Connecting Visual and Verbal Space:
Preliminary Considerations
Concerning the Concept
‘Mental Image’

Jorg R.J. Schirra

SFB 314, VITRA
Fachbereich 14 - Informatik
Universitat des Saarlandes

D-6600 Saarbriicken 11
Federal Republic of Germany
e-mail: joerg@cs.uni-sbh.de

November 30, 1992

Abstract

AT research concerning the connection between seeing and speaking mainly employs what
is called reference semantics. Within this framework, the notion of ‘mental image’ is often
used while explaining how somebody not situated in the same perceptual context is able
to anchor his understanding of an utterance describing the scene visually perceived by the
speaker. We give a foundation for considering mental images as propositions with respect
to a certain field of concepts: these fields have to provide a syntactically dense set of
concepts distinguishing locations. The use of such propositions in the reference semantic
explanations of understanding utterances about visually perceived scenes is motivated by
applying Kant’s idea of the introduction of new types of objects: we conceive spatial
relations as relations only applicable to sortal objects, i.e., individuated objects which are
synthetically introduced on a syntactically dense field providing their potential locations.
The concept ‘mental image’ which results from these preliminary studies is applied to two
current projects in Al, one dealing with the semantics of particular spatial prepositions,
and the other more generally concerned with the logic of the connection between visual
and verbal space.
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Connecting Visual and Verbal Space

Preliminary Considerations Concerning
the Concept ‘Mental Image’

Jorg R.J. Schirra, Saarbricken, FRG

1 Using Mental Images: a Naive Framework

The relation between language and world has attracted the interest of scientists since the
beginning of science. Nowadays Al encounters a more restricted version of this question when
addressing the problem of the connection between space in its visual and verbal forms. A
typical example from our ordinary life is the task of a radio sports reporter: he has to give to his
audience a verbal description of spatio-temporal configurations (among other aspects) which
he accesses by his visual sense. Usually, the spatial entities to be considered are intuitively
classified into those concerning the relations between two or more concrete objects — spatial
relations — and those additionally integrating temporal aspects — spatial events. The reporter’s
behavior is often explained by means of the concept of ‘reference semantics’, i.e., his report is
viewed as primarily anchored in his perceptions. The combination of this understanding with
the communicational aspect of language leads us to the conception of mental images.

Following G.H. Mead, one central aspect of conscious communication is that in the speaking
individual, the same reaction is triggered as is in the other individuals (cf. [Mea62, p. 68ff.]):
the speaker has to adopt the role of the others in the communicative act. In order to be
language, what is said has to be understood by the speaker, as well, and he must be influenced
by it in the same way as the others. This is essential since speakers never mention explicitly
everything actually communicated: the phenomena of ellipses and anaphora, presuppositions
and conversational implicature are just the tips of the iceberg. In Al, partner modeling provides
the corresponding explanatory tool. Therefore, we should not examine the reporter without his
communicative counterpart, the audience. Radio sports report listeners are involved in cognitive
activities approximately converse to the speaker: they have to understand what the reporter
has said. However, the conception of reference semantics cannot be simply transferred in order
to explain their understanding (and the behavior resulting from it), since the situational setting
explicitly excludes any perception of the reported events by the audience: as is indicated by
Fig. 1, this problem is usually solved by means of the concept of ‘mental images’ (cf. [Sch93]).
In order to explain how a listener understands the report which is grounded in the visual
perception of the speaker, the listener is assumed to construct a wvisual mental model which
substitutes percepts of objects not perceptually present: as a German linguist wrote in 1969,
‘the radio reporter has solved his task only if he describes the reality of a sports event so vividly
and obviously to the listener that the listener believes he sees that reality’ (cf. [Dan69, p. 94]).
Following Piaget’s detailed classification of mental images, we are concerned with anticipatory
kinetic images, i.e., images of situations and movements which were not perceived before (cf.

[P166, Chapter 1, § 1]).
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Figure 1: Mental Images as Explanations

In the following, I elaborate this approach to explaining the connection between visual
(perceptual) and verbal (communicative) aspects of space by means of the concept of a ‘mental
image’.

2 The Logical Components of an Utterance

We first concentrate on the verbal aspect of space which not only mediates between speaker
and hearer, but also is usually viewed to be interpersonally accessible — in contrast to percepts
or mental images. While performing his task a radio sports reporter utters primarily singular
declarative sentences' about concrete things, sentences like (S 1) and (S 2):

S1 Miller is not standing in the right half of field.
S 2 Miller is doing a double pass with Smith.

Following the constructivist analysis of logic ([KL73]), singular declarative phrases are log-
ically divided into four parts: one is called the involved set of nominators which refer to some
given (i.e., already mutually known) individual objects, like ‘Miller’ or ‘the right half of field’.
The expression ‘nominator’ was introduced in [Lor70, p. 214] with the particular aim of ob-
taining a more distinct separation between logical and linguistical analyses.? In comparing the

!Here, ‘singular’ is opposed to ‘general’: singular sentences concern single objects; general sentences use
quantified variables with respect to a domain of objects;

2Four types of nominators are distinguished: demonstrator (‘this’), indicators (‘today’, ‘you’), proper names
(‘Miller’), and definite descriptions which use a predicator to specify the object (either in combination with the
demonstrator (deictical description; ‘this ball’) or pure (‘the ball’)); cf. [KL73, TIT1.8-9];



logical and the linguistic terms, the nominators correspond mainly to the noun phrases of the
sentence.

The second part is called the predicator (cf. [CardT, p. 6]). The function of predicators is to
introduce a standard gauge with respect to which the considered objects are rated: a dimension
of distinction to be communicated — i.e., proposed to be newly established in the interpersonal
discourse universe. In the examples above, we employ the predicators ‘to stand in’ and ‘to do
a double pass with’. In most cases, the predicators are linguistically given mostly by means of
the predicates of such a sentence (in a broad sense, sometimes with adjectives and adverbs).

A logical copula is the third part of any assertion (cf. [KL.73, 1.4, and p. 90]): its function
is to bind the nominators as arguments of the predicator, and perform the assertion. The
logical copulae have to be clearly distinguished from the linguistic copula which essentially
has the function of an unspecific verb binding adjectives as predicates to a subject, e.g., in
English the verb ‘to be’ (at least in some uses). Traditionally, two copulae are studied in
logic, corresponding to the two sides of a (binary) distinction, and formally expressed by the
symbols ¢ for ascribing the predicator to that set of nominators, and &’ for denying it. Copulae
represent the minimal logical residue of the performative aspect of an asserting utterance —
they also reflect the corresponding reactions in that language game: accepting or refusing the
assertion.

Finally, sentences are uttered in a particular situational context which determines their
meaning: in particular the nominators cannot be understood without a context:® following
Strawson’s explications of the reference relation, a nominator does not simply represent an
object by means of a one-to-one relation, but it picks out an object from a certain given
contextual domain of objects of the discourse universe, therefore conceptually requiring a one-
to-many relation (cf. [Str71, p. 17ff.] and [Tug76, p. 369ff.]). Since nominators correspond to
those objects mutually known by speaker and hearer, contexts depend crucially on what has
been communicated earlier (cf. [Joh76, p. 50f.]). Along this horizontal dimension of explanation
(as T want to call it), contexts are viewed mainly as the comprehension of the text up until that
moment (cf. [Kam90]). In the case of the radio sports reporter, the context of his utterances
is alternatively conceived as the set of things which he visually perceives. In general, the
minimal logical residue of the context of an assertion is represented by the (usually implicit)
self-referencing psychological component of that utterance — e.g., ‘I see that’ + (S 1) — which
basically establishes the relation to the speech situation by means of the reference to the speaker
(“I”) and his understanding of being situated there. Here, the expression vertical dimension is
used to explain contexts by referring to the visual field of the speaker.

In this paper, the representation of an utterance by explicitly and distinctly mentioning
its four logical components is called the proposition corresponding to that utterance. Thus,
the proposition — or logical form — of an utterance is a particular kind of abstraction, like
‘the verbal manifestation’ or ‘the syntactical structure’ of an utterance (cf. [KL73, T11.7]), an
abstraction mainly used to explain the understanding of such an utterance. We use the scheme
given in formula 1 for propositions: as a variable for copulae, we use the Greek character s
and parentheses around the whole propositional schema; the context is given in the abstract
schema by means of the Greek capital letter A (reminder for ‘domain of objects’). Formula 2
expresses the propositional transcription of assertion (S 1):

3Correspondingly, Kamp speaks of the need to replace the older absolute notion of propositions by that of a
proposition relative to a context. (cf. [Kam86, p. 13f.]);
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3 Predicators, Concepts, and Levels of Explanations

Explaining the understanding of an utterance is essentially based on its logical components:
the context provides (horizontally or vertically) the multitude of objects among which the nom-
inators identify some. The predicator draws the listener’s attention to a distinction applicable
to the selected objects, e.g., restricting their attributes or relations. The copula requests him
to revise the context appropriately. This revision results in a new context for the subsequent
utterance which simultaneously corresponds to the listeners’ understanding of the utterance
considered. We especially may assume that all implicit information and implicatures drawn by
the audience are elaborated in the process of the revision. In general, the subsequent sentence
may use the newly established distinctions to specify its objects by means of definite descrip-
tions. The other kinds of nominators are derived from this referring to an already established
distinction (cf. [Tug76, p. 326ff.], [Joh76, p. 50f.]).

We want to explain how mental images are (could or should be) used to explain the function
of at least one of the logical components of an utterance like (S 1) or (S 2); i.e., we want to
explain why a certain kind of explanation of the understanding of such an utterance is adequate.
Since the utterances in our focus are characterized by their spatial predicators, we concentrate
on this component. How can mental images be used to explain the revision process on the
context triggered by the spatial predicators?

In order to explain the use of a verbal expression, generally the meaning of the expression
is mentioned: the meaning of a predicator is called a concept — an interpersonally accessible
abstract reference point which allows us to rate the validity of the communicated distinction
(cf. [Ros90]). Assertions which are used to discuss about concepts — i.e., assertions with a nom-
inator referring to a concept and a predicator highlighting or introducing attributes of that
concept — are called methodological with respect to that concept. Sentences with a predicator
corresponding to that concept are called empirical (with respect to the concept). An important
use of methodological sentences with respect to spatial concepts is called Spatial Reasoning
(or Spatio-temporal Reasoning, respectively).* The empirical sentences with respect to spatial
concepts — like (S 1) and (S 2) — form the Object Level. The corresponding methodological
sentences declare distinctions of the abstract reference points of the Object Level, i.e., relations
and attributes of spatial concepts. The set of concepts specified here outlines the verbal as-
pect of space: therefore, this level of sentences is called the Spatial Level. Rather obviously,
such conclusions drawn by Spatial Reasoning have to be founded, as well: i.e., we have to
consider methodological sentences of a higher level: methodological sentences with respect to

“We here use this expression for syllogism-like combinations of a methodological sentence about spatial
concepts with corresponding empirical sentences, e.g., the following rather simple conclusion:

({the church, the book shop} ¢ Being Left), ({Being Left, Being Right} ¢ Being Converse)
({the book shop, the church} ¢ Being Right)




predications of concepts. This is called the Methodological Level (methodological in the closer
sense, namely independent of a specific concept). The core of this level is clearly the concept of
‘concept’ as such: we can use the properties which we commonly ascribe to a concept by virtue
of being a concept for founding the explanatory power of methodological sentences about that
concept, e.g., sentences on the Spatial Level used in Spatial Reasoning. Our question as to
the explanatory power of mental images belongs to this level: we are interested in the relation
between the concept ‘mental image’ and the concept ‘concept’.

Due to the restriction on the length of this paper, we cannot go into the illuminating historical
development of the contemporary concept of ‘concept’ from the ancient understanding as an eternal
Form, through the scholastic conception of the three types of universals — before, in, and after the
particulars — and the explanation of concepts as an autonomously created private mental entity to
be found in the Philosophy of Enlightenment, although we conceive them as highly relevant for our
theme. A corresponding discussion with respect to Spatial Reasoning is given in greater detail in
[Sch94, Sect. 4], a general investigation is to be found in [Ros90]. In the following, we solely pick out
essential components of Kant’s conception seen from a more modern non-mentalistic perspective.

4 Concepts and Mental Images

The relation between the concepts ‘concept’ and ‘mental image’ originates essentially from the
mentalistic framework of the Philosophy of Enlightenment: ‘the word ‘concept’ (or other words
used as equivalent) was conceived as referring to a mental phenomenon which is generated au-
tonomously by the human mind, directly accessible in the ‘“inner world” (or consciousness) of
the human being, and which should enable the human beings who have it to prove the validity of
predicative statements’ (cf. [Ros90, Vol. 11, p. 11]). In the dawn of this position, Descartes and
especially Locke understood a concept to be a mental image, or more precisely, a prolongated
perception of a corresponding particular which serves as a prototype for similar particulars.
However, this interpretation ran quickly into severe problems (cf. [Ros90, Vol. II, p. 55ff.]).
Integrating parts of this idea with Leibniz’s conception of a concept to be a human faculty, i.e.,
a mental program for recognizing corresponding instances, Kant in the heydays of the Philoso-
phy of Enlightenment presented an elaborated theory of a two-fold mental construction: first,
he considers a human faculty of constructing concepts which, second, themselves are mental
faculties to construct intuitions, i.e., mental representatives of instances, or more colloquially:
mental images (cf. [Kan65, B741f./AT13f., A105, and B180/A141]).

Kant’s second step, the construction of mental images of instances, was resuscitated in
contemporary Cognitive Science by Johnson-Laird under the name of mental models (cf. [JL.83]).
Fig. 2 illustrates the connection to the explanation given above: in the mentalistic tradition,
the context of an utterance from which we start is interpreted as a mental image (or model);
the nominators of the utterance under investigation are expected to refer to elements of that
image; its predicator is used to communicate a distinction with respect to a concept — that
is here, a certain mental faculty. By means of this faculty, the contextual mental image is
transformed into (the image of ) a concrete instance of the concept. Therefore, all implicatures
of the application of the corresponding distinction in the given context have to be present in the
resulting model. But they are not yet explicitly accessible. This can only be achieved by means
of the concepts corresponding to those implied distinctions: they have to be applied to the
mental image in order to recognize explicitly the implicatures, and thereby also transform the
image into the representative of the context of the following sentence (cf. [Pri91]; the recognition
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Figure 2: Concepts Mediating Between Verbal and Visual Space

of the implicatures is not shown in Fig. 2).

Though, in order to avoid the solipsistic consequences of conceiving concepts as private (i.e, ex-
plicitly not interpersonally accessible) mental entities, we should follow Wittgenstein (cf. [Wit53, §§
656 and 25] and [Ros90, Vol. III, p. 35ff.]): the mentalistic terminology of the Philosophy of Enlight-
enment has to undergo a linguistic turn: mental phenomena have to be reinterpreted as a particular
form of methodological communicative behavior used to explain other verbal behavior. ‘We describe
the technique of using words by means of words’ (cf. [Wit89, p. 128]). Concepts should be understood
as abstractions of verbal behavior which are used to interpret, explain, and interpersonally coordi-
nate this kind of behavior. Instead of being mental entities existing before the corresponding verbal
behavior, they are derived from it, and therefore secondary to it.

The important question remains: where do these faculties to construct or revise mental
models come from, and what do they look like. Kant’s answer is, as was mentioned above:
they also are autonomously created — or synthesized — by the human mind.

5 The Making of a Distinct Concept

By ‘synthetically creating a concept’, Kant does not mean the definition of a concept on a given
set of elementary concepts which all distinguish properties of a given type of object, i.e., concepts
within one field.® In this case, the composed concept is already completely preformed in the set
of elementary concepts: it is merely a symbolic abbreviation for a particular combination of the
elementary distinctions, since in fact no new kind of distinction is introduced. Kant had in mind
a totally different kind of introducing concepts, which really extends the capacity to recognize:
the ‘making of a distinct concept’ instead of merely ‘making a concept distinet’ (cf. [Kan60,
Introduction, § VIII]). He wants to synthesize a completely new field of concepts, i.e., concepts

%A field of concepts — also called an incompatibility domain — puts together concepts which are applicable to
one type of objects but cannot be applied simultaneously to a particular object of that type; colors form such
an incompatibility domain: a one-colored object cannot be simultaneously red and green; in fields of graded
concepts, like the spatial field, usually also the incompatibility is a matter of degree;



distinguishing the attributes of a completely new kind of objects, by combining several given
but unconnected fields of concepts. Like the construction of mental models, this construction
has to be adjusted to a reference point, as well: in constructing a field of concepts, we use, so to
speak, a description of our goal — a ‘blueprint’ — which specifies the internal relations between
the concepts of that field, and thus, restricts its possible realizations by means of a synthesis of
other fields of concepts which are already given (in Kant’s terminology: ‘real’; cf. [ibidem]). For
example, the introduction of the rational numbers as a combination of two (sets of) integers
(counter and denominator) or of the complex numbers as a pair of real numbers should be
viewed as a synthesis in the sense of Kant. All fields of concepts have an internal structure: we
with Kant are now mainly interested in the external relations between the internal structures
of several fields. Kant calls the specification of the relations between the concepts within one
field its logical rules, e.g., in the form of an axiomatic system generating that field. The set of
rules connecting several fields to create a new field is called the (transcendental) schema of the

new field (cf. [Kan65, B174/A135]).

Feeling obliged to make the linguistic turn, we shift the focus of our attention from the con-
struction of a concept understood as a private mental entity to the corresponding explanations
we could give for the explanative power of a concept conceived as an abstraction of verbal be-
havior: in order to explain why the concepts of a certain field (e.g., the field of spatial concepts)
can be used to explain the utterances of the Object Level (e.g., by means of Spatial Reasoning)
we could remain within that field of concepts, employing merely the internal definitions and
logical rules of that field: because the concepts of ‘being right’ and ‘being left’ are converse, we
can conclude that, if an object is to the left of another object, the latter is to the right of the
former. In this case, the conversity of the two concepts cannot be explained, as well. However,
applying Kant’s understanding, we additionally could consider the schema of that field which
then is viewed as receiving its internal structure from other fields of concepts: the logical rules
of the former can be reduced to the logical rules of the latter. With respect to the example
above, this allows us to even give an explanation for the conversity of ‘being left” and ‘being
right’: it has to be a consequence of the particular combination of the concepts of the simpler
fields with their characteristic logical structures. Correspondingly, judgments a priori, which
in Kant’s terminology correspond approximately to propositions of methodological utterances
— e.g., ‘The concept of ‘being in’ is transitive in the following cases ...” — are distinguished
with respect to the involved kind of foundation in analytic and synthetic judgments. Analytic
judgments a priori are founded by means of the logical rules within one field of concepts — its
internal structure. Synthetic judgments a priori integrate additionally the schema connecting
several such fields in their explanation, i.e.: synthetic judgments a priori are propositions which
have to be founded by explaining the logical rules of a concept of one field externally by the
logical rules of the concepts of other primarily independent fields by means of the schema.®
With a synthetic judgments a priori, like ‘This concept has those properties’, a certain genetic
aspect is contributed to argumentations about the attributes of a concept: the claim is laid
for a foundation by means of a sentence like ‘because we conceive this concept in its field as
constructed in such a way (schemal) from concepts with such attributes (logical rules).’

There exists a close parallel between the distinction between logical rules and schemata of a
field of concepts on the one side, and the distinction between specification and implementation of an

6This is a rather simplified presentation of Kant’s concept of ‘synthetic judgments a priori’; for a detailed
description: cf. [Ros91], and even more elaborated in [Ros90, Vol. II, Chapter 3];



Abstract Data Type (ADT) on the other side: the specification of an ADT, e.g., by means of a set of
algebraic equations (cf. [EM85]), declares axiomatically the attributes of and relations between data
types internal to an ADT. The implementation furthermore reduces an ADT to one or more others:
data types of the implemented ADT are projected to data types of the implementing ADTs: this is
the ‘schema’ of the implementation, so to speak. By means of this schema, the specification of the
implemented ADT can be founded on the specifications of the implementing ADTs: the equivalent of
a methodological sentence in the theory of ADTs, like, for example, ‘Multiplication of any rational
with the rational multiplicational identity unit results in the same rational’ can be understood both
analytically — because it follows from the specification of that ADT Rationals — or synthetically —
because it is a direct consequence of the particular combination of two (sets of) elements of the ADT
Integers to one element of Rationals and the definition of the rational multiplication on such tuples
by means of the operations of Integers.

6 The Horizontal Dimension of Explanation

We now can interpret the sentences of the Spatial Level (i.e, the methodological sentences with
respect to spatial concepts, like the rules of transitivity of the concept ‘being in’ or the rules of
conversity between the concepts of the projective prepositions) as analytic judgments expressing
the internal structure of that field. We also may use this level primarily to logically explain
the adaptation of the context resulting from a new utterance: to that purpose, we describe
the context — i.e., what we assume to be the common knowledge of speaker and hearer — by a
set of sentences empirical with respect to spatial concepts.” Methodological sentences (among
the logical rules of the Spatial Level) corresponding to the predicator of the new utterance
are selected and used to add further statements to the context in the syllogism-like manner of
Spatial Reasoning, thus making explicit the implicatures of the utterance in that context. This
kind of explanation is often called misleadingly ‘propositional” in Cognitive Science (cf. [Pri91,
(e.g. Sect. 2.2.1)]). We call it the horizontal dimension of explanation, since the context is
based totally on the analysis of what was said before, and its revision takes place within merely
one field of concepts. Note that, for example, the ‘empirical’ rules of transitivity for the use of
the concept ‘being in’ given by Vieu (for the contemporary French; cf. [Vie9l, p. 225ff.]) can
be used exactly in this manner without considering any other field of concepts: the objects of
the spatial field have different possible attributes which govern the transitivity of ‘being in’.

7 The Vertical Dimension of Explanation

We also may interpret the sentences of the Spatial Level as synthetic judgments: for example,
we may say that the concept ‘being in’ is in certain cases transitive and in other not, because
it is introduced — or implemented, if we use the terminology of ADTs — in a particular way on
concepts of other fields with their characteristic internal structures or specifications. [Vie91]
again provides a very good example to demonstrate this kind of explanation, and simultaneously
to focus on the two fields of concepts which we conceive as crucial for implementing the Spatial
Level, as well: the field of configurational Gestalt concepts (geometrical level), and the field of

“In fact, a context should be conceived as one compound proposition, logically composed from a set of
elementary propositions; we ignore here the characteristics of the logical junctors involved, since they do not
contribute any important features to the present discussion;



functional part-whole concepts (functional level). As was said above, all concepts of a field fit to
a certain kind of object the attributes of which they distinguish: this kind of object constitutes
the whole field. Therefore, the synthetic combination of several fields to a new field corresponds
to the establishing of a new type of object combining or merging attributes of the objects
underlying the implementing fields of concepts. Following Vieu, spatial concepts like ‘being in’
only can distinguish relations between objects which have both perceptible configurations and
non-perceptible functions. The rules of transitivity mentioned above are used as the core of the
‘blue-print” for implementing the spatial field.

Vieu’s field of geometrical concepts distinguishes objects called ‘individuals’ (adopted from
Clarke’s calculus of individuals) by means of their configurations. Although logically including
Euclidean geometry, this field is too weak for the specification of the spatial field; e.g., it is not
rich enough to show analytically the particularly restricted transitivity of ‘being in’. In contrast
to the classical Euclidean geometry based on the primitive object ‘point’, in Vieu’s specification
of the geometrical level, points of time and space are derived from the basic concept ‘individual’
which approximately corresponds to the concept ‘Gestalt’ in Gestalt psychology — an undivided
whole distinguished as figure from the ground.

Vieu’s field of functional relations spans around the concept of an object which consists of
functional parts or is a functional part of other objects. The relation between a ring of gold and
the substance of gold used in the ring, the relation between a forest and its trees, the relation
between a car and its constructive parts all exemplify different versions of the functional part-
whole relations considered on this level. Note that such a particular whole may stay the same
although some of its parts may change.

The spatial field centers around the concept of an object which both has configurational
properties and is involved in functional part-whole relations: every object of the spatial field
can be projected onto an object of the functional field and an individual of the geometrical
field (cf. [Sch94, Sect. 4.2.3.h]). This also means that all the parts such an object has due to
the relations of its projection to the functional level also have a configurational counterpart on
the geometrical level. In fact, by means of the synthesis of these two fields of concepts, Vieu
introduces as the backbone of the spatial field a concept of ‘object’ equivalent to Strawson’s
concept of ‘sortal universals’, i.e., that kind of object we usually have in mind when we use the
expression ‘concrete object’ in the close sense: perceptible, countable, persistent over time even
if not perceived (cf. [Str71], [Tug76, p. 453], [Sch94, Sect. 4.3]). Sortal concepts like ‘chair’,
‘car’, or ‘human being’ are distinguished from concepts like ‘fog’, ‘red’, ‘fast’, ‘water’, ‘gold’.
As a characteristic, sortal concepts contain a criterion to identify and distinguish different
individual objects of the same sort, and thus firstly enable us to point to one such individual as
an individual, or to count several of them: sortal concepts individuate their instances. Similarly
to two red objects which are not distinguishable already by their being red alone, the functional
parts of a car, for example, do not already distinguish one car clearly from another one, since
they both have — within a certain range — the same functional structure, and are therefore
functionally undistinguishable. Only the different geometrical components of two instances of
‘car’, or with Vieu’s words: their different histories, allow us to distinguish both, e.g., by means
of pointing. On the other hand, it is not the mere configuration which makes something a car,
but the functional relations between the configurational parts.

Founding the properties of spatial concepts synthetically thus means to explain them by
means of the interaction of the properties of the geometrical and the functional field. We call
this aspect of explanation the vertical dimension, since the synthesis constructs higher, i.e., more



complicated fields of concepts, from simpler ones. Any set of propositions — or context — on the
spatial field of concepts can be vertically explained as a synthesis of a set of propositions on
the geometrical field with a set of propositions on the functional field: each spatial proposition
predicating on a sortal object is projected to configurational propositions predicating on the
— perceptible — histories of the sortal objects, and functional propositions predicating on its
mereological relatives.

The geometrical level provides those concepts used to describe the (essentially visually)
perceptible attributes of sortal objects, aspects which are assumed to be already commonly
given, that is interpersonally established. Common between whom? Remember that we here
are involved in the endeavor to determine the concept of ‘perception’ and ‘communication’
used by somebody who explains somebody else what the exemplary radio reporter is doing:
this person while founding synthetically the concepts of the spatial field which he ascribes to the
radio reporter uses the geometrical level as a field of concepts he and his vis-a-vis already agree
upon. In this case, the interpretation of a context of the geometrical field as a corresponding
context of the spatial field (with an appropriate functional presupposition) can be viewed as
an explanation of perception: the geometrical field provides in this case the visual aspects of
space. Moreover: since the projection of a spatial context onto the geometrical level results in
a set of propositions concerning the configurational relations between individuals, we should
look for arguments to take this projection to be an image.

8 Images and the Syntax of the Pictorial

Why are we inclined to call contexts of the geometrical field images, but not the contexts on
the functional or spatial fields? The relevant criterion presented by N. Goodman ([Goo68])
restricts the set of concepts in a field, i.e., the set of predicators used there, and the relations
between them. In other words, the structures of contexts possible on that field, that is, the
syntax governing corresponding propositions (in a very general sense of syntax; cf. [Sch91, p.
88]) gives us the clue for the pictorial: contexts of such fields with a characteristic syntax are
images.

Goodman suggests to conceive syntactical density of the system of predicators expressing the
geometrical field as an essential and for our purpose (though not generally) sufficient criterion
for pictorial systems (cf. [Goo68, p. 226]). A system of predicators is called syntactically dense
“if it provides for infinitely many characters [i.e., predicators| so ordered that between each two
is a third’ (cf. [Goo68, p. 136]). Scholz ([Sch91, p. 97]) remarks that this does not mean that
any single context of such a field contains an unbound number of propositions with infinitely
many predicators; it only is necessary that — on the Methodological Level — the field as such
provides the potential of an unrestricted number of densely ordered concepts some of which
are used in a particular context. With that, two individual contexts may be similar to any
degree without being identical. This is true for ordinary pictures since for example any spot of
color in a picture may be moved a very small distance to get another similar image: no matter
how small the distance is, we always can think of a picture with that dot shifted only half the
distance. In consequence, the proper application of such a predicator is not strictly decidable
in the computational sense: after a finite time, the ‘conceptual neighborhood’ of concurrent
predicators is reduced but not eliminated.

Vieu’s geometrical level logically includes Euclidean Geometry: that is, its specification
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permits to define the concept of a zero-dimensional point with the corresponding attribute:
location. Since the Euclidean concept of a location corresponds in fact to the concepts of the
densely ordered real numbers, they form a syntactically dense field of concepts: for example,
for any pair of predicators ‘having location 2’ and ‘having location y’ (with the ‘internal’
real numbers x and y), the predicator ‘having location @’ is also in the field and, in the
above sense, between the former two.® In contrast to that, the set of predicators expressing the
functional field is not densely ordered: the mereological predicators can be clearly distinguished,
as is the case for the set of predicators of the spatial field: the concepts ‘being left” and ‘being
near’ may be applicable to the same particular case, but in the description of such a case
on the spatial field, we clearly can distinguish the propositions ({X, Y} ¢ Being Left) and
({X, Y} ¢ Being Near) within finite time.

Last but not least, we call these pictorial contexts on the geometrical level mental because
we use them in explanations of conscious behavior. This conception of the mental is not private,
as was the understanding in the framework of the Philosophy of Enlightenment, but (like the
whole explanation) interpersonally accessible. ‘Mental image’” in this understanding is not
defined in opposition to ‘proposition’, since a mental image is conceived as a set of propositions
of a certain field of concepts with a characteristic attribute — syntactical density.?

9 The Connection between Visual and Verbal Space

Let us finally consider the interaction between the horizontal and vertical dimensions of expla-
nation of the understanding of an utterance in its context: if we integrate a reference to the
schema of the spatial field to the horizontal (‘propositional’) explanation given above, i.e., if
we change from analytic to synthetic judgments, the revision of the context by means of the
predicator’s concept is now explained in three steps (cf. Fig. 3):

o First, the proposition of the utterance is transformed into a corresponding structure of
sets of propositions on the lower fields following the schema of the spatial field (1b).
According to our definition above, in the geometrical field, the context of the utterance
corresponds to a mental image (1a): we here meet again the perceptual aspects of Kant’s
conception of intuitions and Johnson-Laird’s understanding of (visual) mental models
which both represent the context in their explanative systems.

e Second, the revision of the context by means of the spatial concept communicated by the
predicator of the utterance takes place on the lower fields (2a & b): the corresponding
projections of the context are revised by those concepts of the lower fields implementing
the spatial concept thereby taking into account the interactions between the implementing
fields given by the schema. The horizontal dimension of explanation is shifted down one
level, so to speak.

e Third, the resulting mental models on the lower fields — especially the mental image of the
geometrical level — are synthesized back to the spatial field where they form the wanted

8In any particular context of the geometrical level of Vieu, only a finite number of points is realized — the
construction of points in Clarke’s calculus of individuals results only in the relevant points for that context
(cf. [Vie91, p. 130f.]); but infinitely many contexts can be constructed which are similar to any degree to that
context; cf. also [McG84, p. 213ff.: (‘Gesamtheit und System’)];

9Note that this criterion clearly excludes approaches to mental images based on discrete cell matrices;
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Figure 3: Interaction of Vertical and Horizontal Explanations

mental model used as the context for the subsequent utterance (3): this corresponds to the
already mentioned application of the spatial concepts to make explicit the implicatures
in the revised model.

The analytic explanation of the transformation of a context by a new predication is ex-
plained by a set of associated transformations in the implementing fields of concepts and the
corresponding shifts between the implemented and the implementing fields. Thus, the concept
‘mental image’ as we understand it here comes into the explanative game if the field of concepts
we are investigating is viewed as synthesized using a syntactically dense field of concepts — like
the geometrical level of Vieu.

A corresponding integration of the vertical and horizontal dimensions of explaining spatial
cognition is exemplified by the system SOCCER of the project VITRA: in this case, the exem-
plary radio sports reporter from the beginning is considered (cf. Fig. 1). The explanation of the
visual perception, which is part of the foundation by reference semantics of the utterances of the
radio reporter, starts from the field of spatial concepts and views it as implemented on a cascade
of lower fields of concepts down to a special field conceived as the common basis to describe
the visual field of the reporter in VITRA: the field of the ‘digitized image sequences’ describing
the output of a video camera. This rather poor field contains the concept of a very special and
unusual kind of object: an instantaneous dot with a location (relative to the camera-system)
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and an intensity (grey-value) — the only elementary attributes of the objects on this level. The
field of spatial concepts in SOCCER (cf. [Sch93], [Her93]) is based on elementary concepts like
distance and direction which allow us to define simplified versions of the well-known static spa-
tial relations, like ‘being in’, ‘- at’, ‘- near’, ‘- to the left’, etc. These concepts rely on a reduced
version of sortal objects: rigid objects persistent over time, with form, location, and velocity.
The concept ‘distance’ is also used here in the temporal sense — as duration of the phases of
events: in combination with the spatial relations, it is involved in defining the concepts of spatial
events, like ‘doing a double pass with’. These relations are internal to the spatial field and form
the logical rules of that field in SOCCER. They are synthetically based on the syntactically
dense field of concepts of the digitized image sequences. The system XTRACK (cf. [Kol92])
describes the mapping from the simplified version of sortal concepts used on the spatial field in
VITRA to the field of ‘object candidates’ — corresponding approximately to Vieu’s ‘histories’
— and a field of simple part-of relations.!® These object candidates are projected down to ‘dig-
itized image sequences’ by the system ACTIONS (cf. [Sun88], [SBSZ87], and [HSE*89]) which
encorporates as schema Gestalt principles, like grouping of similar elements and good contin-
uation. With these two schemata, the concept of ‘perception’ in this explanatory framework
founds the reporters spatial utterance in the description of his situational context on the level
of the ‘digitized image sequence’: starting from the digitized image sequence as the primary
description of the visual field commonly ascribed to the radio reporter, maximally coherent
interpretations are constructed successively on the higher fields. Finally, some propositions of
the spatial field are chosen to be communicated and transformed into a corresponding verbal
manifestation — following the concept of ‘reference semantics’.!!

As was mentioned above, Mead expects that any adequate theory of communication ex-
plaining the behavior of a speaker also has to consider the audience in a particular way: the
speaker has to be conceived as somebody who sets himself in the position of his audience —
playing anticipatorily its role in the language game — in order to consciously communicate. In
VITRA, this demand is redeemed by means of the listener model ANTLIMA (cf. [Sch93]): we
focus here only on the static spatial relations, as in sentence (S 1), although spatial events
as in (S 2) are dealt with, as well. The understanding of the audience is modeled with the
three steps described above: first, the proposition of the (planned) utterance is projected to
the lower levels synthesizing the spatial field: i.e., from restrictions of the spatial interaction
with other objects to restrictions of the locations of the objects (corresponding to the result
of XTRACK); this transformation — the schema of the corresponding spatial concept — is en-
coded in ANTLIMA by means of functions called ‘TyPoFs’ (cf. below and Fig. 4); second, the
context of the planned utterance is revised on the lower level, i.e., as mental image, following
the schema: the locations of the objects are chosen by means of a hill climbing algorithm ruled
by the TyPoFs and depending on the contextual positions (cf. Fig. 4 illustrating the influence
of three different geometrical contexts (starting positions) on the selected location); third, the
schemata of the spatial concepts are applied to construct the context on the spatial field with
the explicit implicatures. Finally in the listener model, the resulting context modeling the an-
ticipated understanding of the audience has to be compared with the intended understanding,
i.e., what has been perceived: the differing propositions are used in an anticipation feedback

10At present, XTRACK is not yet integrated in SOCCER;

' The field of spatial concepts is used also as a basis to implement even higher fields of concepts, especially
those around the concept of an object involved in intentional activities and autonomous self-control — like the
players of a soccer game — and teams of such objects (cf. [RS91]);
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loop to found the selections of propositions and their verbalizations uttered.

ANTLIMA
Status
Active Propositions 0f
Approx-Active Objects
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LEFT-GOAL-ARER)
(VOR SZ2-LEFT-DEFENDER
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’ ]
ime
_ + 0:00.00 -
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Main-Menn
All Ohjects All Prapositions Change Paramatars Clear Configurations Dema Events Files Run Sequences Show Typof Editar
[T SC-LEFT-DEFENDER in (24, 53735 . 95.GECJ0) Wit t-value 0. 1GGOGTEL
52-LEFT-DEFENDER in (19.253735 . 35.52230) mit t-value 0.4020227.
Approximation won S2-LEFT-DEFENDER in (14. 253735 . 35 52230) mit t-wvalue 0.3164545 heendet!
Bpproximation heendst!
NTLIMA command:

Mouse-R: Menu.

To see other commands, press Shift, Control, Meta- Shift, or Super.
[Mon 2 Dec 9:54:06] Joerg Schirra CL ANTLIMA User Input

Figure 4: Typicality distribution of the spatial relation ‘player in front of the goal area’

In this case, using a syntactically dense field of concepts to explain a syntactically sparse field
results in two interdependent characteristics. First, the concepts of spatial relations are graded, i.e.,
although an unbounded number of locational propositions is associated with one spatial proposition,
they are not all associated in the same strength: some locations are more typical with respect to
a spatial relation than others, or viewed from the other direction: the spatial description is better
applicable to some locational descriptions than to others. The functions which encode in ANTLIMA
this mapping are therefore called Typicality Potential Fields: for the concerned spatial proposition,
they associate to every corresponding proposition on the geometrical field a typicality value — a real
number € [0.. 1] graphically represented in Fig. 4 by means of grey values. The gradation allows us to
formulate an important selection criterion which directs the communication between the speaker and
his audience: both expect that the most typical interpretation of an utterance is intended, and that
discrepancies must be mentioned explicitly. Second, the syntactical density of the geometrical field
restricts the possibilities to find the resulting contexts in a characteristic manner: as was said before,
the predicators in syntactically dense fields cannot be distinguished by means of a decidable algorithm.
Correspondingly in ANTLIMA, we are not able to select the undoubtedly optimal positions. But a
procedure of stepwise approximation on the basis of the gradedness of the spatial concepts — hill
climbing — enables us to find at least an ‘almost best’ location.
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10 Conclusion

On the preceding pages, we presented in a preliminary manner how the concept of ‘mental
image’ can be introduced and applied as a meta-explanative tool in reference semantics: on
the basis of Kant’s distinction between analytic and synthetic methodological propositions and
Goodman’s concept of ‘syntactical density’, we determined the concept of ‘mental image’ to
distinguish the contexts of a syntactically dense field of concepts used to synthetically found
the field of spatial concepts. The validity of this conception was motivated by applying it
successfully to two — on first view rather different — approaches in Al: Vieu’s logical analysis of
the predicator ‘being in’, and the project VITRA concerned with the connection between vision
and language systems. Mental images play a crucial role if we integrate the concept of ‘reference
semantics’ anchoring utterances in the situational (here visual) context with Mead’s conception
of conscious communication: if communication depends on the speaker’s anticipation of the
audience’s comprehension, the reference semantical connection between visual and verbal space
demands for the reconstruction of perceptually absent referents in the form of mental images:

ANTLIMA, the listener model in VITRA, exemplifies this idea.

M. Beckenkamp, K. Buchholz, E. Hays, W. Maaf, P. Olivier, S. Pribbenow, (. Retz-Schmidi, A. Ros, P.
Sablayrolles, D. Schmauks, and L. Vieu have to be heartily thanked for their comments and discussions on the
theme of this paper.
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