perceptual processing
mode. Recognizing that the two circles in the scene
are the same color is not a matter of categorizing
some aspects of the scene as same and color, what-
ever that would mean. Rather it involves selective
attention, the ability to attend to only one of a set
of perceptual dimensions that characterize the cir-
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Figure 2: Structure of a Scene Description

cles (a relatively difficult task, incidentally, and one
that children do not learn early on).

None of these ideas is new. The notion that lin-
guistic form, and the conceptual structure that is
behind it, is a reflection of the way in which states
and events are perceived or otherwise experienced
is one of the basic tenets of cognitive linguistics.
See Langacker (1987) for an extensive discussion,
including many other kinds of examples.

Note that the kinds of distinctions that appear in
the structure of discourse, like those that relate to
categories, are all-or-none, but that they map onto
differences in the image, or an “iconic representa-
tion” of it, which are continuous. And it appears
likely that there would be category effects for the
structural distinctions, just as there are for the cat-
egories themselves (Harnad, 1987). That is, given
two objects which might or might not be treated
as a group, we might expect people to judge pairs
which are on either side of the boundary between
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these two types of treatments to be more different
than pairs which are on the same size of the bound-
ary, all else being equal.

Note also that the categorization of the objects
and relations in a scene, yielding the lexical items
in the description, and the various processing ac-
tions which are taken, yielding the structure of the
description, are intimately related to one another.
For asymmetric relations, it is impossible to cat-
egorize the relation until it is known which of the
objects is to be treated as topic. (Is X above Y or Y
below X?) Thus categorization depends on the pro-
cessing correlates of topic assignment. Conversely,
a decision concerning whether to treat two objects
as a set may depend on whether there is an avail-
able lexical category which refers to both, that is, a
noun that could be used in the plural to refer to the
set. Thus it seems best to imagine the processing
that is reflected in the structure of discourse and the
categorization that is reflected in the lexical items



that are selected as proceeding in parallel.

In sum, the structure of a stretch of lan-
guage describing a visual scene, and presumably
also the structure of the concepts behind that
language, is a reflection of the way in which
the speaker/conceptualizer perceived that scene.
Among other things, the aspects of perception
which are relevant include determining (or at least
responding to) relative salience, scanning a portion
of the scene in one direction or another, grouping
objects or relations in the scene on the basis (and
hence, comparison of objects and relations), and se-
lectively attending to particular dimensions in ob-
jects.

Conclusions

I have offered no solutions here. I have simply tried
to elaborate on what grounding should accomplish.
The representations that are behind the description
of a visual scene are comprised not only of the lex-
ical categories which characterize the objects and
relations in the scene, but also of the ways of com-
bining the words into structures which are a reflec-
tion of the processing of the scene. If such rep-
resentations are stored in long-term memory, and
their retrieval results in the “playing back” of the
originals, then scenes are remembered in terms of
the way in which they were originally processed.
And the processing actions discussed here are sig-
nificant for other reasons. Grouping of objects and
relations, in particular, is at the heart of what goes
on in visual analogy, for example.

What does all of this have to say about the na-
ture of conceptual structure? While concepts could
still look like symbol structures, this is somewhat
harder to imagine than it would be in a system
where only the categories are grounded. With con-
ceptual structure (at least for visual/spatial con-
cepts) now grounded in perception, the motivation
for a symbolic component is weakened considerably.
It seems more reasonable to imagine a system which
is basically connectionist throughout, but with rel-
atively localized representations at the level of lexi-
cal categories, where the system stands to gain from
the efficiency of a finite, and more or less fixed, set
of labels. These categories would be combined into
distributed representations of structure, with their
capacity to generalize; to model human short-term
memory limitations; and, incidentally, to behave
systematically too (Chalmers, 1990).
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