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FORMAL CHARACTERISTICS IN VERBAL DESCRIPTION AND

SPATIAL REPRESENTATION

The conceptual system depends on the perceptual
system for judgements about the world [...] The input
assumed by the conceptual system refers to the out-
comes of perceptual judgements about the contents of
experience - outcomes that can be made available for
purposes determined by the conceptual system.

Miller and Johnson-Laird,
Language and Perception.

1. INTRODUCTION

Communication of perceptual experiences by means of a linguistic description
constitutes one of the main functions of language. Therefore the processes and
the mechanisms that relate perception and language are basic to our cognitive
system. When we consider the border zone between perception and language,
or when we study how the two modalities function as they interact, and which
processes operate in such interaction, we must establish which of them takes
the lead. Is it the principles governing visual perception that determine what
will be transferred into the linguistic description or is it the rules of categoriza-
tion and linguistic production that structure and select what will be said about
what was perceived? Philosophers of language have preferred the latter view
when they make reference to truth conditions in explaining the logical
foundations of the propositions of a natural language. On the other hand they
suggest that truth conditions are connected to the perception of reality.1

Nevertheless few of them are willing to tackle the difficult task of identifying
the characteristics of such a connection.2

Psycholinguists and cognitive psychologists began, first tentatively and then
in greater depth, to look for experimental evidence on the role of visual
perception in structuring and organizing the input to be delivered to the
linguistic system, which in turn transforms it into a topic for a discourse. In
these terms the problem is more than simply establishing which system takes
the lead and rules out the linguistic description of a visual experience. Rather,
the mechanisms and the cognitive processes that allow a matching between
perception and language should be investigated, as well as the characteristics
of the cognitive system that allow the perceptual input to be translated into the
linguistic output.

149

L. Albertazzi (ed.), Shapes of Forms, 149-176.
© 1999 Kluwer Academic Publishers, Printed in Great Britain.



150 MANFREDO MASSIRONI AND MARIA CHIARA LEVORATO

Researchers are still looking for a model able to shed light on this
phenomenon, which is one of the most perplexing aspects of cognitive
functioning. In the 1970s the issue of the relationship between perception and
language was first addressed in experimental psychology and approached
within the cognitive theory, and specifically in:

(a) studies which, given that non-linguistic knowledge influences linguistic
description, pointed out that linguistic performance is not only based on
the linguistic system but also on the knowledge of the world and on the
perception of reality.3 Olson4 and Osgood5 pioneered work that, from
contrasting theoretical points of view, sought to establish the nature of
the influence exerted by the cognitive-perceptual structures on the
production of verbal messages with referential functions. Olson's conclu-
sions, which are widely accepted, state that of all the features of an object,
the ones that are linguistically coded are those that differentiate the object
from other objects, whether actually perceived or inferred.

(b) studies that have considered how linguistic structures and processes -
long-term verbal memory, semantic memory and subjective lexicon -
guide the perception of reality and influence the processes of perceptual
discrimination.6

A book by Miller and Johnson-Laird,7 which can be considered a milestone
in the history of psycholinguistics, dealt with the relations between words and
the world to which they refer both in terms of the perceptual procedures that
discern which objects belong to which categories, and in terms of linguistic
structures such as long-term verbal memory and semantic memory.

Following McKay et al.,8 the following different types of relationship
between the two systems can be considered:

(a) relations in the sense of influences, constraints and mutual adaptation
between systems; research by Baddeley9 on short term memory and by
Kosslyn10 and Paivio11 on long-term memory has suggested that the two
distinct codings of the input - visual and verbal - produce two separate
representations. Since they are closely interconnected, straightforward
transfer of information takes place between them by means of visual or
verbal receding. As a consequence of the verbal recoding of a visual
input, part of the visual information is lost.12

(b) relations in the sense of common representations or units shared by the
two systems; the model of Landau and Jackendoff,13 which we shall
describe later, refers to this type of relation.
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(c) relationships in the sense of processes shared by the two systems. Clark
and Chase write: "One often hears psychologists speak of 'verbal' and
'perceptual' systems as if the two are quite separate and have little in
common [...] Underlying both language and perception, we have argued,
is a common 'interpretative' system that must be handled by one set of
principles no matter whether the source of a particular interpretation is
linguistic or perceptual".14

(d) relations in the sense of cognitive structures shared by the two systems.
Jackendoff assumed15 that there is a cognitive structure, the "conceptual
structure" into which the linguistic information is conveyed, as well as
information from other systems such as vision, non-verbal hearing,
haptic, and so on.

These four types of relations vary in intensity from the weakest (a) to the
strongest and most structured (d). We agree with Landau and Jackendoff16

that, in the case of perception and language, the relationship between them can
be identified at the level of the representations that they have in common. In
fact, the interface between the two systems lies in the representation formed by
the perceptual system, from which the linguistic system draws a filtered
representation for linguistic description to build on.

2. LANDAU AND JACKENDOFF'S MODEL

In their paper 'What and where in spatial language and spatial cognition',17

Landau and Jackendoff proposed a model in which the various sensorial
systems produce a single representation, whether the incoming information is
auditory, visual or linguistic. It is this Spatial Representation - which
comprises in a common format all the specific information for every sensory
modality - that provides the interface between the various modalities. The
Spatial Representation encodes the properties of the objects of the physical
world as well as the relations among them, and transfers this information to
two systems: the motor and the linguistic. It is possible to speak about what is
perceived since the visual information encoded in the Spatial Representation is
delivered to the linguistic system, which then assigns linguistic form to it.

Spatial Language thus refers to objects and to their spatial relations. The
formulae with which Spatial Language denotes entities and spatial relations are
names and prepositions respectively. Landau and Jackendoff refer to the
former as the 'What' system and to the latter as the 'Where' system. The
magnitudes of these two systems differ markedly, since on the one hand there is
a multitude of names which refer to objects and their parts, while on the other
there are only a few prepositions which refer to places and spatial relations
among objects. It follows that a speaker can differentiate between objects that
are perceptually very similar provided they belong to different conceptual
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categories. This suggests that language has enormous potential in the use of
different linguistic labels for slightly different shapes but has scant ability to
differentiate among different spatial relations.

What is the reason for this discrepancy? Landau and Jackendoff consider
two possible explanations. The Design of Language Hypothesis states that the
Spatial Representation includes a large amount of information concerning the
geometrical properties of both shapes and spatial relations among objects.
Language, however, seems opaque and impervious to some of this information,
which is therefore not translated into linguistic form. According to Landau and
Jackendoff, this filter ought to be applied to both objects (and shapes) and
places (and spatial relations), but in fact, language has many shortcomings
regarding the descriptions of shapes as well (one need only consider how
complicated it would be to describe a violin!). In order to meet the require-
ments of economy, the linguistic system reduces numerous distinctions to a
limited number of elements.

This interpretation, however, fails to explain why there are so many
linguistic labels available to express subtle and complicated differences in shape
and so few prepositions, which are able to specify spatial relations only on the
basis of a simple and schematic geometry. Landau and Jackendoff incline more
towards the Design of Spatial Representation Hypothesis, according to which
the discrepancy between the 'What' and 'Where' systems observed in linguistic
description is not a linguistic phenomenon but instead reflects the intrinsic
nature of Spatial Representation. On this hypothesis, the Spatial Representa-
tion is able to contain a large amount of formal characteristics, but it is not
equipped to encode many positional or relational characteristics. The discre-
pancy is due to the fact that the spatial information is processed by two
different sub-modules: the one which identifies shape is connected to the
naming system, which serves to recognize objects, whereas the one which
identifies places is connected to the system of spatial prepositions.

The most productive aspect of this theory is that it establishes the nature of
the Spatial Representation and the relations that it creates with linguistic
encoding. We agree with Landau and Jackendoff that the Design of Language
Hypothesis is not tenable, because the distinction between the What and Where
systems does not lie at the lexical level. Nevertheless, we are not completely
convinced by the Design of Spatial Representation Hypothesis either, since we
believe that the perceptual system does, in fact, capture subtle differences in
both shape and place.

We maintain - in keeping with theory of 'direct perception'18 - that the
information collected is rich at the very outset of the process, and for both
shapes and places; subsequently two different representations are formed as a
function of the type of output system involved. We therefore agree with Miller
and Johnson-Laird's statement19 that only those perceptual predicates are
transmitted from the perceptual to the conceptual system which the conceptual
system asks for. In our opinion, qualitatively different representations are
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structured which select information and render it explicit for different goals,
namely linguistic, motor, or otherwise.

Motor behaviour is guided by a Spatial Representation that is not poor in
information on the place or orientation or type of motion, or on other relations
between objects or between an object and an observer. In fact, any motor
action requires a rich Spatial Representation which includes these features of
the visual information. It is obvious that the more precise the spatial
information regarding position, orientation and so on, the more likely
successful motor action becomes. For example, in a tennis match it is not
sufficient to understand whether the ball will fall 'inside' or 'outside' the court,
'left' or 'right', 'in front' or 'behind' the player; it is also necessary precisely to
perceive the ball's position at any given moment of its trajectory, its orienta-
tion, speed, inclination, and so on. This spatial information is unique,
unrepeatable, ungeneralizable, and nameless (except for some very generic
quantifiers); nevertheless, it is perceived precisely and it is fruitfully used by
the motor activity. A commentator of a tennis match may use labels such as
'left', 'right', 'inside', 'outside', and so on, but these are very generic terms for
what is happening on the court. Landau and Jackendoff rightly complain about
the vagueness of these linguistic descriptions. But such vagueness does not
mirror the nature of the Spatial Representation. Rather, the discrepancy
between the What and Where systems in language is due to the fact that
language is attuned to to the description of objects rather than of their
locations.

3. THE EXPERIMENTS

In the light of these considerations, we designed experiments to study the
different weights of 'What' and 'Where' in constitution of the Spatial
Representation underlying the verbal description of visual information. We
shall offer psychological evidence in favour of the following hypotheses: (a) in
order to produce a verbal description, the cognitive system treats visual
information by focusing mainly on the object shape; (b) there is a hierarchy of
importance between shape and location when the goal is to produce a verbal
description; (c) the difference between these two aspects of visual information
is already contained in the Spatial Representation that precedes the linguistic
coding; (d) this difference is evident in higher cognitive processes such as
categorization and verbal description, but it is also present in the early
processes of the visual encoding when the final output consists in a categoriza-
tion or a verbal description.

We have used a variety of terms to refer to concepts. Henceforth, however,
we shall use the terms 'Formal characteristics' and 'Relational characteristics'.
We shall refer to 'Formal characteristics', rather than 'Shape', in order to stress
that various perceptual aspects constitute the form or appearance of an object.
We shall refer to 'Relational characteristics', rather than 'Place' or the 'Where'
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system, in order to stress that they qualify relational aspects of the object which
depend on the context in which the object is embedded, on its relations with the
background, on the comparison with other objects, and on its momentary
relation with the observer.

This distinction between Formal and Relational aspects of an entity recalls
that in Aristotle's Metaphysics: the essential component of an object is the
shape which forms the material itself and constitutes its being. Shape must be
distinguished from incidental, or relational, properties which do not pertain to
the essence. These are, for instance, the predicates of substance, such as quality,
quantity, relation, location, time, position, and so on.

Regarding the role of shape in guiding the perception and recognition of
reality, mention should be made of the pleasure and wonder expressed by the
naturalist Henry Baker (1698-1774) on first observing and describing micro-
scopic animals (amoebas) with no precise shape. In his words:

None of the many different Animalcules I have yet examined by the Microscope, has ever afforded
me half the Pleasure, Perplexity, and Surprise, as that I am going to describe at present: whose
Ability of assuming different Shapes, and those so little resembling one another, that nobody
(without actually seeing its Transformation performed under the Eye) would believe it to be the
same Creature.20

Baker reveals how difficult it is for us to realize that things which take on
different shapes by chance are still the same. Shape is therefore a substantial
feature since, when it changes, a radical transformation of the object results.
The relational aspects do not produce any metamorphosis, only a different
picture of the same object.

Since our hypotheses concerned both verbal descriptions and the nature of
the Spatial Representation, an analysis of spatial language was performed vis-
a-vis non-linguistic spatial representation. We used different task requirements,
such as perceptual evaluations, categorizations and verbal descriptions. Our
investigation can be divided into two parts. The first sought to verify whether
the difference between Formal and Relational characteristics occurs in the
linguistic representation, and therefore in the verbal description of visual
stimulus. Three experiments were performed in which subjects were presented,
under different conditions, with meaningless figures. The second part of the
study sought to verify the different roles played by Formal and Relational
characteristics in the structuring of the Spatial Representation. To this end, two
experiments were performed. In one of them the same visual stimuli used in the
study of verbal descriptions were used in a sorting task in which subjects had to
choose a suitable criterion for categorizing the figures; in the other, an easy
psycho-physical task based on the lower level of visual information-processing
was used. The reaction times taken by subjects to judge pairs of figures which
differed in formal and relational characteristics were tested. Since a categoriza-
tion process was involved in the subject's judgement, we expected a difference
between Formal and Relational characteristics to arise in this experiment, as
well as in the previous ones.
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The Formal aspects taken into account by our experiments were the
arrangement of the sides in a closed outline pattern (rectangular, quadrilateral)
and the type of lines present in the same contour (rectilinear, curvilinear).
These we shall refer to as 'Shape' and 'Contour' respectively. As far as
Relational characteristics are concerned, the role of Position and Orientation
will be analysed.

3.1. Experiment 1

Unfamiliar and meaningless visual stimuli were used to prevent the description
from becoming a case of simple recognition and labelling. If no stable
referential links were established between a cognizable entity and language,
and if the referent lacked a lexical concept, the process of denomination and/or
description should have encoded the salient perceptual aspects.

Two Shapes, namely a Rectangle and a Quadrilateral, both with a side
consisting of a Wavy line, were shown in two Positions - centred and decentred
- and in two Orientations - horizontal and tilted - inside a square (see Figure
1).

The subjects were shown eight figures, one after the other. Their task was to
produce "a suitable and exhaustive verbal description" of each configuration
shown in succession. There were no time limits either for observing the slides or
for task execution. The eight stimuli, presented in random order, were shown
for the entire description period. The protocols were analysed in order to
identify which characteristics were mentioned by the speakers. Table 1 shows
the percentages with which Shape, Contour, Position and Orientation were
mentioned. It was found that Formal characteristics were described in all
cases, whereas Relational characteristics were mentioned in only half the cases.

A salience criterion clearly operates in the selection of the characteristics
mentioned in the descriptions of unfamiliar stimuli. The results support the
hypothesis that the process of linguistic encoding selects information in favour
of Formal rather than Relational characteristics. Our interpretation is that the
frequency with which a characteristic is described depends on its weight in the
Spatial Representation.

A further result was that Position and Orientation were almost never
mentioned in the description of the first figure presented to the speakers,
whatever figure it was (see Table 2).

This result suggests that the descriptions were ruled by the linguistic
criterion of referral to distinctive information. This interpretation stresses the
communicative functions of language rather than its dependence on Spatial
Representation. In the literature on referential communication, in fact, a
message is considered to be informative when it provides the information
required by the hearer to identify the target within a group of similar stimuli
which share some features but differ in others.21

It may be that the speakers did not mention the relational characteristics of
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Figure 1. The eight figures described by the speakers

Table 1. Percentage rates of mentions of Formal characteristics (Shape and Contour) and
Relational characteristics (Position and Orientation) in Experiment 1

Formal characteristics
Shape Contour

Relational characteristics
Position Orient.

Rectangles
Quadrilat.

95.8%
98.9%

90.6%
92.2%

45.8%
61.5%

45.8%
31.3%



FORMAL CHARACTERISTICS 157

Table 2, Percentages with which Shape, Contour, Position, and Orientation were mentioned in
descriptions of the first and subsequent stimuli (Experiment 1)

Shape Contour Position Orient.

Mentions for stimulus 1 100.0% 100.0% 12.5% 0
Mentions for stimulus 2-9 96,9% 91.4% 58.0% 43.8%

Position and Orientation when describing the first figure because they were
only able to see that these characteristics were contrastive aspects from the
presentation of the second stimulus onwards. If this were the case, they would
have described position and orientation even for the first figure if they had been
presented simultaneously with various figures differing with respect to Position
and Orientation. The aim of the second experiment was to verify this
hypothesis and to test the extent to which the descriptions were ruled by the
linguistic criterion of conveying distinctive information in order to avoid
ambiguity. It could be argued that Relational characteristics may become more
salient for communication following comparison, due to the criterion of
informative referencing.

On the other hand, we believe that the constraints imposed by the Spatial
Representation, and the hierarchies of attributes it contains, are stronger than
the need for informativeness in referential communication. In short, the next
experiment was set out to contrast the 'Spatial Representation hypothesis' with
the 'Referential Communication hypothesis'.

3.2. Experiment 2

In this experiment each of the figures to be described - the same as in
experiment 1 - were shown together with three other figures of the same set
which varied in both Formal characteristics (Rectangles versus Quadrilaterals)
and Relational characteristics (centred versus decentered, horizontal versus
tilted). The speakers were presented with four figures at a time, and their task
was to describe the one that the experimenter pointed out. After the verbal
report, another set of four figures was presented and the procedure was
repeated until eight figures had been described.

The protocols were analysed using the same criterion as in the previous
experiment. The results were very similar: the Formal characteristics were
always described while the Relational ones were mentioned in half the cases
(see Table 3). Moreover, in this experiment too, the subjects hardly ever
mentioned the Relational characteristics when describing the first figure (see
Table 4).
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Table 3. Percentage rates of mentions of Formal characteristics (Shape and Contour) and
Relational characteristics (Position and Orientation) in Experiment 2

Table 4. Percentages with which Shape, Contour, Position, and Orientation were mentioned in the
descriptions of the first and subsequent stimuli (Experiment 3)

The main result of the experiment was that, even when the Relational
characteristics were distinctive features for discrimination of the target from
the other objects, they were neglected in half of the cases and totally in the
description of the first stimulus. Our interpretation is that the hierarchy of
attributes to be linguistically encoded is determined more by the nature of the
Spatial Representation than by communicative goals. In our opinion, the
linguistic description mirrors the Spatial Representation, the way in which the
perceptual organization is assumed by it, and the way in which the different
perceptual features are hierarchized. In other words, the prepositional content
of the message depends primarily on the non-propositional Spatial Representa-
tion. Before this conclusion was accepted, a further investigation was
performed based on the following consideration. It may have been that the
simultaneous presentation of four figures did not force speakers to mention
Relational characteristics because they did not take time to scan the figures in
order to determine the distinguishing feature of the target. In fact, as soon as
they were told which figure to describe, they started their description. A further
experiment ascertained whether it was possible to influence the descriptions
and induce subjects to name Relational characteristics by asking them to look
at all four stimuli, only producing the description after a period of observation.
If in this case, too, the Relational characteristics were not mentioned from the
first stimulus, this would strengthen the conclusion that they are considered
secondary in the definition of an object and that, even when they are
distinguishing features, they emerge after comparison with previously given
descriptions, and not after perceptual comparison.

Shape Contour Position Orient.

Rectangles 97.8% 88.5% 47.8% 42.7%
Quadrilat. 97.8% 89.2% 50.0% 27.1%

Formal characteristics Relational characteristics
Shape Contour Position Orient.

Mentions for stimulus 1 100.0% 100.0% 0 6.3%
Mentions for stimulus 2-8 100.0% 85.7% 56.3% 35.7%
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Table 5. Percentage rates of mention of Shape, Contour, Similes, Generic Categorization, Position
and Orientation in Experiment 3

Table 6. Percentage with which Shape, Contour, Similes, Generic Categorization, Position, and
Orientation were mentioned in the descriptions of the first and subsequent stimuli (Experiment 3)

Mentions for stimulus 1 93.8% 68.8% 56.3% 43,7% 12.5% 6.3%
Mentions for stimulus 2-8 63.4% 52.7% 40.2% 31.3% 49.1% 23.2%

3.3. Experiment 3

The speakers were told they would be presented with some slides, each of them
showing four figures, and that one of these was to be described "suitably and
exhaustively". After the presentation of each slide the subjects were first asked
to look at all four figures for about ten seconds; only after this period of free
observation did the experimenter tell them which one was to be described. The
figures to be described varied their location in each slide, occupying all four
frames in turn.

The results shown in Table 5 can be summarized as follows:

(a) The frequency with which Shape and Contour were mentioned decreased
markedly with respect to the preceding experiment. This was mainly due
to the presence of Similes (e.g., "a piece of cheese that has been nibbled"),
and other comments grouped under the label 'Generic Categorization'
(e.g., "a geometric shape", "an irregular object", "a strange shape",
allowing for the simultaneous description of both the Shape and the
Contour);

(b) The percentage with which Position and Orientation were mentioned was
no higher than in the previous Experiments.

Shape Contour Similes Gen. Cat. Position Orient.

Relational
Formal characteristics characteristics

Shape Contour Similies Gen. Cat. Position Orient.

Rectangles 70.3% 60.9% 45.3% 29.7% 46.9% 23.4%
Quadrilat. 64.0% 48.4% 37.5% 51.6% 42.2% 18.7%
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The changes in procedure, and the longer time allotted for stimuli observa-
tion, led to a richer descriptive strategy with the use of Similes and Generic
Categorization. This descriptive richness worked only in favour of Formal
characteristics, which tended to be over-specified and thus benefited from this
increased linguistic richness. It seems that there were still resources available in
the linguistic representation. These resources consisted mainly in the concep-
tual categories of familiar objects, as in the case of Similes, or in high level
categories, as in the case of Generic Categorization, and they were suitable for
the description of the Formal aspects but not of the Relational ones.

Table 6 shows the percentages with which subjects mentioned the Relational
characteristics in the description of the first stimulus, compared with stimuli 2-
8. Once again, Position and Orientation were largely ignored by almost all
subjects in their first descriptions, although they had observed all four stimuli
for a sufficient amount of time. On the whole, the tendency to neglect Position
and Orientation was not influenced by the procedure; the Relational Char-
acteristics were found to be refractory to the two variables considered in
experiments 2 and 3: (a) presentation of four figures at a time; (b) deferred
description. Since the Relational characteristics were mentioned less than the
Formal ones, and were not mentioned from the first stimulus, the conclusion
that the two types of characteristics have differing statuses is strengthened.

The fact that Position and Orientation were never mentioned in the
description of the first stimulus, but were mentioned in the description of the
following ones, suggests that, as regards the attributes that do not emerge from
a first perceptual analysis, namely Relational ones, there was a tendency to
construct the description on the basis of comparison with the previous
linguistic context. This phenomenon has been studied by Halliday and Hasan,
who distinguish between exophoric and endophoric reference22 The former is
informative with respect to the world; the latter is informative with respect to
previous discourse. Our results suggest that the tendency to refer endophori-
cally, namely the need for cohesive reference to previous discourse, seems to be
stronger than the need to adhere to the actual characteristics of the stimulus.
This finding is consistent with other results reported in the literature:
Pechmann used accentuation to infer the significance of particular information
for the speaker, finding that subjects tended to stress the distinctive feature that
marks out the object from the one mentioned previously.23 Since the simulta-
neous presentation of four figures and the deferred description did not activate
exophoric reference either, our result suggests that endophoric reference is
stronger than exophoric reference in the case of relational characteristics. On
the other hand, Formal characteristics were always mentioned, regardless of
whether the referent differed from the previous one. In the case of Formal
characteristics, subjects did not simply rely on the previous linguistic context.
It might be concluded that the salient characteristics, the Formal ones, in
Spatial Representation are always transferred into the linguistic coding,
whereas a specifically linguistic rule imposing discourse coherence operates in
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the case of characteristics which are not salient in the Spatial Representation,
namely Relational ones.

We conclude that the first requirement to be satisfied when a new perceptual
experience is to be described is that mention must be made of Formal
characteristics; mention which emerges as a primary perceptual result and
occupies an important position in the Spatial Representation. Shape was
described by all the speakers in all descriptions. Very frequently, they used the
name of the category nearest to the critical figure, i.e., 'rectangle' or 'quad-
rilateral'. Although our stimuli did not contain rectangles or quadrilaterals,
speakers referred to the geometrically closest category; a tendency which
indicates that: (a) a shape is a perceptually structured unit that must be
indicated as a whole in verbal communication; (b) this unit is best expressed
by a lexical item which takes account of its entirety, although the link between
the name and the referent is only approximate; (c) the object class is always
included in the object description.

Also 'Wavy line' was always mentioned: This is a salient characteristic, being
an anomaly in a configuration otherwise defined by rectilinear segments, and
an important component compared with the rest of the outline. As such, it is a
case of the 'pop-out' effect described by Treisman and Sauther: a dishomoge-
neous element, with respect to the context in which it is inserted, tends to
impose itself in a strongly perceptual way.24 From both the perceptual and
attentive viewpoints, anomalies strike the observer immediately, as studies on
attention have shown.25 Furthermore, they are of high informative value
because they act as the element which adjusts an approximate description of
the shape, such as 'rectangle' or 'quadrilateral'.

The three experiments on verbal descriptions consistently demonstrate that
subjects rely on a hierarchy of attributes which assigns a predominant role to
Formal characteristics and a secondary one to Relational characteristics. In
psycholinguistic research, various analyses have examined the problem of what
determines the saliency or importance of an entity or a quality in a description.
Fillmore talks about a saliency hierarchy in which change of state have a
primary role;26 Clark and Clark speak of unexpectedness;27 MacWhinney
mentions agency28 and Osgood and Bock show that vividness is a contributing
factor29. Also perceptual factors have sometimes been studied: Flores D'Arcais
showed that when a large figure and a small one are involved in an event, the
large one is mentioned first;30 Miller and Johnson-Laird31 and Talmy32 noted
that if two objects are unequal in size or mobility, the smaller and mobile one is
always encoded first as subject of the sentence. Morrow and Clark proposed
the Situational Model based on Uniqueness, Contrastive and Salience assump-
tions.33 On the whole, these studies confirm the factors which emerged in
Osgood's pioneering study34 in which subjects were asked to describe, in a
single sentence, an event involving simple familiar objects, for example an
orange ball rolling toward an upright tube. The main goal of Osgood's
investigation was to show "how the form as well as the content of sentences



162 MANFREDO MASSIRONI AND MARIA CHIARA LEVORATO

can be influenced by manipulating the perceptual context in which they are
produced",35 and to demonstrate that descriptive sentences derive from the
non-linguistic cognitive system.

In accordance with this position, in our study the salience criterion was
posited on the nature of the Spatial Representation. This is based on perceptual
processes and precedes construction of the prepositional content of the
message. In the first three experiments we showed that the different weights of
Formal and Relational characteristics are manifest in verbal descriptions. In
the experiments described next we shall demonstrate that the phenomenon is
not a purely linguistic one and that, even in pre-verbal processes, a Spatial
Representation which obeys the same principles operates.

3.4. Experiment 4

The purpose of this experiment was to verify whether the hierarchy of Formal
and Relational attributes is present in the representation that precedes the
selection of the prepositional content of the linguistic description.

Two different hypotheses could be formulated; either that what we had found
in the previous experiment mirrors the fact that language uses more lexical
items to encode the shape of an entity than it does to encode its locations, or it
mirrors the nature of processes that occur earlier in the process. In order to
verify these hypotheses, an experiment was performed in which the subjects
were asked to carry out a non-verbal categorization task. The material
consisted of the same figures as those used in the previous experiments plus
another eight figures in which the Wavy line was replaced with a straight line.

It was possible to group the set of 16 figures according to the criteria of: (a)
Shape; (b) Contour; (c) Position; (d) Orientation. It was always possible to
subdivide all stimuli into two equal groups on the basis of each of the four
characteristics. The participants were informed that they were taking part in a
very elementary test, and they were invited to perform in the simplest and most
spontaneous way by grouping the figures "on the basis of a sensible criterion".
Once they had performed the first sorting, they were invited to divide each of
the two groups into two more groups. Finally, they were asked to subdivide the
four groups further, again on the basis of the criterion held to be the most
sensible. Since there were four distinctive characteristics, this procedure
enabled the weight assigned to each of them to be determined.

We expected results which were analogous, compatible and consistent with
those of experiments 1, 2 and 3. Formal characteristics are primary in the
Spatial Representation, they should be considered more salient than the
Relational ones also in a sorting task.

The frequencies with which the participants used the various criteria to carry
out the first, second and third classification respectively are set out in Table 7.
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Table 7. Percentages with which Contour, Shape, Position, and Orientation were chosen in the first,
second and third classification (Experiment 4)

Contour
Shape
Orient.
Position

In the first classification, Contour was the preferred criterion in 73.9% of
cases and Shape was preferred in the remaining ones. No other criterion was
used in the first classification. In the second sorting, all the participants who
had first used Contour now used Shape, and vice versa for those who had first
used Shape. Overall, 100% of the first two classifications were performed on
the basis of Formal characteristics.

This experiment was the first step in an attempt to determine whether the
different weights of Formal and Relational characteristics is a linguistic
phenomenon or whether the differentiation arises at some representational
level that precedes the linguistic coding.

Experiment 5 once again posed the question, but at a new level. Two
hypotheses could be put forward, which differed according to the point in
which Formal and Relational characteristics parted from each other. Accord-
ing to the 'Categorization Process Hypothesis', the various features of the
visual information reach the categorization stage with equivalent weights. Only
subsequently does the categorization process hierarchize them. According to
the 'Spatial Representation Hypothesis', on the other hand, information is
organized and structured according to a criterion of salience at an even lower
level of perceptual elaboration.

5.5. Experiment 5

A discrimination task was used in which participants judged, as quickly as
possible, whether two figures presented on a screen were similar or dissimilar.
The figures were the same as the ones used in the previous experiment: they
varied in Shape, Contour, Position and Orientation. The figures were presented
two at a time and were either the same or different in their Formal and/or
Relational characteristics. The two figures varied in just one or in two
characteristics, which could be either of the same type (both Formal or both
Relational) or of different types (one Formal and the other Relational).
Participants were presented with twenty-four pairs of figures; half of them were

73.9 26.1
26.1 73.9

73.9 26.1
26.1 73.9

Class. 1 Class. 2 Class. 3
Rectang. Quadrilat.
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invited to judge whether the two figures were the same or different with respect
to Formal characteristics, and the other half were asked to judge whether the
two figures were the same or different with respect to Relational characteristics.
All the participants were presented with figures that could vary in both types of
characteristic.

The reaction times before giving an answer (pressing a button on the
keyboard of a personal computer) were recorded. The reaction times by the
two groups of participants should not have differed if the Categorization
Process Hypothesis were true, since it is at the level of categorization and
linguistic processes, and not at a previous level, that Formal and Relational
characteristics assume different weights. We prefer the Spatial Representation
Hypothesis that there is a level of representation, namely the Spatial Repre-
sentation, in which Formal and Relational characteristics are structured
according to a salience hierarchy.

If the latter hypothesis is true, we should have obtained longer reaction times
from the group who had to judge whether the two figures had a different
Position or Orientation, and shorter reaction times from the group who had to
judge whether the two figures differed in Shape or Contour. In fact, if the
Formal characteristics were higher in the hierarchy, they would be detected in
all cases, so that the reaction time by the participants who had to judge
Relational characteristics would take longer.

The results confirmed our hypothesis. The participants who had to judge
whether Shape or Contour were the same or different exhibited shorter
reaction times compared with those who focused on Position and Orientation.
These results confirm, from a chronometric point of view, the role of Formal
characteristics as a primary factor in perceptual organization and their
privileged status in the Spatial Representation.

4. THE MODEL

Overall, some consistent results emerged from the five experiments described
above, viz.:

1. Formal and relational characteristics assume different roles when they
are processed.

2. Formal characteristics are privileged when we speak about what we see,
when we group different figures, and when we perform simple and rapid
discrimination tasks.

These results enable us to reject the Design of Language Hypothesis, at least
as formulated by Landau and Jackendoff: it is not language, with its lexical
features, that produces the difference between the 'What' and 'Where' systems
because the differentiation is already present at the level of pre-linguistic
representation.
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A problem still remains concerning the nature of the Representation that
precedes the linguistic description. On the basis of critical analysis of Landau
and Jackendoff's stimulating model, and in the light of the experiments
described above, we propose a model which illustrates how the system works
when a verbal report of a perceptual experience is produced. A graphic
representation of this model is given in Figure 2, and the various phases and
components characterizing it are described point by point in the following
sections.

4.1. The primary spatial representation

The first arrow on the left indicates the activation of the rapid and pre-attentive
processes which are triggered by the visual input to produce a 'Primary Spatial
Representation'. Following Kanizsa,36 we call this representation 'primary'
because it derives from primary processes: it contains the information which
the visual sensorial modality has gathered by means of low level perceptual
processes which are mainly automatic.

The visual input is immediately and inevitably processed to form a
representation in which phenomenic objects are created and detached from
the background. As an effect of constancy processes, these objects are placed in
3D space, chromatic contrasts and assimilation take place, movement is
detected, and so on. This representation also comprises relational information
concerning the location of objects in space. This location is defined both in
absolute terms, in that objects are observed with reference to horizontal and

Figure 2. A model of verbal description of usual information
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vertical axes, and in relative terms, in that objects are located in relation to the
other objects and the observer.

The Primary Representation is densely rich with information which is only
briefly accessible to awareness, and constantly changing. Consider for instance
what happens when we observe the surrounding environment while taking a
walk or while sitting in an armchair and looking around: our attention
wanders, but all the information is available should we want to focus on a
particular aspect of the environment. The Primary Spatial Representation also
comes about when a goal is present in the observer before s/he perceives the
visual stimulus. The primary perceptual elaboration is always automatically
and autonomously activated and cannot be by-passed. Even when the observer
is aware of the goal that s/he wants to achieve from the very beginning, the
Primary Spatial Representation takes place: low level perceptual analysis of the
environment is always necessary before the observer passes to more intentional
analysis of the available information.

This representation comprises all the information that we are able to gather
on both the 'What' and the 'Where', but none of it has privileged status as if it
were awaiting an intention or a goal to be attained - be it a motor action, a
verbal utterance, or some other act. It contains all the information necessary
for subsequent activities because it must furnish sensorial information to the
cognitive system and the other systems involved in some kind of output
production.

The Primary Spatial Representation is the result of automatic processes,
presumably modular and therefore involuntary, which precede the activation of
both procedural and descriptive knowledge.

4.2. The filter

When an individual has a goal to achieve, or when some aspect of the
environment captures her/his interest, the processing is oriented by this
purpose. This phase is voluntarily activated and may therefore be controlled
by a central processing system. The goal determines the choice of the type of
output to be activated, which may be, for instance, motor or linguistic.

The type of output chosen automatically triggers the selection of a filter
which varies according to the type of output. As Figure 2 shows, this filter can
only operate on the basis of a pre-existing representation. It determines which
aspects of the Primary Spatial Representation qualify for inclusion in con-
scious deliberation. In fact, from all the information contained in the Primary
representation, it selects the items that will be processed further, and decides
what weight they should have, and how they should be structured within the
Filtered Spatial Representation. Starting from a single Primary "Representa-
tion, various Filtered Representations can be formed which differ in the type of
information that they privilege and in the role that they occupy in the hierarchy
of attributes.
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The purpose of this filtering process is presumably to economize on
cognitive resources, which in this way can best handle the information useful
for the intended action, thereby saving resources for a specific and suitable
output. Let us consider two possible Filtered Representations, one aimed at a
motor response and the other at a linguistic behaviour.

The Motor Spatial Representation - the one in Figure 2 is shaded because it
will not be considered, except only incidentally, in the following analysis - must
give detailed treatment to the Relational characteristics consisting of specific
information about a particular situation, although it cannot ignore the Formal
characteristics.

More specifically, when an individual has a motor goal (grasping an object,
avoiding an object, placing one object on top of an other, separating two
objects, clapping, putting something into his/her mouth or into the mouth of
her/his baby, and so on) the relational characteristics cannot be neglected;
indeed, they must be processed with great precision. Besides the shape of an
object, what must also be detected are its location, its size, its trajectory and
speed, its orientation in space, and so on. A perceptual configuration always
appears before the observer in a specific and contingent manner. In theory, no
action can be repeated in exactly the same way, and it is for this reason that the
Relational characteristics are so important for the Filtered Representation
attuned to motor action: they must be accurately processed for the action to be
successful.

On the other hand, if the output is to be verbal, a linguistic filter is activated
which leads to the construction of a Linguistic Representation in which Formal
characteristics are privileged. In this case, in fact, the filter must enable
recognition of the object so that its essence and its attributes can be predicated.
The Linguistic Representation therefore contains precise and accurate infor-
mation about the object so that it can be compared with previous world
knowledge. Among all the characteristics, those crucial for recognition of the
object and the category to which it belongs are the Formal ones, mainly shape,
colour and material.

5. THE LINGUISTIC SPATIAL REPRESENTATION

The Linguistic Spatial Representation receives perceptual information from
the Primary Representation via the filter. This perceptual information is
delivered to linguistic modules in a form suited to linguistic coding

There is a path which goes from the recognition of the object to the
conceptual category to the labelling: this is the path on which language is
based, and it is fixed on the Linguistic Spatial Representation. This interpreta-
tion may explain the phenomenon described by Landau and Jackendoff,
namely, the accuracy with which language refers to the 'what' and its vagueness
in the description of the 'Where'. The linguistic filter focuses on the elements
that remain constant in an entity, which are mainly shape, color and material,
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but it tends to neglect the space-time context or to treat it schematically,
because the former are the characteristics that can be projected into the
conceptual system.

The information contained in the Linguistic Spatial Representation - mainly
the formal characteristics - is compared with the types of the conceptual
categories. A loop operates between the representation and the conceptual
system so that after a series of checks the conceptual category to which the
object belongs is recognized.

In this process the representation becomes increasingly precise and suitable
for linguistic description. Whereas at the beginning of the process the
representation is the product of a filter attuned to the linguistic outcome, at
the end it is ready for use by the linguistic system itself.

5.1. The propositional representation

The outcome of the process just described is a representation that can be
transformed into a Prepositional Representation, or a pre-verbal message. In
the course of the process of linguistic description, this phase corresponds to the
phenomenological experience of every speaker that s/he is aware of the content
of the message that s/he is about to produce. Over this representation the
process of linguistic coding is triggered: the linguistic modules are ready to
operate.

6. CONCLUSIONS

The hypothesis that differentiates our model most markedly from that
proposed by Landau and Jackendoff concerns the origin of the discrepancy
between the richness of the language used to refer to objects, and shapes, and
its vagueness when it refers to places and spatial relations. In Landau and
Jackendoff's model, this discrepancy mirrors the nature and constraints of the
Spatial Representation, which is the same for every type of sensorial input. In
our model, different Spatial Representations are created on the basis of the
desired output so that, for a motor action, a Motor Spatial Representation is
built which differs from the one required for verbal behaviour.

This interpretation is supported by neuropsychological evidence that has
identified two functionally distinct systems for the processing of spatial
information. Ungerleider and Mishkin37 have developed previous studies by
Schneider38 and carried out various studies of the effects of certain brain
lesions on the behaviour of monkeys. Their results show that visual informa-
tion follows two paths: one (ventral) is involved in object recognition and the
other (dorsal) in their location. Physiological differences between spatial and
object systems have also been identified in lesioned humans.39 There is now
extensive evidence that there are two visual modes in the normal human brain
which follow different rules.40 Called cognitive and sensorimotor respectively,
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the former is a symbolic system whose contents are at least partially conscious
while the latter is uniquely spatial and generally unconscious.

In a recent study, Humphreys and Riddoch have examined41 neuropsycho-
logical aspects of visual attention by comparing two neurological patients.
They propose a synthesis of Ungerleider and Mishkin's and Bridgeman's
theories, maintaining that two spatial representations are involved in different
behaviours, namely a 'within object spatial coding' and a 'between objects
spatial coding', the former operating in object-recognition tasks and the latter
in object location. After comparing the performances of the two patients -
afflicted by different lesions - Humphreys and Riddoch conclude that 'between
objects spatial coding' is presumably connected to the system which controls
motor actions. By contrast, 'within objects spatial coding', which focuses on
shape, is visual in nature and controls objects recognition.

The results of our experiments support this hypothesis; in particular,
experiment 5 shows that the construction of a representation assigned to shape
recognition occurs at the early levels of visual processing. On the other hand,
we believe that, even though the linguistic and motor systems seemingly utilize
different information, they gather it from a common previous coding, which we
called the Primary Spatial Representation.

The function of the Primary Spatial Representation is crucial, because it
provides the system with all the information necessary to perform intentional
actions. In human beings, these actions can be either verbal or motor, or even
of other types, for example when visual scanning is performed in order to find
an object (one thinks, for instance, of fruit picking). Language is a specific and
important ability possessed only by human beings, but the perceptual system
developed much earlier in phylogenesis than did language and other symbolic
systems. It is important to understand which relations are established between
the ability to gather visual information from the environment and the ability to
use language in order to refer to what the visual system has received. In theory,
two possibilities can be considered:

1. Language has hooked on to perceptual processes which were extremely
functional and sophisticated and whose function was to represent the
results of perceptual activity symbolically and communicate them to
others.

2. Language, as a powerful and pervasive system, has adapted the proce-
dures of the perceptual processing to new cognitive possibilities.

We lean towards the first hypothesis, since it seems to be supported by our
experiment, as well as by the research cited earlier. -Most of our perceptual
experience is not described verbally: perception, in the form of Primary Spatial
Representation, is always active. We can refrain from speaking, but we cannot
refrain from seeing, hearing, smelling or tasting. Our perceptual world tends to
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be structured in a complete and meaningful way, even though we do not
represent it symbolically.

Perceptual experience, which does not usually need to be verbally coded in
order to be experienced, can become the topic of a discourse when we want to
speak about what we see. In this case, a filter is activated which selects from the
great amount of information encoded in the Primary Spatial Representation
the items compatible and suitable for the linguistic coding and which will be
assumed within the Linguistic Spatial Representation.

Analysis of the verbal descriptions produced by speakers showed that the
scant expressions available to spatial language in order to describe object
locations tend to be used sparsely and approximately. It was this finding that
induced us to suppose that, in general, the Linguistic Spatial Representation
encodes Relational characteristics in a rather rough way, while the Formal
characteristics are precisely encoded, the aim being to identify the most
appropriate conceptual category with which to define the object or figure.

Is it worthwhile considering why the linguistic system, and consequently the
Linguistic Spatial Representation, gives priority to the shape rather than the
place of objects. What is the reason for the strong bias of the conceptual
system, and of language, towards formal characteristics? It is a bias which
operates from the first phases of language acquisition when formal similarity is
the main criterion for the generalization of names. Landau, Smith and Jones
have evidenced, both in children and in adults, the primary role played by
shape in the process of name generalization.42 The differential characteristics
of the stimuli used by Landau, Smith and Jones were shape, size and material
of the objects. The only aspect chosen by the subjects, who were as young as
three years old, in name generalization was shape. Similar results indicating
that shape is the predominant aspect in learning names for novel objects have
been obtained by Biederman and by Rosch in classification tasks,43 and by Au
and Markman, by Bornstein, by Clark, by Heibeck and Markman, and by
Landau and Stecker in labelling tasks.44 In this connection, Landau and
Jackendoff argue that "children should come to language learning prepared to
attend only to certain properties when learning names for objects versus names
for places. In particular children should attend to object shape for object count
nouns but only sparse elements (or none al all) for place words".45

Certain principles underlie the acquisition of nouns: for instance, the
principle of the 'entire object' (which states that a new name should be attached
to the entire object and not to parts of it or to contextual spatio-temporal
elements), or the 'taxonomic principle' (that a name should be generalized to
similar objects), to cite only those relevant to the present discussion. What these
principles have in common is that they are grounded on the priority of formal
characteristics and that they induce the child to neglect contingent and spatio-
temporal ones. Take the principle of the entire object, which assumes that a
name should preferably refer to discrete entities. The characteristic that most
typically defines a discrete entity is its shape - certainly not relational
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characteristics, which are typically continuous dimensions. Objects are unin-
terruptedly graduated from nearest to farthest, from biggest to smallest.

There seems to be a determinism in the preference of language for shape
rather than for place. In theory, we may think counterfactually of a world
knowledge and of a linguistic communication system grounded on relational
characteristics. But does not such alternative world knowledge also imply a
different world, one in which the structure of objects and of the relations
between objects is radically different?

Let us try to imagine this counterfactual world, starting from Gibson's direct
perception theory.46 Gibson argues that the perceptual system has developed in
order to respond adequately to both the opportunities and threats present in
the ecological niche in which animals live. From this point of view, one might
suppose that in a different world our perceptual organization would be
different too, and consequently also our categorization system. Envisaging a
world in which human beings have developed a categorization system
grounded not on formal characteristics but on relational ones, and in particular
on those related to object location, entails that objects and events are
categorized primarily on the basis of these characteristics. There would be
concepts like the 'above(s)', which would define a set comprising all things that
are usually above — for example, clouds, roofs, ceilings, tree branches, but also
space shuttles, the moon and stars, and so on - and then there would be other
categories like the 'below(s)', the 'in front of(s)', the 'on the right of(s)', the
'behind(s)', and also the 'below-on the right-behind(s)', the 'above-two centi-
metres-detached(s)', and so on. A world thus categorized would be dramati-
cally unstable, since every change of position would change an object's
conceptual membership. A world such as this would be very difficult to manage
cognitively, for if the observer changed her/his standpoint not all the 'above(s)'
would remain above. Every shift in the observer's standpoint, and/or in some
object within his/her visual field, would require the revising and up-dating of
most of his/her conceptual set-up. Knowledge grounded on object locations
would be self-defeating, uneconomical and confusing, unless we imagined a
world of a very different nature from the actual one: for instance, a world in
which objects and beings undergo constant change which strips them of any
formal property, and in which objects and beings are subject to tight locational
constraints. This would be a world peopled by flexible and extensible objects
assuming different shapes as a consequence of constant, seamless deformation.
Objects and living beings would be radically anchored to a single point, which
remained fixed and unchangeable in space. Consequently, parts of objects and
of living beings would lengthen, widen, extend in all directions, merging with
other objects and beings without leaving their anchoring points which coincide
with their standpoints. If we were living beings in that world, we would observe
it from our immutable standpoints, seeing numerous changeable shapes always
anchored in the same place. If we were capable of speaking and able to describe
what we see, we would employ a set of cognitive abilities suitable for that
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environment, such as: a visual range of 360°; the ability to gauge the distance
between our anchoring point and every other object precisely; the ability to
recognize the anchoring points of self-deforming objects and beings, the ability
to discriminate prototypical spatial relationships among places; and so forth. A
conceptualization and linguistic communication system like the one used in
our actual world would be absolutely inadequate. Concepts and nouns related
to formal characteristics would be of minor importance, and they would be
impoverished and easily neglected. On the other hand, the linguistic terms used
to refer to locations would have to be numerous, articulated, precise, and never
neglected in verbal communication. A number of shared conventions in
describing both points and directions in space would operate; some privileged
positions would have names; suitable words defining peculiar spatial regions
would be available; other linguistic devices, now unimaginable, would be
available to the speaker, but they would certainly concern both spatial
arrangements and locations.

This fictional digression takes us back to consideration of the interface
between perceptual organization on the one hand and the conceptualization
system - and consequently the referential linguistic system - on the other. In
terms of linguistic referentiality, the attribution of names to objects and events
depends on the way in which our percepts are constituted. In other words,
everything that has perceptual saliency constantly seeks to acquire a name so
that it may become a referent of linguistic communication. In our model, the
interface between perception and language is constituted by the linguistic filter
which produces the Linguistic Spatial Representation. And it must preserve
those features of perceptually processed information which can be used by the
conceptual system.

These features - which are crucial for the definition of shape or formal
characteristics - are discontinuity and stability. Our perceptual organization is
sensitive to the discontinuity present in the environment, particularly as
regards the percepts of which we are aware and which may therefore become
topics of discourse. Wertheimer's law of formal unification,47 the figure/
background articulation treated by Rubin and Koffka,48 completions, three-
dimensionality, and so on, are all cases in which the perceptual system records
discontinuity. Within the continuous stream of perceptual experience figures
are separated and identified as discrete entities. If there is no discontinuity,
seeing becomes confused - as in the case of Ganzfeld.49

The perceptual result is the more evident and recognizable, the more it is
separable and distinct from its context. Perceptual processes grasp stability
within the continuous variability of the sensorial recordings. As a result of
constancy perceptual mechanisms, even though variations in inclination are
processed in the proximal stimulus as variation in shape, they are not seen as
such; which makes shape one of the most stable components of phenomenic
experience. Objects and events can acquire names in so far as they are
perceived as stable; the perceptual system is able to provide the conceptual
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linguistic system with percepts that are discontinuous and stable. In our world,
forms constitute that discontinuity which is readily detached from the context
to which it belongs and which is perceived as most stable even amid changes
and dynamic situations. To conclude, although language is an autonomous
processing procedure, it is, in our opinion, closely conditioned by the
characteristics of discontinuity and stability that the speaker perceives in the
world.

Institute of Psychology, Faculty of Letters and Philosophy
Verona

N O T E S

1 Woods 1981.
2 Marconi 1992.
3 Olson 1970; Sever 1970; Osgood 1971.
4 Olson 1970.
5 Osgood 1971.
6 Jarvella, Klein 1981; Miller, Johnson-Laird 1976; Pick, Acredolo 1983.
7 Miller, Johnson-Laird 1976.
8 McKey et al. 1987.
9 Baddeley 1986.
10Kosslyn l980.
11Paivio 1971.
12 Bahrick, Boucher 1968; Nelson, Brooks 1973.
13 Landau, Jackendoff 1993.
14 Clark, Chase 1972, 514-5; see also Chase, Clark, 1972.
15 Jackendoff 1983; 1987.
16 Landau, Jackendoff 1993.
17 Ibid.
18 Cf. Gibson 1950; 1966; 1979.
19 Miller, Johnson-Laird 1976.
20 Baker 1753, 260.
21 Cf. Olson 1970; Pechmann 1984.
22 Halliday, Hasan 1976.
2 3 Pechmann 1984,
2 4 Treisman, Sauther 1985.
25 Cf. Bagnara 1984; K a n e m a n 1973.
2 6 Fillmore 1977.
2 7 Clark, Clark 1977.
2 8 MacWhinney 1977.
2 9 Osgood, Bock 1977.
30 Flores D'Arcais 1987.
31 Miller, Johnson-Laird 1976.
3 2 Talmy 1983.
3 3 Morrow, Clark 1988.
34 Osgood 1971.
35 Osgood 1971, 498.
36 Cf. Kanizsa 1980.
3 7 Ungerleider, Mishkin 1982.
38 Schneider 1969.
3 9 Fa rah , H a m m o n d , Levine, Calvanio 1988.
4 0 Bridgeman, Kirch, Sperling, 1981; Bridgeman 1986.



174 MANFREDO MASSIRONI AND MARIA CHIARA LEVORATO

41 Humphreys, Riddoch 1994.
4 2 Landau, Smith, Jones 1988.
4 3 Biederman 1987; Rosch 1978.
4 4 Au, M a r k m a n 1987; Bornstein 1985; Clark 1973; Heibeck, M a r k m a n 1987; Landau, Stecker
1990.
4 5 Landau, Jackendoff 1993, 236.
4 6 Gibson 1950; 1966; 1979.
47 Wertheimer 1923.
48 Rub in 1921; Koflka 1935.
49 Metzger 1930.

REFERENCES

Au, T.K. and Markraann, E.M.: 1987, 'Acquiring Word Meanings via Linguistic Contrast'
Cognitive Development, 2, 217-236.

Baddeley, A.: 1986, Working Memory. Oxford, Oxford University Press.
Bagnara, S.: 1984, L'attenzione. Bologna, Il Mulino.
Bahrick, H.P. and Boucher, P.: 1968, 'Retention of Visual and Verbal Codes of the Same Stimuli',

Journal of Experimental Psychology, 79, 417-422.
Baker, H.: 1753, Employment for the Microscope. London, R. Dodsley at Tully's Head in Pall-Mail.
Bever, T.G.: 1970, 'The Cognitive Basis for Linguistic Structures' in J.R. Hayes, ed., Cognition and

the Development of Language. New York, John Wiley & Sons, 279-352.
Biederman, I.: 1987, 'Recognition-by-Components: A Theory of Human Image Understanding',

Psychological Review, 94, 115-147.
Bornstein, M.: 1985, 'Color-Name Versus Shape-Name Learning in Young Children', Journal of

Child Language, 12, 387-393.
Bridgeman, B., Kirch, M. and Sperling, A.: 1981, 'Segregation of Cognitive and Motor Aspects of

Visual Function Using Induced Motion', Perception and Psychophysics, 29, 336-342.
Bridgeman, B.: 1986, 'Multiple Source of Outflow in Processing Spatial Information', Acta

Psychologica, 63, 336-342.
Chase, W.G. and Clark, H.H.: 1972, 'Mental Operations in the Comparison and the Comparison of

Sentences and Pictures', in L, Gregg, ed., Cognition in Learning and Memory. New York, Wiley,
205-232.

Clark, H.H. and Chase, W.G.: 1972, "On the Process of Comparing Sentences Against Pictures',
Cognitive Psychology, 3, 472-517.

Clark, H.H.: 1973, 'Space, Time, Semantics and the Child', in T. Moore, ed., Cognitive Development
and the Acquisition of Language. New York, Academic Press, 28-63.

Clark, H.H.and Clark, E.V.: 1977, 'Psychology and Language. An Introduction to Psycholinguis-
tics'. New York, Harcotirt Brace Jovanovich.

Farah, M.J., Hammond, K., Levine D. and Calvanio, R.: 1988, 'Visual and Spatial Mental
Imagery: Dissociable Systems of Representation', Cognitive Psychology, 20, 439-462.

Fillmore, C.J.: 1977, 'The Case for Case Reopened', in P. Cole and J. Sadock, eds., Syntax and
Semantics: Vol. 8. Grammatical Relations. New York, Academic Press.

Flores D'Arcais, G.B.: 1987, 'Perceptual Factors and Word Order in Event Descriptions', in G.
Kempen, ed., Natural Language Generation: New Results in Artificial Intelligence, Psychology
and Linguistics. Dordrecht, Martinus Nijhoff.

Gibson, J.J.
Gibson, J.J.
Gibson, J.J.
Halliday, M.A.K. and Hasan, R.: 1976, Cohesion in English, London, Longman.
Heibeck, T.H. and Markman, E.M.: 1987, 'Word Learning in Children: An Examination of Fast

Mapping' Child Development, 58, 1021-1034.

1950, The Perception of the Visual World. Boston, H o u g h t o n Mifflin.
1966, The Senses Considered as Perceptual Systems. Boston, H o u g h t o n Mifflin.
1979, The Ecological Approach to Visual Perception. Boston, H o u g h t o n Mifflin.



FORMAL CHARACTERISTICS 175

Humphreys, G.W. and Riddoch M.J.: 1994, 'Attention to Within-Object and Between-Object
Spatial Representations: Multiple Sites for Visual Selection', Cognitive Neuropsychology, 11(2),
207-241.

Jackendoff, R.: 1983, Semantics and Cognition, Cambridge, Mass., The MIT Press.
Jackendoff, R.: 1987, Consciousness and the Computational Mind. Cambridge, Mass., The MIT

Press.
Jarvella, R. and Klein, W.: 1982, Speech, Place and Action. Chichester, Wiley.
Kahneman, D.; 1973, Attention and Effort. Englewood Cliffs, NJ, Prentice-Hail.
Kanizsa, G.: 1979, Organization in Vision. New York, Praeger.
Koffka, K.: 1935, Principles of Gestalt Psychology. New York, H. Harcourt Brace.
Kosslyn, S.M.: 1980, Image and Mind. Cambridge, Mass., Harvard University Press.
Landau, B., Smith, L.B., and Jones, S.S.: 1988, 'The Importance of Shapes in Early Lexical

Learning', Cognitive Development, 3, 299-321.
Landau, B. and Jakendoff, R.: 1993, '"What" and "Where" in Spatial Language and Spatial

Cognition, Behavioral and Brain Sciences, 16, 217-265.
Landau, B. and Stecker, D.S.: 1990, 'Objects and Places: Geometric and Syntactic Representations

in Early Lexical Learning', Cognitive Development, 5, 287-312.
Marconi D.: 1992, 'Semantica Cognitiva', in M. Santambrogio, ed., Introduzione alla Filosofia

Analitica del Linguaggio, Bari, Laterza, 431-482.
MacWinney, B.: 1977, 'Starting Points' Language, 53, 152-168.
McKey, D.G., Allport, A., Prinz, W. and Scheerer, E.: 1987, 'Relationship and Modules within

Language Perception and Production: An Introduction' in Allport, McKey, Prinz and Scheerer,
eds., Language Perception and Production. New York, Academic Press.

Metzger, W.: 1930, 'Optische Untersuchungen am Ganzfeld: II. Zur Phänomenologie des homo-
genen Ganzfelds', Psychologische Forschung, 13, 6-29.

Miller, G.A. and Johnson-Laird, P.N.: 1976, Language and Perception. Cambridge Mass., Harvard
University Press.

Morrow, D.G. and Clark, H.H.: 1988, 'Interpreting Words in Spatial Descriptions, Language and
Cognitive Processes, 3, 275-291.

Nelson, D.L. and Brooks, D.H.: 1973, 'Functional Independence of Pictures and their Verbal
Memory Codes, Journal of Experimental Psychology, 98, 44-46.

Olson, R.D.: 1970, 'Language and Thought: Aspects of a Cognitive Theory of Semantics',
Psychological Review, 77, 257-273.

Osgood, C.E.: 1971, 'Where Do Sentences Come From?' in Steinberg and Jakobovits, eds.,
Semantics. Cambridge, Mass., The University Press. 497-529.

Osgood, C.E. and Bock, J.K.: 1977, 'Salience and Sentencing: Some Production Principles', in S.
Rosenberg, ed., Sentence Production: Developments in Research and Theory. Hillsdale, NJ,
Lawrance Erlbaum.

Paivio, A.: 1971, Imagery and Verbal Processes. New York, Holt Rinehart and Winston.
Pechniann, T.: 1984, 'Accentuation and Redundancy in Children's and Adult's Referential

Communication', in H. Bouman and D. Bouwhuis, eds., Attention and Performance. Control of
Language Processes, vol X. Hillsdale, NJ, Lawrence Erlbaum. 417-431.

Pick, H.L. and Acredolo, L.P.: 1983, Spatial Orientation. Theory, Research and Application. New
York, Plenum Press.

Rosch, E.: 1978, 'Principles of Categorization', in E. Rosch and B.B. Lloyd, eds., Cognition and
Categorization. Illsdale, NJ, LEA. 27-48.

Rubin, E.: 1921, Visuell wahrgenommene Figuren. Copenhagen, Gyldendals.
Schneider, G.E.: 1969, 'Two Visual Systems', Science, 163, 895-902.
Talmy, L.: 1983, 'How Language Structures Space' in H.L. Pick and L.P. Acredolo, Spatial

Orientation. Theory, Research and Application. New York, Plenum Press.
Treisman, A. and Souther, J.: 1985, 'Search Asymmetry: A Diagnostic for Pre-Attentive Processing

of Separable Features', Journal of Experimental Psychology: General, 114, 65-90.



176 MANFREDO MASSIRONI AND MARIA CHIARA LEVORATO

Ungerleider, L.G. and Mishkin, M.: 1982, 'Two Cortical Visual Systems', in D.G. Ingle, M.A.
Goodale and R.J.W. Mansfield, eds., Analysis of Visual Behavior. Cambridge, Mass., The MIT
Press.

Wertheimer, M.: 1923, 'Untersuchungen zur Lehre von der Gestalt', Psychologysche Forschung, IV,
301-350.

Woods, W.A.: 1981, 'Procedural Semantics as a Theory of Meaning', in A.K. Joshi, B.L. Webber
and I.A. Sag, eds., Elements of Discourse Understanding. Cambridge, Cambridge University
Press, 300-333.


