
AARARACNECNEAARARACNECNE

The Perception of Contraries

“Opposites” are intuitively and naturally understood and learnt. The
extremely robust relationship between two opposites is a fundamental part
of the mental lexicon in human cognitive organization. The reason for this
special status has not yet been fully understood. In recent times there has
been a shift of attention in psycholinguistic literature and researchers are
now looking beyond old classifications towards new questions and new
methods of studying this issue. This book proposes a further shift of per-
spective from language to the psychology of perception. Could it be that the
special status of what has up to now been considered a linguistic or seman-
tic relationship derives from the fact that contraries are grounded in deeper
perceptual structures and motor processes? This book looks for evidence to
prove this hypothesis, investigating the perceptual world widely in order to
discover the conditions underlying the perception of two contrary objects,
actions or properties. Many fields are explored, from the perception of space
in laboratory conditions to the perception of space in ecological environ-
ments; from recognition of contrary visual patterns to the perception of
reflections; from drawing contrary figures to making contrary gestures; from
recognition of contrariety in music to the effect of contrariety in memory
processes…
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Preface 
 
 
 
 
 
 
There are two aspects emerging from a review of the literature on 

“opposites” over the last 10 years which we consider a good way to 
introduce the approach to contrariety presented in this book. 

The first aspect refers to the recent extension of the area of investigation 
concerning “antonyms” and the consequent shift of attention beyond old 
classifications towards new questions and new methods of studying this 
issue.  

From the seventies up to now, the study of opposition has been basically 
limited to the study of antonyms, from the point of view of linguistics, 
psycholinguistics and semantics. However, although some authors still 
define “antonymy” as a species of “opposition” (e.g., Croft & Cruse, 2004; 
Paradis, 1997, 2000a, 2000b, 2001), an increasing number of researchers 
have in recent times moved their attention towards a general phenomenon of 
“oppositeness”, using the term “antonyms” as a cover term for all kinds of 
opposites (see, for instance, Jones, 2002; Willners & Paradis, 2006).  

The considerable efforts devoted to creating exhaustive classifications of 
opposites does not seem to have been sufficient and researchers admit that 
they are still puzzled as to why opposites have a special status in our 
cognitive organization (Croft & Cruse, 2004; Cruse, 1986, 2000; Fellbaum, 
1998; Jones, 2002; Muehleisen, 1997; Murphy, 2003; Willners, 2001). 
Opposites are intuitively and naturally understood and learnt (Kagan, 1984; 
Miller & Fellbaum, 1991; Muehleisen, 1997) and they are applied 
ubiquitously in many fields, from philosophy to science, starting from 
studies of the ancient Greeks up to the contemporary frontiers of biophysics. 
Cruse (2000, p. 167) and Jones (2002) noted that antonymy is the only 
semantic relationship «to receive direct lexical recognition in everyday 
language. In this sense it is more widespread and more primal than other 
relations holding between words» (Jones, 2002, p. 8). It plays a significant 
role in the “mental lexicon” and is a “a key feature of everyday life” (Jones, 
2002, p. 7). 

The reason for this special status – which some authors have referred to 
as the “unique fascination” of antonyms (see Cruse, 1986, p. 197; Jones, 
2002, p. 1) – has not yet been fully understood and it seems that the most 
intriguing part of the story is still waiting to be told. We believe that there 
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needs to be a dramatic shift of attention from language and linguistic 
structures towards the basic structures and rules of perception. In other 
words, we need to ground language and cognition in perception and this is 
the second aspect of contemporary research in Psychology that we would 
like to discuss here.  

Coventry and Garrod (2004) and Pecher and Zwaan (2005) have recently 
stated the need to ground cognition in perception and action with respect to 
other cognitive functions and processes such as abstract concepts, 
metaphorical imagination and sentence comprehension. «Rather than being 
merely input and output devices, perception and action are considered 
central to higher cognition» (Pecher & Zwaan, 2005, p. 2) in the sense that 
“cognitive structures develop from perception and action” (cit., p. 1). 
Evidence of this has been found in a series of recent experiments 
demonstrating that perceptual and motor representations play a role in higher 
cognitive processes such as the understanding of language and the retrieval 
of information from memory (Bersalou & Wiemer–Hastings, 2005; Carlson 
& Kenny, 2005; Gleenberg & Kaschak, 2002; Goldstone, Feng & Rogosky, 
2005; Langaker, 2005; Pecher, Zeelenberg & Bersalou, 2003; Solomon & 
Bersalou, 2001; Spivey, Richardson & Gonzales-Marquez, 2005; Stanfield 
& Zwaan, 2001; Zwaan, Stanfield & Yaxley, 2002). Might this be the case 
for “opposition” too? Could it be that the special status of what has up to 
now been considered a linguistic or semantic relationship derives from the 
fact that contraries are grounded in deeper perceptual structures and motor 
processes?  

Similar attention to the perceptual bases of cognition and, more precisely, 
to integrating “phenomenality” into contemporary Cognitive Sciences, was 
fundamental to the project set up by Petitot, Varela, Pachoud and Roy (1999) 
and called “Naturalizing Phenomenology”: «we have chosen to take as a 
guideline the idea, currently growing in importance within the cognitive 
science community, that a successful scientific theory of cognition must 
account for phenomenality (…) [For] a whole set of cognitive systems, and 
for the human one in particular, things have appearances. (…) [On] the basis 
of its past achievements in describing such phenomenality, Husserlian 
phenomenology can play a key role in helping to meet this requirement, 
provided that it can be naturalized (…). By “naturalized” we mean integrated 
into an explanatory framework where every acceptable property is made 
continuous with the properties admitted by the natural sciences» (cit., pp. 2–
3). 

The shift of perspective that this book proposes is towards grounding 
research on contrariety in the perception of contrary properties, contrary 
actions, contrary objects or, we might also say, grounding it in its inherent 
phenomenality.  

Preface
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Kelso and Engstrøm’s (2006) approach to complementary pairs 
represents a recent attempt to base an analysis of contrariety on its 
underlying structures. Their questions only in part overlap with other authors 
in the domain of psycholinguistics or cognitive semantics. For example, “1) 
Why do human beings routinely divide their world into contraries? 2) Why 
are contraries so often interpreted as being mutually exclusive (…)? 3) What 
is the ultimate nature of contraries and contrariety? Are contraries physical 
phenomena, mental phenomena, or somehow both?” (Engstrøm & Kelso, 
2008). Their search for answers led to an investigation into the dynamics of 
the specific mechanisms in the brain which contrariety is considered to be 
based on. Without going into the details of their proposal, what we want to 
emphasize here is that this is a novel perspective on contraries, focusing on 
experimental studies and mathematical models and aiming to understand 
how a system produces complementary pairs that follow repeatable and 
predictable dynamic laws.  

Our approach to contrariety is based on the same need to shift the focus 
from regarding opposition as a linguistic structure to regarding contrariety as 
a perceptual structure. We follow the traditions of the experimental 
phenomenology of perception, an approach derived from Gestalt 
Psychology. What we have been looking for over the last 10 years, are the 
ways in which contrariety is part of the direct experience of naïve subjects. 
We started from the hypothesis that contrariety is a relationship which is 
directly perceived between objects, figures or sounds in the same way as 
similarity, diversity or sameness and we searched for proof to support this. 
In doing this we discovered a series of specific perceptual conditions that are 
present when contrariety is recognized and some specific “rules” that people 
seem to follow when asked to produce the contrary of a figure, a gesture, etc. 

In this book we will present this project and its main results.  
A note for the reader: in order to avoid confusion with better known 

literature on antonyms and the linguistic aspects of opposition, throughout 
the book we will use the expressions “contraries” and “contrariety” instead 
of “opposites” and “opposition”. 

Preface
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Chapter 1 
Grounding contrariety in perception: the origins of this 
approach 

 
 
 
 
 
 
Contrariety, far from being merely a linguistic or logical relationship, is 

inextricably bound up with how we see the world and act upon what we see. 
This is what we will be looking at and trying to prove in this book.  

Before looking at the experiments we carried out to support this thesis, 
we would like to take you on a quick walk down the long path winding 
through the history of thought, which will show that the phenomenological 
aspects of contrariety have already been considered and conceptualized. 

 
 

1.1 The very beginning 
 

Evidence of the idea that contrariety is grounded in perception is as old as 
the roots of philosophical and scientific thought. The relevance of contrariety 
in perceptual experiences was clearly recognized by pre–socratic 
philosophers (Thales, Anaxagoras, Anaximander, Anaximenes, Heraclitus) 
where it was presented as an ontological principle for the existence of the 
empirical world, together with the principle of identity. Later, Aristotle, 
while discussing the basic role of contrariety in logic in the Topics, put 
forward (in the Categories) a proposal that contrariety was the key 
relationship in any phenomenal variation and thus vital to any empirical 
classification process. This latter work makes very interesting reading for 
psychologists who want to understand the cognitive rules of natural 
classification processes (as discussed in Savardi & Bianchi, 1996). 

We do not intend to give an overview here of what the philosophers had 
to say about contrariety. Our aim as cognitive scientists is to trace references 
to the perceptual world and to the naïve recourse of contrariety in natural 
classifications of change and variation. 

The fact that we can analyze ideas originating hundreds or thousands of 
years ago as useful observations on pre–experimental phenomenology 
should not arouse suspicion or cause wonder unless as Bozzi stated «one 
assumes that the world of direct perception (of colors, sounds, shapes, 
motions) has radically changed over the course of the years. The hypothesis 
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that our perception of the outside world might dramatically change over time 
and be influenced by cultural changes is, of course, tenable. This however 
would make it very hard to understand why, in such a maelstrom of changes, 
some fragments of reality remain unaltered. We should be able to explain 
why there are some descriptions of perception written two hundred or two 
thousand years ago which fit in with current perceptual experiences» (Bozzi, 
1969, pp. 17 f.). The presence in ancient writings of accurate descriptions of 
perceptual phenomena which have since been re–described in contemporary 
psychology is not something new (see, for instance, Bozzi, 1990; Gregory, 
2000; Pittenger, 1989; Ross, 2000; Wade, 1998).  

We studied various Presocratic and Aristotelian texts and collected a 
series of observations about the role of contrariety and its perceptual rather 
than logical nature.  

 
Presocratics: contraries as “principles” 
 

It has been noticed (Hussey, 1972; Maddalena, 1954) that, since Thales, the 
search for a “principle” to explain the existence of the world has led scholars 
to think about contrariety. Aristotle’s observation that all those who talked 
about elements or principles «in one way or another identify contraries with 
principles» (Phys. A 5 188b 27–29) has been true right from the very first 
philosopher in ancient times. Aristotle stated that, for Thales, the earth rests 
on the water (Metaph., A, 983 21–23) as one thing rests on another thing and 
is not a feature of a substance on top of that substance. It would in this way 
seem «reasonable to suppose that Thales was not wondering whether there is 
something eternal and unchangeable in the changing world, but was instead 
asking instead this: “what is the Cosmos, where there is hot and cold, dry 
and wet, light and dark, above and below?” and that his answer was that the 
Cosmos was the antithesis of earth and water, above and below and also, 
maybe, the antithesis of stability and change. If this is true, Greek 
Philosophy began with the formulation of a Cosmic antithesis of perceptual 
elements […]. Thales […] has left us with the issue of contrariety» 
(Maddalena, 1954, pp. 7–8). 

This statement, expressed in a non–psychological context and without 
any reference to contemporary psychology, gives support to the idea that:  

a) the concept of contrariety has been in existence since the beginnings of 
the Greek civilization and was considered more relevant than the question of 
invariance (i.e. whether something unchangable would exist despite changes 
in the empirical world); 

b) contrariety is described with respect to perceptual, not logical, 
contraries: dry and wet, rare and dense, above and below, stability and 
change; 
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c) in this set of contraries, the gravitational contrariety above–below was 
the first to be proposed.  

It is also interesting to consider that the previous statements were all 
based on observations of perceptual phenomena. «Thales and Hippo said that 
the principle [which explains the existing world] is water and they were 
forced to this conclusion by the sensorial analysis of phenomena» 
(Simplicius, Phys., 23, 21); «Thales says that the principle is water (…), 
getting the idea perhaps from seeing that the nutriment of all things is moist 
…» (Aristotle, Metaph., A, 983b 23–25). Hussey (1972, It. ed. p. 25, 43, 54) 
also emphasized that, in defining the relationship between these contraries, 
Presocratics did not get beyond direct observation and common perceptions. 
It is in fact this “limitation” that we find interesting. Many authors for 
instance report that Anaximander systematically based his observations on 
perceptual knowledge, even in the case of astronomical observations on the 
shape of stars and planets, thus referring to things that were not visible to 
him (Jaspers, 1956, It. ed. 1973, pp. 713–714, 718; Laurenti, 1971, ed. 2000, 
pp. 153–154; Simplicius, Phys., 24, 13). In this instance he applied, by 
analogy, knowledge derived from everyday perception, thus going directly 
from what could be seen to what could be imagined.  

Using this approach, Anaximander described the world as a theatre of 
contraries (Guthrie, 1962, pp. 78–81; Kirk & Raven, 1957, pp. 119–120; 
Lloyd, 1964, p. 99; Maddalena, 1963, p. 83; Martano, 1972, pp. 39 f.). These 
contraries are listed in fragment 9 of the Diels–Kranz collection: «Contraries 
are hot and cold, dry and wet and so on», i.e. again clearly perceptual 
contraries. They originate from a differentiation process applied to the 
apeiron, which is defined as unbounded and indefinite space. This is an 
interesting aspect of Anaximander’s theory since he makes it clear that 
contraries – to use modern terms – function as attractors in a process of 
differentiation from a primitive stage where no variations (thus only an 
indistinguishable state) existed.  

In Anaximenes, once again we find this idea that the world originated 
from an indefinite stage (apeiron) resulting in contraries. The perceptual 
characteristics of both the apeiron and the process of differentiation are more 
explicit in this case (Laurenti, 1971). Many commentators have pointed out 
the spatial characterization of the apeiron and the fact that it is unlimited in 
terms of spatial extension1. Although boundless and infinite in extension, 
Anaximenes’ apeiron was however defined in terms of qualitative aspects 
(DK Fr. 6, Plutarch. Strom. 3): it was described as indistinguishable air, «the 
closest to an immaterial thing» (DK Fr. 3), «foggy and misty (…) thus 
                                                 
1 Heidel, 1912, p. 213; Burnet, 1952, p. 61; Gigon, 1945, p. 63; see also Iliad, I, 350; XXIV, 
342, 545; Odyssey, I, 98; IV, 510; V, 46; XV, 79; XVII, 386; XVII, 418; XIX, 107. 
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generally identified with “fog”» (Laurenti, 1971, ed. 2000, p. 175). Besides 
proposing a more explicit perceptual characterization of the apeiron, 
Anaximenes also specified that contraries are created by means of a process 
of rarefaction and condensation (Fr. DK 5, Simplicius,  Phys. 24, 26). Again, 
this clarification is based on an empirical observation, namely, the very 
simple observation that «men breathe hot and cold out of their mouths; for 
the breath is cooled as is compressed and condensed by the lips, but when 
the mouth is relaxed, it comes out warm because of its rarefaction.» (DK Fr. 
B1, Plutarch. De primo frig. 7, 3). Hence, by means of this perceptual 
experience, Anaximenes “demonstrated” that the origin of contrariety (hot–
cold) is in the same indistinguishable state (air) and uses a process of 
rarefaction (breathing with the mouth open) or condensation (breathing with 
the mouth closed). Here we find yet again the close link between contrariety 
and perceptual experience, contrariety and the genesis of variation and 
contrariety and space.  

What is particularly intriguing is the perceptual characterization of this 
indistinguishable primitive state and of the processes (i.e. contrariety) 
leading to the creation of variations. He proposed something very similar to 
the characteristics of what can be considered the simplest perceptual 
experience: that of a visual field illuminated by homogeneous light and 
perceived as a foggy indefinite space (known in contemporary literature as a 
Ganzfeld). We will go back to this in chapter 3 and discuss in more detail 
what subjects report regarding this experience.  

The idea that contraries are at the base of the genetic process leading 
from a primitive indeterminate state to a determined state was proposed by at 
least three other ancient Greek philosophers. 

For Heraclitus, everything that can be perceived (and nature in general) 
tends towards contrariety and harmony can only be obtained from 
contrariety. To prove this, he pointed to the harmony that originates from 
male/female; black/white; high–pitched tones/low tones; long notes/short 
notes; vowels/consonants. Heraclitus – as Jaspers (1956) noticed – was 
inspired by the intuition that the existence of every entity is based on 
opposition. This intuitive law can be directly observed: cold becomes hot 
and hot cold, wet becomes dry and dry wet, life becomes death, being awake 
transforms into sleeping, being young into being old. Pleasure also seems to 
derive from opposition: being ill makes one appreciate being healthy, being 
hungry the pleasure of being full, being tired the pleasure of being rested. In 
other words the genetic role of contrariety, for Heraclitus, was extended to all 
the contents and domains of experience, even though he did not make it clear 
how contraries were linked to one another or how they changed from one to 
the other or in what sense one could specify whether they were identical or not 
(Jaspers, 1956; Hussey, 1972). In some of the examples he gave, the 
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invariance between contraries was demonstrated when they transformed into 
the opposite property (as in almost all the cases mentioned above). In other 
cases this was based on two contraries being described with respect to the 
same object, e.g. «The sea is the purest and also the impurest water. Fish can 
drink it and it is good for them; to humans it is undrinkable and destructive» 
(DK Fr. 61). This is again  an analysis which is based on an observation.  

One can also find in Anaximenes an indication of the special relationship 
between space and contrariety, namely in fragment 60 (DK): «The way up 
and the way down are one and the same». This is significant: Heraclitus 
bases the origin of change and transformation in general on this spatial 
contrariety, thus assigning it a special role in the genesis of every variation 
present in the existing world. In fact, fire, water and earth (i.e. the primitive 
elements which the world was considered to be composed of) were said to 
originate from each other by means of successive processes of condensation 
and aggregation (“the way downward” leading from fire to earth) or, in the 
opposite direction, by means of processes of dissolution and evaporation 
(“the way upward” leading from earth to fire).  

The Pythagoreans proposed a different solution to the same problem. 
Again contraries were proposed as having a genetic function and, given that 
Pythagoreans considered the entire world to be made up of combinations of 
numbers, a new contrariety was introduced, odd versus even.  

From a methodological point of view, the starting point was once more 
the observation of phenomena: «since (…) they seemed to see in numbers 
more resemblances to the things that exist than in fire, earth and water (…); 
since they saw that the modifications and ratios of musical scales could be 
expressed in numbers; since all other things seemed in their essence to be 
modeled on numbers and numbers seemed to be fundamental to the whole of 
nature, they supposed that the elements of numbers were the elements of all 
things» (Aristotle, Metaph., A, 5 985b 23; DK Fr. 58). Numbers were 
thought of as geometric shapes not as abstract entities and the distinction 
between odd and even was itself founded on spatial characteristics. As 
further proof of this, the contraries odd–even are presented as part of a list of 
nine other pairs of perceptual contraries: limited and unlimited, odd and 
even, one and many, left and right, male and female, still and moving, 
straight and curved, light and dark, good and bad, square and oblong 
(Aristotle, Metaph., A, 5 985b 22). Without going into details, what we want 
to emphasize here is that contrariety between numbers was fundamental to 
the empirical world and was considered to be the key principle to explain the 
genesis of empirically experienced variations between sounds, shapes, 
colors, quantity and quality.  

As numbers had perceptual qualities for the Pythagoreans, atoms had 
perceptual qualities for the ancient atomists, Leucippus, Democritus, 
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Epicurus and Lucretius. Here again, the idea was that different 
characteristics reflected differences in the shape of the elements composing 
them. Qualitative traits (e.g. taste and smell, but to a greater or lesser extent 
any kind of sensory information) were seen as the result of actions 
performed by atoms on the organism (made up itself of atoms). The 
differences between perceptible qualities were reduced to the geometric 
forms of atoms and atom aggregates, classified according to their structure 
and position in space.  

If we look at the kinds of differences imagined and described (both at 
macroscopic and microscopic levels), we again find contrary properties. 
Consider for instance the case of taste. Ancient atomists assigned a precise 
atomic shape to each flavor (Theophr, De Caus Plant. VI 1, 6): the 
perception of sweetness was caused by quite large, rounded, smooth atoms; 
that of sourness by large angular, rough, multi–faceted atoms; that of acidity 
by narrow, hooked, angular, sharp atoms; that of bitterness by small, 
rounded, uniformly curved ones. Water was thought to be made up of very 
small, light rounded elements which could move very fast; while honey was 
made up of large, slow, quite heavy atoms. Interestingly, a research 
conducted by Bozzi in 1999 within the field of contemporary psychology 
demonstrated striking similarities between the shape and qualitative features 
of the atoms imagined and described in the texts of atomists and the 
characteristics described by naïve subjects as corresponding to the 
perception of certain flavors (see also Bozzi, 1999). 

 
Aristotle: the natural classification of “things” 
 

When the word “opposites” is linked to the name of Aristotle, it’s likely 
that the first thing to come to mind is Aristotelian logic, in particular what in 
the middle ages was known as the Aristotelian square of opposites. In point 
of fact, Aristotle dealt with contraries in a much wider and more extended 
way. There existed an entire tract on contraries which was then lost, and 
contrariety played a basic role in the “Categories”, where Aristotle presented 
what can be considered the first attempt at classification of empirical reality 
in western scientific tradition. This classification was made by taking into 
account the perceptual qualities of the world and for this reason we consider 
it to be intriguing for cognitive scientists interested in understanding natural 
classification processes (see Savardi & Bianchi, 1996; 1997, pp. 141–164).  

Aristotle based his classification mostly on the directly perceived identity 
of things, i.e. on self–evident features. He also took into account the 
relationships that natural languages suggest when naming things with 
identical, similar or different terms. However, he limited his use of these to 
when linguistic relationships reflected the invariances and variations that 
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could be observed. These perceptual aspects were precisely what the 
classification needed to be based on. To give an example, in the case of 
homonymy (e.g. “match” is either an organized sport game or a small 
wooden stick with a substance on one end that produces a flame when you 
strike it against a rough surface) two things have the same name 
(invariance), but this does not reflect the fact that they have different 
identities. This kind of “false invariance” (and inversely “false differences” 
such as when different labels are given to things that in fact belong to the 
same genus, e.g. glasses and spectacles) were the kind of classification errors 
that Aristotle would have wanted to avoid. 

From a methodological point of view, he did not use logical 
demonstrations to explain why things were in the same or different classes, 
but rather gave examples as self–evident proof (i.e. he used direct 
recognition of the characteristics which the classification was based on). 

His process of classification was entirely bottom–up: it started from 
perceptual data (everyday things) that he considered to be the basic data for 
human knowledge. He then progressively built on top of this until he reached 
the final group of ten categories (substance, quantity, quality, relation, place, 
time, position, state, action and affection). Throughout the text we read that 
these final categories refer to aspects that can be observed and experienced 
at the bottom of the classification when actually looking at an object. 

If one considers the criteria used by Aristotle when he was deciding 
whether to include something in one class or another or to create a different 
class, one discovers that these criteria were explicitly concerned with the 
identification of common and distinctive features – to use the terms of 
Tversky’s (1977) model. For Aristotle, in order to define an object, one 
needs to identify genus and species (Metaph., VII, 1037b 28), that is to say, 
the features of the object that are common (invariant) to all the individual 
objects belonging to the same genus and the features which distinguish it 
from the other objects belonging to the same genus (but to different species). 
Elsewhere he emphasizes the role of distinctive features, saying that 
«definition is the formula which comprises the differentiae» (Metaph., VII, 
1038a 7) and that «the genus absolutely does not exist apart from the species 
of a genus (…); its differentiae make the species» (Metaph., VII, 1038a 18) 
and that when we go deeper into the definition of reality it is necessary for 
the division to be «by the differentia of the differentia (…) and the process 
always wants to go on till it reaches the species with no differences» 
(Metaph., VII, 1038a 10). 

The Aristotelian system of classification, as may be noticed even in this 
brief presentation, is not very different from the feature based methods of 
classification developed more than two thousand years later in experimental 
Psychology (e.g. Jolicoeur, Gluck & Kosslyn, 1984; Rosch, 1975; Rosch & 
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Mervis, 1975). What is still fresh in Aristotle’s system and particularly 
relevant for our discourse is his way of dealing with variations (or distinctive 
features). He proposed that every change is between contraries (Cat.  5, 4a 
30; 10 12b 19–21) and indeed he brought every kind of non–identity present 
at any level of taxonomy back to contrariety. He explicitly distinguished 
between different species within the same genus basing this distinction on 
contrariety (Metaph., Z, 12 1037b 20). Even when referring to small 
variations perceived between similar things and the variations perceived 
between completely different things, he again referred to contrariety. To 
understand this, we need to consider his definition of contrariety. He spoke 
in terms of “maximum difference” (Metaph., D, 10 1018a 27–28; Cat. 6, 6a 
17–18; Metaph. I, 4 1055 a 27–28; Post. An. I, 4 73b 21–22), where 
“maximum” refers to the extreme degree or intensity of the variation and 
“difference” means a special kind of variation. He considered “difference” to 
be separate from “diversity” based on the number of characteristics which 
co–vary and thus distinguish two objects. For diversity, and for things which 
can be regarded as being diverse from each other, there is no need for there 
to be any aspect in common. The concept of difference, conversely, implies 
that two things differ with regard to some aspects, but otherwise necessarily 
have many aspects in common (see Metaph., I, 3 1054b 23–26). Using 
language more familiar to cognitive scientists, we could translate this 
distinction between difference and diversity in terms of unidimensional 
versus multidimensional variation. By considering contrariety as the 
maximum variation within a dimension (maximum difference) and defining 
diversity in terms of the sum of differences (i.e. the sum of contrarieties in 
many dimensions), we see that contrariety forms the basis of both diversity 
and difference. Moreover, by looking at intermediates in terms of contrariety 
(Metaph., I, 7), even minor variations from a particular quality are still 
contrariety. To cut a long story short, the most interesting feature of 
Aristotle’s system is that contrariety might be thought of as the basic 
relationship on which natural recognition of any kind of variation (minimum, 
maximum, or multidimensional) is grounded.  

Having observed the link between contrariety and the empirical 
experience of variations according to Aristotle, we might now ask if there is 
any trace here of the genesis of contrariety in spatial properties. In 
Categories (6a, 10–20), it is briefly stated that people «define “above” as the 
contrary of “below” and it seems that in defining contraries of every kind, 
people have recourse to a spatial metaphor, for they say that those things are 
contraries which, within the same class, are separated by the greatest 
possible distance». Aristotle does not support this statement further and in 
effect his commentators have not paid any attention to this aspect. It is 
however interesting if we consider this with reference to our hypothesis that 
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the perception of contrariety is pervasively and primarily linked to the 
phenomenological geometry of space. We do not know for sure if the origin 
of Aristotle’s statement was merely Thales’ prior concept of contrariety, 
based on above–below, or if he based it on his own cosmological model. The 
second would seem more likely. However one might also wonder if it, at 
least in part, reflected a perceptual intuition, supported by the many 
interesting observations he developed in On the Heavens (II, 2) regarding the 
role of gravitational, sagittal and coronal orientation in the identity of an 
object.  

 
 

1.2 From Philosophy to Experimental Psychology: the perceptual theory 
of relationships in Psychology 

 
The study of relationships in terms of direct experience filtered into 

Experimental Psychology from Philosophy with the advent of Gestalt 
Psychology. There is an interesting path which leads from Aristotle to 
Brentano (see Antonelli, 2003; Runggaldier, 1989; Smith, 1988) and which 
thus bridges the gap between Aristotle’s way of thinking and 
phenomenological Psychology which developed in the late 19th century. We 
are not going to reconstruct this bridge here. What we are going to briefly 
look at is, specifically, the link between the ways of dealing with 
relationships as direct data of experience that were discovered in the 
phenomenological aspects of Presocratic and Aristotelian theories and the 
ways in which this idea has influenced Experimental Psychology.  

The affirmation that relationships are directly perceived was indeed one 
of the fundamental reasons for the contrast between the two theories leading 
to the origin of Experimental Psychology. Atomistic theories (Helmholtz, 
1911; Titchener, 1898; Wundt,1896) acknowledged direct perception only of 
sensory elements and the construction of relationships was considered to 
derive indirectly from combinations of these sensory elements. In contrast, 
the phenomenological school – from Meinong (1882) and Ehrenfels (1890) 
to Koffka (1922, 1935), Köhler (1929, 1938) and Wertheimer (1913, 1923) – 
postulated the direct perception of relationships. This is demonstrated in 
their definition of Gestalt qualities (Ehrenfels, 1890). Gestalt qualities 
represented properties arising from the global structure of an event. In 
Ehrenfels’ classic example (but also found earlier in Mach, 1886), melody 
can be considered a Gestalt quality: its identity is not in individual notes, nor 
in their mere sum, but in the relationship between them. Hence we can 
change all the different components of a melody in turn one by one and still 
perceive the same tune, or we can maintain exactly the same elements (the 
same notes), modify their sequence and obtain two entirely different tunes as 
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a result. What matters therefore is the relationship of the notes to each other 
(e.g., sameness, rising or falling pitch, etc.). Melody is a Gestalt quality 
founded upon the relationships perceived between its components. 

Two types of immediately perceived relationships come into play when 
we consider the definition of Gestalt qualities: a) the relationship between 
part–whole; b) the identity, similarity or diversity between parts (e.g. notes) 
and between wholes (e.g. melodies).  

The role of the second type of relationship was considered just as 
decisive in the organization of our perceptual world as the former, even 
though it is the part–whole relationship that is usually cited as the main idea 
developed by Gesltat theory. For instance, it is rarely mentioned that when 
Ehrenfels wrote his famous article on Gestalt qualities in 1890 (the article in 
which the example of melody was proposed), he also dealt at length with the 
second type of relationship. In particular, he said he agreed with Meinong's 
(1882) dissertation on Similarity, Equality, Identity, and Causality, while – 
and this is interesting – he contested Meinong's analysis of “Contrariety”. So 
what did he think was wrong with it? 
 
From Meinong to Ehrenfels: the narrow view on contrariety 
 

The concept of “contrariety” (why it is in inverted commas will become 
clear in a moment) was present among the set of relationships discussed by 
Meinong (1882, sect. 5). However, he did not treat it as a relationship 
emerging from a comparison between two qualities or objects, as was the 
case for sameness, similarity, diversity and causality. In the examples he 
suggested (the relationship between round and square or between a round 
table and a square box or an object that was round and then changed its form 
into a square) we can perceive a well–defined relationship. Round and 
square are perceptual data and thus they can be compared. However, the 
result of this comparison is, in Meinong’s terms, the recognition of a generic 
diversity and not specifically of what we would call “contrariety”. He 
limited the definition of “contrariety” to the specific condition of co–
presence of two contrary attributes in the same place at the same time. «The 
round table is perfectly compatible with the square box (...) Their 
incompatibility depends on a certain condition, namely the condition (...) 
that they be conceived of as belonging to the same place and time (1882, 
Engl. trans. 1974, p. 27)». To be consistent with this constraint, Meinong 
used the term “incompatibility” rather than “contrariety” or “opposition”. 

There were two things which distinguished this relationship from others. 
First, the procedure leading to its recognition: for similarity and diversity, 
the procedure consists of comparison, which – Meinong specified – is based 
necessarily on experience, similarity and diversity being “explainable only 
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through examples” (cit. p. 137); on the contrary, judging whether things can 
or cannot be co–present is a process in which «what is decisive is not “the 
experience” or “the experiment”, but the nature of the representational 
contents themselves» (cit. p. 137). Second, the nature of the contents should 
also be different. As a result of comparisons, a new representational datum is 
generated or, in Ehrenfels’ words, a gestalt quality. This is not the case with 
incompatibility, as incompatibility can only be “thought of” and no “new 
perceptual datum” emerges.  

By pushing the definition of incompatibility further in this direction, 
Meinong arrived at syllogisms, the deductive process and the Principle of 
Non–Contradiction. It will not escape the reader’s notice, nor did it escape 
Meinong himself, that he was no longer dealing with empirically defined 
structures, but with logic. He revealed that he felt uncomfortable with this 
non–experiential definition of incompatibility and he apparently felt the need 
to justify why he had been forced to adopt a “purely conceptual” type of 
incompatibility. He used two arguments to prove that it was impossible to 
define incompatibility on an empirical level. Firstly, one cannot simply 
reduce compatibility to the actual experience of the co–existence of two 
attributes and incompatibility to establishing that the two attributes have 
never been found together. The inadequacy of this definition can be 
demonstrated any time we encounter something we have never seen before. 
Just because we have never experienced this particular juxtaposition before 
doesn’t mean that it is not possible. Secondly, the idea of considering 
“incompatibility” in terms of the inconceivable or unimaginable and 
“compatibility”, conversely, in terms of the imaginable did not lead to better 
results. In this case, incompatibility would be seen as a failure to intuitively 
represent certain attributes together. Yet this difficulty can also be 
encountered with attributes that are not incompatible, but which are simply 
hard to imagine. For instance, it is intuitively impossible to represent in 
one’s mind a hundred things together, even if they are miniscule (Meinong, 
Engl. trans. 1974, p.152), but this does not imply any kind of 
incompatibility.  

If we cannot define incompatibility empirically, we can only collocate its 
definition on another level, something which Meinong did, in fact, by 
assuming the need for a separate class of relationships. 

This conclusion was what Ehrenfels disagreed with and re–discussed in 
his paper, where “incompatibility” was presented as a “phenomenon of the 
highest importance which can be understood as a Gestalt quality” (1890, 
Engl. trans. 1988, p.102). Ehrenfels wrote: «if one now attempts to bring to 
the state of executed combination an empty intention of incompatible 
determinations such as round and square, as was done before with 
compatible characteristics (such as, say, having eight points, star–shaped, 



26  Chapter 1 

 

made of white marble on a black base, etc.), then the process thereby set in 
motion is initially fully analogous to this earlier case, until suddenly there 
comes into play a certain moment, not more precisely describable, in which 
(speaking metaphorically) the determinations resist becoming unified, as if 
one were to try to force two bodies into a container that had been constructed 
to take only one of them. And whilst in the earlier case the intuitive 
presentation came into being with a precision comparable to the insertion of 
a spring–lock in its housing, the formation–process now falters at the half–
way point in an unmistakable way – not precisely characterizable by means 
of comparisons – which we call “incompatibility”. Thus we conceive 
incompatibility as a peculiar type of presentational element, as a temporal 
Gestalt quality» (Eng. trans., 1988, p. 103–104). 

Thus Ehrenfels attempted to reintegrate “incompatibility” into the class of 
Gestalt qualities. However, in our opinion this did not take him as far as he 
should have gone in assuming a phenomenological perspective. Like 
Meinong, Ehrenfels remained limited to a narrow vision of opposition: they 
were both examining it through the keyhole of the principle of non–
contradiction, although they redefined it in the psychological guise of the 
experience of impossibility. They failed to examine the other ways in which 
contrariety yields itself perceptually. As this book will demonstrate, a vast 
panorama involving comparison between objects, between parts of objects 
and between properties of the same or various objects was thus left aside, 
waiting in the wings. In other words, the constriction of being bound to the 
form of “coexistence in the same time and place” remained a limitation, we 
believe, for both original Gestalt dissertations on opposition. This is also 
perhaps one reason why the study of opposition then foundered in ensuing 
experimental analyses. 

The formula of coexistence in the same time and place that was proposed 
by Meinong and Ehrenfels, other than proposing a “narrow view” of 
contrariety, does not help the psychologist of perception to understand 
whether the incompatibility of certain properties is a rule of perceptual 
organization. We may indeed ask what exactly is this “same place and time” 
which the formula refers to. An observed event has its own size and 
duration; it has its own parts–whole relationship (Bozzi, 1989; but see also 
Gibson, 1979 and his definition of the unit of measure of the ecological 
environment) and cannot be magnified or shrunk according to logical 
requirements. Thus, when we say that round and square cannot be qualities 
that are present in the same place at the same time, what are we really 
referring to? Where exactly is this “place”? Does it refer to the object as a 
whole or to part of the object? What if the object is a table? It has opposite 
properties: it has a top and a bottom; it is narrow and wide. So does the 
“place” refer to something smaller, i.e. the individual parts of an object? Can 



Grounding contrariety in perception: the origins of this approach 27 

 

two opposite properties therefore not coexist in the same individual part? 
However, we can certainly find straight and curved or round and angular 
features in a table leg. Should we therefore consider something even smaller 
such as a square centimeter of the table leg? Yet in that square centimeter, I 
can still find the properties of full and empty in the not uncommon case of 
woodworm. Do we have to reach an even more microscopic level and say 
that the “place” actually refers to the smallest visible unit…let’s say a 
quarter of a square millimeter? Yet this is hardly the unit that Meinong and 
Ehrenfels had in mind, since their theory of perception was in contrast to this 
type of atomism, i.e., to definitions of atomistic units finding no 
correspondence in direct experience.  

The second problem with the Meinong–Ehrenfels view is that if we 
consider two qualities as compatible (let’s say yellow and rounded), why 
can’t rounded and angular be compatible too? Furthermore, there are many 
different types of experiences which demonstrate the cohabitation of 
contrary features. For example, the experience of sweating due to high fever 
with the simultaneous sensations of heat and cold; dark chocolate, which is 
both sweet and bitter; the acoustic experience of silence encompassing noise 
(e.g. when we are alone in a room, with no external voices or noises, but 
with the muffled background droning of a fan); observing our own image in 
the mirror (another interesting example of the simultaneous coexistence of 
an experience of identity and contrariety, covered in greater detail in Chapter 
6); hysterical laughter, which embraces laughing and crying at the same 
time; a manly woman or an effeminate man; something ugly, yet fascinating; 
feeling ill in some part of your body while the rest is healthy and finally all 
experiences included in the class of oxymorons referring to sensorial 
experience such as “an ice burn”, “a deafening silence”, etc.; and these are 
just a few examples. 

 
Notes on the Wundtian perspective: a broader view 
 

Although it may seem paradoxical in terms of the theoretical background 
of this book (i.e. a phenomenological approach to perception), it must be 
noted that from the beginning there was a broader perspective on contrariety 
in the other original branch of experimental psychology: Wundtian 
Psychology. 

In his Outlines of Psychology (1896/1897), Wundt presented the law of 
psychical contrasts (together with the law of psychical resultants and the law 
of psychical relationships) as one of the three general psychological laws of 
relationships. The law of psychical contrasts referred primarily to feelings. 
Wundt in fact thought that feelings could be divided into contraries 
(pleasurable and unpleasurable, exciting and depressing, straining and 
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relaxed) and that as they change, these contents obey a law of intensification 
through contrast. However, by “feelings” he meant, in general, the subjective 
contents of sensation or what we might call the phenomenal counterpart of 
experience (cit., 1897, p. 30) and so he extended the law of contrast to 
include contrary colors (cit., p. 45, pp. 52–53), tones, rhythms, sizes, smells 
and tastes (cit., pp. 66–69).  

By linking the law of contrast to the contents of a person’s experience, 
Wundt de facto extended it to all experiences: perceptions, cognitive 
representations and emotions. He considered this contrast to be both a 
relationship of comparison and the result of the immediate experience 
generated by the comparison – more or less how a melody is generated from 
musical notes. He did not make any distinction between the status of 
contrariety and that of other relationships such as sameness, similarity and 
difference. Of course, one must keep in mind that Wundt did not use the 
term “immediate” in the same way as Ehrenfels, Meinong and the Gestalt 
psychologists did. However the applicability of the law of contrast to 
different domains and the acknowledgement of it as a basic law which 
naturally organizes the direction in which qualities change (the law of 
intensification through contrast; the law of development towards contraries) 
are two relevant features of the Wundtian perspective. Paradoxically, in 
contrast to the observations by Meinong and Ehrenfels on incompatibility, 
they are also central to the phenomenological perspective of contrariety we 
are presenting in this book and whose roots can be found in the Presocratic 
and Aristotelian phenomenological observations mentioned at the beginning 
of this chapter.  
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Chapter 2 
A shift in perspective 
 
 
 
 
 
 

In the previous chapter, we explored the many traces left through history 
which show that there has always been the intuition that contrariety is a 
perceptual relationship rather than simply a logical one. This brings us to the 
beginnings of contemporary psychology and the origin of its two main roots.  

Nowadays there is a great deal of research on opposites from a linguistic 
point of view but almost nothing connects this to the traces we found in 
earlier literature. So where did the connection get lost?  
 
 
2.1 The experimental development of Gestalt Psychology: the lack of 
investigation into contrariety and the bias towards the study of 
invariance 
 

Ehrenfels’ (1890) and Meinong’s (1882) writings formed the theoretical 
basis to the Gestalt approach to relationships. From then on, the study shifted 
to experimental verification. Along with this shift, any reference to 
contrariety vanished and, if it were not for the quotations cited in the 
previous chapter, one might easily doubt whether contrariety had ever 
appeared on the theoretical horizon of Gestalt Psychology.  

Two reasons probably contributed to this lack of investigation, one 
“local” and one “global”. By “local” we mean the particular connotation that 
contrariety assumed from the beginning in its “incompatibility” version, that 
is, a narrow and more logical than phenomenological perspective. By 
“global” we refer to the fact that research on perceptual organization, in 
general, has evolved strongly in favor of the study of invariance, more or 
less neglecting the study of variations. One can easily find confirmation of 
this last statement by simply going back and examining the classic themes of 
Gestalt Psychology, starting from Wertheimer’s early work on apparent or 
stroboscopic motion (1912). To give an idea of what we mean, let us 
consider a few examples. 

Let’s go back to the phenomenon of apparent or stroboscopic motion.  
What does it show? Wertheimer showed that under certain conditions, we 
perceive two physically independent lights as being the same light. These 
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conditions are, namely, the on–off light intervals conducive to the perception 
of a single light which is moving as opposed to two separate lights (see 
Fig.1a). 

 
 
 

 
 

 
 

 
 
 

 
 

 
Figure 1. Examples of the conditions studied by Wertheimer (a), Ternus (b) and von 
Shiller (c). Given optimal temporal intervals between t1 and t2, observers see 
apparent motion between the lights in t1 and t2, rather than two distinct sets of lights 
(for more detailed explanation see text). 
 

a) 

b) 

c) 
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There were two classic variants of Wertheimer’s stroboscopic motion, 
studied respectively by Ternus (1926) and von Shiller (1933). In Ternus’ 
variant (see Fig. 1b), in theory, there are two alternative solutions. In one 
solution observers perceive, in t2, the same pattern of lights forming a cross 
(seen in t1) in a different location (the “global identity” solution). In this 
case, every single light has a different identity in t1 and t2; in fact it could 
either be on in t1 and off in t2 (for example light A in Fig. 1b), or it could be 
on both in t1 and t2, but while it is at the center of the cross in t1, it belongs to 
the left arm of the cross in t2 (light B in Fig. 1b). In the alternative solution 
(the “local identity” solution), observers perceive that the individual lights 
are the same in t1 and t2; for instance they perceive that A is on in t1 and off 
in t2, while B is on both in t1 and t2.  

Von Shiller studied the conditions necessary for observers to perceive 
sameness when a change in shape or color occurred in addition to a change 
in spatial localization during a short interval of time (Fig. 1c). The purpose 
of this study was to identify which qualitative variations were “tolerated”, 
i.e., were compatible with the perception of sameness. 

Another classic issue in Gestalt research was the phenomenon of amodal 
completion, analyzed in both the static condition (Kanizsa, 1955, 1975; 
Kanizsa & Gerbino, 1980; Michotte & Burke, 1951) and the dynamic 
version (Burke, 1952; Craton & Yonas, 1990; Gibson, Kaplan, Reynolds & 
Wheeler, 1969; Knops, 1947; Sampaio, 1943). This phenomenon testifies 
that instead of perceiving two independent figures, we see two parts of the 
same object located behind an occluding object in the static version (Fig. 2a) 
or an object that is entering–passing behind–reappearing on the opposite side 
of an occluding figure in the dynamic version (Fig. 2b).  

 
 
 

 
 
 
Figure 2. The configuration on the left (a) represents an example of static amodal 
completion: observers perceive a black rectangle partially occluded by a grey 
square. The configuration on the right (b) represents an example of dynamic amodal 
completion: given optimal interval conditions between t1 and t2, when two black 
rectangles appear on opposite sides of an occluding object (grey square), observers 
see the rectangle moving back and forth from left to right, behind the square. 

 

b) a) 
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While studying one of the dynamic versions of amodal completion (the 
“tunnel effect”), Burke examined the variations compatible with recognizing 
the figure which seems to disappear in t1 as being the same figure as the one 
which reappears on the opposite side of the occluding figure in t2. Do 
observers perceive it as the same object, even though in t2 the reappearing 
object varies in color (in this case, from white to pink), size (from a 4.25 cm 
diameter to a 5.6 cm diameter), or in shape (from a small disk to a square)? 
Again the researcher wants to understand which conditions do not 
compromise the perception of invariance rather than which variations 
succeed in destroying it. 

Michotte (1950) considered similar variables when studying phenomenal 
permanence. His studies on causality (1946, 1959) also focused on another 
case of perception of a single event versus many independent events. When 
we perceive causality between two movements (see. Fig. 3), we perceive a 
single dynamic event which connects and unifies various movements, each 
concerning a different object and each characterized by its own speed and 
trajectory. 

 
 

 
 

Figure 3. Representation of a dynamic condition similar to those used by Michotte 
to study the perception of causality. In t1 only the black square is in motion. After 
contact with the grey square in t2, the black square stops and the grey square begins 
to move. The motion of the gray square in t3 is perceived as caused by the motion of 
the black square. 
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This may be enough to give you an idea of how classic themes of 
research developed in the tradition of Gestalt Psychology were biased 
towards phenomena concerning the perception of invariance rather than the 
perception of lack of sameness. It’s true, however, that there are also 
examples of phenomena studied in the same tradition showing that observers 
perceive variations instead of sameness. Consider, for example, the Müller–
Lyer illusion (1889), the Ponzo illusion (1912), or Oppel’s horizontal–
vertical illusion (1854–55). Similarly, the phenomenon of chromatic 
induction shows that physically defined chromatic invariance does not 
correspond to the perception of chromatic invariance. The list could also 
include a great number of illusions. Yet although Gestalt psychologists used 
these phenomena to shed light on how perceptual organization works, this 
did not induce them to analyze variations per se, or to identify different types 
of variations. Research on the conditions for the perception of sameness 
however led them to develop the concept of “perceptual constancies” and to 
define different types of constancy. As Epstein (1977) noticed: «Although 
the facts of constancies were remarked earlier, it was Gestalt theory that 
assigned the constancies a central position in the examination of perception. 
Analysis of the constancies served several objectives of Gestalt theory. 
Among the objectives was the Gestalt polemic against analytic 
introspectionism (…) As is well known, the Gestalt psychologists were 
determined to redirect attention from artificially isolated sense data to 
immediate spontaneous perceptions. (…) The pure sensations of the 
introspectionists were artifacts of a method (…). Nowhere was this clearer 
than in the case of the constancies» (Epstein, 1977, pp. 1–2). 

Furthermore, it is certainly true that an evident characteristic of the 
perceived world is the perception of invariant characteristics given varying 
conditions in the stimulus – or in the optical flow, to use Gibson’s (1979) 
term. We do not perceive change in the shape, size and color of objects 
whenever a change in their retinal projection occurs (respectively caused by 
a change in the relative position of the object or the observer, in the relative 
distance between them, or in the lighting conditions). The fact that these 
constancies are the rule for visual organization explains the interest in the 
phenomenology of invariance. In this context, variations are confined to the 
domain of stimuli, not direct experience.  

At the same time, however, even if it is true that we do not see the shape 
of objects vary as our viewpoint varies and we do not see their size vary with 
distance or their color vary with a change in ambient light conditions, we do 
see our viewpoint vary; we see the distance between ourselves and the object 
vary, as well as seeing the environmental illumination vary, whereas the 
shape, size, and color of objects remain constant. In this way we can see that 
an analysis of variation together with that of invariance appears to be a 
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necessary component of the phenomenology of perception. This 
consideration reiterates, on a more general scale, what Koffka (1935) noticed 
when he conceptualized unification and segregation as the two 
complementary and inseparable aspects of perceptual organization: where 
we see unification, we also see segregation of the unified element from its 
surroundings. 

With the exception of Koffka, variation continued to be considered in 
terms of stimulation, even when Gibson's ecological approach was 
developing (1950, 1965, 1966, 1967, 1979). This despite the fact that with 
this approach, the role of variation theoretically became more relevant: 
«what we need for the formulation of ecological optics are… the concepts of 
variance and invariance, considered as reciprocal to one another» [our 
italics], 1979, p. 75). Variations were recognized as the ecological baseline 
for perception, given organisms that in normal conditions look at the world 
moving their eyes and their heads and walking around. However, variations 
again remained at the level of stimulus and the search for invariants picked 
up by the visual system became the main issue of most of the psychological 
research developed according to Gibson’s tradition (see, for example, 
Arterberry & Yonas, 1988; Berenthal, Proffitt & Kramer, 1987; Cutting, 
1983, 1986; Cutting & Kozlowski, 1977; Cutting, Proffitt & Kozlowski, 
1978; Gibson E.J., Owsley & Johnson, 1978; Johansson, 1973, 1975, 1977, 
1986; Kozlowski & Cutting, 1977; Mark, Shapiro & Shaw, 1986; Pittenger 
& Shaw, 1975; Turvey & Shaw, 1979). Other studies have criticized the 
assumption that our perceptual system is dominated by the extraction of 
projective invariants (Massironi & Savardi, 1991, 1992; Niall, 1987, 1992; 
Niall & Macnamara, 1989), but these studies represent isolated cases. In 
general, what is obvious is that, even with an ecological approach, research 
during this period focused on invariance. 

The same bias in research emerges when one considers what happened to 
the study of relationships perceived when comparing two (or more) objects.  

Wertheimer (1923) first described the basic relationships (proximity, 
similarity, common fate, good continuation and closure) which the 
unification of the parts of the perceptual field is based on (see Fig. 4, first 
row). Later discussion of these principles of unification (Arnheim, 1954, p. 
54 ff; Musatti, 1964; Palmer, 1983; 1999, p. 258 ff; Vicario, 1975) 
emphasized that similarity was the only relationship needed to explain 
perceptual organization, since it was implied in all these principles. In 
Arnheim’s words (1954, p. 54 ff) «the degree to which parts of a pattern 
resemble each other in some perceptual quality [our italics] will help 
determine the degree to which they are seen as belonging together». Thus, 
similarity in location was implied by the principle Wertheimer called 
“proximity”; similarity in direction and/or speed of movement was at the 
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basis of the principle of “common fate”; similarity in outline was 
fundamental to the “good continuation” principle; internal similarity of 
shape implied the principle of “closure”. The same conclusion paradoxically 
emerged in Vicario’s (1975) demonstration of two new principles of 
unification, namely, dissimilarity (rather than similarity) and distance (rather 
than proximity). Vicario thought that a principle of common quality should 
substitute Wertheimer's principle of similarity, as it could explain unification 
in both his configurations (Fig. 4, bottom row) and in Wertheimer (Fig. 4, 
top row). Again, what the law of common quality emphasized was the role of 
the invariant feature, independently of what this invariant feature was. 

 
 

 
 
Figure 4. Examples of unification by proximity, similarity, good continuation and 
prägnanz, as introduced by Wertheimer, 1923 (top row) and by similarity vs. 
dissimilarity and proximity vs. distance as introduced by Vicario, 1975 (bottom 
row).  

 
 
We might say that all investigations on the phenomena of 

unification/segregation implicitly study the outcome of relationships of 
similarity or contrast between parts of the perceptual field. In these studies, 
relationships enter the experimental design as independent variables (or 
explanans), not as dependent variables (or explanandum). This was what 
Palmer (1999, p. 276) emphasized when noting that Wertheimer had not 
studied the various types of similarity (e.g. shape, color, size, orientation) 
implied in his principle. He merely noted that the existence of this 
relationship between the elements in a scene could determine unification 
and, thus, visual organization.  

Very few studies have been devoted to the analysis of relationships as 
explanandum. Goldmeier’s work on “Similarity in Visually Perceived 
Forms” (1936) represented a detailed and scholarly contribution addressing 
the perception of similarity in simple visual configurations («an outstanding 
example of the thinking and experimentation that Wertheimer and the early 
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Gestalt movement inspired», as Irving Rock pointed out in the English 
translation of the original work in 1972). Goldmeier systematically analyzed 
the characteristics of patterns perceived as being similar by using a naïve 
definition of similarity and by applying it in comparisons between pairs of 
figures or groups of 3 or 4 figures (see Fig. 5). This research is very different 
from those we considered before. Here the interest is in understanding when 
observers directly perceive a given relationship. Some of the variations 
between the figures are recognized as similar, to various degrees, others are 
not. Goldmeier limited his analysis to the perception of similarity and did not 
focus on what relationships observers were perceiving when saying that they 
were not similar. Again, this bias is in favor of invariance.  

 
 

 
 
Figure 5. Examples of the stimuli used by Goldmeier (1936) to study the perception 
of similarity between simple configurations. 

 
 
Later Rock (1973) investigated the role of orientation in the perception of 

similarity between shapes. Palmer (1978) refocused on one of the aspects 
studied by Goldmeier (the role of the number of identical elements versus 
the conservation of global aspects) and concluded that «perceived similarity 
cannot be accounted for by the sameness of independent components. 
Components enter into configural relationships with other components, 
resulting in larger structural units whose importance supercedes that of its 
constituents» (Palmer, 1978, p. 96). Tversky (1977) published “Features of 
similarity”, an insightful paper on his contrast model, suggesting and 
formalizing the idea that similarity and difference depend on a precise ratio 
between common and distinctive features. With these three works, we are no 
longer in the field of Gestalt Psychology, but in any case the focus is on 
what naïve observers immediately perceive when comparing two 
configurations. For this reason we include them among the studies that could 
ideally have formed the natural context for a perceptual analysis of 
contrariety (as well as similarity and difference). 

Tversky extended the domain of his laws of similarity and difference not 
only to perception but also to comparisons between concepts and terms. He 
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was basically seeking “features of similarity” and only marginally “features 
of diversity” and he did not consider “features of contrariety” at all. 
However, we consider his to be a key work in terms of the link we are 
looking for in this chapter. In fact, almost all the assumptions he discussed as 
foundations of his contrast model would also have been interesting to test for 
contrariety.  

For instance, he considered symmetry or asymmetry of judgments of 
similarity with respect to the order of the elements compared. Is it the same 
to describe how similar A is to B as it is to describe how similar B is to A? 
His experiments proved that judgments are invariably different in the two 
conditions (and he thus rejected the assumption of symmetry). The same 
question might be asked when considering contrariety: it is the same to 
describe A as contrary to B as it is to describe B as contrary to A?  

He showed that if A is similar to B and B is similar to C, this does not 
necessarily guarantee that A is similar to C; transitivity cannot therefore be 
assumed at the base of the model. The same was demonstrated for diversity. 
What if contrariety was the relationship linking A and B, B and C: would it 
follow that A and C are necessarily contraries?  

Tversky also emphasized that similarity and difference cannot be 
considered simply inverted judgments, even though both can be expressed as 
a function of common and distinctive features between compared objects. In 
fact he proposed two different formulas, one for similarity and another for 
diversity. And what about contrariety? As will emerge from the results of 
our experiments, perception of contrariety depends on a well defined ratio 
between common features and distinctive features. Furthermore, the 
definition of “distinctive features” might itself be better formulated in terms 
of the variation perceived within opposite poles (A is large, while B is small; 
A is narrow, while B is wide, etc.). In other words, there are two points 
where contrariety could have played a part in Tversky’s model: in the first 
case, as a “global” relationship that needs to be explained in terms of 
common and distinctive features; in the second case as the relationship 
which describes the natural organization of distinctive features.  

After Tversky’s work, the analysis of these relationships shifted away 
from naïve perception towards shape–recognition or pattern–recognition 
models (Biederman, 1985, 1987; Edelman & Bülthoff, 1992; Marr, 1982; 
Marr & Nishihara, 1978; Tarr & Bülthoff, 1995; Tarr & Pinker, 1989, 1991). 
In this framework, the focus was not on the type of difference that a naïve 
observer perceives, but on what can be inferred about the processes 
underlying recognition and in particular on the reaction times needed to 
recognize two patterns as the same or different. Very few researchers in 
recent decades have pursued a direct analysis of the perception of similarity. 
An interesting contribution in this area was made by Medin, Goldston and 



38  Chapter 2 
 

 

Gentner (1990) who analyzed the influences of relational qualities (e.g., 
being of the same color; or having the right side smaller than the left side) as 
opposed to attributes (e.g. being triangular, or being white) in terms of 
similarity and difference. They found that relational properties were more 
relevant when people were asked to judge similarities, while attributes were 
more relevant when they focused on differences. This work supported 
Tversky’s statement that similarity and difference are not inverses. It also 
promoted the idea that similarity, difference and (we would add) contrariety 
are different species of variations.  

This, in synthesis, is an updated scenario of research investigating 
relationships as perceived data. What has been left completely out in the cold 
is any type of investigation into contrariety. 
 
 
2.2 From Contraries to Antonyms: the shift towards linguistic domains 
 

Since the seventies, contrariety has basically been studied to the limit of 
exhaustion from the point of view of Antonymy. 

The Longman Dictionary of Applied Linguistics (Richards, Platt & 
Weber, 1985) defines an antonym as «a word which is opposite in meaning 
to another word» (1985, p.14). In the Dictionary of Linguistics and 
Phonetics, it is said that «in its most general sense, it [antonymy] refers 
collectively to all types of semantic oppositeness» (1985, p.18). In recent 
research, an increasing number of authors have shifted towards this general 
sense of antonymy as “oppositeness of meanings” (see, for instance, Jones, 
2002; Muehleisen, 1997; Willners & Paradis, 2006). In previous 
classifications, antonymy was instead generally used to refer to a specific 
class of opposites, identified by means of gradable adjectives (Croft & 
Cruse, 2004; Cruse, 1986; Lehrer & Lehrer, 1982; Lyons,1977; Palmer, 
1976; Paradis, 1997). 

Whatever the use of the term, it is immediately clear that adjectives may 
be more or less opposites rather than simply opposite or non opposite and 
considerable efforts were thus dedicated to the classification of different 
types of opposites (Leech 1974; Lyons, 1977; Cruse, 1986, 2000; Croft & 
Cruse, 2004; Mettinger, 1994; Murphy & Andrew 1993; Willners & Paradis, 
2006). These (early) lexical and (later) semantic classifications were based 
on a mixture of criteria: lexical, morphological, partially logical and 
sometimes also vaguely phenomenological. 

It is a given fact however that, as mentioned in the introduction to this 
book, despite efforts devoted to creating exhaustive classifications of 
antonymy, cognitive scientists still seem unable to understand why opposites 
seem to have a special status in both child and adult cognitive organization 
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(Croft & Cruse, 2004; Cruse, 1986, 2000; Fellbaum, 1998; Jones, 2002; 
Muehleisen, 1997; Murphy, 2003; Willners, 2001). Why do antonyms, as 
opposed to other semantic relationships (i.e. hyponymy), receive direct 
lexical recognition in everyday language (Cruse, 2000, p. 167; Jones, 2002, 
p. 7)? Why is antonymy the most widespread relationship in so many 
different languages and why is it so intuitive and primitive in language 
learning? 

Because of the importance of its role in organizing attributes (and thus 
adjectives), antonymy was also given a key role in the creation of WordNet 
architecture. WordNet is a lexical reference system of the English language 
which Miller and colleagues have been developing since 1985 (see Fellbaum 
1998). It is an online dictionary conceived as a useful tool for many 
realworld tasks. What is relevant for cognitive scientists is that it aims to 
provide a psychologically real representation of the mapping between word 
forms and word meanings in our semantic memory. WordNet assumes that 
natural languages lexicalize concepts that are sufficiently relevant. As far as 
the link between words and perception is concerned, natural languages 
provide words for objects, as well as for their features and relationships, 
when sufficiently relevant. “Features” (as in Tversky’s model) refer to the 
characteristics which may be in common or different (distinctive) between 
objects. In WordNet, antonyms are considered a lexical relationship, but are 
explicitly grounded on the ontological structure of qualities that languages 
express, thus emphasizing their link with human naïve perception. Miller 
(1991, p. 253) considered this link to be directly derived from commonsense 
assumptions of the folk psychology of perception. However, no experimental 
analyses of these “commonsense assumptions” were pursued at this time.  

As the wonder still expressed in contemporary literature about the 
“unique fascination” of opposites suggests, the method of dealing with 
antonymy which has been developing since the seventies, does not really 
capture the essence of their “uniqueness” in human cognitive organization. 
«Given that antonymy is the only sense relation to receive direct lexical 
recognition in everyday language (Cruse, 2000, p. 167), one might expect to 
find that an exhaustive system of classification has emerged. However, 
though antonymy has been the subject of continual linguistic scrutiny, not all 
analysts have reached the same conclusion. Granted, most commentators 
categorize antonymous pairs according to broadly similar criteria, but the 
terminology used to describe these categories is anything but standard. 
Furthermore an adequate definition of antonymy has yet to be agreed upon. 
Though all speakers can easily recall a lengthy list of “opposites”, describing 
this relation in a clear, concise fashion has proved problematic. Antonymy is 
a phenomenon better suited to exemplification than definition. (…) Good 
“opposites” are intuitively available to us all (old/young, down/p, lose/win, 
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bad/good, etc.) but finding a definition which adequately accounts for every 
example of antonymy is more problematic» (Jones, 2002, p. 9). 

Jones in fact felt that there might be a different way to approach 
antonymy. He based his work on an empirical study of word corpora and on 
what they can reveal about the way in which antonymous pairs are used. «He 
looks “through the microscope” and discovers that antonyms are typically 
used in ways rather different from those posited in the literature (and popular 
imagination)» (Hoey, foreward to Jones, 2002, p. xiii). 

What we are proposing with our research project is an even bigger shift, 
toward the perceptual bases of the human experience of contrariety.  

 
 

2.3 From contrary words to contrary perceptions 
 
The main goal of our experimental research is a systematic analysis of the 

conditions necessary for contrariety to be perceived. To help readers 
understand what we mean when we talk about perceptual contrariety, here 
are some photos. They demonstrate that it is the contrary nature of the 
properties of the world around us that come first and that the labels we use 
are merely an attempt to describe this verbally. 
 
 
 

 
 
Figure 6. Many–one, small–large, outside–inside. 
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Figure 7. Curved–straight, thin–thick. 
 
 

 
 
Figure 8. Covered–uncovered. 
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Figure 9. Large–small, vertical–horizontal. 
 
 
 
 

 
 
Figure 10. Bare–full of blossom. 
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Figure 11. Upright–upside down. 
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Figure 12. Thin–thick. 
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Figure 13. Symmetrical(the façade of the castle)–asymmetrical (the wall in front). 
 
 
 

 
 

Figure 14. Spiky–rounded. 
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Figure 15. Flat–rounded. 
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Figure 16. Vertical–horizontal. 
 
 

 
 
Figure 17. Topside–underside. 
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Chapter 3 
The perception of space and what we learn from this 
about the link between perception and contraries 

 
 
 
 
 
 
From this chapter on, we will be looking at the results of some 

experimental studies on perceptual experience which demonstrate that 
contrariety is a basic perceptual relationship. The search for evidence 
confirming this hypothesis moves now from the domain of pre–experimental 
phenomenological observations to the domain of the Experimental 
Phenomenology of Perception. 

You might ask why, in trying to establish a link between perceptual 
experience and the experience of contraries, we start with the Ganzfeld. The 
Ganzfeld can be considered the most primitive visual stimulation condition 
and so the perception associated with it can be considered the simplest visual 
perception. Thus we need to discover whether contraries are present in this 
case to or if their connection with perceptual experiences emerges only when 
ecological (and therefore richer and more complex) conditions are 
considered. As there are absolutely invariant conditions at the level of 
stimulation in the Ganzfeld, one might expect to find a lack of any perceived 
variations and above all a total lack of any form of contrariety. Because of 
this, we considered it an interesting place to start.  

We will then move on towards more complex perceptual conditions in 
order to determine whether they are also based on certain primitive 
contraries. This will form the basic mapping of the contraries which are 
intimately linked to the rules of perception and we will be using them to 
perform a phenomenological analysis of the structure of these pairs in the 
following sections of this chapter. 

We propose a new way of defining the structure of each pair of 
contraries, not in terms of their linguistic structure, but in terms of their 
perceptual shape. We will discover that some properties have a single 
structure, while others can vary within a range of different states; that for 
some pairs the passage from one property to its contrary is abrupt, while for 
others it is more spread out and covers an extended range of variations; that 
the unidimensionality of the two contraries representing the poles of a 
dimension cannot be taken for granted and lastly that the contrariety between 
two properties might be better described in terms of multivariate contrariety 
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than a single dimension of opposition. We will analyze all these points with 
respect to the set of properties which have emerged as primitive spatial 
contraries, but our proposal goes well beyond this. The phenomenological 
psychophysics of contrariety – as Kubovy (2002) has proposed naming it – 
is, we believe, extendable to every perceptual domain and to any pair of 
properties which might be described as contraries.  

This is the other side of the coin in a cognitive analysis of contrariety. 
This is what has been missing in the research on opposition within the field 
of Psychology up to now and what a shift in perspective (from linguistic to 
the perceptual structure on which language is grounded) will bring to the 
forefront. It might also be worth considering whether what we discover 
about the internal structure of contraries has direct implications in term of 
the way language works. 

 
 

3.1 Primitive contraries  
 

To understand whether adult observers perceive contrariety in the 
Ganzfeld, we analyzed the results of Metzger’s pioneering experiment 
(1930). 

In Metzger’s experimental setting (see Koffka, 1935, p. 114), the 
observers sat in front of a carefully whitewashed wall of 4x4 sq. m., at a 
distance of 1.25 m. Since the dimensions of the wall were not sufficient to 
fill the entire visual field in either direction, wings were added on both sides, 
care being taken that the inhomogeneities thereby introduced were reduced 
to a minimum. The observer was asked to stare at an area at a height of about 
1.50m. Homogeneous illumination was supplied by a projection lantern with 
a specially constructed set of lenses. It is worth noting that the experimental 
apparatus varied, even significantly, in subsequent studies (see, for instance 
Avant, 1965; Cohen, 1956, 1957; Gibson & Waddel, 1952; Hochberg, 
Triebel & Seaman, 1951; Miller & Hall, 1962; Miller & Ludvig, 1960), but 
this did not lead to significant changes in the perceptual experiences 
reported. Basically, subjects see space–filling fog and they feel as if they 
were “swimming in a mist of light” which becomes denser at an indefinite 
distance (Metzger, 1930, p. 13). In textbooks on the Psychology of 
Perception, the description of the subjects’ reports usually ends here and is 
used to demonstrate that a three–dimensional space (filled with fog which is 
thinner close to the observer and thicker at distance) is perceived even when 
ecological distance cues have been deleted from the optical flow. The fact 
that this primitive experience is a spatial experience is interesting: if it could 
be demonstrated that contrariety is present here, this would constitute an 
initial confirmation of our hypothesis that there is a basic link between the 
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perception of contrariety and the perception of space. Intriguingly however, 
this would also shed new light on Presocratic and Aristotelian intuition that 
contrariety was primarily founded on space (Bianchi & Savardi, 2002). 

But what exactly did observers see in the Ganzfeld? Three different 
spatial experiences were described (see Koffka, 1935, p.114): 1) an 
indefinite foggy mass surrounds the observer; when the light is gradually 
increased, this fogginess dissipates somewhat and the sensation of pressure 
decreases; some also report a feeling of expansion of space; 2) when the 
illumination is further increased, the fog becomes condensed into a regular 
curved surface which surrounds the observer on all sides; its appearance is 
filmy like the sky, without a solid surface and slightly flat in the center; 3) if 
the light then becomes even brighter, the surface flattens out and may appear 
to recede into the distance. 

If one considers that the range of illumination used by Metzger varied 
from absolute darkness to just under the threshold of unbearable brightness, 
one can conclude that the three spatial structures described in Metzger’s 
experiment cover all the possible perceptual outcomes of white isoluminant 
light stimulation. 

Metzger himself emphasized that, of the three experienced described, the 
perception of an indefinite fog is what properly corresponded to an 
absolutely homogeneous condition of stimulation. The perception of a 
curved (experience 2) or vertical (experience 3) surface in fact emerged at 
higher levels of illumination when the microstructure of the distant stimulus 
object (the wall) started to be visible.  

In experience 1, observers said that the fog was thick and heavy at a 
distance and became progressively thinner and lighter as it moved closer to 
them, ending up as a transparent empty space. This empty space was 
described as similar to the space that usually separates objects from an 
observer in normal daily illumination conditions. This three–dimensional 
mass was said to be indefinite in size, given that no definite boundaries were 
perceived. Participants however estimated its depth as ranging from 40 to 
125cm. 

The brightness perceived was not perceived as inert, but as “pushing” 
towards the observer (this was expressed in terms of “insistency”, 
“impressiveness” or “aggressiveness”). Without introducing any change in 
the stimulation and simply as a result of staying in the Ganzfeld, participants 
then started to perceive local perturbations (namely extended cloudy 
configurations or little spots of light in motion) as well as global 
perturbations (i.e. gradual or abrupt, continuous or repeated variations in the 
total amount of light perceived).  

The perception corresponding to complete invariance in the level of 
stimulation was thus characterized by the following basic spatial variations: 
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near versus far; empty versus filled; figures in motion versus unmoving fog; 
extended cloudy masses (in motion) versus little spots of light (in motion); 
decreasing versus increasing extension of space; gradual versus abrupt 
changes and continuous versus repeated changes.  

If one extends the analysis to experiences 2 and 3, further variations 
emerge: a flat, solid surface, perceived with higher levels of illumination, as 
opposed to a soft, curved, flexible surface, perceived with medium levels of 
illumination. 

At high levels of illumination, when illumination was further increased or 
decreased or simply with a prolonged stay in the Ganzfeld staring fixedly, 
the surface was perceived to recede from the observer (when the light 
increased) or to move closer (when the light decreased) while changing its 
compactness into a fluffier, more fluid consistency (the same consistency as 
whipped cream). 

With low levels of illumination, an increase in brightness was associated 
with a change in perceived pressure (the fog become lighter and observers 
felt they could breathe more easily) and an increase in the sensation of space 
expansion. The fog also appeared to become brighter and to condense into a 
curved surface of a soft and fluffy consistency. Conversely, a decrease in 
illumination was associated with the sensation of the fog becoming heavier 
and darker and with a sense of more restricted space. 

Thus, increase and decrease in illumination were associated, respectively, 
with an increase or decrease in space extension, with a change in perceived 
pressure (the fog becomes lighter, the observer feels he can breathe easily 
versus the fog becomes heaviest and the observers feels they can hardly 
breathe) and in brightness (the fog, after becoming lighter also becomes 
brighter; after becoming heavier, also becomes darker), and color density 
(when the illumination increases, the color filling the space recedes and 
compresses itself into a fluffy, foggy, concave surface).  

When small illumination discontinuities (just above the JND threshold) 
are introduced, observers perceive localized sparks of light: a local region of 
the field becomes brighter and this brightness expands in all directions.  

By introducing a small area with different illumination into the field, 
Metzger expanded his analysis from the most primitive perception to a 
primitive figure–ground organization. Metzger limited himself to projections 
of small squares and small rectangles of light, but we will see later on what 
happens with more complex variations. 

Even if the alteration was minimal, when Metzger introduced a small area 
with different illumination this triggered a series of changes. These involved: 

1) the consistency of the geometrical forms and the background: the 
former appeared to be dense and taut, the latter (i.e. the foggy background), 
softer and less resistant; 
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2) spatial localization: the geometrical form was seen in front of the 
foggy mass when the form was more illuminated than the background, while 
it was seen behind the foggy mass when the form was less illuminated than 
the background.  

To summarize, what did the Ganzfeld experiment prove with regard to 
our hypothesis? Koffka commented: «thus we see that primitive space lacks 
the articulation that normal space possesses» (Koffka, 1935, p. 116). This is 
certainly true, but we feel that in reality this primitive space does not lack 
articulation. For example our analysis showed that: 

a) even when spatial experience is not yet an experience of objects, it is 
still an experience of spatial properties and relationships between non–
identical properties, namely, distances (near–far), space extension (broad–
restricted), space density (sparse–dense fog), consistency (compactness and 
fluidity or softness), shapes (flat–curved surfaces), weight (sensation of 
weightlessness–heaviness), brightness (brighter or darker), mutual 
localizations (in front of – behind) and state and directions of movement 
(still–moving, receding–advancing); 

b) all these cases represent variations between contrary perceptual 
features or at least variations which move towards extremes; this is true not 
in terms of the words used in the reports, but in terms of the perceptual 
features described as characteristics of different parts of the environment.  

In 1989, in a very interesting piece of writing on the role of natural 
language in the phenomenologically based science of perception, Bozzi 
(pp. 60 ff) used the Ganzfeld as a starting point in order to demonstrate the 
contents and the principles underlying a “minimum vocabulary”. By 
“minimum vocabulary” he meant a set of words, all of which referred to 
discernible states and objects, where the addition of any new term is 
justified only by the need to label a new discernible state. It is easy to see 
why the Ganzfeld represented a very effective scenario for showing this 
process of emergence of new perceptual states and the corresponding urge 
to find new terms for these states. 

We do not need to look at the Ganzfeld to realize that natural language 
comprises a wide range of terms mapping contrary states, verbs, adjectives 
and adverbs which reflect the recognition of actions, properties and states 
that are opposite to each other. The existence of dictionaries of synonyms 
and antonyms for all major languages is probably the most striking proof of 
this. However, what an analysis of Metzger’s paper (1930) might add to 
this consideration is that the need for terms to refer to discernible contrary 
states is not the result of the complex structure of the ecological world. On 
the contrary, the need for terms describing opposite features emerges in the 
most primitive human perceptual experiences. Even the most basic 
vocabulary (i.e. confined to the discernible states perceived in the poorest 
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perceptual scenario) is from the very beginning one that refers to contrary 
features.  

 
Primitive contraries in ecological space 

 
What happens if we replace this totally homogeneous field with an 

ecological field – in other words, if we let the world enter the Ganzfeld? If 
we ask our subjects to report on the resulting spatial experience, what 
variations (“discernable states”) would they describe?  

To answer this question, we asked a group of adults to describe their 
experience of space using everyday language (in this case Italian), focusing 
on as many different spatial experiences as possible (Savardi & Bianchi, 
2000a, 2000b; Savardi, Bianchi & Kubovy, submitted). 

Given that we were interested in a general description of the perceptual 
articulation of ecological space, the analysis needed to be based on a broad 
set of spatial experiences. For this reason, throughout the study, 
participants were asked to focus on as many different spatial experiences in 
daily environments that they could think of. In order to avoid variability in 
results due to the fact that participants might refer to different “samples” of 
the ecological world, we used groups of participants (composed of 3 
people) rather than individual subjects, in accordance with the inter–
observational method (Bozzi, 1978; Bozzi & Martinuzzi, 1989; Kubovy, 
1999). Participants were first asked to share with the other members of the 
group as many experiences of objects or environments as they could for a 
certain property (e.g.: inside) with reference to the space around them (e.g.: 
“if you look at the space that is inside this room...”) or by verbal reference 
(e.g.: “think of the experience of being closed inside a small lift....”). In this 
way all the members of the group could “recollect” the same experience 
directly from the surrounding environment or from memory. This initial 
phase was followed by a second phase where participants tried to reach a 
common description of the spatial experiences recollected in the first 
phase, each time according to instructions. 

What emerged from this study is that, when asked to produce a 
consensual list of as many spatial properties as possible without being 
redundant, adult observers (57 participants, undergraduates at the Milan 
Institute of Technology) were able to come up with a list of 60 to 80 terms.  

After collating synonyms, we discovered that a list of 74 terms appeared 
on at least 15 out of the 18 lists (80%) produced by the groups. These were 
for the most part adjectives or adverbs. They were divided by participants 
into 4 groups: spatial properties concerning shape, amount, localization and 
orientation. More interestingly, an examination of the 74 words revealed 
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that each had its contrary within the set; stated differently, the 74 words 
could be organized in 37 pairs of contraries (see Tab. 1). 

 
 

Table 1. The list of primitive spatial contraries referring to ecological environments. 
 

Shape Amount Localization Orientation 
convex – concave thick–thin above–below ascending–descending 
rounded–angular near–far in front–behind upright–upside down 
straight–curved broad–restricted left–right vertical–horizontal 
unbounded–bounded fat–thin floating–sunken standing–lying down 
open–closed high–low top–bottom moving–still 
symmetrical–asymmetrical wide–narrow beginning–end  
obtuse–acute long–short inside–outside  
regular – irregular large–small supported–unsupported  
simple–complex shallow–deep   
complete – incomplete full–empty   
ordered–disordered dense–sparse   
convergent–divergent many–few   

 
 
As we verified in successive informal observations, whatever the 

ecological scene observers are looking at, almost all the features described 
in this list are perceived as characteristics of the scenario. You can easily 
verify this by seeing just how many of the spatial features in the list can be 
used to describe “space” around you. You will also notice that you rarely 
find one of two contrary properties without the other being present. You 
perceive height, but also lower areas and low objects; you find straight 
lines, but also curved ones; you see narrow spaces, but also wide open 
areas. Let us remember that we are referring to ecological environments, 
i.e. “stimuli” which have the articulation that spatial experiences normally 
possess (see for example Figures 18a–c). 
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Figure 18 a–c. Three ecological scenes. We invite the reader to look carefully to 
see how many of the spatial properties described in tab. 1 are recognizable in each 
scene. 
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3.2 The perceptual structure of contraries 
 
What are we referring to when we say that we perceive something as 

curved, or straight, high or low? We designed two experiments to study the 
structure of contraries, based on what one could call qualitative “just 
noticeable differences” (JNDs) between variations of the properties 
belonging to the pair, e.g. large and small (Savardi & Bianchi, 2000a, 2000b; 
Savardi, Bianchi & Kubovy, submitted). This idea of qualitative JNDs – 
rather than the more familiar quantitative JNDs, typical of psychophysical 
research – can be easily understood considering a simple example.  

Take two ants: an adult ant and a small one. If you were asked to describe 
whether you see a difference in size between the two ants (and given that 
their physical difference is greater than what in terms of classical 
psychophysics we would call the JND threshold) you would say that yes, one 
of the two is bigger than the other. What you are indicating, here, is a 
quantitative difference between the two.  

However, if you were asked to answer the question taking into account 
the qualitative differences in size for the whole set of objects ranging from 
the smallest thing that you can see (e.g. a grain of sand) and the biggest one 
(e.g. a very high, wide wall, covering almost entirely the visual field of the 
observer) then you would likely answer the question about the ants by saying 
that they have the same “qualitative size”. The first noticeable qualitative 
difference in the set of variously small things would likely be that between 
the size of ants and that of butterflies or nuts. Yet again, between a butterfly 
and a nut one can see a quantitative difference, but in terms of qualitative 
differences they are more or less the same size. 

It was made clear to the adult participants who took part in the studies 
that they had to consider this interpretation of the term “difference”. Thus, 
when analyzing, for instance, the various gradations of “small”, they had to 
ask themselves: “Do I really perceive the size of this object as being smaller 
than this other one, despite the fact that I recognize that it is only some 
millimeters smaller?”. Or for instance, when analyzing various gradations of 
“open”, they had to compare different apertures of a door by asking: “Do I 
really perceive this door (which is, let’s say, about 60 degrees open) as being 
open in a qualitatively different way than a door open 65 degrees? If I keep 
opening the door by small amounts, at what point do I start seeing that the 
door is open in a qualitatively different way from before?”. These questions 
have to be answered by looking at concrete examples, referring to what 
appears to the naked eye and not to the physical characteristics of objects. 
For instance, it doesn’t matter that we know that the stars or the moon are 
very big, we perceive them as being small (very small in the case of stars: 
i.e. the same “qualitative size” as a pinhead…). 
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We used two different studies in order to establish the phenomenological 
psychophysics of the 37 spatial pairs presented in table 1.  

In the first study, participants (70 undergraduates at the Milan Politecnic) 
were presented with scales of gradation composed of two bars one above the 
other (see Fig. 19). They were told that the total length of the bars 
represented the whole range of variations of visual experiences in between 
the two poles (e.g., for the pair “near–far”, from the nearest to the farthest). 
They were asked to mark on the top bar the boundary that separates the two 
poles, i.e. the proportion that they considered expressed gradations 
(qualitative differences) of for example “near”, and the proportion which 
expressed gradations (qualitative differences) of “far”. If they considered 
these variations to be the same size for the two poles, they had to mark the 
boundary exactly in the middle of the top bar (see Fig.19a); if they 
considered one of the two poles to be richer than the other in terms of the 
amount of qualitative variations, they had to shift the boundary towards one 
of the two poles in order to reflect this difference (see Fig. 19b and c). 

 
 

 
 

Figure 19. Example of the bars used in study 1, for 3 different pairs of 
contraries. The thicker lines on the top bar simulate participants’ responses to 
the first part of the task. 

 
 
They were then asked to mark on the bottom bar the range of things that 

were “neither pole A nor pole B” (e.g. “neither beginning nor end”; “neither 
near not far”; “neither open nor closed”) and to refer this area to the mark on 
the top bar by deciding how much of the intermediate space to ascribe to one 
pole and how much to the other. As in the first part of the task, the size of 
the area had to be described in proportion to the whole sample of visual 
experiences in between the two poles (Fig. 20). 
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Figure 20. Example of the bars used in experiment 1, for 3 different pairs. The 
region between the thicker lines, on the bottom bar, simulates participant’s responses 
to the second part of the task. 

 
 
The second study was designed to integrate results from study 1 

concerning the area covered by the three components (the two poles and the 
intermediate region) with qualitative data.  

In particular, the basic distinction we were interested in was between 
poles and intermediates consisting of single properties and poles or 
intermediates with many different gradations of a given property. Again the 
point can be easily explained by means of examples.  

Consider, for instance, the dimension closed–open. Participants were 
asked to decide whether something could be visibly “closed” at various 
degrees and if something could be open at various different degrees. If you 
look at a door which is open, let’s say, approximately 30°, you perceive it as 
being open. If you now open it to around 90° degrees, do you perceive it as 
being open in a different way? And if you then open it wide, do you perceive 
it open in a even more different way? If the answer is yes, then this means 
that the “open” pole refers to a range of variations. You can do the same 
with “closed”, starting from a closed door. Can you change something in 
order to see the door as being closed in a different way? If the answer is no, 
then we should conclude that the “closed” pole consists of a single property 
and not a range (of course one could lock the door, but this does not 
correspond to seeing the door closed differently).  

Bearing in mind this distinction, one can further distinguish between 
ranges which have a final state, i.e. with the property at a maximum possible 
degree and thus a final boundary of the pole (e.g., a wide open door) and 
ranges where this final state is not present and the range is thus unbounded. 

Similar questions can be asked for intermediates, i.e. “neither A nor B”. 
Intermediates lie in between the two poles and hence necessarily have final 
states on their two sides. They can never have unbounded ranges. However, 
they can either have bounded ranges or single properties. Let’s take for 
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example a box that looks as if it is “neither near nor far”. Can the distance of 
the box be changed (increased or decreased) in such a way that you will still 
perceive it as being “neither near nor far”, while still however perceiving 
that you are now looking at a more distant gradation of intermediateness? If 
so, “neither near nor far” admits a range of variations. Now, if you put the 
box right in front of you so that you perceive it to be “neither to the left nor 
to the right” of you, can you change its position within the left–right 
dimension and still perceive it as being “neither to the left nor to the right” of 
you? If not, this means that the intermediate area consists of a single 
property. Consider also “neither still nor moving”. Can we see an object as 
being neither still nor moving? If not, this constitutes a pair with no 
intermediates.  

To summarize, participants (54 of the 70 undergraduates involved in 
study 1) were asked to make the following distinctions: 

a) for the two poles, the distinction between single experiences and 
ranges of experiences and, in the latter case, between bounded ranges (i.e. 
ranges having a “final state”, showing the property at the maximum possible 
degree) and unbounded ranges (i.e. ranges where this “final” state is not 
identifiable);  

b) for the intermediates, the distinction between the existence or non–
existence of properties which are “neither one pole nor the other”. If these 
properties existed, participants were then asked to distinguish between 
intermediates referring to ranges of experiences (even very limited ranges) 
or to a single experience.  

By means of these distinctions regarding poles and intermediates, we 
were better able to interpret the findings about the area covered by the poles 
and the intermediate regions which emerged from the first study. 

We need to bear in mind that in both studies, participants were asked to 
base their responses on as many objects or environments as they could. They 
did this by referring to areas in the space around where a particular property 
was visible, but also by thinking of spatial objects or environments not 
directly under observation at that moment. 

The results of the second study will be discussed in one of the following 
sections (Typical patterns, p.70). Let’s now look at what we discovered in 
the first study. 
 
The polarization of contraries 
 

Before going on to look at our findings, it’s better if we explain exactly 
what the terms we refer to mean. Figure 21 shows how the data we are 
discussing were calculated based on subjects’ responses; it also helps to 



The perception of space  63 

 

clarify the significance of the data in terms of the characteristics of the pairs 
of contraries. 

The first characteristic we are going to consider is the degree of 
polarization in each pair. Using the bottom bars of each pair (see Fig. 21), 
we established the area covered by the intermediate region (m) and 
conversely the area covered by the polarized properties, i.e. properties 
perceived as gradations of one or the opposite pole (AA+BB). 

 

 
Figure 21. Diagram showing the results of participants’ responses. On the top bar: 
areas assigned to pole A and pole B (used to define the degree of 
symmetry/asymmetry of the pair, see following paragraph). On the bottom bar, the 
area covered by properties perceived as “neither A nor B” (m) and the area covered 
by polarized properties (AA for pole A, BB for pole B), i.e. the properties perceived 
as gradations of one or the other pole. 

 
 
Since, in our list of 37 pairs, the order of the two poles was arbitrary, we 

conventionally established A as the bigger of the two poles and re–ordered 
the data matrix accordingly. The degree of polarization characterizing each 
pair is shown in Table 2. 

What did we discover about the polarization of the 37 pairs? The results 
showed that experiences of space consist of more properties relating to one 
pole or another rather than intermediates. In fact, on average, 78% of the 
space in between the two extremes was attributed to polar properties, while 
only 12% of properties were perceived as being neither one nor the other 
pole. This, as we said, is what we found “on average”. However, differences 
emerged between the 37 pairs (see Tab. 2). Based on a hierarchical cluster 
analysis (method: average linkage between groups; measures: Euclidean) the 
37 pairs turned out to be clustered into three main groups: 

– Strongly polarized contraries: for 19 of the 37 pairs (51.3%), most of 
the scale (on average 88%) consists of gradations of one or the other pole 
(see cluster 1).  
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– Moderately polarized contraries: for 13 pairs (35.1%), the intermediate 
area is greater than in cluster 1, but less than 35% of the entire scale. The 
polarized area covers on average 66% of the entire scale (see cluster 2).  

– Weakly polarized contraries: the intermediate area is greater than the 
area relating to one pole or the other in only 5 pairs (13.5%). For these pairs 
the polarized area covers on average 41% of the entire scale (see cluster 3); 
the intermediate area accounts for the remaining 59%. 

 
 

Table 2. Proportions of polarization resulting from a hierarchical cluster analysis, 
based on the proportion occupied by gradations of one or the other pole, without 
intermediate regions. 

  
Strongly polarized (cluster 1) M SD  Moderately polarized (cluster 2) M SD 
moving–still 0.971 0.086  many–few 0.733 0.128 
convex – concave 0.963 0.117  thick–thin 0.701 0.108 
supported–unsupported 0.955 0.105  far–near 0.687 0.185 
unbounded–bounded 0.950 0.254  broad–restricted 0.681 0.099 
divergent–convergent 0.945 0.109  fat–thin 0.681 0.141 
in front–behind 0.932 0.129  high–low 0.672 0.180 
inside–outside 0.901 0.130  wide–narrow 0.664 0.129 
right–left 0.900 0.106  long–short 0.661 0.100 
angular–rounded 0.878 0.112  large–small 0.656 0.140 
open–closed 0.865 0.121  vertical–horizontal 0.638 0.251 
curved–straight 0.863 0.099  complex–simple 0.612 0.174 
ascending–descending 0.861 0.101  dense–sparse 0.600 0.144 
asymmetrical–symmetrical 0.860 0.126  deep–shallow 0.574 0.153 
upright–upside down 0.857 0.175  Mcluster 2 0.658 0.034 
obtuse–acute 0.848 0.150     
incomplete – complete 0.833 0.262  Weakly polarized (cluster 3) M SD 
disordered–ordered 0.805 0.122  lying–down– standing 0.460 0.112 
above–below 0.798 0.148  full–empty 0.413 0.113 
irregular–regular 0.776 0.258  sunken –floating 0.410 0.119 
Mcluster 1 0.882 0.021  top–bottom 0.407 0.091 
    end–beginning 0.377 0.113 
    Mcluster 3 0.413 0.039 
 
Note. Mean (M) and standard deviation (SD) reported refer to the area covered by poles A and B (i.e. the 
entire scale, minus the intermediate area). The cluster number refers to the order of segregation resulting 
from cluster analysis. 

 
 
This predominance of polarized pairs suggest that in ecological spatial 

conditions observers would identify their experiences as belonging to one or 
other of the opposite properties and would less frequently identify them as 
intermediates. To be precise, this does not mean that, for example, in the pair 
large–small, we usually meet enormous or minuscule objects. It means rather 
that the sizes of objects which are in between minuscule and enormous are 
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usually perceived as polarized sizes, i.e. belonging to nuances of small or 
big.  

This could be a possible explanation as to why subjects, when initially 
asked to describe the primitive qualities of ecological environments (see 
3.1), naturally referred to 74 opposite properties and no intermediate states. 
It also supports the hypothesis that opposition is a commonly given 
relationship within spatial domains: if the experience of space is 
fundamentally based on properties which are well characterized in terms of 
one or the other pole, then the recognition of contrariety between objects, 
properties or different parts of the environment becomes a common 
condition. In other words, these data prove that spatial properties are widely 
polarized. We also understand from this that this constitutes a necessary 
condition for contrariety to be easily perceived when comparing different 
aspects of visual scenes. 
 
The asymmetry of contraries 
 

A second interesting finding is that the 37 pairs revealed variously 
asymmetrical structures rather than symmetrical structures (Tab.3). The 
symmetrical or asymmetrical nature of each pair was indicated in the 
responses given in the top bar of Fig. 19, by observing the difference 
between the proportion of the scale covered by pole A and, conversely, pole 
B. 

– Very strongly asymmetrical pairs (cluster 1): these pairs (18.9% of the 
37 analyzed) are characterized by having one of the two poles three times 
more extended than the other pole (cluster1 mean: pole A = 0.242; pole B = 
0.758). For instance, the gradations of “irregular” were found to be three 
times those of “regular” and a similar case was seen in the gradations of 
“curved” with respect to the gradations of “straight”. Many of these 
dimensions concern shape. 

– Strongly asymmetrical pairs (cluster 3): less asymmetrical than the 
previous category (t = –7.288; df = 40, p < .000), this structure is still 
characterized by clear asymmetry, one pole being twice as extended as the 
other (cluster3 mean: pole A = 0.717; pole B = 0.283). All the pairs grouped 
in this cluster (18.9%) refer to amount. What the asymmetrical structure 
describes is that there are around twice as many gradations of “broad” as 
opposed to “narrow”, just as for “high” as compared to “low”, “thick” versus 
“thin” and “long” versus “short”.  

– Moderately asymmetrical pairs (cluster 4): the pairs falling in this 
group (13.5%) show a clear predominance of the extension of one of the two 
poles (cluster4 mean: pole A = 0.645; pole B = 0.355). This structure again 
characterizes dimensions concerned with amount (large–small, wide–
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narrow, many–few…). The significant difference between the extension of 
the poles in the present cluster as compared to the previous one (t = 9.243, df 
= 4, p < .001) suggests that the difference between “many” and “few”, or 
between “large” and “small” is however not as great as the difference 
between “long” and “short”, or “high” and “low”; 

 
 

Table 3. The asymmetry of the pairs, resulting from a hierarchical cluster analysis, 
based on the proportion of the entire scale occupied by pole A. 

 
Very strongly asymmetrical  
(Cluster 1) 

  M   SD  Weakly asymmetrical  
(Cluster 5) 

  M   SD 

open–closed 0.869 0.061  top–bottom 0.619 0.039 
moving–still 0.84 0.040  far–near 0.610 0.052 
incomplete–complete 0.804 0.074  ascending–descending 0.598 0.045 
curved–straight 0.752 0.041  in front–behind 0.598 0.062 
irregular–regular 0.737 0.115  complex–simple 0.594 0.054 
disordered–ordered 0.667 0.041  above–below 0.589 0.065 
asymmetrical–symmetrical 0.637 0.051  divergent–convergent 0.579 0.052 
Mcluster 1 0.758 0.035  upright–upside down 0.578 0.041 
    convex–concave 0.570 0.057 
Strongly asymmetrical    M   SD  vertical–horizontal 0.569 0.113 
(Cluster 3)    Mcluster 3c 0.590 0.053 
broad–restricted 0.762 0.050     
dense–sparse 0. 751 0.043  Slightly symmetrical   M   SD 
deep–shallow 0.736 0.043  (Cluster 2)   
high–low 0.709 0.090  right–left 0.520 0.033 
full–empty 0.699 0.042  bounded–unbounded 0.520 0.124 
thick–thin 0.698 0.056  supported–unsupported 0.508 0.044 
long–short 0.661 0.043  inside–outside 0.502 0.058 
Mcluster 3a 0.717 0.020  standing–laying down 0.484 0.072 
    rounded–angular 0.449 0.048 
Moderately asymmetrical    M    SD  floating–sunken 0.448 0.039 
(Cluster 4)    beginning–end 0.429 0.064 
many–few 0.667 0.072  Mcluster 2 0.494 0.058 
large–small 0.664 0.083     
wide–narrow 0.652 0.068     
fat–thin 0.650 0.086     
obtuse–acute  0.613 0.064     
Mcluster 3b 0.645 0.051     
 
Note. Mean (M) and standard deviation (SD) reported refer to the extension of pole A (we arbitrarily 
established pole A as the pole with the greater extension). The number of the cluster reflects the order of 
segregation resulting from cluster analysis. 

 
 
– Weakly asymmetrical pairs (cluster 5): these pairs (23.8%) have a 

structure that is less asymmetrical than that of the pairs grouped in the 
previous cluster (t = 5.787, df = 40, p <.001). Many pairs describing 
orientation fall in this cluster (4 out of the 5 used in the experiment), together 
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with pairs describing localization (the remainder are in cluster 2). The 
emergence of asymmetry for this last group of dimensions (e.g.: horizontal–
vertical, top–bottom, ascending–descending) is particularly interesting, since 
it would be tempting to assume that they were symmetrical. Data revealed, 
on the contrary, that “vertical”, “top”, “ascending”, “above” and “in front” 
are properties that have more perceptual gradations then their respective 
contraries (cluster5 mean: pole A = 0.590; pole B = 0.410).  

– Roughly symmetrical pairs (cluster 2): these pairs (21.6%) have the 
most symmetrical structure among those which emerged in the present 
analysis (cluster2 mean: pole A = 0.494; pole B = 0.506). Examples 
belonging to this set are floating–sunken and rounded–angular: the 
gradations of “sunken” are neither more nor less than those of “sunken”; the 
gradations of “angular”, neither more nor less than those of “rounded”. Five 
out of the 8 pairs having this structure refer to localization. 

The finding of generalized asymmetry contrasts the assumption of 
symmetry shared by statistical methods based on scales of opposites, such as 
the semantic differential (Osgood, Suci, & Tannenbaum, 1957) or the Likert 
scales (1932). 

In semantics and linguistics, the counterpart of the asymmetrical aspect of 
the two poles can be found in the definition of the term “marked” in 
antonymous pairs (e.g. Lehrer, 1985). This is however based on an 
ambiguous mixture of morphological, grammatical and cognitive criteria. 
For this reason, the outcomes of perceptual definitions of asymmetries do 
not necessarily confirm the linguistic definition of the term “marked”. 
However, whether the description of the structures we came up with in the 
present study could contribute to psycholinguistic analyses of asymmetries 
in antonyms would be an interesting point to investigate.  

 
The asymmetry of intermediates 

 
Intermediates came out as a precise component of a dimension. The study 

demonstrated that they can be defined with high accuracy, both in terms of 
their extension and of their balanced or unbalanced proximity to the two 
poles.  

A series of comparisons between intermediate regions described as 
belonging to pole A or pole B (paired sample t tests) revealed that these 
regions are distributed with no significant difference between the two poles 
in only 6 out of the 37 pairs (16%). In all the other cases, the intermediate 
area was not at an equal distance from the two contrary properties and thus 
closer to one of the two. This result challenges the idea that intermediates are 
neutral with respect to the two poles and confirms that in most cases they are 
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perceived as being more related to one or another of the two properties 
(anisotropic characterization).  

A few examples will make this concept clear.  
If something is oriented in a position which is “neither vertical, nor 

horizontal”, it was said to belong more to “vertical” (m ⊂ pole A1 = .270 on 
the total extension of the pair vertical–horizontal) than to “horizontal”(m ⊂ 
pole B = .092). What does this mean? Take a pen and put it in front of you, 
in a vertical position. Then lower it to such an extent that you perceive it as 
no longer vertical but rather “neither vertical nor horizontal”. Now look at it 
and consider whether, if forced to decide one way or the other, you would 
say it is more vertical or horizontal. Then keep moving the pen, gradually 
(using the qualitative JNDs we are now familiar with), to exhaust the range 
of positions that you would describe as “neither vertical, nor horizontal” 
until you reach a horizontal orientation. You can do the same starting from a 
horizontal orientation and moving to a vertical one. Consider how often 
when looking at these “neither vertical nor horizontal” conditions, you 
would say – if forced to decide – that you recognize the orientation of the 
pen as being vertical rather than horizontal. You will discover that this 
happens for the most of the intermediate steps.  

A similar asymmetry emerged with “neither empty nor full”. Do the same 
exercise taking into account the intermediate steps between “full” and 
“empty”, referring to a bag, a bottle, a drawer or a room (full or empty of 
people). Again, explore all the various ways of being “neither full nor 
empty”. How many times, if forced to say whether the intermediate state you 
are looking at (and which, as first choice, you would describe as “neither full 
nor empty”) is closer to one of the two poles, would you say that it appears 
closer to “full” than to “empty”? You will discover that this happens most of 
the time. The intermediate region “neither full nor empty” tuned out to be 
positioned more towards “full” (m ⊂ pole A = .406) than “empty” (m ⊂ pole 
B = .181). 

The same was found for “neither beginning nor end”, which was 
positioned nearer to “end” (m ⊂ pole B = .440) than to “beginning” (m ⊂ 
pole A = .183): interestingly, when something is no longer located at the 
beginning and is in between the beginning and the end (of a road, a corridor, 
a path), it is literally “neither at the beginning nor at the end” and soon starts 
to be perceived as closer to the “end” rather than “the beginning”.  

One might observe that all the examples we have given refer to 
moderately polarized pairs, i.e. to pairs which have a very extended 
                                                 
1 “m ⊂ pole A” and “m ⊂ pole B” refer to the proportion of the intermediate region (m) which is 
included in the area covered, respectively, by pole A and pole B. See the diagram represented in Fig. 21 
for better understanding. 
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intermediate region (Table 2, cluster 3). We might ask ourselves whether this 
asymmetry in the characterization of intermediates only holds in this 
condition. 

An asymmetrical proximity towards one of the two poles was found also 
for moderately polarized pairs (Table 2, cluster 2). “Neither near nor far” 
was described as being closer to “far” (m ⊂ pole A = .276) than to “near” (m 
⊂ pole B = .041); “neither broad nor restricted” was closer to “broad” (m ⊂ 
pole A = .230) than to “restricted” (m ⊂ pole B = .103); “neither high nor 
low” was said to be closer to “high” (m ⊂ pole A = .230) than to low (m ⊂ 
pole B = .090); “neither many nor few” was considered more as “many” (m 
⊂ pole A = .235) than as “a few” (m ⊂ pole B = .032). 

When a symmetrical distribution of the intermediate region was found, it 
was always for strongly polarized pairs, i.e. for pairs having a very restricted 
intermediate region. For instance “neither right nor left” would describe 
something which is aligned directly in front. Now, if you look at something 
aligned in front of you and you are forced to say whether it is closer to one 
of the two poles (“right” or “left”), what will you say? You would agree with 
our participants that it is not closer to either of the two poles (right = .051; 
left = .049). You would conclude the same when considering “neither in 
front nor behind”, which in fact was symmetrically ascribed to “in front” (m 
⊂ pole A = .037) and “behind” (m ⊂ pole B = .031), or “neither convergent 
nor divergent” (i.e. parallel), which was symmetrically related to 
“convergent” (m ⊂ pole B = .030) and “divergent” (m ⊂ pole A = .025). So 
is this the rule for all pairs where intermediates are very restricted? In fact it 
isn’t. 

Being “neither open nor closed” was ascribed more to “open” (m ⊂ pole 
A = .110) than “closed” (m ⊂ pole B = .026). Think of a door which is ajar: 
people see it as being “neither open nor closed”, but when forced to decide if 
this intermediate state is more related to “open” or “closed”, they decide for 
the former.  

The same was found for what is perceived as being “neither regular nor 
irregular”. For example a geometrical figure that is not perfectly regular, 
would not be described as “irregular” at a first glance, as its irregularity is 
almost unnoticeable. If you draw it and then look at it, you might 
spontaneously describe it as “neither regular nor irregular”. But what if you 
were forced to decide one way or another? Our subjects were inclined to 
refer to it as “irregular” (m ⊂ pole A = .159) rather than “regular” (m ⊂ pole 
B = .065). 

Another way to investigate these asymmetries is to start from a condition 
that participants agree as being intermediate (e.g. emptying a bag until it 
shows a prototypical state of “neither full nor empty”, or putting boxes one 
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on top of the other until they form a pile that appears to be “neither high nor 
low”). Another group of participants is then asked what they would consider 
to be “the contrary” of these conditions. What is the contrary of a pile of 
boxes which is “neither high, nor low”: a very high pile or a very low pile? 
And what is the contrary of a bag which is “neither full nor empty”: a bag 
full to its limits or a visibly empty bag? We are carrying out a series of 
experiments (Savardi & Bianchi, in preparation) which may reveal that 
responses are randomly distributed towards the two poles only in special 
cases. Most of the time participants resolve the task by consistently choosing 
one pole or the other. 

Are these asymmetries simply reflections of the overall symmetry–
asymmetry of the two poles? In other words, were subjects reproducing, 
within the intermediate region, the same asymmetrical or symmetrical 
structure they had described in the first part of the task, when drawing the 
boundary separating the two contraries (the response given in the top bar of 
Fig. 21)?  

No correlation was found (r = 0.18, ns) between the values for the 
asymmetry between pole A and pole B and the values for the asymmetry of 
polarized regions (another way of looking at the attribution of the 
intermediates to the poles). This suggests that the asymmetry/symmetry of 
the overall structure of the poles and the asymmetry/symmetry of the 
intermediate region (or, conversely, of the polarized regions of the poles) do 
in fact refer to different characteristics of the pairs. 

 
Typical patterns  

 
As shown in the previous pages, a significant amount of information 

about the internal structure of the pairs can be derived from three basic 
indexes expressing various aspects of the relative extension of the two poles 
and of the intermediate region: 

a) The symmetrical or asymmetrical structure of the pair; 
b) The extension of the polarization of each pole for each pair 
c) The degrees of asymmetry between the polarized regions. 
By means of a second study (see p. 62), we have been able to 

qualitatively reinterpret the data of the study just presented, with respect to 
both the poles and the intermediate region. 

In particular, we have been able to distinguish which of the intermediate 
regions should be considered as cases of a first or second type of 
“intermediateness”. These two types have been proposed (Savardi & 
Bianchi, 2000a) in order to distinguish between two different conditions of 
intermediateness. The first refers to those conditions where the property does 
not belong to either of the two poles – for instance “parallel” is neither an 
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experience of “convergent”, nor an experience of “divergent”, but “neither 
convergent nor divergent”. A similar condition characterizes the experience 
of being, for instance, “halfway down” a street, where the property in 
question is not an experience of being at the “beginning” or the “end” of the 
street. A corresponding condition is not possible for pairs like “open–
closed”, for instance. When we experience something as not “closed”, it is 
because it is “open”. However, it is also a fact that a door that is ajar is not 
perceived as wide open; it appears, on the contrary, to be much closer to 
“closed”. We refer to this latter condition as a second type of 
intermediateness. By comparing participants’ descriptions of the 
intermediate component in study 1 and 2, we could differentiate between 
two types of intermediates for the 37 dimensions.  

Let us remember that participants (54 of the 60 undergraduates who had 
participated in study 1, organized into 18 groups of 3) were asked to classify 
the component of each dimension (pole A, intermediate area, pole B) by 
choosing from three possible structures for the two poles: single property 
(S), bounded (B) or unbounded range of properties (U) and if an 
intermediate area existed to choose from single property (S) or bounded 
range of properties (R); in the case of non–existence of the intermediate 
region they were to classify the intermediate component as “none” (N). 

We believe that the most interesting result (shown in Fig. 22) is that 
various typical patterns emerged after a hierarchical cluster analysis was 
carried out (method: average within group, chi square measures). The 
analysis was performed on the frequencies of the 3 levels of description for 
each of the 3 components (pole A, intermediate region, and pole B).  

I) UBB (pole A unbounded range, intermediate region bounded range, 
pole B bounded range). In this structure, all three components refer to ranges 
of experiences. One of the two poles is unbounded (study 1 told us it is the 
one covering a greater area), while the other (covering between 23–39% of 
the dimension) is bounded. Results from study 1 also show that the range of 
intermediate experiences covers around 35% of the whole dimension (see 
Tab. 2, cluster 2). This structure seems to be typical of dimensions referring 
to amount (length, height, thickness…). These are consistently characterized 
by: 1) many gradations for the pole which refers to the “smaller” end of the 
scale (e.g.: thin, narrow, low, short, few…); 2) many gradations which are 
“neither one pole nor the other” and 3) many more gradations referring to the 
“large” end of the scale. This latter is the unbounded pole. This means that 
subjects perceive that there is no “final” state representing the limit to these 
dimensions.  

II) USU (pole A unbounded range, intermediate region single property, 
pole B unbounded range).With the exception of one single state that is 
perceived as being “neither one pole nor the other” all the experiences 
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belonging to these dimensions are identified as gradations of one or other of 
the two contrary properties. These dimensions are characterized by the fact 
that the ranges of experiences at the two poles do not have a final experience 
showing the property at its maximum possible level. For example, all the 
experiences belonging to the dimensions “above–below” and “in front–
behind” (except the single state of being “aligned”) are perceived as ways of 
being “above” or “below”, or of being “in front” or “behind”. However none 
of these experiences is such that it would not be possible to extend it further, 
i.e. it is always possible to find something that is more “in front “ or more 
“behind”, more “above” or more “below”. Both the dimensions falling in 
this cluster refer to spatial localizations. 

III) BSB (pole A bounded range, intermediate region single property, 
pole B bounded range). Basically similar to the previous category, these 
dimensions are distinguished by unbounded poles. All the experiences 
belonging to these dimensions are perceived as variations of one or the other 
pole, except for the single state that is perceived as being “neither one pole 
nor the other”. For instance, with the exception of “being parallel”, all other 
experiences belonging to the “divergent–convergent” dimension are 
perceived as either degrees of convergence or divergence. The same goes for 
“obtuse–acute” and “left–right”: apart from the precise state of “being a right 
angle”, all other experiences are perceived as variations of “being acute” or 
“being obtuse”; apart from the state of being “aligned”, all other experiences 
belonging to the left–right dimension are variations of being “on the left” or 
“on the right”. The dimensions with this type of structure were among the 
strongly polarized group (see study 1, Tab. 2, cluster 1). In this cluster there 
are dimensions referring to shape, localization or orientation, while 
dimensions referring to the amount of space are excluded. 

IV) SBS (pole A single property, intermediate region bounded range, 
pole B single property). Somehow inverted in relation to the two previous 
categories, this type is characterized by the fact that both poles have a single 
property and that all variations are perceived as gradations of “neither one 
pole nor the other”. Many dimensions referring to localization and 
orientation are of this type. For instance, all the different ways of being 
oriented between vertical and horizontal are perceived as being “neither 
vertical, nor horizontal”; similarly, all states that are not at the “beginning” 
of something or at the “end” (or else at the “top” of something or at the 
“bottom” of it) are perceived as intermediates. All the dimensions that in 
study 1 were found to be weakly polarized, with intermediates occupying 
around 60% of the dimension (see Tab. 2, cluster 3) are of this type. There 
are however three dimensions in this category (“vertical–horizontal”, 
“upright–upside down”, “inside–outside”) that in study 1 came out as having 
strong polarization (with the intermediate region covering less than 10%).  



The perception of space  73 

 

V) UNS (pole A unbounded range, no intermediates, pole B single 
property). The dimensions with this structure have one pole consisting of a 
single property while all other experiences are perceived as variations of the 
contrary pole (with no limits to the range). These dimensions have no 
intermediates. Examples of dimensions with this structure are 
“asymmetrical–symmetrical” and “irregular–regular”. Despite the existence 
of different formal definitions of symmetry and regularity, subjects perceive 
“being regular” and “being symmetrical” as single states: when a variation in 
regularity or symmetry is perceived, it is already experienced as a gradation 
of irregularity or asymmetry. 
 

 
 
Figure 22. Typical patterns of the 37 spatial dimensions, based on the qualitative 
description of the three components: pole A, intermediate area, pole B (for the 
explanation, see text). 
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There are two more general observations we would like to mention. They 
concern, respectively, the structure of the poles and of the intermediate 
region. 

1) None of the 3 structures of the poles (single property, bounded range 
and unbounded range) can be considered typical of the 74 spatial properties 
studied: an analysis of the most frequent description (mode) for each 
properties revealed that 26 of them (35.1%) were described by most of the 
subjects as single (S), the same number of properties were described as 
bounded ranges (B) and 22 properties (29.7%) were unbounded ranges (Chi 
square = 0.457, df = 2, p = .796). These data also show that 64.9% of the 74 
properties analyzed are gradated into ranges of experiences, independently 
of the presence or absence of a “final” state and refer less frequently to 
single experiences.  

2) In the second experiment, 11 of the 37 dimensions (29.7%) were 
recognized as having no intermediate state. Comparing these results with 
those of the first study, we can see however that a small region of 
intermediates was assigned for all of these 11 dimensions (they fell into 
cluster 1, Tab. 2, i.e. highly polarized dimensions). For these pairs, 
intermediates are “second type”, while for the remaining 26 dimensions, 
they are “first type”. 

Intermediates of the first type covered, on average, up to 35% of the total 
dimension in 13 of cases (mainly those describing amount, see Tab.2, cluster 
2), while for other 5 which concern localization or orientation, this region 
covered up to almost 60% of the whole dimension (see Tab. 2, cluster 3). For 
the remaining 8 dimensions (21.6%), the experience of being “neither pole A 
nor pole B” refers to single experiences (S). It is worth noting that in a phase 
of the research that we are not going to deal with here (see Savardi & 
Bianchi, 2000, pp. 93–98), the existence of specific linguistic labels was 
found for many of these properties.  

 
Typical patterns, fuzzy functions  

 
We investigated to see if it was possible to describe the structure of 

contrary pairs by means of fuzzy functions, expressing both the qualitative 
description of the three components and their qualification.  

Two fundamental concepts of the fuzzy set theory (Zadeh, 1965; 
Zimmermann, 1991; see also Klir &Yuan, 1996) seemed in fact to be 
adequate for describing the structure of perceptual dimensions: 

a) the assumption of fuzziness of meaning: with respect to the issue of 
space, this means that the words used in natural language to describe spatial 
properties (e.g. “open”, “regular”, “ascending” etc.) would refer to classes of 
different perceptual experiences in which the transition from membership to 
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non–membership is gradual rather than abrupt. More specifically, within 
each dimension, this means that the transition from states belonging to the 
poles to states belonging to intermediate regions is better described by areas 
of overlap than by crisp boundaries; the non–neutrality of intermediates in 
relation to the two poles clearly shows that certain states are simultaneously 
experienced as belonging to the set of states which are “neither one pole nor 
the other” and to the set of variations of one of the two poles, to different 
degrees. 

b) the degree of membership: the membership function is defined by the 
idea that the set of experiences of a certain property is composed of elements 
belonging to the set to different degrees. The degree of membership is 
expressed by a number in the interval [0,1] with 0 representing non–
membership and 1 representing full membership. Within our frame of 
reference, the membership values express various degrees of polarization of 
the experiences at the two poles of the dimension and various degrees of 
salience for intermediates in being perceived as “neither one pole nor the 
other”. For instance, in the dimension “open–closed”, the range of states of 
being “open” expresses to different degrees the experience of “open” (a wide 
open door is perceived as being more open than a door which is ajar).  

Thirty–seven fuzzy structures (relating to the 37 dimensions) were drawn 
from the data. Three curves described each dimension: two of them referred 
to the functions of the opposite poles and the third to the function of the 
intermediate region (see Fig. 23). We decided to use a new function for 
intermediates and not to describe them as an intersection of the two poles 
since the phenomenological description of intermediates does not fit in with 
the idea of an intersection of poles. When we experience an intermediate 
property, we are not experiencing both “one pole and the other”, but “neither 
one pole nor the other”. Moreover, intermediates in theory should never 
achieve maximum membership value, but this is however 
phenomenologically possible. 

The functions assume that: 
– the x axis represents the range of experiences belonging to a dimension 

(corresponding to the bipolar scale used in study 1). 
– the domain of each function in the x axis expresses the fraction of the 

dimension belonging to each of the three components and their overlap 
(derived from the results of experiment 1).  

– the values of the membership function range from 0 to 1 for each 
function. 

The curves were drawn by applying what can be called an indirect 
method to obtain membership functions, where the curves of the functions 
are derived from the distribution of frequencies (see Hersh & Caramazza, 
1976; Hersh, Caramazza & Brownell, 1979; Rubin, 1979; Wallsten, 
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Budescu, Rapoport, Zwick & Forsyth, 1986, p. 349). Stated in brief, the 
algorithm (Bianchi, Savardi & Tacchella, 2002) was used to calculate, for 
each point of the x axis, the frequency of responses assigning the 
corresponding point on the bars to pole A (Fig. 19), the frequency of 
responses assigning it to pole B and the frequency of responses assigning it 
to the intermediate region. In the latter case, since responses regarding the 
area covered by the intermediate region were constrained by where the 
boundary between pole A and B was drawn (see the task used in the first 
study), the above mentioned computation was preceded by a preliminary 
operation which aimed at standardizing responses with respect to the 
boundary marked on the top bar (see Fig. 19, p. 60). 

So, what do these curves show about the structure of the dimensions? 
If we compare, for instance, the structure of “high–low” (Fig. 23, top left) 

with the structure of “open–closed” (Fig. 23, top right), we notice that the 
two dimensions share an asymmetrical structure, but also that the latter is 
more asymmetrical. The intermediate region covers a smaller area in “open–
closed” and almost entirely overlaps the curve of “open” – as we noted 
earlier, a door which is ajar is perceived as being already open. Being 
“neither high nor low” is mainly perceived as being a degree of “height”, but 
it is sometimes recognized as being closer to “low”.  

The structure for “full–empty” (Fig. 23, bottom right) is very different. It 
is again asymmetrical, but with the intermediate region asymmetrically 
distributed inside the two poles and covering more than half of the entire 
dimension. “Supported–unsupported” (Fig. 23, centre left) offers an example 
of a somehow very similar structure (the two poles are in both cases single 
properties), but it has no intermediate region. 

“Ascending–descending” and “above–below” (Fig. 23, centre right and 
bottom left) are further variations of the previous structures: the “ascending–
descending” dimension has two poles which consist of ranges of properties 
(both bounded) and a single property intermediate state. This second feature 
also characterizes “above–below”, but in this case the two poles are 
unbounded (not bounded) – the curves in fact do not reach but only approach 
a membership value of 1 in an asymptotic way).  
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Figure 23. Fuzzy functions of dimensions, based on the three components: pole A, 
intermediates, pole B. The extension of each curve in the x axis expresses the 
proportion covered by each component. The shape of each function (reaching 1 or 
close to 1 in the y axis) represents whether they are single properties or bounded or 
unbounded ranges of properties. For the intermediate component, the shape indicates 
whether it consists of single properties or bounded ranges or is an intermediate of 
the “second type”). For more complete explanation see text.  
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3.3 Are we sure that contraries are definitely unidimensional?  
 
In this chapter so far we have analyzed the 37 pairs of spatial properties 

in terms of three components: the two contrary properties and the 
intermediate properties (when present). It is tempting to imagine that these 
three components lie along the same continuum. Just think, for example, of 
the use of “long” and “short” as extremes of the dimension “length”. In order 
to measure a property we can imagine using a kind of “ruler” with gradations 
of short at one end and gradations of long at the other and then measuring 
using either end of this “ruler”. In one case we express the length of the 
object in terms of how long it is and in the other case in terms of how short it 
is. These seem to be two alternative ways of measuring the same 
characteristic (length).  

The idea that two contraries lay on the same continuum is a kind of 
default assumption when referring to contraries. It also forms the basis of 
different methodologies used in experimental research in Psychology – e.g. 
semantic differential scales (Osgood, Suci & Tannenbaum, 1957) and Likert 
scales (1932). Similarly, Kennedy (2001; see also Kennedy & McNally, 
2005) analyzed and interpreted the distribution of antonym adjectives in 
comparative linguistic constructions and proposed a model in which degrees 
of a property are considered as scale intervals. But are we sure this is the 
rule? 

In 1967, Mosconi raised the issue of the fundamental difference that 
exists between phenomenal opposites (high and low, near and far, etc…) and 
the unidimensional structures that are used in their place in certain contexts 
(e.g., height and distance, for the examples just reported in parentheses). He 
suggested that, as a cognitive scientist, one should be cautious in resolving 
the correspondence between values of “high” and the perception of “being 
high” or “being low” in a direct match. In everyday language (and 
phenomenal use) people prefer to describe the perceptual world using the 
two contraries and not unidimensional structures. Moreover, there is 
evidence that, in some conditions, it is not easy to cognitively switch from 
this bipolar structure to the unidimensional structure.  

Psychophysical investigation may help to clarify where there is a 
psychological correspondence between bipolar and unidimensional 
structures and in which conditions this correspondence fails, if it does.  

We propose investigating this aspect using a metrical measurement 
method based on the direct perception of the presence of the two contrary 
properties in various concrete objects. We used this method in a pilot 
experiment (Burro, Savardi & Bianchi, 2008), studying the pairs “high–
low”, “wide–narrow”, “long–short” and “large–small”.  
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In two different phases, participants (81 undergraduate students) were 
shown 24 drawings of objects (grey scale, 6 x 5 cm each), used as “evokers” 
of the actual objects. A third phase was conducted with participants looking 
directly at the actual objects.  

The task required participants to attribute a score (0–7) expressing the 
extent to which the property being analyzed (“high”, “low”, “large”, “small”, 
“wide”, “narrow”, “long” and “short”) was present in each object. A wide 
variety of objects was considered. We used the Extended Logistic Model 
(Andrich, 1978a, b; 1988; Rasch, 1960/80) as this method makes it possible 
to define which objects incorporate a given characteristic (e.g. “length”) and 
the extent to which they do so.  

We obtained 8 metrical scales from participants’ responses, each relative 
to one of the 8 properties analyzed. These scales expressed participant ability 
to capture a given spatial characteristic (α–logit values) and the degree to 
which an object itself was “good” at expressing that property (β–logit 
values). We then applied the Bond (2001) procedure in order to convert the 
β–logit values (e.g. for “long”) into their opposites (e.g. what should 
correspond, in theory, to “short”). We could then estimate the degree to 
which these values (y) approximate the identity function (y = x) when 
compared to the original estimations made by the participants (x). When 
they approximate the identity function, one can conclude that the two scales 
(e.g. “long” and “short”) measure the same quality and lie at opposite poles 
of the same dimension; when these values deviate from the identity function, 
one can conclude that the two opposite scales measure different qualities. 

As shown in Figure 24, no identity relationship was found for the 
contraries examined: each of the linear functions calculated and shown in the 
graph fell outside the critical range (in Fig. 24, the area between the hatched 
lines) – i.e., outside the area of an acceptable 95% probability that the two 
scales measure the same quality.  

These results suggest that the pairs of contraries do not represent 
extremes of the same spatial dimension. This does not mean that there is no 
relationship between the two contrary properties, but suggests that the two 
characteristics which each pair display are not simply extremes of the same 
continuum. 
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Figure 24. Relationship between the contraries “high” and “low”, “large” and 
“small”, “wide” and “narrow”, and “long” and “short” (in β–logit). In each graph the 
area in between the broken lines represents the area of acceptance of the hypothesis 
that the two scales measure the same quality.  

 
 

3.4 Pair structure and negation 
 
Imagine that there is someone looking at a scene that you cannot see 

because there is a wall, for instance, blocking your vision. Imagine also that 
you have asked this person to describe what they are looking at, so that you 
can picture the scene. Suppose that, within this description, you heard the 
sentence “the branch I’m looking at is not straight”. What do you expect to 
see when you go behind the wall? A slightly bent branch, a very twisted 
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branch or something in between these two states (and if this is the case, is it 
closer to the slightly bent or to the very twisted state)?  

Or what if she/he says “the door is not closed”? What do you expect? 
That the door is ajar, wide open or open to around 30°, 45°, 90°? 

Negation has been studied for a long time by philosophers, logicians, 
psychologists and linguists (for an overview, see Horn & Kato, 2000). In 
Aristotelian logic (which the square of opposites were later based on) as well 
as binary logic, not–x merely means “other than x”. Various different 
arbitrary logics can be created and – within each of them – a corresponding 
number of definitions of negation can be assumed. Whatever these logical 
rules are however, there are also psychological rules of negation. In natural 
language and reasoning, humans tend to use negation in precise ways, 
following cognitive and – we would like to emphasize – perceptual rules. In 
particular, it has been recognized that one of the roles of negation in natural 
languages is that of being a modifier of degree (Bolinger, 1972; Giora, 
Balaban, Fein & Alkabets, 2005; Horn, 1989; Israel, 2001). This happens, 
for instance, when we say that “the water is not hot” (about water that may 
be warm, lukewarm or cool) or when we say that “the branch is not straight” 
or “the door is not closed”. 

Negated propositions are assumed to evoke two contrasting spaces, a 
factual and a counterfactual space (Fauconnier & Turner, 2002; Hasson & 
Glucksberg, 2006; Langacker, 1991). It seems reasonable to wonder if the 
shape of these two contrasting spaces is always the same or if it depends on 
the structure of the pair of contraries under consideration. In other words, 
can we predict what subjects mean when saying “not straight” or “not hot”, 
“not near” or “not far” based on the phenomenological structure of the 
dimension to which the negated property belongs?  

A similar hypothesis was at the basis of Willners and Paradis’ (2006) set 
of psycholinguistic experiments investigating the interpretation of negation 
with antonymic adjectives in Swedish. They wondered if the negator was 
sensitive to the configuration of the adjectives, with respect to two sets of 
antonyms: unbounded (scalar) or bounded antonyms. As these authors noted 
in their introduction, as well as in their comments on their findings, the 
general distinction between bounded and unbounded adjectives2 is not 
refined enough to cover all types of antonyms. Indeed, in some cases they 

                                                 
2 «Unbounded antonyms such as wide and narrow occupy opposite poles of a scale, and hence they are in 
the possession of more or less of the conceptual content of the given domain. (…) Extreme values of wide 
and narrow only tend towards the extreme but actually never reach an end–point. Bounded antonyms such 
as dead and alive, on the other hand, represent another type of antonyms. They are complementaries in 
the sense that they are absolute and divide some conceptual domain into two distinct parts. “She is dead”, 
entails that “she is not alive” and “she is alive” entails that “she is not dead”. (...) “she is neither dead nor 
alive” comes across as paradoxical.» (Willners & Paradis, 2006, p.3) 
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behave as bounded adjectives for some aspects and as unbounded adjectives 
for others.  

The authors’ hypothesis that when not combines with bounded antonymic 
meanings its function is that of expressing the absolute opposite meaning 
(e.g. “not dead” equals “alive”) while when not combines with unbounded 
antonymic meanings (e.g. “wide” and “narrow”) its function is to attenuate 
the meaning of modified adjectives, was only partially confirmed.  

Unbounded and bounded adjectives were interpreted differently by 
participants. However, while negation with unbounded antonyms was judged 
by all participants to attenuate the meaning of modified adjectives rather 
than express the absolute opposite, when negation was combined with 
bounded antonyms the results were less consistent. The role of negation 
tended to be that of expressing the absolute opposite meaning, but four 
combinatorial types of negator and adjectival antonyms were found:  

 
dead = not alive and alive = not dead 
wrong = not right but right ≠ not wrong 
bound ≠ not free but free = not bound 
empty ≠ not full and full ≠ not empty 
 
Can this descriptive use of negation be better predicted if we take into 

account not only the characteristics of the poles but also those of the 
intermediate component? And what if we distinguish not only between 
bounded and unbounded ranges, but also between bounded ranges and single 
properties? What if, in other words, we consider the different patterns of 
dimensions found when studying spatial contraries? 

Figure 25 shows an example of the task we used (Bianchi, Savardi & 
Burro, in preparation). Participants were asked to imagine a person looking 
at and describing something that the participants themselves could not see. 
The same list of questions was presented to two groups of participants using 
one of the two contrary poles with one group and the opposite pole with the 
other group.  

First findings in a pilot experiment suggested that, despite the fact that 
responses seemed to depend in part on the specific event and situation being 
considered, specific biases also seemed to emerge with pairs of contraries 
which had a similar structure.  
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Figure 25. A sample of the questions and of the answers obtained. The description 
of the situation under observation is in bold (the property used with the second 
group is reported in parentheses). The value of the median in the 11 point scale is 
represented by the arrow with a black diamond for the two alternative descriptions 
(not pole A, not pole B). For some of the scales, a central point is indicated and 
labeled. It corresponds to the single intermediate property for the dimensions 
having this type of intermediate region (as in the examples reported), while it was 
a false label for an equal number of dimensions. 
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With UBB pairs (pole A unbounded range, intermediate region bounded 
range, pole B bounded range), negation applied to one of the two poles 
describes a property belonging to the opposite pole, but not at the extreme 
end of it. It belongs rather to the internal section of the pole, around the 
intermediate region – see, for example, the median for the pairs, “near–far”, 
“narrow–wide” (Fig. 25); this is represented in the top bar of Figure 26. 

With UNS pairs (pole A unbounded range, no intermediates, pole B 
single property), negation applied to one of the two properties referring to 
the extreme state of the opposite pole. This is particularly true when the 
negation is applied to poles which consist of a range – see, for example, the 
median for the pairs “open–closed”, “still–moving”, Fig. 25). Since these 
pairs have no intermediates of the first kind, the negation of this pole tends 
to consist of the affirmation of the opposite state (single property) or almost. 
This is represented in the middle bar of Figure 26. 

 
 

 
 
Figure 26. Three different results of negation, applied to properties belonging to 
dimensions having different structure (UBB: pole A unbounded range, intermediate 
region bounded range, pole B bounded range; UNS: pole A unbounded range, no 
intermediates, pole B single property; BSB: pole A bounded range, intermediate 
region single property, pole B bounded range) 

 
 
In pairs with two ranges (bounded or unbounded) and a single 

intermediate property – i.e. with BSB dimensions (pole A bounded range, 
intermediate region single property, pole B bounded range) or USU (pole A 
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unbounded range, intermediate region single property, pole B unbounded 
range), negation moves towards the intermediate region of the dimension 
(see the median for the pairs “upwards–downwards” and “convergent–
divergent”, Fig. 25). For one of the two poles this coincides exactly with the 
single intermediate property. This is represented in the bottom bar of Figure 
26. 

These indications obviously need to be further investigated, but we felt 
that it was important to touch upon this point in order to show that the 
results of our phenomenological psychophysics of contraries may have 
interesting implications for the understanding of the function of descriptive 
negation. 
 
 
3.5 The N–dimensional space of contraries 
 

Another aspect to take into account when analyzing contrary properties 
in terms of their phenomenological identity and not simply as a linguistic 
relationship, is the multi–component nature of properties. This aspect is 
probably related to the fact that the unidimensionality of contraries must 
not be taken for granted.  

Consider, for instance, the property of being curved. This is a 
characteristic of shape, but other features (beyond curvature itself) co–vary 
when a specific type of curvature is under observation. For instance, there 
are simple, closed, wide, soft, regular, curved lines, just as there are 
complex, open, narrow, angular, irregular, curved lines (see Fig. 27). These 
lines all share the characteristic of being curved, but there are other co–
varying specific aspects of their curvature that can transform the 
relationship recognized between the two types of lines from sameness to 
similarity, or to diversity or even contrariety.  

 
 

 
 

Figure 27. A simple, wide, soft, regular, curved line (on the left) vs. a complex, 
narrow, angular, irregular, curved line (on the right). 
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This is an aspect that we need to keep in mind when grounding the 
analysis of properties at a perceptual, non linguistic, level which might also 
affect our perception of contrariety. As we will see in the following 
chapters, one of the necessary conditions for contrariety between two 
figures or gestures is that an evident invariance (in addition to an evident 
opposition) is recognized between them. What we have just said about the 
multi–component identity of properties should warn us to be cautious when 
defining the number of features which differ in two stimuli under 
observation: when changing the shape of the outline from curved to 
angular, for instance, we might unintentionally change other aspects of the 
figure at the same time. This might affect the final outcome of the 
transformation and thus the kind of relationship perceived when comparing 
the two figures. 

We studied the hypothesis regarding an N–dimensional characterization 
of each property (with respect to our list of primitive spatial characteristics) 
by asking adult participants to describe whether each of the 74 properties in 
our set was congruent, incongruent or independent as compared to each of 
the other 73 properties (Savardi & Bianchi, 2000a, pp. 103–119). We used 
a 7 point scale, with –3 to –1 signifying incongruency, +1 to +3 signifying 
different degrees of congruency and 0 expressing independence, i.e. a lack 
of any relationship between the compared properties.  

We are not going to enter into the details of the results of this study 
here. We would however like to mention two major findings which give an 
idea of the number of cases confirming this hypothesis. 

First, only 7.96% of the total number of comparisons between 
properties were described by at least 70% of the participants as 
independent, i.e. as lacking any relationship. The remaining 92.04% of the 
comparisons were described either as congruent or incongruent by at least 
50% of participants and 72% of these comparisons were described in this 
way by between 70% and 100% of participants. Furthermore, the degree of 
congruency/incongruency turned out to be stronger (i.e. +/– 2 or +/–3) in 
more than 50% of cases.  

The second aspect we would like to emphasize is that, for the first two 
degrees of the scale in either direction (+1, –1; +2, –2), no significant 
difference in frequency emerged between judgments of incongruency and 
congruency. In contrast, the maximum degree of incongruency (–3) was 
used more frequently (z = –18.82; p < 0.001) than the maximum degree of 
congruency (+3). This is not merely a reflection of the presence, inside the 
total set of comparisons, of intra–pair comparisons (that is of comparisons 
between “open–closed”, “large–small”, “above–below”, “in front–behind” 
etc.). These comparisons represent in fact only 21% of the maximum 
incongruence responses. Hence, incongruences (contrarieties) were 
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recognized not only intra–pair but also when properties belonging to 
different contrary pairs were compared. Some examples of evident “extra–
pair” incongruencies are reported in Table 4. 

 
 

Table 4. Examples of “extra–pair” comparisons described as maximally incongruent 
(–3) by at least 70% of participants. The frequencies of –3 responses are reported in 
the second column (total sample = 42). 
 

“Extra–pair” comparisons described as maximally incongruent Frequency (–3) 
lying down–vertical 42 
divergent–restricted 40 
restricted–wide 37 
unsupported–below 36 
divergent–bounded 35 
divergent–acute 34 
convergent–asymmetrical 33 
supported–deep 33 
unsupported–low 32 
unbounded–few 29 
convergent–concave 29 
obtuse–narrow 28 

 
 
This result extends the recognition of a relationship of contrariety outside 

the contrary pairs in the strict sense, to a multi–dimensional network of 
contrarieties linking one property to many others. Figure 28 shows, for 
example, the network of properties that are incongruent with “in front”. As 
one can see, “in front” is maximally incongruent with “behind”, but there is 
a quite rich array of other incongruencies as indicated by 90% of the 
participants. 

 
 
Figure 28. Properties described as incongruent with “in front” by at least 90% of 
participants. The length of the broken lines is directly proportional to the average 
degree of incongruency. 
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This is a first step towards the idea of an “N–dimensional” rather than 
simply unidimensional space of contraries, resulting from the numerous 
varieties of incongruency relating one property with other properties.  

Another aspect leading to the same conclusion is suggested by the 
network of congruent properties “blooming” around a basic contrary pair. 
Consider, for example the two contraries “in front” and “behind” and the 
properties described as congruent with each of them (see Fig. 29, the 
continuous lines). As one can see, there are a certain number of properties 
described as being congruent with one of the two poles but not the other and 
a certain number of properties which are congruent with both poles (in Fig. 
29, they are vertically aligned in the middle of the figure). This is the map of 
the field of rays forming the N–dimensional space of congruent properties 
around the two contrary poles. 

 
 
Figure 29. The N–dimensional space of contrary properties for the dimension “in 
front–behind”. The continuous lines represent the spatial properties described as 
congruent with “behind” and “in front”, respectively. The broken lines represent the 
N–dimensional network of contraries radiating out from the basic pair. 
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As Figure 29 shows, there is a second field of rays represented by the 
broken lines. If you follow these lines, you notice that “in front” and 
“behind” are not only linked to each other by one relationship of contrariety 
(as represented by the horizontal broken line at the center of the figure). As 
the many broken lines radiating out from the two poles reveal, there is a very 
dense network representing further layers of contrariety. Again an N–
dimensional space of contraries rather than a simple unidimensional 
contrariety emerges. 

The configuration in Figure 29 might appear to be similar to the structure 
of direct and indirect antonyms proposed by Miller (1996, p. 199–200) and 
illustrated here in Figure 30. 

 
 

 
 

Figure 30. Example of direct and indirect antonymy, as defined by G.A. Miller 
(1996). Two groups of synonymous adjectives are related by the direct antonymy 
of “wet” and “dry”. The conceptual contrast between, for example, “sere” and 
“wet” is an indirect antonymy, i.e. a contrast mediated by the semantic similarity 
between “dry” and “sere”. 

 
 
However, if one reads Miller’s definition of these concepts, the difference 

between this definition and the analysis we propose becomes evident: «If 
antonyms are defined as pairs of labels for opposite poles of an attribute, 
then pairs like dry/moist and vigilant/careless are clearly antonyms. How do 
they differ from other antonyms? The most obvious difference is that they 
are not primary associates of one another; compare them to dry/wet and 
careful/careless. (…)Why do native speakers of English feel that the relation 
between dry/moist is different from that between dry/wet? Why are 
vigilant/careless felt to be somehow less antonymous than careful/careless? 

(…) The rule is that the direct antonym of an adjective A1 that is similar in 
meaning to adjective A2 is the indirect antonym of adjective A2. (…) The 
general picture that emerges from these four assumptions is that predicable 
adjectives are organized in the mental lexicon in clusters of synonymous (or 
near synonymous) terms, and that pairs of clusters are held together by bipolar 
attributes whose opposite ends are labeled by direct antonyms that provide 



90  Chapter 3 
 

 

foci for the clusters. Or, to state it the other way round, associated with each 
member of a directly antonymous pair is a cluster of other adjectives with 
similar meanings. For example, wet and dry are direct antonyms; clustered 
around wet are moist, damp, soggy, waterlogged, and so on, while clustered 
around dry are arid, baked, parched, dehydrated, and so on.» 

A first obvious difference between this model and the one we have 
proposed is that the model of direct/indirect antonyms is based on the 
semantics of terms. In the model we propose, the field where Miller placed 
synonyms is extended to cover all the properties recognized as being 
congruent with the original pair, without there necessarily being any direct 
linguistic association. 

Moreover, what Miller’s model implies is that the two direct antonyms 
(i.e. wet and dry) define a basic direction of opposition which links not only 
the two directly antonymous properties, but their synonyms as well. In other 
words, this model is centripetal, in the sense that all the indirect 
relationships between the two sets of synonymous terms lead to the basic 
antonyms wet–dry. The wet–dry axis remains as the only dimension of 
contrariety (Fig. 30). In contrast, we propose a N–dimensional space which 
shows a field of contrary forces radiating out from the basic contrary pair 
“in front – behind” (see Fig. 29).  

 
Rethinking egocentric coordinates in terms of multi–dimensional contrary 
space  

 
We began this chapter by showing that there is a set of contraries 

characterizing the most primitive perceptual experience (the Ganzfeld) and 
another set of basic contraries characterizing spatial perception in ecological 
environments. A fundamental aspect of perceptual space which we have not 
yet focused on, although it was somehow embedded in the basic list of spatial 
properties, is its egocentric structure. Whatever the specific perceptual 
conditions are, observers perceive their own body as occupying a defined 
space in their visual field. This triggers an experience where observers 
distinguish between areas in their surroundings – in front and behind, above 
and below and to the left and to the right. Despite the fact that we usually refer 
to these egocentric spatial coordinates in terms of axes (sagittal, gravitational 
and coronal), these “axes” correspond to bipolar structures. Do these structures 
simply reflect topological contrariety with respect to the observer’s body? Or 
is it true also for these contraries that there is a multi–dimensional space of 
contrariety radiating out from the three basic pairs? 

If we ground the definition of these egocentric coordinates in a 
phenomenological analysis of the characteristics of these regions of space 
“around the observer”, we discover a multi–dimensional structure of 
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contrariety which typifies these pairs. Figures 31–33 represent the 
characteristics that were described as being congruent with “in front–behind”, 
“above–below” and “left–right”. You can see that “in front–behind” and 
“above–below” have a greater number of congruent properties than “left–
right”: 55 properties were described as being congruent with the gravitational 
dimension; 60 with the sagittal dimension and only 10 with the coronal one. 

 
 

 
 
Figure 31. Multi–dimensional description of the dimension “in front–behind”, based 
on the properties described as congruent with each pole. 
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Figure 32. Multi–dimensional description of the dimension “above–below”, based 
on the properties described as congruent with each pole. 
 
 

By focusing on the number of properties with their contrary in the other 
half of the graph, it becomes clear that multiple contraries rather than the 
mere intra–pair contrariety oppose “in front–behind”, “above–below” and 
“left–right”. This is particularly true for the two former dimensions: in fact, 
their two poles turned out to be contraries for 20 and 19 dimensions 
respectively. There were only 10 spatial properties opposing “left–right”. 
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Figure 33. Multi–dimensional description of the dimension “left–right”, based on 
the properties described as congruent with each pole. 

 
 
In conclusion, the link between the perception of space and the 

perception of contrariety is clearly evident even when we focus on the 
egocentric structure of space. The gravitational, coronal and sagittal “axes” 
express, in unidimensional terms, primitive bipolar structures. “In front–
behind”, “left–right” and “above–below” are the basic polarizations of 
egocentric space. As we noted earlier, there need to be good reasons, from a 
perceptual and cognitive point of view, to assume that two contrary poles are 
extremes of the same dimension. We need therefore to be cautious when 
talking about egocentric coordinates in terms of axes rather than bipolar 
pairs. This is even truer given that, as we have shown, there is a multi–
dimensional space of contrarieties around these three pairs.  
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Chapter 4  
Producing contraries 
 
 
 
 
 
 

How many times, when learning to play a sport or simply when following 
the instructor in a gym, have we been told to “do the same as I do”! Even in 
medical clinics we are often asked to imitate certain gestures, as 
demonstrated by a doctor or a nurse standing in front of us and moving their 
arms, heads or whatever. And every time we do a drawing from real life, we 
are basically imitating shapes, colors and relative positions of objects. 

If I draw a simple shape on a sheet of paper (e.g. the outline of a 5x5cm 
square) and then ask you to do the same, you immediately understand what 
I’m asking you to do. Similarly, you would probably consider it easy to “do 
the same as I’m doing” when I simply stretch out my right arm. Now, what 
do you think will happen if I ask you to “do the contrary” of what I’ve drawn 
or of the gesture I’ve made? Would you know what to do? And if 100 
different people were asked the same question, would they come out with 
100 different answers? Or would you expect each of them to follow the same 
rules despite the fact they might be unaware of these rules just as they do not 
know that they are following “rules” when perceiving that B is similar to A, 
while C is different from A? 
 
 
4.1 The contraries of simple geometric figures 
 

We asked two groups of people to draw the contrary of a series of simple 
geometric figures (Bianchi & Savardi, 2006; Savardi & Bianchi, 2000a, p. 
147 ff.). We used simple two–dimensional geometric figures in order to give 
priority to the visual structure as opposed to the semantic identity of the 
objects and to reduce the number of variables. With the aim of verifying 
whether results could be generalized across a wide range of ages, we studied 
one group of children and one group of adults.  

The first aspect we were interested in concerned the number of properties 
which needed to be transformed in order to generate the contrary of a given 
figure. Would systematic transformations have to be applied to all or at least 
most of the properties or could only a few properties – maybe even only one 
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– be transformed? In other words, would people follow an additive or a non–
additive strategy when producing the contrary? 

Another interesting question was whether certain characteristics would 
be more frequently transformed than others. We refer to this as 
“requiredness”, using Koffka’s (1935) original term for the effect that one 
part (or quality) of what is being observed may have on another part or on 
the observer. For example, a circle with a small segment missing demands to 
be completed and an partially folded piece of paper seems to need to be 
folded better or unfolded. So do some characteristics of the stimulus under 
observation “require” transformation more than others in order to produce 
the contrary? It is important to note that, when asked to draw the contrary of 
a stimulus, participants react to its visual features, transforming them in a 
way that they imagine would be the best way to achieve the goal.  

In chapter 3 (see 3.3) we saw that the bipolar structure of contraries does 
not necessarily correspond to their unidimensional description – i.e. “short” 
and “long” are not necessarily inverted descriptions of the same 
characteristic: length. So a third question that needed to be answered was 
whether the transformation of a given quality into its contrary was used with 
the same frequency when one pole as opposed to the other was under 
observation. Do people transform the property “short” more frequently than 
they would transform the property “long”? Do they transform the 
characteristic of being “small” with the same frequency as they transform the 
characteristic of being “large”? The answer to these questions is not as 
obvious as one might think. Anisotropies are common in perceptual 
organization and we cannot therefore be sure, a priori, that the 
transformation of pole A into pole B must necessarily be equivalent to the 
transformation of pole B into pole A. In other words, whether the 
characteristic of being “small” requires transformation in order to produce 
the contrary as frequently as the characteristics of being “large” is a question 
that can only be resolved empirically.  
 
Non–additivity, different requiredness and anisotropies in producing 
contrary figures 
 

So here is what happened when 50 children (aged 5–7 years) and 50 
university students (aged 20–30 years) were asked to produce the contrary of 
the stimuli shown in Figure 34.  

Before looking at the responses, let us look at the characteristics of the 
configurations used as stimuli. They were obtained by varying the shape, 
orientation, surface, and size of a very simple geometric figure: a square (Q). 
These four variables were chosen because they can be considered to be the 
basic properties of a geometrical configuration. Incidentally, they are the 
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same characteristics used in 1923 by Wertheimer to study the effect of 
similarity in visual organization. 

 
 

 
 
Figure 34. The 16 stimuli used in the experiment. The initials indicate the type of 
variation (Shape = H; Orientation = O; Surface = S, Size = Z) applied to a square (Q). 

 
 
The characteristics which were varied applied to: 
 – Shape (H): equilateral vs. oblong. The presence/absence of a main 

elongating axis represents a quality that strongly characterizes the identity of 
visual objects (Boutsen & Marendaz, 2001; Howard, 1982; Kopferman, 
1930; Marr, 1982; Metzger, 1941; Palmer, 1990; Quinlan & Humphries, 
1933; Sekuler, 1996). It can thus be considered a significant variation in the 
identity of geometrical figures. At the same time, however, this variation 
ensures the stable maintenance of other salient features, such as four 
sidedness, symmetry, closure and regularity, which on the other hand other 
possible variations do not necessarily guarantee. These are all aspects to bear 
in mind when considering what participants decided to transform. 

 – Orientation (O): horizontal vs. vertical. The horizontal orientation 
characterizes the initial figure, the square (Q in Fig. 34) and the horizontal 
rectangle (QH in Fig. 34), which was derived from the square by means of a 
shape transformation. Corresponding vertical orientations were obtained by 
tilting the square 45° (QO in Fig. 34) and by tilting the horizontal rectangle 
90° (QHO in Fig. 34). As mentioned previously, the main elongating axis is 
a fundamental variable for perceiving the orientation of a configuration. Our 
stimuli were hence also characterized by different degrees of orientation 
(greater for oblong figures and less for equilateral ones). 

 – Surface (S): empty (non–textured) versus filled (textured, with random 
dots). 

 – Size (Z): small versus large. Size was determined by referring to the 
cardboard templates on which the stimuli had been drawn (15 x 10.5cm). 
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“Small” corresponded to 1x1cm equilateral figures and 0.5x2cm oblong 
figures (which share the same qualitative size), “large” corresponded to 
5x5cm equilateral figures and to 2x8cm oblong figures.  

What emerged from this study?1 
1) The non–additivity rule. In terms of the number of transformations 

used to produce the contrary (additivity vs. non–additivity), our findings 
revealed that participants followed the non–additivity rule: they only 
changed one or two properties. These responses represented more than 80% 
of total responses in the adult group and more than 95% in the children’s 
group.  

Changing only one or two properties can thus be considered a rule which 
holds for both age groups. Single transformations were however produced 
more frequently (z = 12.61; p < 0.001) by children (74.87%) than by adults 
(42.18%).  

2) Property requiredness and anisotropies. Which properties did 
participants focus on more? In both groups, the most frequent transformation 
involved orientation. Preference for this type of single transformation was 
particularly evident in the children’s group, where it represented 58.25% of 
total responses and 77.82% of total responses involving transformation of a 
single property. Although the adult group showed a significantly lower 
frequency (z = –11.30; p < 0.000), with just 20.31% of the total and 48.15% 
of single transformations, it was nonetheless the most popular 
transformation.  

The children’s evident preference for orientation was also confirmed in 
double transformations: the second most common response was the joint 
transformation involving orientation and surface (18.12% of the total 
number of responses; 75.92% of the responses transforming two properties). 
When transforming two properties, adults drew figures that were contrary in 
terms of either shape and surface (HS = 29.89% of 2T) or orientation and 
surface (OS = 28.74% of 2T).  

Here are some general observations that we can make regarding the 
overall distribution of responses, independently of the individual stimuli. We 
were however also interested in whether these transformations were more 
frequently used with some stimuli as opposed to others and, if so, which 
ones.  

a) Orientation was more frequently transformed in figures showing a 
high degree of orientation (i.e. rectangles) than in figures with less 
accentuated orientation (squares and squares tilted 45°). This distinction was 
found in both groups, adults (52% vs. 26%; z = 8.92, p < 0.001) and children 

                                                 
1 For a more detailed presentation of the results, see Bianchi & Savardi (2006) 
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(86% vs. 73%; z = 4.55, p < 0.001). Non–significant differences in the use of 
this transformation were however found between stimuli which were 
oriented horizontally or vertically. Once more, this was observed in both 
groups, adults (37% vs. 41%; z = –1.37, ns) and children (77% vs. 82%; z = 
1.75, ns). 

b) Shape was transformed more frequently in adults and from equilateral 
to oblong. This transformation was extremely infrequent in the children’s 
group (<5% of total responses, considering both single and multiple 
transformations). This suggests the low requiredness of this variable for 
younger participants. Conversely, adults chose a shape variation – both 
single and multiple – in 44.0% of cases. The transformation was equilateral 
to oblong in 56.8% of the cases and angular to round in only 30.9%. It is 
interesting to note that both equilateral to oblong transformations and 
angular to round transformations were applied more frequently to stimuli 
with a low degree of orientation (squares or squares tilted 45°) than to the 
stimuli with a high degree of orientation (rectangles). This difference was 
found for both equilateral to oblong transformations (z = 3.90, p < 0.001) 
and angular to round transformations (z = 3.90, p < 0.001).  

To summarize the data just presented, rectangles seemed to call for 
orientation transformations more frequently than shape transformations, 
independently of whether the latter were oblong to equilateral or angular to 
round. Conversely, for equilateral stimuli, transformations of shape were 
more frequently applied than transformations of orientation. 

c) Surface was infrequently transformed, but more in one direction than 
the other. This transformation was very infrequent as a single variation in 
both the children’s and adult groups. It was more frequent in combination 
with other transformations, both for children (7.5% vs. 22.7%; z = –11.41, p 
< 0.001) and adults (9.2% vs. 41.8%; z = –14.74, p < 0.001). In addition, this 
transformation was more frequent when the initial stimulus was textured and 
the change involved emptying than when the stimuli was non–textured. This 
was found both in the children’s group (12.75% vs. 44.25%; z = –9.87, p < 
0.001) and the adult group (22.00% vs. 59.25%; z = –10.73, p < 0.001) and 
was true for all configurations. 

d) Size was infrequently transformed in both the adult group (2.16%) and 
the children’s group (7.37%), although children used it more frequently than 
adults (z = –3.21; p < 0.01). Adults used it in combination with another 
transformation more often than on its own (z = 13.38, p < 0.001). 
Conversely, children used the size transformation more frequently on its own 
than in combination with other variables (z = 2.68, p < 0.01). A comparison 
of overall response percentages for the 8 small figures and the 8 large ones 
yielded no significant differences between enlarging small figures or 
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reducing large figures, in either the adult (18.5%[ vs. 15.75%; z = 1.03, ns) 
or the children’s group (10.25% vs. 13.00%; z = –1.21, ns). 

To summarize, what we aimed to verify with this study is whether the 
task of producing the contrary of a visual configuration is feasible and its 
apparent difficulty is more likely to be the result of the request being unusual 
rather than that the task itself is complicated. In fact, the distribution of 
responses was not random, and responses were usually common between the 
two groups of participants. These findings provide first indications of the 
“rules” involved in the process of producing the contrary of simple 
geometric figures: 

1) participants altered one or, at most, two properties of the initial 
configuration; 

2) qualitative preferences for certain transformations emerged. In 
particular, the transformation of the axis of orientation was preferred for 
configurations with a salient orientation (whether horizontal or vertical). 
With oblong figures, adults in particular tended to use shape transformations 
– either the transformation of figure equilaterality (i.e. producing an oblong 
figure) or angularity (i.e. rounding the figure’s outline); 

3) independently of how frequently a transformation was used, some 
anisotropies between the two possible directions of transformation emerged. 
No differences were found in transformations of orientation involving 
horizontal as compared to vertical figures; similarly the transformation of 
small configurations into large ones was used with the same frequency as the 
transformation of large figures into small ones. Conversely, equilateral 
figures tended to be transformed into oblong ones more frequently than vice 
versa in the same way as textured surfaces were transformed into non–
textured ones more frequently than the other way round. Interestingly, both 
these isotropies and anisotropies were consistent over age. 

The fact that responses seemed to depend on the characteristics of each 
individual configuration is a typical finding in experiments on perception. 
Further tests with different stimuli would therefore need to be carried out in 
order to discover to what extent these findings can be generalized across 
very different kinds of figures. However, as we will see in the next pages, 
the importance of the transformation of orientation was confirmed both 
when considering producing the contraries of gestures (see 4.2) and when 
recognizing contrariety between pairs of simple figures (see chapter 5) or 
when recognizing contrary postures or gestures (see chapter 6). These results 
imply that there are already quite strong indications that contrariety as a 
perceptual relationship is closely linked to specific variations in the 
orientation of a configuration. 
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4.2 The contraries of simple gestures 
 

As we saw in chapter 3, the perception of spatial environments widely 
consists of experiences of polarized contrary properties. Observers 
themselves are part of this multi–dimensional matrix of contraries. They are 
the point of origin of the segregation between the space extending in front 
and the space extending behind them, as well as the space above and below 
and the space to the left and to the right. Moreover, we saw that, in these 
cases, contrarieties are not simple. There are many features characterizing 
these opposing regions, which are themselves contrary features. Thus 
multiple arrays of contrarieties rather than single pairs of contraries would be 
the best way to describe the three egocentric spatial coordinates (see chapter 
3, Figs. 31–33). 

The body of the observer and the bodies of other subjects are part of the 
ecological environment, as well as millions of other species of animate or 
inanimate objects. They have their own perceptual identity which consists of 
visual properties and spatial features: they have color and size, they occupy 
specific positions, they have specific orientations and they move in certain 
directions, together with or in contrast to other things in environment. 

If we study the contrariety between postures and gestures in human 
beings we realize these are frequently performed in normal daily 
environments (such as streets, parks, gyms…). They are not performed less 
frequently than imitative gestures or postures. 

Let’s start by looking at what happens during a dance class. This is an 
interesting case since almost every movement is based on imitation. When 
dance teachers turn their backs to the pupils, they know that this makes the 
task of imitation much easier. Which arm or leg the pupils are supposed to 
move and in what direction is immediately clear (see Fig. 35 A). However, if 
the teacher decides to face them (making communication more natural), 
he/she will then have to perform the movements and gestures the other way 
round, as if the pupils were looking in a mirror. For example, if they have to 
lift their right arms, the teacher will lift his/her left arm (see Fig. 35 B). 
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 A 

 B 
 
Figure 35. Two different “structures” of imitation in a dance class. Teachers who 
want their pupils to lift their right arms show the gesture to make, using their right 
arms in condition A, but their left arms in condition B. For explanation, see text. 
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Similarly, imagine that someone walks towards us in the street and asks 
us directions for a certain road. If we know that this road is right behind us, 
to the right, we will probably indicate where the road is by stretching out our 
right arm and pointing. We would then probably see the other person 
spontaneously imitate our gesture stretching out their left arm and pointing 
in the same direction (Fig. 36). They are imitating our gesture: they are 
looking at and indicating the same part of the surrounding space. It is 
however also true that the other person is at the same time making a contrary 
gesture with respect to ours in terms of their egocentric body schema, 
stretching out their left arm, while we stretch out our right arm. 

As in the case of the dance class (condition B), these are contrary 
gestures in terms of individual body schema. There is also the clear 
perception that we are imitating with respect to the external environment. 

 
 

 
 
Figure 36. Imitation “on the road”. The woman who is giving direction uses her 
right arm to indicate. The person who has asked for directions imitates the gesture 
by using the contrary arm. For explanation, see text. 

 
 

Let’s go on to imagine that we keep walking and meet a friend watching 
a removal company carrying her furniture into her new office. When she 
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sees us arriving, she puts out her right arm to shake hands. We react by 
offering our right hand (Fig. 37). Again, the two people are imitating: they 
are both moving their right hands in front and slightly to the left. Their arms 
are converging towards the same point but from opposite directions. Thus if 
one person’s arm moves towards the north–west, the other person’s moves 
towards south–east. 

The two removal people (one in front, the other behind) are carrying a 
table. The one in front is doing this by holding his arms behind his back 
while the other holds his arms out in front of him (Fig. 37). Yet again they 
are making the same gesture in the sense that they are moving their arms 
towards the same part of the field, but contrary gestures in terms of their 
individual body schema. 

 

 
 

Figure 37. Two people meeting make the same gesture (if the gesture is described 
with respect to the individual body schema) i.e. they give their right hand to shake. 
The two removal people “do the same thing” in a different way: they are both 
stretching their arms towards the same area of the space in between them, although 
one is stretching his arms back and the other stretches his arms out in front. For 
explanation, see text. 
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All these examples serve to show that imitative gestures are actually a 
combination of “doing the same” and “doing the contrary”. In other words, 
“doing the contrary” is what we frequently and naturally do in many 
movements, particularly when other people are involved. In terms of spatial 
frames of reference for describing the nature of a gesture, we of course take 
into account not only the egocentric body schema but also environmental 
coordinates and the relative positions of the people present. An approach that 
limits the analysis of gestures to egocentric coordinates is unable to take into 
account properly how the observer perceives and identifies gestures.  

Look at the people in Figure 38. They all have the right arms stretched 
out in front. 
 

 
 
Figure 38. The figure shows a model (the man with the hat) making a gesture and 
three participants (the women) making the same gesture in three different conditions 
(A to C) in terms of the egocentric frame of reference: i.e. participants are stretching 
their right arm out in front of their body, exactly as the model is doing. In the three 
conditions, however, the relationship between the gesture produced by the 
participants and the gesture of the model is very different when described in terms of 
exocentric and relative interpersonal space (for further explanation, see text).  
 

You would probably perceive the gesture of the woman in condition A as 
being absolutely identical to that of the man in the hat. In condition B (i.e. 
pointing in the opposite direction) the gesture appears to be contrary and 
condition C is another case again. Here it seems that the gesture is the same as 
that of the man with the hat, not only in egocentric terms, but also in the sense 
that they are both stretching their arms towards the space in between them. At 
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the same time we can also see that one person has their arm pointing towards 
east while the other is pointing towards west and that they are using opposite 
arms in terms of both the environment and the relative interpersonal space. So 
are gestures really only describable in egocentric terms? 
 
 
Non–additivity, different requiredness and anisotropies in producing 
contrary gestures 
 

In an experiment which aimed to understand what naïve subjects would 
consider to be “the contrary” of a given posture or gesture, we presented 
participants with simple gestures (using arms and legs) and asked them to “do 
the contrary”. An imitative task (“do the same”) was also used as a control.  

In a first experiment, 14 simple gestures were studied with 23 children 
aged 6 to 8. Different positions of the participant with respect to the model 
were considered: in front, behind, to the left, to the right. We also considered 
gestures made with arms or legs and with different orientations (either both 
people facing the same way or facing opposite directions) as well as 
different directions (sagittal, coronal, gravitational). 

In a second experiment, 48 gestures were analyzed with 86 participants: 
36 children aged 6 and 50 undergraduates. The gestures differed in terms of 
lateralization (right or left arm), direction of gesture (up, down, to the left , 
to the right, in front, behind), position of the arm (extended or flexed) and 
the position of the hand (open or closed fist). 

Responses were analyzed based on three frames of reference: egocentric, 
exocentric and relative interpersonal space.  

The egocentric frame of reference is founded on the individual body 
schema and is organized by means of the coordinates “in front–behind”, 
“above–below” and “right–left” (Fig. 39 A). 

The exocentric frame of reference is defined based on the environment, 
and can be arbitrarily defined by “north”, “south”, “east” and “west”, “up” 
and “down” (Fig. 39 B). These coordinates are not affected by a change in 
the participant’s position. If, in the example presented in Figure 36, the road 
is situated to the “north”, this remains the same independently of the 
egocentric orientation of the two people. The road is always to the north no 
matter what direction the individual people are facing.  

By relative interpersonal space we mean spatial organization defined in 
terms of the relative position of two people. This relationship creates an 
internal shared region, an external region outside this inner common space 
and finally a “surrounding” space which is in the general vicinity but is not 
part of the internal space. This definition applies whatever the reciprocal 
orientation of the two people, i.e. whether they are side by side (Fig. 39 C) or 
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one in front of the other (Fig. 39 D). It is also independent of whether the 
two people are facing the same part of the environment (Fig. 39 C and F) or 
opposite parts (Fig. 39 D and E) 

 

 
Figure 39. The structure of space based on egocentric (A), exocentric (B) and 
relative interpersonal (C, D, E, F) frames of reference. 
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If gestures and postures are perceived with respect to these three different 
frameworks, then it is clear that there are at least 3 different possible 
solutions to the task of “doing the same” and “doing the contrary”, i.e. with 
respect to body schema, environment or relative interpersonal space. 

What did our studies reveal2?  
Results showed that: 1) participants rarely produce identical or contrary 

gestures using their own body as a frame of reference (egocentric space); 2) 
both imitated and contrary responses were based on exocentric space or on 
relative interpersonal space; 3) for “contrary gestures”, responses changed 
depending on the position of the participant and the gestures, but in 
agreement with the principle of preserving the general “gestalt” of the 
gesture while changing direction and/or lateralization.  

Looking at these results a little closer we see that: 
a) no significant difference between gestures using arms or legs was 

found. For the gestures in these experiments, the responses can thus be 
generalized; 

b) participants changed only one or two properties, i.e. they used a non–
additive strategy (see Tab. 6, which shows that less than 6% of responses 
involved changing 3 or 4 features of the initial gestures, whatever the spatial 
frame of reference). They did not generally speaking add further 
transformations (such as changes from arm to leg, “straight arm” to “bent 
arm”, or “open hand” to “closed fist”) to the most common transformations; 

c) direction and lateralization were the properties which most seemed to 
“require” change.  

But which frame of reference do they use to produce “the contrary”? The 
first hypothesis is that “doing the same” means moving with respect to our 
individual body schema: if models stretch their right arm out to the right, the 
participant will imitate by stretching their right arm out to the right. 
Similarly, we might expect that “doing the contrary” means, in this case, 
stretching the left arm out to the left (again, independently of the position 
with respect to the model). The position of the participant with respect to the 
model is not relevant to the egocentric description of a gesture. 

Table 5 reports the findings of the first study: 41.75% of the gestures in 
the imitative task and 76.7% of the responses in the task involving contraries 
cannot be accounted for by the hypothesis regarding egocentrically based 
responses. The latter, in particular, did not comply. 

It might seem that the hypothesis that “doing the contrary” consists of 
moving the exocentrically contrary arm in an exocentrically contrary 
direction (or of moving same arm in the same direction when the task is that 

                                                 
2 Savardi & Bianchi 2000b 
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of “doing the same”) would best explain the data. However, more than 63% 
(a significant percentage!) of the responses in the “doing the contrary” task 
cannot be explained by this rule. So what did participants in fact do? 

 
 

Table 5. The percentage of responses in the two tasks, respectively, doing the same 
or the contrary, involving both lateralization and direction of the gesture. These are 
categorized depending on the frames of reference: egocentric (EGO), exocentric 
(EXO) and relative interpersonal space (REL). The gestures that do not comply with 
this rule have been assigned to “other types of responses”.  
 

 “do the same” “do the contrary” 
 EGO EXO REL EGO EXO REL 
Contrary Arm and Direction 58.25 65.05 41.00 23.30 36.41 30.04 
Other types of responses 41.75 34.95 59.00 76.70 63.59 69.96 
Total 100% 100% 100% 100% 100% 100% 

 
 

First of all, it is important to note that responses varied depending on 
which gesture was made and on the position of the participant with respect to 
the model. As we saw in Figure 38 (p.105), the “same” gesture (in 
egocentric terms) corresponds to very different gestures in terms of relative 
interpersonal or exocentric frames of reference, depending on the various 
positions of the participant. 

And in fact when the task was “doing the same”, in the homodirectional 
orientation (Fig. 40, A, B, C, D) the egocentric/exocentric frame of reference 
(which in this condition overlap) can explain 89% of the responses, while 
relative interpersonal space only accounts for 30% (z = 30.27, p. <.001). 
Conversely, when the body of the participant had a specular orientation (Fig. 
40, E, F, G, H), it was relative interpersonal space which accounted for a 
higher percentage of responses (51.22%) than exocentric space (40.90%, z = 
–5.25; p < .001). This in turn accounted for more than egocentric space 
(27.31%, z = –7.27; p < .001). The frequency of responses based on 
relative interpersonal space turned out to be higher when the gesture was 
directed towards the internal area (MINT = 71.74%) or the external area (MEXT 
= 74.46%) rather than the surrounding area (MSUR = 8.06%; zINT–SUR = 12.47, p 
< .001; zEXT–SUR = 12.94, p < .001) – see Fig. 39. This suggests that the 
gesture was perceived in interpersonal terms particularly when internal and 
external spaces were involved. 

 
 



110  Chapter 4 
 

 

 
 
Figure 40. The four positions of the participant with respect to the model (at the 
point where the lines cross). On the left, the four positions (A, B, C, D) involving 
homodirectional orientation conditions, i.e. the body of the participant and that of 
the model have the same sagittal orientation. On the right, the four positions (E, F, 
G, H) involving specular orientation, i.e. the body of the participant and that of the 
model have opposite sagittal orientations. 

 
 

The importance of interpersonal space in imitative tasks with specular 
orientations was confirmed in the second experiment. In this experiment 
only position E in Figure 40 was studied and arm gestures were 
characterized by 4 features: lateralization, direction of gesture, arm 
extended or bent and hand open or closed. It would be reasonable to expect 
that participants would start with the intention of imitating all the features 
of the gesture. As shown in Table 6, interpersonal space complied most 
with the hypothesis of responses transforming all 4 features (74%). 
Exocentric space accounted for 50.10% (z = –14.34, p < .001) and 
egocentric space only for 16.78 % (z = –20.71; p <.001). 

 
 

Table 6. Percentage of responses imitating or changing into the contrary property a 
number of features ranging from 0 to 4, based on three spatial frames of reference: 
egocentric (EGO), exocentric (EXO) and relative interpersonal space (REL). 
 

Number of features Do the same Do the contrary 
(imitated or contrary) EGO EXO REL EGO EXO REL 
0 0.11 0 0 59.90 11.81 16.26 
1 1.27 0.81 0.35 21.99 34.26 49.59 
2 29.97 13.10 6.13 14.81 47.22 29.80 
3 51.85 36.00 19.80 3.13 5.96 3.76 
4 16.78 50.10 73.70 0.17 0.75 0.58 
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In experiment 1 too, when the task was “doing the contrary” in the 
homodirectional condition, a greater number of responses can be accounted 
for if we assume that participants were using relative interpersonal space as a 
frame of reference (32.34%) rather than egocentric/exocentric space 
(28.53%; z = 2.10, p < .05).  

Conversely, when participants were specularly oriented, responses were 
what you might expect if the exocentric frame of reference was being used 
(38.86%) rather than interpersonal space (24.52%, z = 7.82, p < .001) or 
egocentric space (17.26%, z = 12.20, p < .001).Yet again, this ranking of the 
three frames of reference is confirmed by the results in experiment 2 (see 
Tab. 6): the exocentric frame of reference accounts for the highest number of 
responses transforming two properties (47%) and for around 80% of 
responses if considering gestures transforming one or two features (34.26 + 
47.22%).  

A separate analysis was conducted taking into account individual 
configurations produced by gestures in combination with precise positions. 
We found that, in general, participants basically reacted to the direction of 
the gesture with respect to the exocentric frame of reference. We could 
restate this in terms of vectors, by saying that the gesture contrasts the 
direction of the initial gesture turning it in the other direction, while keeping 
the rest of the configuration invariant. For instance, when sagittal gestures 
were considered, participants tended only to produce the contrary of the 
direction of the gesture, while using the same arm from an exocentric point 
of view (e.g. Fig. 41a). This was found to be independent of the specific 
positioning of the participant and the model.  

A change in which arm was used, in addition to the direction 
transformation, was introduced only when the maintenance of the global 
configuration of the gesture had been violated by using the same arm from 
an exocentric point of view. For instance, in Fig. 41c, a simple change in 
direction (in terms of the exocentric frame of reference) would lead to a 
gesture where the arm is placed across the participant’s chest pointing in the 
opposite direction, an evident violation of the “shape” of the gesture. In this 
case, participants always adopted the solution of using the opposite arm to 
point in the contrary direction (see Fig. 41d). 

The only condition where the only transformation involved which arm 
was used was the “arm up” gesture. In this case, doing the contrary in terms 
of direction would mean both arms down close to the body. The direction of 
the gesture would thus disappear, because it would become part of the global 
configuration and would not have any “direction” (Fig. 41e). In this case 
participants did the contrary by changing the arm used, still in exocentric 
terms (Fig. 41f).  
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Figure 41. The model is on the left, with a black “arm”. Condition a represents an 
example of the most frequent contrary gesture produced. Rather than transforming 
both the arm used and the direction of the gesture in the exocentric frame of 
reference (b), participants did a single transformation involving direction, using the 
same arm (a). In the case where simply producing the contrary direction in the 
exocentric space would imply an evident violation of the “shape” of the initial 
gesture, i.e. crossing the arm in front of the body (as in condition c), participants 
used the other arm (d) thus maintaining the shape of the gesture. In gravitational 
gestures, by only producing the contrary of the direction (e) the shape of the gesture 
disappears. Only in this special case did participants do the contrary by simply 
changing arms (f). 
 
 

A final observation: did any anisotropies emerge? None of the directions 
considered (right to left vs. left to right, in front to behind vs. behind to in 
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front) seemed to “require” transformation in one direction more frequently 
than in the other. 

Anisotropies emerged only with respect to which arm was used and to other 
characteristics of the gestures. The number of responses where the right arm was used 
as a contrary of the left arm is greater than vice versa. However, this is probably only 
down to the fact that we used almost exclusively right–handed participants. More 
interesting are the other anisotropies which emerged, even though they concerned 
transformations that were not very frequent. For instance, a straight arm was more 
frequently the contrary of a bent arm than vice versa (8.04% vs. 5.04%; z = 3.57, p < 
.001) and gestures with closed fists were more frequently transformed into gestures 
with open hands than vice versa (14.25 vs. 11.8%; z = –2.10, p  < .05). 
 
 
4.3 The two sides of the coin 
 

When speaking about production tasks in general, one must bear in mind 
that some properties seem to “require” transformation more than others. This 
does not however necessarily mean that the final outcome will be accepted 
as the best contrary. Frequently, after doing the drawing and looking at the 
relationship between the new configuration and the old one, participants 
expressed their desire to change the response and do something different. In 
other words, the effect of the transformation may not always be as expected.  

“Recognizing the contrary” (which we are going to focus on in chapter 5 
and which we will also deal with in the experiments presented in chapter 8) 
and “doing the contrary” are in fact two different tasks and involve two 
different processes. In production tasks, participants have only one 
configuration to observe. They react to its visual features and transform them 
in a way that they imagine to be the most effective. In recognition tasks, 
participants are asked to look at pairs of figures, gestures or actions and to 
indicate which pairs they perceive as being contrary to each other. In this 
condition, they directly observe the relationship and determine whether what 
they perceive is contrariety or not. 

Because of this difference between the two tasks, we consider it very 
important to use both of them when studying “contrariety” in perceptual, 
motor and cognitive processes. If we only focus on production tasks we will 
not be able to fully understand how the recognition of contrariety works. On 
the other hand, using only recognition tasks would not allow us to 
understand what people do in order to transform something into its contrary. 
Both production tasks and recognition tasks are therefore necessary. 
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Chapter 5  
Recognizing contraries 

 
 
 
 
 
 
In chapter 2 we mentioned some prototype studies dealing with 

relationships as perceptual data (Goldmeier, 1936; Medin, Goldston & 
Gentner, 1990; Palmer, 1978; Rock, 1973; Tversky, 1977). From a 
methodological point of view, these studies all used recognition tasks and 
simple visual configurations in order to identify the rules underlying the 
perception of two configurations as similar or different. They involved pairs 
of stimuli or a standard figure and a series of comparison figures and asked 
people to judge whether the pairs were similar. In some of these studies, 
judgments involved ratings expressing the perceived degree of similarity. 
The same kinds of tasks were used when diversity was considered. 

We used essentially the same methods to investigate the characteristics of 
the pair of figures which people recognize and describe as contrary and how 
they differ from the pairs recognized and described as similar or different. 

 
 

5.1 Non–directionally oriented figures 
 
An experiment was conducted using pairs of two–dimensional figures 

which varied with respect to only one property (Bianchi & Savardi, 2006). 
This property was contrary, e.g. small vs. large, horizontal vs. vertical.  

The aim was to discover whether pairs that have a single contrary 
property in common qualitatively show the same degree of contrariety or, 
conversely, some of them are perceived as contraries while others are not. 
This would lead to the conclusion that the transformation of some features 
into their respective contrary is “better” in term of producing a “global” 
perception of contrariety as compared to other transformations, which 
remain “local” contrarieties. In other words, in some cases contrariety can 
only be recognized analytically; in other cases it is an evident characteristic. 

As target stimuli, we used the same 16 two–dimensional figures used in 
the production task described in 4.1. For each standard figure, a set of 4 
cards was created, each showing a pair of figures. The standard figure 
remained constant in each set and always appeared on the left of the 
template. The comparison figure, printed on the right, was contrary in terms 
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of one of 4 properties examined: shape (equilateral vs. oblong), orientation 
(vertical vs. horizontal), surface (textured vs. non–textured) and size (large 
vs. small). An example of two out of the 16 sets used is shown in Figure 42. 

 
 

 
 

Figure 42. Two of the 16 sets used in the experiment. The standard figure of each 
set is on the left of each pair and remains constant within the set. The comparison 
figures, shown on the right, are contrary in terms of shape (equilateral–oblong), 
orientation (horizontal–vertical), surface (non textured–textured) and size (large–
small), respectively. 

 
 
The participants were fifty children, aged 5–7 years, and seventy 

undergraduate university students, aged 19–30 years. The sets were 
presented one at a time, with the templates in random order. Participants 
were asked to line up the 4 pairs vertically, so that the standard form 
(identical for all 4 pairs) always appeared on the left. They were then asked 
to rank the 4 pairs from the most to the least contrary. 

What were the results?  
When we considered the pairs which were ranked first (i.e. were chosen 

as the most contrary), we discovered that in about 70% of the cases these 
pairs showed a change in orientation or shape. Top rankings involved pairs 
with surface or size contrarieties only in the remaining 30% of cases. 

However, it must also be said that an overall analysis of responses, 
without specifying sets or pairs, showed high variability in the ranking of the 
four transformations. When we considered the ranking for each set, we 
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discovered a high degree of agreement between participants. This was 
verified (by means of Kendall’s W test) for 15 out of 16 sets in the adult 
group and for 10 out of 16 sets in the children’s group. Thus, on the one 
hand, the outcome for each individual transformation (shape, orientation, 
surface and size) varied significantly depending on the pair. On the other 
hand participants were consistent in the ranking of the 4 cards in each set.  

 
 

Table 7. Percentage of responses ranking the orientation transformation in the first 
position, according to pair type, divided by group. 
 

 
 
Note. Percentages refer to overall frequencies for the four variations of the orientation transformation for 
the oblong and equilateral shapes (not taking into account surface and size). We arbitrarily chose to 
represent in the table large, non-textured figures as examples of the pair types. 

 
 
In the case of orientation (and, as we will see, shape) no general 

anisotropies emerged between the two opposite directions of the 
transformation. When these anisotropies were found, they were specific to 
the stimuli considered. For instance, as the data reported in Table 7 
demonstrate – in addition to the agreement between the two groups of 
participants! – the transformation of orientation applied to oblong figures did 
not produce different effects in the horizontal to vertical direction (pair a) as 
compared to the vertical to horizontal direction (pair d). A difference 
between these two directions emerged only in pairs b and c, which involved 
equilateral figures. This was confirmed for all b and c type configurations in 
3 out of 4 pairs in the children’s group and in all 4 pairs in the adult group. 
Thus, transformations from horizontal to vertical generally did not produce 
more evident contrariety than the inverse direction, independently of the 
characteristics of the configurations considered. In pairs b and c, the 
transformation of orientation also significantly modified the qualitative 
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aspect of the figure (see Mach’s comments made as early as 1896). In fact, 
squares rotated 45° present qualities of instability, angularity and dynamism 
which normally oriented squares do not possess. We hypothesize that it is 
this variation from stability to instability associated with the transformation 
of orientation which affects the global aspect of the configuration and causes 
the perception of contrariety more in one direction (stability to instability) 
than the other (instability to stability). 

Similarly, a comparison between the equilateral to elongated 
transformation and the inverse transformation (elongated to equilateral) 
revealed that  there is no anisotropy – at least for the stimuli in this 
experiment. In fact, participants attributed the same rank to inverse pairs in 6 
out of the 8 comparisons studied. 

 
 

Table 8. Percentage of responses ranking the shape transformation in the first 
position, according to pair type, divided by group. 
 

 
 

Note: Percentages refer to overall frequencies for the four variations of the shape transformation for the 
horizontal and vertical orientations (not taking into account surface and size). We arbitrarily chose to 
represent in the table large, non-textured figures as examples of the pair types. 

 
 
Only one pair (pair b, in Tab. 8) turned out to be less “contrary” with 

respect to the others. Looking at these four pairs, one notes that pair b seems 
to be different in that the shape variation, in this case, better preserves the 
identity of the standard figure. This is certainly true if one compares it to 
pairs c and d where the equilateral figure (a square rotated 45°) has a 
perceptual angularity which is very different from the rectangles. We believe 
this is also true, however, when comparing b to its inverse (pair a). Whereas 
the transformation visible in pair b is presumably recognized as a decrease 
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in height or a loss of equilaterality rather than an increase in length, the 
transformation that is visible in pair a is probably recognized to be an 
increase in height and equilaterality and not a reduction in width. Hence, 
pair b seems much more conservative, showing rather the loss of a property 
than the taking on of a different quality. 

Generalized anisotropies emerged for transformations regarding size. In 
particular, attribution to top ranks (I or II) occurred more frequently for pairs 
showing small to large transformations (enlargement) as compared to those 
showing large to small transformations (reduction in size). This result was 
observed in both the children’s and adult groups. A comparison of 
corresponding pairs yielded a significant difference in favor of enlargement 
for 7 out of 8 pairs in the adult group and in 4 out of 8 pairs in the children’s 
group. Moreover, in both groups, greater contrariety (assignment to rank I) 
was recognized when enlargement was applied to equilateral figures as 
compared to oblong figures. This difference was not found for the inverse 
transformation (large to small): when reducing size, the effect does not 
depend on the shape of the figure. 

And what about surface transformations? In neither group was this 
transformation associated with evident contrariety: participants assigned it 
more frequently to the bottom two ranks. Thus, in contrast with what found 
in the production task (see 4.1), the pairs showing the non–textured to 
textured transformation were not recognized as more contrary than the pairs 
showing the inverse transformation. This was true for both groups of 
participants. 

 
 

5.2 Directionally oriented figures 
 
Out of the four transformations analyzed thus far, shape and orientation 

were those most associated with evident contrariety. A second experiment 
was conducted in order to investigate further the adequacy of these two 
transformations in terms of showing contrariety (Savardi & Bianchi, 2000a, 
pp. 307–320). In this study, in addition to the transformation of the axis of 
orientation, we analyzed the outcome of transforming the direction in which 
the figure pointed (upwards to downwards) and the angular vs. rounded 
shape of the outline. 

The aim was to analyze the effect of transforming two or three properties 
of the initial figure into their contraries. Is the degree of contrariety which is 
evident at a global level directly proportional to the number of analytically 
recognizable contrary properties?  

In order to check that judgments of contrariety were not being confused 
with judgments of diversity, we asked two different groups of participants to 
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rate respectively the degree of diversity and contrariety perceived in various 
pairs of figures. In other words, we wanted to understand whether some of 
the variations (in terms of the kind or number of features transformed) were 
exclusive to contrariety but not to diversity and vice versa.  

 
 

 
 

Figure 43. The three figures used in the experiment (“triangle”, “salt–shaker” and 
“horseshoe”), in both angular and rounded versions. 

 
 
We used three two–dimensional figures as initial stimuli (the top three 

figures in Fig. 43). These figures – which we will refer to as the “triangle”, 
the “salt–shaker” and the “horseshoe” – had similar angular structures, a 
main vertical axis (the longest) and pointed upwards. These figures, together 
with their rounded counterpart (see Fig. 43, bottom row), were the 6 standard 
figures used in the experiment. For each of them, 14 comparison figures 
were obtained by changing one, two or three of the initial features into their 
contrary. The transformations used are described in Figure 44, where they 
are shown as applied to the triangle.  

The stimuli (repeated in 3 trials) were presented in random order, placed 
at the center of a computer screen. Participants (60 university students, 
divided into two groups) were asked to rate the degree of contrariety (first 
group) or diversity (second group) between the figures forming each pair, 
using a minimum–maximum scale. Participants’ responses were then 
recomputed using a 0 to 9 scale1. 

                                                 
1 The computer keyboard had been covered with a rigid template so as to leave only the part 
corresponding to the numerical keys accessible. The numerical keys were covered with a single strip of 
masking tape, on which a min–max scale had been drawn. The scale covered the entire length of the 10 
numerical keys and was oriented with the minimum value placed over the key “1” and the maximum 
value lying above the “0” key. Participants’ responses as registered by the computer, were then re–
computed by the experimenter using a 0 to 9 scale. 
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Figure 44. The 14 transformations applied to the “triangle”. Initials stand for: H = 
Shape, D = Direction, A = Axis (to the right, rA, and to the left, lA) and Z = Size. 

 
 
What did we learn about the recognition of contrariety from this study? 

Since we are focusing on the perception of contrariety, we will concentrate 
on the ratings given by the first group (contrariety) and discuss the diversity 
ratings as a comparison.  

An analysis of variance for repeated measures with 3 within–subject 
factors (figure, shape of the outline and type of transformation) yielded a 
main effect for figure (Hotelling’s Trace: 0.537, F = 7.792; df = 2,29; p < 
0.01) and type of transformation (Hotelling’s Trace: 8.818, F = 12.209; df = 
13.18; p < 0.001). In particular, the contrariety ratings attributed to the 
triangle were in general higher than those attributed to the horseshoe. More 
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interesting was the analysis of the types of transformation. We analyzed the 
mean difference between the transformations based on two hierarchical 
cluster analyses. Since differences between the axis transformation to the left 
vs. to the right were never significant, either as single or combined 
transformations, we treated these transformations as a single level and will 
thus refer to 10 transformation types, instead of 14. Two cluster analyses 
were conducted on the two groups: contrariety and diversity. Different data 
structures emerged, as described by the diagram presented in Figure 45 
which shows groupings depending on transformation types and includes 
relative mean scores.  

 
 

 
 
Figure 45. Diagram showing the results of a cluster analysis (with Euclidean 
distances and mean linkage between groups) conducted on the contrariety ratings 
(on the left) and diversity ratings (on the right) for the total set of stimuli. Initials 
describe the transformations studied (H = Shape, D = Direction, A = Axis and Z = 
Size); next to initials are the average rating of contrariety or diversity for the 6 pairs 
which had undergone this type of transformation. 

 
 
As shown in Figure 45 (diagram on the left), three groups of responses 

emerged from the cluster analysis, based on average ratings of contrariety.2 
Cluster 1 groups the responses given to pairs characterized by a high 

degree of contrariety. This occurred with pairs showing a change in the 
direction in which the figure was pointing, from upwards to downwards 

                                                 
2 We used hierarchical cluster analyses, with Euclidean distances and mean linkage between 
groups. 
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(meanC_D = 6.740) and with pairs showing a combined change in direction 
and size (meanC_DZ = 7.131). 

In Cluster 2 are the pairs showing a change in the axis of orientation – 
from vertical to horizontal (meanC_A = 3.869) and a combined change in 
axis and size (meanC_AZ = 5.04). These pairs received moderate ratings of 
contrariety.  

Cluster 3 groups all the pairs showing a variation in shape: the single 
transformation of shape – recognized as not highly contrary (meanC_H = 
3.778), the combined transformations of shape and size (meanC_HZ = 
5.192), shape and axis (meanC_HA = 5.269) and of shape, axis and size 
(meanC_HAZ = 5.725). The combined transformations of shape and 
direction (meanC_HD = 5.958) and of shape, direction and size (meanC_HDZ 
= 7.138) also fall into this cluster. The latter is the transformation that was 
considered to show the highest degree of contrariety in this cluster. 

Two macro–clusters emerged (distance coefficient < 0.489) in the 
diversity ratings (see right side of Fig. 45).  

One groups the pairs judged to be moderately different. These are the 
pairs showing a variation in orientation (axis or direction), or orientation and 
size. Within this macro–cluster, the single transformations of direction and 
axis are grouped together (cluster 1a). They were considered to be the least 
different pairs in the experiment (meanD_D = 2.360; meanD_A = 2.500). In 
cluster 1b are the pairs showing the same two transformations associated 
with a variation in size (meanD_DZ = 4.607; meanD_DAZ = 4.696). The 
degree of diversity recognized in these pairs was still low, but higher than in 
cluster 1a. 

The second macro–cluster groups the pairs that received the highest 
ratings of diversity. All the transformations of shape (single or combined) 
fall into this cluster. The transformation of shape, alone or combined with a 
change in axis or direction, was described as highly diverse (cluster 2a), but 
less diverse than the pairs showing a transformation of shape combined with 
a change in size or size and orientation (cluster 2b). These two groups 
demonstrate the crucial role of shape in the perception of diversity and the 
fact that adding a transformation of orientation (either axis or direction) does 
not change the degree of diversity perceived (in fact, the pairs showing these 
transformations fall into cluster 2a, together with the single transformation of 
shape). An increased impression of diversity was instead found when a 
transformation of shape was combined with that of size or when three 
transformations were jointly present (cluster 2b) – see tab. 2 for a complete 
match within diversity ratings. 

At an overall glance these findings demonstrated: 
I) that change in direction is effective in the recognition of contrariety;  

independently of the type of stimuli considered, the upward–downward 
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transformation turned out to be the one most frequently associated with a 
high perception of contrariety – but with a low degree of diversity (t = 9.80; 
p = 0.001). In other words, these pairs were ranked as highly contrary and, at 
the same time, as not at all different. Furthermore when a change in direction 
was involved in combination with other transformations (see cluster 3), high 
ratings of contrariety were found.  

II) the non–additive effect of adding contraries to the upward–downward 
transformation; the addition of further contraries to the single upward–
downward transformation did not produce an increase in the degree of 
contrariety perceived (see Tab. 9). Conversely, an additive effect emerged 
for diversity: a comparison between single and combined transformations 
involving direction revealed that the degree of diversity increased when 
other transformations were added. 

 III) the weakness of axis transformations; with the kind of configurations 
used in this experiment, i.e. directionally oriented figures, the transformation 
of the axis of orientation (from vertical to horizontal) did not succeed in 
making contrariety evident, unlike the same transformation carried out on 
non–directionally oriented figures (see 5.1). This is probably due to the fact 
that, in figures with a direction, the axis transformation is somehow hidden. 
Direction is a very salient characteristic of perceptual organization (Palmer, 
1978; 1989). Thus, the pairs showing a vertical to horizontal change at the 
same time showed an upwards to rightwards or upwards to leftwards change, 
which probably masked the vertical to horizontal transformation (see Fig. 
44).  

It might be noted, however, that there is still a significant difference 
between contrariety and diversity in these pairs (t = 3.37, df = 56, p < 0.001). 
We can thus conclude that changes in direction or axis were found to be 
specifically linked to the perception of contrariety but not diversity, although 
only the former transformation was associated with recognition of high 
degrees of contrariety.  

IV) the inadequacy of round–angular transformations in the perception 
of contrariety; this transformation was inadequate on its own in terms of 
generating self–evident contrariety. However it received significantly higher 
ratings of diversity (t = –3.36; df = 56, p < 0.001). The difference between 
these two judgments was significant when a shape transformation was 
combined with a size transformation (t = –4.25; df = 56, p < 0.001) or size 
and axis (t = –5.12; df = 56, p < 0.001).  

When a change in direction was added, the degree of contrariety 
increased (mean_D = 5.958) and the difference between contrariety and 
diversity ratings vanished (t = 0.30, df = 56, ns). Rather than being 
determined by the combined effect of the two transformations, this was 
probably due to the change in direction. In fact, there was no difference 
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between these ratings and those attributed to the pairs showing a change in 
direction but not in shape (Tab.9).  

 
 

Table 9. Differences between average contrariety ratings for the transformations 
studied (Initials stand for: H = shape, D = direction, rA = right axis, lA = left axis, Z 
= size.) 

 
Types of transformations 
compared 

Differences  
between means 

Standard Error p 

D vs. lA 2.907 0.368 0.001 
D vs. rA 2.835 0.348 0.001 
D vs. H 2.963 0.605 0.001 
DZ vs.HZ 1.939 0.626 0.01 
DZ vs.HrA 1.836 0.453 0.001 
DZ vs. HlA 1.886 0.441 0.001 
DZ vs. ZrA 2.139 0.346 0.001 
DZ vs. ZlA 2.042 0.360 0.001 
HDZ vs.HrAZ 1.431 0.255 0.001 
HDZ vs.HlAZ 1.397 0.252 0.001 
D vs.DH 0.782 0.482 ns 
D vs.DZ –0.390 0.269 ns 
D vs.HDZ –0.399 0.538 ns 
rA vs.lA 0.007 0.084 ns 
HrA vs.HlA 0.005 0.049 ns 
ZrA vs.ZlA –0.009 0.056 ns 
DrAZ vs.DlAZ –0.003 0.047 ns 
rA vs.rAZ 1.086 0.236 0.001 
lA vs.lAZ 1.256 0.258 0.001 
H vs.HZ 1.414 0.220 0.001 
HD vs.HDZ 1.181 0.218 0.001 
HrA vs.HrAZ 0.414 0.172 0.01 
HlA vs.HlAZ 0.497 0.163 0.01 

 
 
 
V) the effect of enlargement; as we have already seen when discussing 

the effects of the upwards to downwards transformation, an additional 
variation in size did not increase the degree of contrariety perceived. 
Conversely an additional variation in size accentuated contrariety when 
combined with a transformation in shape or axis. This suggests that a change 
in size adds to the perception of contrariety only when combined with 
transformations that in themselves are somewhat inadequate (see Tab. 9). 

In contrast, the combination of a transformation of size with other 
transformations always increased the diversity rating (see Tab. 10). A small 
to large variation invariably produced an enhancement in perceived 
diversity.  
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Table 10. Differences between averages for the transformations studied (Initials 
stand for: H = Shape, D = Direction, rA = rightwards Axis, lA = leftwards Axis, Z = 
Size.) 

 
Types of transformations  
compared 

Differences 
between means 

Standard Error p 

D vs. DH 3.347 0.372 0.001 
D vs. DZ 2.247 0.278 0.001 
D vs. DHZ 5.077 0.319 0.001 
rA vs.rAZ –2.158 0.249 0.001 
lA vs.lAZ –2.235 0.252 0.001 
H vs HZ –2.065 0.198 0.001 
HD vs.HDZ –1.640 0.253 0.001 
HlA vs. HlAZ –1.560 0.226 0.001 
HrA vs.HrAZ –1.667 0.226 0.001 

 
 
 

5.3 Contrariety in relation to similarity and diversity 
 
The experiment just presented proved that people recognize contrariety as 

distinct from diversity. The pairs recognized as “good” contraries were 
characterized by specific features, e.g. a small number of “local” 
contrarieties and in particular change from upwards to downwards, alone or 
combined with a change in size. On the other hand, pairs recognized as 
showing high degrees of diversity were characterized by other features: 
diversity grows proportionally to the number of “local” contraries present; 
transformations of shape seem to be particularly good at creating diversity. 

 It is worth noting at this point that recognition of diversity occurred with 
pairs that were analytically contrary in one or more characteristics. In other 
words, we manipulated local features by transforming them into their 
contraries and the global result was, in some cases, the perception of 
contrariety and in other cases the perception of diversity. This is an 
interesting point and we will come back to it later on (see 5.4). 

We designed a further experiment where judgments of similarity, in 
addition to judgments of contrariety and diversity, were considered (Savardi 
& Bianchi, 2000a, pp. 300–320). The fundamental aim of this experiment 
was to verify that contrariety as a perceptual relationship is distinct from 
similarity, on the one hand, and diversity, on the other hand. 

So far the conditions for the recognition of contrariety might seem to be 
more similar to those for similarity than those for diversity, at least in terms 
of the number of features transformed. Not only did the study just presented 
prove that an increase in the number of contrary properties does not seem to 
produce an increase in the global degree of contrariety recognized, but this 
also  emerged in the production tasks described in chapter 4. 
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However, in experiments with both non–directionally oriented figures 
(5.1) and directionally oriented figures (5.2) it was also found that not all the 
transformations which comply with this “numerical rule” are adequate in 
terms of producing evident contrariety. For instance, participants sometimes 
changed the arm they were using to produce contrariety, but never stretched 
out a bent arm or vice versa. Similarly, shape transformations (from 
equilateral to oblong and vice versa) or transformations of the axes of 
orientation (from horizontal to vertical and vice versa) produced different 
global effects when applied to various non–directionally oriented figures. In 
some cases the transformation turned out to be adequate, in other cases the 
transformation conserved the global identity of the two figures too well and 
participants attributed these to the lower ranks of the scale. The same 
generally happened (independently of the specific figures considered) with 
other local contraries, e.g. surface transformations from non–textured to 
textured and vice versa. These never produced evident global contrariety. 
These results raise a question concerning the global relationship that 
observers perceive in these cases, if they are not forced to describe it in 
terms of contrariety. We have shown that configurations presenting many 
local contrary properties received low ratings of contrariety and in fact were 
better described in terms of diversity. What can be said of the pairs which 
received low ratings of contrariety but also low ratings of diversity: would 
they be better described in terms of similarity?  

Fifty undergraduate students (divided into 5 inter–observational groups of 
10 students each) were presented with the same set of stimuli used in the 
experiment described in 5.2; that is, with 14 pairs of figures for each 
standard form (“triangle”, “salt–shaker” and “horseshoe”, with two levels of 
outline: angular and rounded).  

The pairs were presented in random order and participants were asked to 
classify each pair based on the relationship that they saw between them 
(similarity, contrariety or diversity). 

As shown in Figure 46, the pairs which were more usually described as 
contraries are those with the upwards to downwards transformation, either 
single or combined with a size or shape transformation (they are represented 
towards the center of the scale).  

On the right of the scale are the pairs which were classified as “diverse”, 
with total agreement between the groups. These are the pairs with a double 
or triple transformation of shape and axis of orientation – sometimes with an 
additional change in size. On the left of the scale are the pairs which were 
instead consistently classified as similar. They are those with a single axis 
transformation, sometimes combined with a change in size (only one pair 
with a single transformation of shape falls into this group). These findings 
confirm what was found in the previous experiment (see 5.2) regarding pairs 
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with a high degree of contrariety and diversity. Furthermore, we may say 
that those which were described as slightly contrary or slightly different are 
better described as cases of similarity. 

 
 

 
 
Figure 46. Classification of the 3 series of 14 pairs of figures used. The two scales 
at the top express how frequently the 5 groups of participants classified the pairs as 
“contrary” (C), “similar” (S) and “diverse” (D). 

 
 

5.4 A summary of quantitative and qualitative features of contrariety 
 
The question of the number of properties transformed has emerged 

numerous times over a very long period in feature–based analyses of 
similarity and diversity (Aristotle, Metaph., V, 9 1919a 15; Goldmeier, 1936; 
Hume, 1793; Meinong, 1882; Palmer, 1978; Tversky, 1977). The earlier 
analyses mainly considered whether the similarity or diversity perceived 
between two objects depended on the number of features they have in 
common. From the very first experiment conducted on similarity by 
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Goldmeier (1936), this variable proved to be crucial, while at the same time 
not completely sufficient. A similar conclusion was at the heart of Tversky’s 
(1977) “contrast model”, which the author presented as a qualitative 
psychological model – in contrast to metrical models – to explain how 
similarity and diversity function in everyday cognitive, perceptual and 
linguistic applications, but in which the role of quantitative aspects is clearly 
evident. This was still retained in later formulations of the model (Gati & 
Tversky, 1982, 1984, 1987; Markman & Gentner, 1993; Sattath & Tversky, 
1987). What we would like to emphasize is that in all of these cases, 
similarity and diversity have, as critical factors, both the number of common 
and distinctive features and the salience of those common and distinctive 
features.  

As our data suggest, the number of transformations plays an important 
role in the perceptual recognition and production of contrariety. Pairs with 
high degrees of contrariety had undergone a very low number of 
transformations. Adding more local contrarieties, as we saw, did not increase 
the contrariety perceived at a global level. Hence, this relationship seems to 
be closer to similarity than to diversity since only a few properties need to be 
transformed if the overall identity is to be maintained.  

Results from the series of experiments presented in this and the following 
chapter also showed qualitative preferences in participants’ responses. In 
particular, they proved that spatial orientation is an important factor and that 
the recognition of contrariety between two simple figures is linked in a 
special way to changes in their direction or axis of orientation. Which of the 
two is more relevant depends on the overall structure of the configuration, 
i.e. if it is directionally oriented or not.  

The finding that contrariety is perceived as a globally self–evident 
relationship in configurations which show both self–evident invariance and 
changes in spatial direction or orientation, led us to then take a look “through 
the looking glass” (see next chapter): mirror reflections display both these 
features and are thus very interesting for the study of contrariety. Before 
getting into this, we would like to go back to an observation we mentioned 
before, concerning the relationship between “local” and “global” contrariety 
– as we have been calling them throughout the book.  

As our last experiment made clear, local contrarieties were at the basis of 
judgments of evident diversity as well as those of evident similarity and 
contrariety. To put it in a different way, by manipulating local contraries we 
were able to originate many possible kinds of identifiable variations between 
non–invariant objects. We believe that this goes well beyond the limits of the 
experimental design used in our experiment and hypothesize that this should 
be considered a general principle of both perception and cognition. 
Distinctive features (to use Tversky’s term) cannot be anything other than 
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local contrarieties. On an analytical (i.e. local) level, any variation is 
necessarily a variation between contraries. In other words, they necessarily 
consist of a change from one property or state to another which can be a 
different degree of the former, or a variation towards the opposite pole (as in 
the cases considered in our experiments), or a variation towards an 
intermediate property (see the phenomenological psychophysics of 
dimension discussed in chapter 3). This takes us back to Aristotle’s brilliant 
intuition (see 1.1 p. 20 ff.) and we believe provides an extremely thought–
provoking hypothesis for contemporary cognitive scientists. 
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Chapter 6 
Through the looking glass 

 
 
 
 
 

 
Mirrors offer an ecological condition for studying a singular relationship 

between two perceptually 3–dimensional objects. As we will shortly see, 
what is intriguing about this configuration is that there are fixed patterns of 
spatial relationships which link any object to its mirror image, whatever the 
position of the mirror with respect to the object. These fixed patterns are the 
result of a combination of two components: perceptual invariance on the one 
hand and a certain number of perceptual spatial contraries on the other. In 
this sense, mirror reflections bring to the foreground a well defined mixture 
of contraries involving orientation and direction and therefore offer a natural 
“stimulus” for the study of the role that analytically well–defined spatial 
contraries have in the relationship perceived as a whole.  

 
 

6.1 Sameness and contrariety: the essential components of the 
perceptual identity of reflections 

 
Let’s start by considering how recognition of sameness and recognition 

of contrariety are the two intrinsic components of the perceptual structure of 
mirror reflections. 

When someone intentionally approaches a mirror in everyday life, it is in 
order to look at themselves: to shave their face, to see how their jacket fits, 
etc. In addition to their own reflection, they also see objects, spaces, 
movements etc., that are immediately perceived to be in direct relationship to 
something existing outside the mirror: reflections are always reflections of 
something else, namely the object reflected. The perception we are dealing 
with here primarily involves identity. This is the first aspect to note and it 
constitutes, at the same time, the first proof that mirror reflections are 
characterized by an intriguing visual structure since they violate a general 
rule in perceptual organization (Savardi & Bianchi, 2005). The perceptual 
world existing “outside the mirror” conforms to the rule of a one–to–one 
correspondence between the number of units and the number of identities 
(Bozzi, 1969): when we look at any scene, every single unit has its own 
identity (e.g. in the room there are 5 people, a table and 4 chairs, all of which 
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correspond to 10 separate units and simultaneously 10 separate identities). 
This general visual rule does not hold with reflections which create two 
segregated units, one seen in the place where the object/person is, the other 
in the reflection. These correspond to only one identity, i.e. there is only one 
real object, or one real person1.  

Literature on mirrors over the last twenty years has however repeatedly 
focused on another aspect of reflections: why do mirrors reverse left and 
right but not up and down? This is known in the literature as the “mirror 
question”. The question, in this case, has to do with recognizing that a 
contrariety is present in normal reflections: my left hand becomes my right 
hand in the mirror. This debate has been basically addressed by means of 
speculative analyses. Many theories have been proposed to explain this 
phenomenon2. For a brief critical review, see Navon (2001). In every case 
the egocentric left–right reversal produced by plane mirrors is used as the 
starting point. Surprisingly, up to now researchers have not empirically 
investigated what observers do in fact perceive and how they would describe 
the relationship between their real body and the reflected body. This would 
make it clear whether left–right reversal is in fact an important feature of the 
perception of mirror images or not.  

But if we investigate the relationships that people perceive when looking 
at themselves in a mirror, we will be better able to understand the role of the 
different frames of reference inherent to mirror perception. The literature has 
exclusively concentrated on the violation of the egocentrical left–right 
structure of the virtual body (as compared to the real body), but there are 
other contrarieties that are intrinsic components of the visual structure of 
reflections. They have never really been seriously taken into account, even 
though they may be critical in terms of the global relationship perceived 
when looking at one’s own or other people’s reflections.  

A few examples will help to make this point clear.  
What differences are perceived when inspecting a sphere and its 

reflection (Fig. 47)? In this case it is only a difference in placement.  
And what are the differences perceived when inspecting a chair and its 

                                                 
1 A possible criticism would suggest that this structure of identity is not always true, for instance, when 
people do not immediately recognize their own reflection. But this is not in effect a valid criticism since 
the event in question does not constitute the perception of a reflection. When this type of event happens it 
is in fact because we do not recognize that we are facing a reflected image. As soon as we realize that we 
are looking at a mirror, the visual organization of the scene suddenly changes and the typical structure of 
dual identity previously discussed is immediately perceived. 
 
2 Some authors invoked conventional descriptions (Bennet, 1970; Corballis & Beale, 1976), others the 
geometry of objects (Ittelson, 1993; Ittelson, Mowafy & Magid, 1991) or the laws of optics (Gardner, 
1964; Heig, 1993; Tabata & Okuda, 2000). Yet other authors referred to the fact that observers apply 
cognitive schemas (Corballis, 2000; Morris, 1993; Navon, 1987, 2001; Takano, 1998) and rotations 
(Gregory, 1987, 1996). 
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reflection? In this case, the answer depends on the position of the chair in 
relation to the mirror: when it is side on to the mirror (Fig. 47a), one sees 
only a difference in placement. When it faces the mirror (Fig. 47b) or is 
positioned with its back to the mirror (Fig. 47c), one also perceives 
differences in orientation. Differences in placement and orientation are 
similarly visible when the mirror is placed on the ground and the chair is on 
top of it (Fig. 47d).  

 

 
 

Figure 47. Reflections of a sphere and a chair in plane mirrors, with different 
positions in relation to the mirror. 

 
 
Finally, what are the differences perceived when it comes to human 

beings and their reflections? Once again, we can speak of a difference in 
placement when the person is side on to the mirror (Fig. 48a), a difference in 
placement and back–front orientation when the person is facing the mirror 
(Fig. 48b) or positioned with their back to the mirror (Fig. 48c) and a 
difference in placement and gravitational orientation when the person is 
standing above the mirror (Fig. 48d). In all of the above conditions, the 
structural left–right contrariety at the core of the mirror question is also 
present (consider which hand holds the umbrella in the reflection as 
compared to reality). 
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Figure 48. Reflections of a person holding an umbrella in plane mirrors, showing 
different positions in relation to the mirror. 

 
 
These three kinds of differences (in placement, orientation and structure) 

are enough to operationalize the observed spatial variability between objects 
and their reflections, given any ecologically possible configuration (Savardi 
& Bianchi, 2005; Bianchi & Savardi 2008b). As you will have noticed, the 
differences we have been referring to are not generic, but more precisely 
contrary positions or contrary orientations. To be more specific, we are 
referring to: 

a) the exocentric localization of the reflection with respect to the 
observer. In terms of placement, the observer–reflection relationship is 
always characterized by the reflected image being localized over/under, on 
the right of/on the left of, in front of/behind the observer.  

b) the exocentric orientation of the reflection with respect to the observer. 
Given the structure of the human body with its two main axes of orientation 
(the one structured by the line of sight, the other structured by the gravitational 
orientation), differences in orientation, when present, are again contrary 
orientations. Thus, when the observer faces north, the reflection either faces 
north too (Fig. 48a, d) or alternatively faces the contrary direction, i.e. south 
(Fig. 48b, c), depending on the position of the mirror. With respect to 
gravitational orientation, when the observer is standing upright, the reflection 
is either upright (Fig. 48a, b, c) or upside down (Fig. 48d). 
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c) the identical or contrary egocentric structure of the reflection with 
respect to the observer’s real body. The structural difference, or “crux of the 
problem” as Corballis (2000) defined it, is not general but is more 
specifically a case of contrariety. If the observer raises their right hand, the 
reflected body raises the left hand. In general, the observer’s reflection is 
structurally opposite left–right. 

These three contrarieties (in placement, orientation and structure) 
inevitably exist whatever the reflecting surface may be. Applying the terms 
we have been using in previous chapters, these are “local contraries”, i.e. 
contraries which analytically characterize the visible relationship between 
observers and their mirror images.  

Do these local contraries transform the global relationship perceived into a 
“global contrariety”? Or do they remain identifiable only at an analytical level, 
while a global impression of similarity or diversity emerges – as we found in 
certain “local contraries” applied to simple 2d configurations (see 5.3)? 

 
 

6.2 The relationship that you perceive when you look in the mirror 
 
What do observers see when they look at their mirror reflection? Obviously 

they recognize themselves, but do they have a complete experience of 
sameness or do they notice any differences between their real body and their 
virtual body? If they recognize any difference, which spatial contrariety do 
they notice: is it the egocentric left–right reversion (as described in the “mirror 
question”) or is it the exocentric contrariety of body orientation (back to front 
or upright to upside–down, depending on the position of the mirror)? 
Moreover, do they recognize gestures seen in the mirror as identical to their 
own gestures or do they perceive the reflection as behaving in a contrary way 
since it moves the opposite arm or leg in the opposite direction? 

We addressed these questions by asking observers to inspect various 
mirror images and to answer a series of questions (see Bianchi, Savardi & 
De Lotto, 2003; Bianchi & Savardi, 2008b). A mirror room was set up for 
the experiments. It consisted of two 2.5m × 2m plane mirrors, placed 
vertically and orthogonally to form two adjacent walls of the mirror room 
and two 2m × 2m mirrors, lying horizontally to form the ceiling and the floor 
of the room. The apparatus was built to allow participants to stand on the 
mirror on the floor. 

Various observer–reflection configurations were observed and described 
by the participants. These configurations varied (see Fig. 49) depending on: 

a) the position of the mirror in relation to the observer: we studied 
reflections generated by mirrors set vertically on the wall (frontal 
reflections) versus reflections generated by mirrors lying horizontally on the 
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floor (gravitational reflections);  
 b) the absence or presence of cues emphasizing left–right lateralization: 

we studied postures with both arms at the sides in a relaxed position versus 
postures with an extended arm;  

c) the egocentric lateralization of the reflections: we used standard 
reflections (which are characterized by contrary left–right lateralization with 
respect to the real body) versus reflections generated by two adjacent mirrors 
positioned at a 90° angle (which are characterized by identical left–right 
lateralization).  

d) the type of gesture made by the observers in front of the mirror, e.g. 
right arm stretched out along the sagittal or coronal axis; static gestures vs. 
moving gestures were also considered. 

 
 

 
 
Figure 49. Representation of the sets of reflections analyzed for the two gestures: 
west arm towards west (a) and west arm towards north (b). The real person is 
represented in dark grey. Light grey is used for reflections formed on a single plane 
mirror and characterized by contrary left–right lateralization with respect to the real 
person. White is used for reflections generated by two adjacent mirrors and 
characterized by identical left–right lateralization.  

 
 
Participants (46, 50 and 20 undergraduates, respectively, in experiments 

1, 2 and 3) were presented with a series of reflections. For each reflection 
they were asked to focus on: 1) the global relationship perceived between 
themselves and their reflection; 2) the relationship perceived between their 
own orientation and that of the reflection; 3) the local relationship perceived 
between the lateralization of their body parts (in this case, the arm) and the 
lateralization of the reflection; 4) the relationship perceived when looking at 
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an egocentrically identical reflection (formed by two adjacent mirrors at 90°) 
vs. an exocentrically identical reflection (e.g. normal frontal reflection). 

Participants were asked to say if they perceived the reflection to be 
“identical”, “similar”, “different” or “contrary” to themselves. We used the 
concepts of “identical”, “similar” and “different” in the same naïve sense used 
by Goldmeier (1936/72), Palmer (1978), Tversky (1977) and Medin, Goldston 
and Gentner (1990) when studying these relationships with reference to simple 
two–dimensional figures, and as intuitively used in classic same–different 
tasks. We also used the word “contrary” in a similar naïve sense.  

By asking participants not only to choose which out of the 4 descriptions 
fitted best, but also to state whether those excluded were possible or 
inadequate, the study allowed a more complete understanding of the 
relationships perceived. 

 
Contraries in reflections 

 
A significant difference emerged between how people perceive frontal 

and gravitational reflections: “identical” was more frequently used in frontal 
conditions, while “contrary” and “similar” in gravitational conditions (LR = 
43.987, df = 3; p = .001). 

In particular, with frontal reflections (i.e. reflections formed on a single 
plane mirror set vertically on the wall in front of the observer) “identical” 
was chosen as the best description in about 90% of cases in addition to being 
judged as adequate by all participants.  

Conversely, when looking at gravitational reflections (i.e. reflections 
formed on a single plane mirror lying horizontally on the floor), less than 5% 
of participants considered “identical” to be the best description and only 
38% considered it adequate. Participants more frequently reported a general 
perception of contrariety: 50% of them judged this to be the best description 
of what they perceived, 88% as a adequate description. A slightly smaller 
number of participants preferred to describe the reflection as “similar” (42% 
best description, 80% adequate description). “Similar” was considered to be 
an adequate description also in the frontal condition by 60% of participants.  

“Similar” was considered to some extent adequate in two cases: inversions 
of the exocentric north–south orientation and egocentric reversals of left and 
right in frontal reflections and inversions of the exocentric up–down 
orientation in gravitational reflections. “Contrary” specifically applied to 
variations seen in gravitational conditions, i.e. exocentric inversions of the 
upright orientation. 

One might compare these results to those discussed in the previous 
chapter regarding recognition of contrariety between simple 2–dimensional 
configurations. Sagittal north–south contraries and egocentric left–right 
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reversals behave in a similar way to surface transformations (textured to 
non–textured and vice versa) using non–directionally oriented figures and to 
transformations of axis of orientation (vertical–horizontal) using 
directionally oriented figures. That is, they are perceptually recognizable but 
the overall structure is not changed into something people would identify as 
being contrary. Transformations of the gravitational orientation from upright 
to upside–down, on the other hand, produce the same effect as 
transformations of the direction from upwards to downwards when 
directionally oriented figures are considered. In both cases this single 
transformation produces a general perception of contrariety. 

But can we say for sure that what that people see, when comparing the 
postural orientation of the reflection with their own, is a contrary orientation? 

Responses to the question “how would you describe the orientation of the 
reflection with respect to your body?” revealed that frontal reflections were 
recognized by no less than 80% of participants as having a contrary sagittal 
north–south exocentric orientation; a smaller number or responses (30%) 
revealed recognition of left–right contrariety. With gravitational reflections, 
92.3% of participants described the orientation of the reflection as “contrary” 
to their own. In this case, they exclusively referred to the reversed exocentric 
up–down orientation and never mentioned the egocentric left–right reversal. 

The difference in noticing egocentric left–right reversal in frontal and 
gravitational reflections is probably due to the difficulty in recognizing 
egocentric orientation in upside–down reflections. This would be consistent 
with findings confirming that transverse self–rotations and ground plane 
rotations are more easily imagined than coronal self–rotations (see Carpenter 
& Proffitt, 2001; Creem, Wraga & Proffitt, 2001; Parsons, 1987a,b). In any 
case, whatever the reason for this difference, our experiments clearly showed 
that 80% to 92% of responses referred to exocentric contraries. These, and 
not egocentrically defined relationships, had the biggest influence on 
experiences of sameness and contrariety in reflected images. This was also 
found in direct comparisons between single plane reflections (i.e. reflections 
having identical exocentric east–west orientations but contrary egocentric 
left–right orientations) and reflections formed by two adjacent orthogonal 
mirrors (i.e. reflections with identical egocentric left–right structures, but 
contrary exocentric east–west orientation). A further confirmation came 
when other people’s reflections were considered. 

With respect to reflections of gestures, the experiments showed that 73% 
of participants recognized that reflected gestures fail to correspond to real 
gestures. They are more frequently considered to be “contrary” (41%) rather 
than “similar” (27.7%) or “different” (7.2%). Again, an analysis of the 
responses in terms of egocentric versus exocentric frames of reference 
confirmed that, whatever the gesture and position of the mirror, “contrary” 
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was used to describe reflected gestures pointing in an opposite exocentric 
direction. When gestures were not static but moving, the frequency of these 
responses became even greater (LR = 3.187, df = 1, p = .05). This suggests 
that motion emphasizes the recognition of contrariety in the directional 
structure of the gestures. Interestingly the presence or lack of movement did 
not seem to affect reflections described as either “identical” (LR = 1.026, df 
= 1, ns) or “similar” (LR = 1.726, df = 1, ns).  

 
Notes on the role of spatial features with regard to what is in front of the 
mirror 

 
We decided to focus on reflections of people rather than on reflections of 

objects since classic discussions concerning the “mirror question” have been 
mainly developed with reference to the human body (Block, 1974; Corballis, 
2000; Gardner, 1964; Gregory, 2001; Ittelson, 1993; Locke, 1977; Navon, 
1987; Tabata & Okuda, 2000; Takano, 1998)3. Moreover, the idea of this 
inextricable coexistence of contrariety in what we at the same time perceive 
to be the natural image of our body is particularly thought provoking. 

However, this coexistence also holds for reflections of objects, even 
though its relevance from a perceptual point of view depends on the 
structure of the object. It is certainly a factor which influences the 
relationship perceived and is even more relevant when considering the 
perception of contrariety.  

We started this chapter by observing the differences between a sphere, a 
chair and a person reflected in a mirror hanging on a wall (Figs. 47–48). 
Let’s now take this a little further. Imagine that there are three people in 
front of the mirror, each wearing a sweater with “L”, “HUM”, and 
“AMBULANCE” printed on them respectively. If you look at the 
reflections, you will probably notice that the bodies of the people look 
natural (Fig. 50). 

The sweater with the “L” written on it will seem quite normal, if you 
think of it as a simple drawing of a right angle, but will seem strange if you 
think of it as the letter “L”. The sweaters with the words “HUM” and 
“AMBULANCE” will look quite odd in their reflections and the latter more 
so than the former. You still see that the exocentric orientation of the words 
in the reflected image is the same: with “HUM”, both the real and the 
reflected “H” are towards the stretched out arm, followed by the “U” and the 
“M” which is the farthest from it. But the image appears awkward, despite 

                                                 
3 Different kinds of stimulus have however also been studied – such as letters or words (Block, 1974; 
Ittelson et al., 1991; Locke, 1977; Takano, 1998), geometrical solids (Ittelson et al., 1991; Takano, 1998) 
and everyday objects like books (Gregory, 1987). 
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showing identity in the exocentric frame of reference. The “global” left–right 
orientation of the entire word certainly influences this.  

 

 

 

 
 
Figure 50. The internal structure of the words printed on sweaters affects the 
relationship perceived in the reflections (for explanation, see text). 
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The reflection of the sweater with “AMBULANCE” is even more 
awkward: in this case, in addition to the global left–right orientation of the 
entire word, the local left–right orientation of the letters now affects the 
relationship perceived. 

A natural extension of this would lead us to study if and to what extent 
the perception of contrariety, in addition to the perception of sameness, is 
part of people’s recognition of a pattern as being symmetrical, at least in 
terms of mirror symmetry. This is one of the developments resulting from 
the research project presented in this book that we consider to be very 
promising and we will go back to it in the last chapter of the book. 
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Chapter 7 
The principles of contrariety  
 
 
 
 
 
 

We are now ready to consider what conclusions we can draw from all 
this.  

Evidence emerging from the literature on contraries in Cognitive 
Sciences has revealed the lack of analyses of contrariety as a directly 
perceived relationship. By shifting our attention from the study of antonyms 
as linguistic structures to the study of the perceptual conditions on which 
these structures are grounded, new questions and new methods of analyzing 
contrariety emerge. This is what this book has tried to show. Of course the 
findings presented here are only a first step in the wide field of research that 
this approach opens up and further investigations are the inevitable “next 
chapter” of the story that we have started telling in this book. And in fact, in 
the last chapter you will read about our suggestions for some additional 
developments of the research project presented here, which we have started 
to explore but which are at the moment only at the stage of pilot 
experiments. The final word is still to come on this subject.  

The availability of a great deal of experimental data is obviously 
necessary for an empirical theory to be defined and for some rules to be 
established. The experiments carried out up to now, despite giving only a 
partial picture, have however led us to some initial conclusions. They have 
proved that contrariety has a particular place in the set of perceptual 
relationships, alongside sameness, similarity and diversity. Some rules 
regarding the recognition and production of contraries have emerged. What 
follows are what we suggest may constitute some perceptual laws or 
“principles” of contrariety based on the results of our experiments. The term 
“principle”, in this context, must be considered in its phenomenological 
sense, i.e. indicating solely the regularities found in the structure of 
contrariety. 

Let us emphasize that our purpose here is to present the reader with a 
draft of what might be considered a “phenomenological theory of 
contrariety”. Further research is obviously required and further refinement of 
the findings in different perceptual fields will hopefully add to this theory.  
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We will not be discussing in detail each individual principle in terms of 
either the results of our experiments or the naïve observations that we 
ourselves might make. We will however make some direct references to the 
findings discussed here, in addition to general examples, in order to make 
the points clear. We believe that if readers take into consideration what they 
have read up to now and add to this their own observations, then they will 
have an even clearer insight into how these principles can be applied to the 
perceptual organization of the world around us. 

We first, however, need to clarify some of the terms used in the list of 
principles below: UO refers generically to what is under observation. It may 
be an object or event as a whole (and in this case we will use I ) or it may be 
a property of that object or event (and in this case we will refer to it as i ). 
The second event/object or property which is used for the purposes of 
comparison will be referred to as UO2, I2, i 2. When the symbol >c  is used, 
applied either to I  or i ,  it indicates the contrary event/object or property, 
i.e. I , I>c refers to an object/event and its contrary, while i , i >c refers to a 
property and its contrary.  

 
P1. The principle of direct perception of contraries. 
Contrariety is directly perceivable as a relationship between 

events/objects (I) or properties (i ). 
Duality is a necessary condition for the perception of contrariety. In fact, 

there need to be: 
a) two events/objects (I , I>c) under observation, e.g.: two cars crashing 

into each other; a high tone and a low tone, a good smell and a bad smell…; 
b) two properties of the same event/object (i , i>c) under observation, e.g. 

the black and white squares of a chessboard; the keys of the low and high 
notes of a piano, the right and the left shoe of a pair of shoes, the inside and 
the outside of a pullover; 

c) an event/object or property (I , i ) under observation and the 
conceptual idea of its contrary (I>c, i>c), evoked by the I or i but not 
actually present in the real sense. For example, the cold that you experience 
when going outside on a winter day is recognized as contrary to the warmth 
that you experienced when you were inside the house; the silence that you 
experience when you enter a deserted place is recognized as contrary to the 
noisy environment left behind. 

Contrariety is perceivable on two levels: 
I°) two UOs can be immediately perceived as contraries, in the same way 

that they can appear to be identical, similar, or different. In all the 
experiments presented in this book, when participants chose to classify a pair 
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of figures as contrary rather than diverse or similar (see 5.3) or to describe 
the relationship perceived between their body and its gravitational reflection 
as contrary (chapter 6), or to give certain pairs of figures high ratings of 
contrariety (see 5.1 and 5.2), they were reacting to self–evident contrariety.  

II°) two UOs can be perceived as contrary by means of an analysis of 
their individual components, even if they appear to be similar or different 
when viewed as a whole. This holds for both I and i .  

In the case of I, we notice that some of the properties (i ) are contrary in 
the event or object it is being compared with (I2). For instance, when 
looking a triangle pointing upwards and a larger triangle pointing to the 
right, people tend to see the two figures as similar rather than contrary (see 
5.3). However, when one focuses on the properties that differ in the two 
figures, we see that they are variations of small to large and vertical to 
horizontal, possibly also associated with other qualitative changes regarding 
the stability/instability of the figure. Similarly, we found that participants in 
the mirror experiment described the relationship between their own body and 
its frontal reflection as similar or identical, despite the fact that the same 
observers later defined the orientation of the two bodies as contrary (see 
6.2). Again, the contrariety perceived between orientations at an analytical 
level (i and i >c), was not enough to transform the global relationship 
perceived between the two bodies (I, I2) into contrariety.  

In the case of i , given that the perceptual identity of properties is multi–
dimensionally defined (as we discussed when looking at spatial properties – 
see 3.5), the relationship between two properties is not a simple one: fields 
of incongruencies and congruencies, rather than single relationships of 
sameness or contrariety, link any two properties. In this multi–dimensional 
space which characterizes the relationships between properties from a 
phenomenological point of view, not one but many contrarieties emerge 
between i  and i 2 and also between i  and i >c. 

This analysis of individual components means that, given two non–
identical UOs, it is always possible to find at least one contrary property (see 
P2). 

 
P2. The principle of general contrariety. 
Given any kind of UO, it is always possible to find a perceivable contrary 

(UO>c). More specifically, the principle may be expressed in terms of: 
P2.1. The principle of general contrariety between two UOs. Given any 

kind of UO it is always possible to find another UO contrary to the former. 
For instance, for all objects (I ) with a direction of orientation (intrinsic 

or extrinsic), a self–evident contrary (I>c) can be obtained by means of the 
inversion of the direction of orientation. 
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Given the multi–dimensional identity of properties, for all properties (i ) 
it is always possible to find another property contrary to the former (i >c). 

P2.2. The principle of general contrariety within a UO. Contrary 
properties (i, i>c) are perceivable in any given UO. For example, for all 
objects (I ), the top is contrary to the bottom, the front is contrary to the 
back, the left is contrary to the right. 

 
P3. The principle of mutual exclusion of contraries. 
An event, object or property cannot generally coexist at the same time 

and in the same place as its contrary. 
When applied to phenomenology, the law of the excluded middle (P or 

not–P) developed in logics loses its universal validity and admits the 
possibility of rare exceptions to the general rule. Exceptions are represented 
by all experiences perceived as “both i and i >c ” (e.g. a fever combined with 
cold shivers, the bitter–sweet of dark chocolate). The experience of looking 
at your reflection represents an interesting case of simultaneously perceiving 
sameness and contrariety in a special configuration: what I see is supposed 
to be me (I see it as me), but at the same time I see it is my contrary. This is 
particularly intriguing if you think of your face which is considered to be the 
part of us most associated with individual identity. It is very familiar, since 
you see it at least twice a day when using the bathroom mirror, but in effect 
the face that you see and recognize as your own is in reality its contrary. 

 
P4. The principle of state. 
Any perceived property belongs to a dimension.  
“Dimension” refers to the range of the perceivable variations of a 

property (i ). The poles (or extremes) consist of two contrary properties (i, i 
>c). For instance, temperature is a dimension composed of all the possible 
perceivable temperature variations from cold to hot and vice versa; length is 
a dimension composed of all the possible perceivable variations from short 
to long, etc. 

As demonstrated in chapter 3, all dimensions can be perceptually defined 
quantitatively in terms of the proportion of variations of a property i and of 
its contrary i >c and the proportion of variations perceived as neither i nor 
i >c. It can be further described using the qualitative characteristics of these 
three components, for example referring to single properties or to bounded 
or unbounded ranges of properties (composed of gradations of the property). 

Thus each property in a dimension belongs to either one pole or the other, 
or is perceived as being in an intermediate region between the two poles. 
The structure of the dimension determines when a variation of a given 
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property changes from being a difference in gradation to a transformation 
into the contrary property or is perceived as intermediate.  

A dimension is defined perceptually as a range of experiences, 
independently of the existence of corresponding linguistic terms. 

 
P5. The Principle of intermediates. 
For any dimension, at least one property between the two poles exists. 
From a phenomenological point of view, intermediate properties are not 

perceived as both one pole and the other (i  ∧ i >c ), but as neither one pole 
nor the other (¬i  ∧ ¬i >c ). For instance, warm is “neither hot nor cold”, not 
“both hot and cold”.  

This principle refers to the existence of experiences perceived as 
intermediate states, independently of the existence of corresponding 
linguistic terms. The experience of being “neither hot nor cold”, for 
example, has a corresponding linguistic term (tepid), while something which 
is neither heavy nor light does not have such a term, even if we can identify 
not only one property but a range of properties that we perceive as neither 
heavy nor light. 

This principle is evident in those dimensions in which the variation from 
one pole to the other appears to be continuous. The “small–large” dimension 
consists of a continuous series of properties, going from very small, to small, 
quite small, then to neither small nor large (which we call an intermediate of 
the first type), then to quite large, large, and finally very large. This also 
applies to “dark–bright”, “heavy–light” and “hot–cold”. 

For other dimensions, one pole appears to go directly to the other with no 
intermediate stages (of the first type). For instance, it would seem that there 
are no properties that are “neither i  nor i >c ” in the cases of: closed–open, 
regular–irregular, stationary–moving and finished–unfinished. However, the 
principle recognizes that at least one experience could be perceived as an 
intermediate state. These are intermediates of the second type. For example, 
a door that is ajar is a variation of “open” and in this sense it is not “neither 
i  nor i >c”, i.e. it is not an intermediate of the first type.  

 
P6. The principle of the anisotropy of dimensions. 
The structure of dimensions is generally anisotropic. 
The counterpart of this principle in cognitive psychology is the definition 

of the asymmetrical behavior of antonyms in comprehension and memory 
tasks and the definition of antonyms in terms of marking. However, the 
definition of linguistic asymmetry does not necessary correspond to the 
definition of perceptual anisotropy in a dimension. For example, when 
looking at an irregular surface, do we directly perceive its irregularity or do 
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we derive this experience from the experience of regularity? The latter is 
what a linguistic description of the derivation of irregular from regular 
would imply. 

As we have shown (see 3.2), the anisotropy of dimensions can be 
perceptually defined by taking into account both quantitative and qualitative 
descriptions of the structure of the two contrary properties and their 
intermediates.  

In the analysis conducted on spatial dimensions, only 20% of these can be 
considered as qualitatively and quantitatively symmetrical; for the other 80% 
various degrees of anisotropy were found: they varied from weakly 
asymmetrical (e.g. “top–bottom”, “above–below”) to very strongly 
asymmetrical (e.g. “open–closed, “moving–still”). These differences in the 
quantitative structure were generally associated with qualitative differences: 
“open–closed” and “moving–still” are examples of dimensions classified as 
unbounded range–no intermediate area–single property; the dimensions 
with a symmetrical structure were generally of the type single property–
range–single property. 

 
P7. The principle of task conditions. 
Given a UO, the identification of its contrary depends on the identity of 

the UO itself and on the degree of freedom in the specific task. 
A comparison of the relative degrees of freedom in recognition and 

production tasks provides a paradigmatic example of this principle.  
In production tasks, the observer must choose which of the properties (i ) 

of I need to be modified in order to obtain a new I>c, contrary to the first 
one. The relationship that will be created by this modification cannot be seen 
until the task is finished. The task of the observer is determined by the extent 
to which the properties of I seem to “require” transformation. We found, for 
example, that changing the surface of a simple geometric figure from 
textured (i ) to non–textured (i>c) was frequently chosen as a good way of 
generating a contrary figure (see chapter 4).  

In recognition tasks, there is a visible relationship between UO and UO2. 
The focus is on this relationship. For example, we found that the 
transformation of the surface from textured (i ) to non–textured (i>c) and 
vice versa was not recognized as an example of contrariety (see 5.1). This is 
not the case with production tasks.  
 

P8. The Principle of invariance. 
A necessary condition for two UOs to be perceived as contrary is evident 

invariance.  
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The invariance between two UOs takes two forms:  
I) in order to be perceived as contrary, two properties (i , i >c ) must 

belong to a common dimension;  
II) when the two UOs are objects (I , I>c ), the identity of each one needs 

to reach a certain level of invariance for them to be perceived as contrary. 
This was found in both production and recognition tasks. For instance, the 
single transformation of the outline from angular to curved in directionally 
oriented figures was judged to be too serious a violation of the identity of the 
initial figure (see 5.2). Even though only one property had been transformed 
into its contrary, the effect on the configuration as a whole meant that the 
new figure was too diverse (i.e. not sufficiently invariant) from the initial 
one and therefore could not be considered its contrary.  

In the same way, when the observer stood alongside the model facing in 
the same direction and the model stretched out his/her arm in front, doing the 
contrary in relation to exocentric space would mean that the observer would 
have to stretch out his/her arm behind his/her body. This however was 
considered to be too different in the sense that it violated the form of the 
initial gesture and was never chosen as an option. 

From quantitative point of view, the principle of invariance is guaranteed 
by the principle of non–additivity [P9]. 

 
P9. The principle of non–additivity. 
Two non–identical UOs have to demonstrate maximum contrariety to be 

perceived as contrary. In the case of I, this however is not achieved by 
transforming all the properties (i ) of  I into their contraries (i >c ). If I>c 
differs from I by having too many contrary properties, it is not perceived as 
a contrary. For instance, if we start with a small triangle which points 
upwards and then change many of its properties into their contraries (e.g. we 
turn it into a large triangle with a horizontal orientation and a curved 
outline), we will not obtain a figure which will be perceived as contrary to 
the first one. When comparing simple geometric figures (see 5.3), 
participants classified the pairs showing multiple variations (the sum of two 
or three i>c) as “different” rather than “contrary”. These pairs received very 
low ratings of contrariety and high ratings of diversity (see 5.2). 

Similarly (see 4.2), when participants were asked to produce the contrary 
of a gesture, both children and adults chose to change very few properties of 
the initial gesture. They changed only the orientation of the gesture and 
sometimes also the arm used to perform it. However they never added 
further variations, e.g. a change from a bent to a stretched out arm or an open 
to a closed fist. Neither did they change the body part used, for instance 
using a leg instead of an arm. 
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P10. The principle of “requiredness”. 
In production tasks, the properties which make up the identity of the UO 

differ in the degree to which they “require” transformation into the contrary 
property. 

The term “requiredness” (Köhler, 1938; Metzger, 1941) expresses this 
idea of a property’s “request” to be transformed. The requiredness of each 
individual property may be seen in production tasks when an observer has to 
decide which property (i ) of an event or object (I ) to modify in order to 
obtain a contrary event/object (I>c). The degree of requiredness is measured 
by the observer’s tendency to modify some properties more frequently than 
others, regardless of the high or low degree of contrariety that the 
transformation produces. For example, rectangles seem to call for 
transformations of orientation, from vertical to horizontal and vice versa, 
more frequently than shape transformations (oblong to equilateral or angular 
to round). Conversely, for equilaterals, transformations of shape were more 
frequently applied than transformations of orientation. The size of both 
equilateral and oblong figures was infrequently transformed, although 
children chose this more frequently than adults (see 4.1). 

With simple gestures, the properties which seem to most require 
transformation concern direction and which limb is used, left or right, as 
defined with respect to exocentric space (see 4.2). The requiredness of the 
two features which are transformed depends on which gesture is being made 
and on the position of the observer with respect to the model.  

 
P11. The principle of the degree of adequacy. 
Given a constant number of transformations, the properties defining the 

identity of any event or object differ in their adequacy in terms of producing 
a high or low degree of contrariety when changed into their contrary. 

This is determined by how effective (or adequate) the transformation of a 
particular property is in terms of producing overall contrariety. For example, 
when looking at a black and a white triangle, both pointing upwards (I, I2), 
we perceive two triangles with contrary colors (i , i >c), while when we see 
two black triangles pointing respectively upwards and downwards, we see 
them as contrary to each other (I, I>c) in a more complete sense and not 
only as having contrary directions.  

The degree of adequacy may be seen in recognition tasks, when 
variations are perceived in direct comparisons between UOs. In our 
experiments, when ranking was applied to pairs of non–directionally 
oriented simple geometric figures which had undergone a variety of single 
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transformations, the transformations recognized as producing the most 
evident contrariety were, in about 70% of cases, changes in orientation (from 
horizontal to vertical or vice versa) or shape (equilateral to elongated or vice 
versa). Changes in the characteristics of the surface and in size turned out to 
be less “adequate” (see 5.1). With figures directionally oriented upwards, a 
transformation of the axis of orientation from vertical to horizontal was, in 
contrast, not considered adequate: with this kind of figure, it seems to make 
the second figure more similar than contrary. A change in size was also more 
often associated with similarity than with contrariety. The transformation 
which was judged to be the most adequate in terms of producing perceivable 
contrariety was the single transformation of direction (from upwards to 
downwards). Multiple transformations, in general, were judged to be 
inadequate (see 5.2 and 5.3). 

 
P12. The principle of the anisotropy of the direction of transformation 

between two poles. 
The transformation of a property in the two directions permitted within a 

dimension (e.g. from small to big and from big to small; from regular to 
irregular and from irregular to regular, etc.) does not necessarily produce an 
equivalent degree of contrariety.  

This principle was confirmed with respect to both the adequacy of a 
property in producing an evident contrary and the degree to which that 
property requires transformation. No general anisotropies emerged between 
the two opposite directions of transformations from horizontal to vertical and 
vertical to horizontal. This was true for both non–directionally oriented 
figures and directionally oriented ones, independently of which figure was 
concerned. An anisotropy did emerge however, when this transformation 
specifically referred to a square paired with a square tilted at 45°. This 
transformation produced more evident contrariety than the opposite 
transformation. This was confirmed in both the children’s and adult groups 
for all configurations of this type. 

Other anisotropies had a more general application, in the sense that they 
did not depend on which figure was under observation. In one of the 
recognition tasks described in chapter 5, pairs showing small to large 
transformations (enlargement) received higher rankings of contrariety than 
pairs showing the inverse transformation (reduction in size). Similarly, in 
one of the production tasks in chapter 4, equilateral figures tended to be 
transformed into oblongs more frequently than vice versa and textured 
surfaces were transformed into non–textured ones more frequently than the 
other way round. Interestingly, all these anisotropies were consistent over 
age. 
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Chapter 8 
More about contrariety 

 
 
 
 
 
 
In this final chapter, we would like to mention some additional 

applications of the project presented in this book and further developments 
in the investigation into contraries. We also want to stimulate readers to 
think about the implications of this phenomenon in their daily perception of 
objects, properties and behaviors and in other cognitive processes which are 
in some way related to perception. 

We will be looking at other visual organizations triggering recognition of 
contrariety, but we will also consider how it might be interesting to 
investigate contrariety in auditory perception and in memory tasks. 

 
 

8.1 Contrariety and symmetry 
 

As the experiments discussed in chapters 3 to 6 showed, contrariety 
emerges as a self–evident relationship when there is a transformation in 
orientation. This was found with sagittal, coronal or gravitational directions, 
with postures and gestures (see chapters 5 and 6) and also for the upwards to 
downwards transformation, with simple geometrical figures (see chapters 4 
and 5). 

Let’s now consider the characteristics of mirror symmetry. First, if a 
motif is directionally oriented, the reflection of the motif will necessarily 
involve the contrary orientation. Second, with the exception of this contrary 
orientation, the motif and its reflection are identical. An exploration of this 
situation is interesting because it sheds light on another way in which 
contrariety is an intrinsic component of an observer’s perceptual world. We 
can see that the pattern complies with the requirements of both the principle 
of invariance and the principle of the degree of adequacy since the inversion 
of direction is characterized by a high degree of “adequacy” in terms of 
contrariety.  

We also believe that an analysis of mirror symmetry might benefit if 
contrariety is considered as part of the process which leads to the recognition 
of symmetry. Perception of contrariety may also have an effect on the 



154  Chapter 8 
 

 

reaction times needed for this recognition. Some informal observations will 
help to make this clearer. 

Look at Figure 51. There is no doubt that, if you were asked to say which 
of the two configurations better represents mirror symmetry, you would 
choose the one on the left (Fig. 51A). Fig. 51B fits in geometrically with the 
definition of mirror symmetry, but would be more naturally described as 
showing two identical elements. In Figure 51B there is no evidence of 
contrariety; Figure 51A, on the other hand, shows clear contrariety. 

 

 
Figure 51. Mirror symmetry along horizontal (A) and vertical (B) axis. 
 
 
Moreover, making the motifs “less identical” did not have a strong effect on 
the recognition of symmetry in the first configuration (see Fig. 52): what we 
are looking at still shows a great deal of symmetry.  
 
 

 
 

Figure 52. Variations of the identical symmetry shown in configuration A, Figure 1. 
The recognition of mirror symmetry resists. 



More about contrariety 155 

 

 
 

 
 
Figure 53. Variations of the identical symmetry shown in configuration B, Figure 1. 
The recognition of mirror symmetry is now weakened. 
 
 

We can see that in the second configuration (Fig. 53), where the motifs 
are “less identical”, it is less easy to recognize symmetry. 

In two pilot experiments, we looked at whether the reciprocal position of 
figures pointing in contrary directions affects the degree of contrariety 
perceived. We did not ask our participants to judge the degree of symmetry 
perceived and so cannot use these data to make conclusions about the link 
between the perception of contrariety and the perception of symmetry. 
However, in both studies we used stimuli and tasks that at least in part 
involved symmetrical patterns and the results demonstrated that it’s worth 
investigating this further.  

In the first experiment, participants (30 undergraduate students aged 19 to 
27) were asked to describe the degree of contrariety perceived when looking 
at various pairs of figures. Each pair showed the same geometrical figure 
pointing in two opposite directions. 

There were differences in: 
– the figures forming the pairs (we used the 6 configurations already 

presented in 5.2, see Fig. 43, the “triangle”, the “salt–shaker” and the 
“horseshoe”, in both the angular and rounded outline versions);  

– the axis of orientation and consequently the axis along which 
contrariety was shown: horizontal (Fig. 54 i) or vertical (Fig. 54 ii); 

– the position of the second figure with respect to the standard one: the 
positions were parallel (P), divergent (D) and convergent (C).  

A series of twelve A3 templates showing 3 pairs of figures were 
presented to each participant in random order. Participants had to rate the 
contrariety perceived for each pair (using a scale of 0 to 10). 
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Figure 54. Two templates with the standard “angular triangle”, in two orientations: 
horizontal (i) and vertical (ii). For each orientation, three positions of the second 
figure with respect to the standard figure were considered: parallel (P), divergent (D) 
and convergent (C). 
 
 

An analysis of variance revealed the significant effect of the position 
factor (F = 3.93, p < .05). The degree of contrariety in pairs of figures 
pointing in contrary directions depends on the global configuration: the 
reciprocal position of the figures reinforces or weakens the effect of the 
contrary spatial directions.  

In particular, the ratings attributed to divergent and convergent 
configurations were different (t = –3.08; df 29; p = 0.004); the former 
received higher ratings (meanD = 6.59) than the latter (meanC = 5.08). 
Parallel configurations received intermediate ratings (meanP = 6.08). In any 
case, ratings did not vary across a wide range confirming that the inversion 
of direction is in any case enough to produce contrariety, whatever the 
reciprocal position of the two figures. 

The type of figure also turned out to be relevant (F = 8.7137; p = 0.006): 
in general, the salt–shaker pairs obtained higher ratings (mean rating = 6.12) 
than the other two figures: the triangle (mean rating = 5.75) and the 
horseshoe (mean rating = 5.88). At this point further tests need to be carried 
out to discover not only which feature of the salt–shaker enhances the 
recognition of contrariety but also which features in general enhance the 
recognition of contrariety in symmetrical patterns. 

The “axis of orientation” factor did not seem to have a significant effect 
(F = 0.37; p = 0.546). This suggests that pointing in contrary directions 
along the horizontal axis (left–right) is the same as the vertical axis (up–
down) in terms of the degree of contrariety perceived. 
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8.2 Contrariety and memorization 
 
If contrariety is an evident and basic perceptual relationship, you would 

expect it to be easily memorized and recalled in simple memory tasks. 
Memory games are widely used with pre–school children. In these games, 
children are usually asked to search for identical cards among a set of cards 
representing various objects. In other words, sameness and difference are the 
point of the game with the former as the focus and the latter as “background 
noise”. 

You might wonder what would happen if difference was the focus and 
sameness was the background noise. In configurations such as those used by 
Jeremy Wolfe (2001), people had to identify which element was different (in 
terms of orientation) to all the others. Wolfe found that the task is easier 
when the target is an upside–down element in a background made of 
normally oriented upright elements as opposed to vice versa (i.e. recognition 
is easier in the left panel of Fig. 55 than in the right panel).  

 
 

 
 

Figure 55. Where is the upside–down dog in the left panel? And where is the 
upright dog in the right panel?  

 
 
Same–different tasks offer an interesting method of testing the hypothesis 

that recognition of contrariety does not coincide with recognition of 
diversity. In this kind of task, however, contrariety has never really been 
focused on as the target relationship. In the literature on this subject, mirror 
symmetry or 180° rotation of the stimulus have sometimes been used as the 
transformations expected to elicit the response “same” and at other times to 
elicit the response “different”. Despite this ambiguity and the lack of interest 
in contrariety, it is well known that figures rotated 180° need shorter reaction 
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times to be recognized than figures rotated at different degrees, greater or 
lesser (Arnoult, 1954; Jolicoeur, 1985, 1988, 1990; Jolicoeur & Milliken, 
1989; McMullen & Jolicoeur, 1990; Rock & Olshansky, 1965; Steinfeld, 
1970). This has been left as an isolated result, but surely an investigation into 
the reaction times relating to the perception of configurations showing 
evident contrariety (as opposed to other “diversities”) would be worth 
developing. 

In order to understand if contrariety (not only when involving the 
upwards to downwards change) is more difficult to remember than 
sameness, we created a variant of the children’s game known as 
“Pelmonism” and asked one hundred children (aged 4 to 5) to “play”. 

A set of 18 cards was prepared. A black and white line–drawing was 
printed on one side of the cards. The cards were paired, in the sense that for 
each card there was a contrary card. They represented (see Fig. 56): 
1a – a happy face 
1b – a sad face 
2a – a full glass 
2b – an empty glass 
3a – an inflated balloon  
3b – a deflated balloon 
4a – the front view of a girl 
4b – the back view of a girl 
5a – a small pullover 
5b – a large pullover 
6a – a long skirt 
6b – a short skirt 
7a – a whole, unbroken biscuit  
7b – a broken biscuit 
8a– a cat on a table  
8b– a cat under the table 
9a – an open umbrella 
9b – a closed umbrella 

Two experiments were carried out, with 40 and 60 children respectively. 
Both experiments took place in a nursery school. Children participated in the 
experiment individually. 
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Figure 56. The 18 cards used in the study. The cards were presented in random 
order and displayed in 3 rows of 6 cards each (as shown in the figure). 
 
 

The 18 cards were displayed one at a time, in random order and the 
children were asked to describe what each picture showed. If the 
experimenter was not sure they had recognized the object, a further 
description was stimulated by means of questions. When the experimenter 
was satisfied with the description, the card was put on a table, face upwards. 
The cards were arranged to form 3 rows of 6.  

In the first experiment participants were encouraged to notice whether 
there was another card among those already described and set on the table 
which represented a similar (group 1) or a contrary (group 2) object. In the 
second experiment, this “overt” recognition stage was not carried out.  

The cards were then turned face downwards on the table, in their original 
positions. Participants were asked to find the pairs of cards with similar 
(group 1) or contrary (group 2) objects by turning them face upwards one at 
a time and trying to remember their position.  

Was finding similar cards as easy as finding contrary cards? If it is the 
case that perceiving similarities is more a primitive reaction than perceiving 
contrarieties, we may expect the answer to be negative and that the group of 
participants asked to find the contrary card will make more mistakes than the 
other group. 

Participants needed 15–20 minutes to do the task. If we consider that the 
preliminary phase (description of each card) lasted no less than 10 minutes 
and that participants were only 4–5 years old, the short duration of the 
experiments can be considered as a first indication that both tasks were easy. 

Let’s now look at the comparison between the number of cards 
mistakenly turned over before the right one was founded in the two 
conditions: finding the same or finding the contrary.  

In the first experiment, where an “overt” recognition of sameness or 
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contrariety had been stimulated in the preliminary phase, a difference 
between the two tasks emerged for only one out of the 9 pairs of cards (Tab. 
11). We can thus conclude that searching for contrary objects did not then 
lead to more mistakes than searching for similar objects.  

The absence of a real difference between the two tasks was confirmed in 
the second experiment. Again a difference was found only for one out of the 
9 pairs of cards (Tab 12).  
 
 
Table 11. Difference in the number of errors made before finding the right card in 
Experiment 1 (i.e. when “overt” recognition of sameness / contrariety was elicited in 
the preliminary phase). 
 
 Condition N Mean Std. Deviation Std. Error t p 
Pair 1 same 20 1.90 1.714 .383 .537 .594 
  contrary 20 1.60 1.818 .407   
Pair 2 same 20 1.50 1.000 .224 .909 .369 
  contrary 20 1.25 .716 .160   
Pair 3 same 20 1.60 1.231 .275 1.762 .086 
  contrary 20 1.10 .308 .069   
Pair 4 same 20 3.10 4.973 1.112 .894 .377 
  contrary 20 2.00 2.362 .528   
Pair 5 same 20 1.30 .470 .105 –.935 .356 
  contrary 20 1.55 1.099 .246   
Pair 6  same 20 1.65 1.089 .244 2.173 .036 * 
  contrary 20 1.10 .308 .069   
Pair 7 same 20 1.50 .761 .170 1.125 .267 
  contrary 20 1.25 .639 .143   
Pair 8 same 20 1.40 .598 .134 .767 .448 
  contrary 20 1.25 .639 .143   
Pair 9 same 20 1.00 .000 .000   
  contrary 20 1.00 .000 .000   
 
Note: For pair 9, t cannot be computed because the standard deviations for both groups is 0. 
 
 

Performance was generally improved when sameness or contrariety were 
overtly identified in the preliminary phase. In particular, the number of 
errors before finding the right card was significantly lower for 5 out of 9 
pairs when the task was searching for the contrary and for 3 out of the 9 
pairs when the task was searching for the same. 

Whether this last result actually means that overtly noticing the 
relationship of contrariety has a more marked effect than overtly noticing the 
relationship of sameness in order to be able to recall it, is something that 
cannot be said at this point of the research. In both tasks, the preliminary 
overt recognition of the relationship had a positive effect on performance. 
Understanding if this positive effect is unbalanced in the two tasks, in 
addition to considering the number of failed trials and the reaction times in 
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the two conditions, could all be aspects which contribute to an understanding 
of how contrariety, as opposed to other relationships such as sameness, 
similarity or difference, works in memory tasks.  
 
 
Table 12. Difference in the number of errors made before finding the right card in 
Experiment 2 (i.e. when no “overt” recognition of sameness / contrariety was 
elicited in the preliminary phase). 
 
 Condition N Mean Std. Deviation Std. Error Mean t p  
Pair 1 same 30 4.83 5.193 .948 –.498 .620 
  contrary 30 5.63 7.098 1.296  
Pair 2  same 30 2.33 2.695 .492 –2.359 .022 * 
  contrary 30 4.57 4.431 .809  
Pair 3 same 30 4.23 4.812 .878 1.271 .209 
  contrary 30 2.97 2.580 .471  
Pair 4 same 30 3.93 4.127 .753 1.023 .311 
  contrary 30 2.93 3.413 .623  
Pair 5 same 30 4.50 5.457 .996 1.880 .065 
  contrary 30 2.50 2.047 .374  
Pair 6 same 30 1.83 1.533 .280 –.719 .475 
  contrary 30 2.13 1.697 .310  
Pair 7 same 30 1.90 1.269 .232 .000 1.000 
  contrary 30 1.90 1.213 .222  
Pair 8 same 30 1.27 .640 .117 –1.637 .107 
  contrary 30 1.57 .774 .141  
Pair 9 same 30 1.00 .000 .000  
  contrary 30 1.00 .000 .000
 
Note: For pair 9, t cannot be computed because the standard deviations for both groups is 0. 
 
 
8.3 Contrariety and music 
 

In this book, we have basically been dealing with the visual aspect of 
perception. However we have a strong feeling that the principles of 
contrariety may be applied to the other four senses. On that note we would 
now like to take a look at the role of contrariety in the perception of music. 

The Pythagoreans developed an early theory of music based on 
contraries. We have already mentioned that they considered contrariety to be 
the basic principle underlying the definition of odd and even numbers and, 
following on from this, the numerical and geometrical nature of every 
existing entity (see Chapter 1, p. 18). For them, music was one of the 
domains in which primal odd–even contrariety applies. They searched for 
numerical ratios to find a general theory of harmony. As a result of this they 
started to consider the “consonance–dissonance” dimension as the basic 
structure of musical ratios and hence of music and harmony. This, in turn, 



162  Chapter 8 
 

 

was founded on another basic contrariety: the “proximity–distance” of the 
intervals between two sounds. 

This recourse to contrariety should not be so surprising, given the general 
framework of Presocratic thought. However, if we consider more recent 
perspectives on the basic attributes of music, we discover that contraries are 
extensively recognized as forming underlying structure of the main separable 
dimensions of music: the consonant–dissonant quality of intervals, tempo 
(slow–fast), the duration of the notes and rhythm (long–short notes), 
loudness (piano–forte) and pitch (high–low).  

In any case, it would be extremely difficult to describe auditory 
phenomena without reference to contraries. While studying the transposition 
of Wertheimer’s principles of perceptual organization (1923) in the auditory 
field, Deutsch (1975a, b) made wide use of contraries when describing how 
good continuation, proximity, symmetry and similarity is fundamental to 
perception in this domain.  

Köhler’s (1929) definition of temporal proximity–distance again refers to 
contrariety. Proximity vs. distance in pitch is a key factor in the auditory 
streaming phenomenon1 (Bozzi & Vicario, 1960; for an up to date overview 
on research into this issue, see Bregman 1990). Contrariety forms the 
skeleton of musical structures such as melodic inversion and retro–gradation 
(Dowlin, 1971, 1972; Gibson, 1950, 1966, 1979; White, 1960).  

A research project on the role of contrariety in auditory perception would 
explain all these issues and more. This field has yet to be investigated. 
However, we would like to mention here a study we have conducted with 9 
amateur musicians, because we believe that this can show that it is possible 
to carry out a phenomenological investigation of contrariety even in this 
field.  

The study we are referring to (Bianchi, Savardi & Cattazzo, 2002) differs 
from all the others presented in this book in that amateur musicians, rather 
than naïve participants, took part in it. The reason for this is that the task was 
rather complicated as it involved pieces of music and not simple auditory 
stimuli. The extension of this investigation to simpler stimuli and non–expert 
participants is, however, the next natural step. 

Nine amateur jazz musicians were presented with three tasks, in three 
successive phases of the study. Eight short excerpts of jazz were used as 
perceptual stimuli in all three phases (Tab. 12). The excerpts had not been 
chosen in a totally arbitrary way, but according to the phenomenal segments 
of the piece. Their duration ranged from 19 to 80 secs. 

                                                 
1The process by means of which sound elements are separated into different auditory objects is known as 
"auditory stream segregation"; conversely, the process by means of which different sound elements are 
assigned to a single object is known as "auditory stream integration". 
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Table 12. The 8 music excerpts used in the study. The last two columns represent a 
synthetic description of the characteristics of each piece – the number of dimensions 
recognized (D) and the number of changes from one property into its contrary (C), 
according to participants’ responses in phase II and III. 
 
 Excerpts analyzed duration 

(sec) 
number 

D 
number  

C 
1 Stratus (Billy Cobham)  

[05:53–05:28; CD: Spectrum] 
25 11 33 

2 Blues for Basie (Joe Pass – played by Joe Pass, guitar only)  
[01:56–01:31; CD: W. Montgomery, Jim Hall, Joe Pass] 

25 13 37 

3 The red one (Pat Metheny and John Scofield) 
[4:19–4:00; CD: I Can See Your House From Here] 

19 5 12 

4 Caravan (Juan Ttizol, Duke Ellington, Irving Milles – played by 
Wes Montgomery)[2:34–2:10; CD:Compact Jazz W.M., Verve]  

24 9 28 

5 Mediterranean Sundance / Rio Ancho (Al Di Meola e Paco de 
Lucia) [10:18–9:35; CD: Friday Night In San Francisco] 

43 12 40 

6 Autumn Leaves, Mercer (Prevert, Kosma – played by Gene 
Ammons and Sonny Stitt) [6:24–5:35; CD: Jazz–Club Tenor 
Sax] 

49 4 12 

7 Autumn Leaves (Mercer, Prevert, Kosma – played by Sarah 
Vaughan)[4:53–3:53; CD: Sarah Vaughan. The Encyclopedia of 
Jazz] 

60 10 36 

8 Ragas In Minor Scale (Ravi Shankar e Philip Glass) 
[5:37–4:18; CD: Passages] 

80 14 51 

 
 
Phase I: Identification of a common list of dimensions. Participants took 

part in the first phase of the study in a single inter–observational group.  
They were presented with 8 excerpts, each of which were repeated 5 

times.  
Participants were invited to focus on any kind of change they could hear 

when listening to the excerpts and to identify the dimensions within which 
each of these changes developed. It was explained that a dimension was 
identified by two contrary properties and that the dimensions they were 
asked to recognize did not necessarily have to refer to technical aspects, but 
could also refer to simple qualitative perceptual features. 

Participants were encouraged to suggest what these dimensions might be, 
both during and after listening to the music. They were encouraged to 
engage in a discussion with the other members of the group to ensure that 
everyone understood what each dimension referred to. Yet again, this 
discussion could take place either in the interval between the pieces or while 
listening. 

At the end of this phase, participants had agreed on a list of 59 
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dimensions (non reported here).  
Two aspects are important to note:  
1) only a few dimensions referred to technical aspects (upbeat–downbeat, 

unison–quarta, unison–octave, tonal–modal, single note–appoggiatura); 52 
out of a total of 59 dimensions (88%) referred to perceptual characteristics 
that could be identified and appreciated even by non–expert listeners;  

2) the poles of the dimensions were composed of characteristics 
perceived by the listeners as contraries, independently of whether the terms 
used to name them were antonyms or not. For example, dimensions such as 
(enveloping – direct), mantained–reversed, deep–present were not contraries 
from a linguistic point of view. However, even a non–expert can understand 
that they describe perceptual contraries. 

Phase II: identification of the N–dimensional space for each excerpt. 
Participants took part, individually, in a second session three weeks after 
phase I. 

The aim of this second phase was to test inter–subject agreement on the 
dimensions. A table was given to each participant with the list of 59 
dimensions in rows and the 8 excerpts in columns. The 8 excerpts were then 
played in random order. Participants were asked to indicate on the list which 
dimensions they perceived while listening to each individual excerpt. They 
could choose as many dimensions as they wanted and were allowed to listen 
to the excerpts as many times as necessary. 

Table 13 presents the dimensions which were identified by at least 5 out 
of 9 participants (i.e. 60% agreement). 

In 5 out of the 8 excerpts, more than 10 dimensions were agreed on. This 
is an interesting finding if one considers that the excerpts were of short 
duration (between 19 and 80 seconds) and that participants only requested a 
few repetitions (from 2 to 6 times). 

These results seem to support the hypothesis that the perception of 
variations in music involves the perception of changes from one property to 
its contrary and that this is an elementary aspect of the perceptual 
organization of music. 

The number of dimensions identified was independent of the duration of 
the stimuli: in fact in very brief excerpts (e.g. excerpt 2, Tab. 13) more 
dimensions were perceived than longer ones (such as excerpt n. 6, Tab. 13). 
This is another indication that contrariety can even be perceived in very 
short periods of time.  
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Table 13. Dimensions identified for each excerpt, in phase II. The number of 
participants recognizing the dimension is reported in parentheses. 
 

Excerpt Number of  
dimensions  

Dimensions and frequency of recognition 

1 11 open–close (7); repetition–crescendo (7); together–solo (6); change–
repetitiveness (6); downbeat–upbeat(6); foreground–middle ground 
(6); medium low–medium high (5); movement–stillness (5); in 
synchrony–out of synchrony (5); same volume–different volume (5); 
movement within movement –movement within stillness (5). 

2 13 solo–accompanied (6); unison–quarta (6); single note–appoggiatura 
(6); melodious–harmonious (6); foreground–background (5); 
repetition–crescendo (5); wide intervals-close intervals (5); self-
sufficient–dependent (5); legato–fragmented (5); high–low (5); multi-
themed–mono-themed (5); singular–plural (5); downbeat–upbeat(5); 
accidental–jumps (5). 

3 5 fusion–segregation (7); solo–accompanied (6); parallelism–
divergence (6); exchange–maintain (5); downbeat–upbeat(5). 

4 9 same volume–different volume (7); multi-themed–mono-themed (6) 
open–close (6); slow–fast (6); gradual start–abrupt start (6); change–
repetitiveness (5); complementing–superimposing (5); repetition–
crescendo (5); rising–falling (5). 

5 12 solo–accompanied (8); change–repetitiveness (7); unexpected-
foreseen (7); slow–fast (6); accidental–jumps (5); melodious–
harmonious (5); rich phrasing–poor phrasing(5); rising–falling (5); 
repetition–crescendo (5); con brio–pedantic (5); high–low (5); same 
volume–different volume (5). 

6 4 solo–accompanied (9); foreground–middle ground (7); same volume–
different volume (6); different instruments–same instruments (5). 

7 10 solo–accompanied (7); rich phrasing–poor phrasing (7); same 
volume–different volume (7); high–low (6), movement–stillness (6); 
tension-relaxation (6); foreground–middle ground (5); movement 
within movement –movement within stillness (5); complementing–
superimposing (5); melodious–harmonious (5). 

8 14 same volume–different volume (7); tension–peace (7); repetition–
crescendo (7); tension-relaxation (6); downbeat–upbeat(6); fusion–
segregation (6); multi-themed–mono-themed (6); change–
repetitiveness (5); together–solo (5); in synchrony–out of synchrony 
(5); open–close (5); rising–falling (5); melodious–harmonious (5); 
different instruments–same instruments (5). 

 
 

This experimental design did not delineate a hierarchy between the 59 
dimensions based on how frequently they were recognized. It would 
however be interesting to determine the basic contraries in perceptual N–
dimensional auditory space.  

Phase III: Locating contraries in time. The third phase of our study 
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aimed at understanding if the dimensions identified by participants were 
actually based on recognition of bipolar variations or were dimensions 
evoked by single properties “post hoc”. Did participants, for example, 
actually perceive the quality “slow” changing into its contrary “fast”, or did 
they simply hear the first quality and then infer the slow–fast dimension?  

Participants were presented with 8 different response sheets (in random 
order), each pertaining to one of the 8 excerpts. On each response sheet, the 
dimensions identified in phase II were reported on a grid marked with fixed 
5 second intervals (see Fig. 57). 

Participants took part in the experiment individually, three weeks after 
phase II. Their task was to indicate, for each dimension, at what point they 
heard one property changing into the contrary property by making a mark at 
the corresponding point on the response sheet. Conventionally, it was 
decided to call the two contrary properties A and B and to assume that A was 
heard at the beginning of the piece of music. 

The 5 second intervals marked on the response sheets referred to short 
auditory signals which had been superimposed onto the musical tracks in 
order to make the task easier. 

Excerpts were randomly presented and repeated so that each individual 
dimension could be focused on individually. 
 
 

 
 

Figure 57. Example of response sheet, with participant’s responses (A, B). 
A and B, conventionally, indicate the two contrary properties; their placement 
expresses when participants recognize the change from A to B, or vice versa. 
 

Were participants able to pinpoint where one property changed into its 
contrary? Were these points consistent between participants?  
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We will not go into the details of the results here, but we would like to 
point out three main findings which we think demonstrate that it is also 
possible to study the recognition of contrariety in the auditory field.  

The first aspect concerns the high inter–subject agreement regarding the 
points of change: the average range of variation between  responses was 
surprisingly small, varying from ±0.23 to ± 1.02 sec. 

Looking again at the instances where 60% of the participants agreed, the 
number of transformations recognized depended on which excerpt was being 
listened to. Excerpts 3 and 6 had the lowest number of contrary properties, 
which in any case was still 12. The number was higher for other excerpts, 
with a maximum of 58 for excerpt 8 (see the last column, Tab. 12).  

The third aspect concerns the number of changes for each dimension. For 
instance, seven changes from high to low pitch were perceived during the 25 
seconds of excerpt n. 2, while in the same excerpt only one change was 
perceived in the “unison–quarta”, “melodious–harmonious”, “wide intervals-
close intervals” and “upbeat–downbeat” dimensions. However, six changes 
in the “upbeat–downbeat” dimension were recognized during the 25 seconds 
of excerpt n. 1. The amount of time it takes for a property to change into its 
contrary might also be an interesting variable to consider. It would be 
necessary to identify the minimum and maximum temporal spans which are 
typical of each individual dimension. 

 
 

8.4 Contrariety and optical geometric illusions 
 
In literature on Psychology, the term “illusion” is used to cover a broad 

set of phenomena. In the most famous reviews available so far, from Wundt 
(1898) to Goto and Tanaka (2005), geometric optical illusions are presented 
together with other phenomena such as chromatic contrast, anomalous 
surfaces, masking, ambiguous figures and reversible figures.  

In recent times, psychologists of perception and philosophers interested 
in the cognitive sciences have tried to describe what happens when observers 
realize that what they are looking at is an illusory phenomenon (see, for 
instance, Da Pos, 1996, 1997, 2008; Kubovy, 1986; Kubovy, Bianchi & 
Savardi, accepted; Reynolds, 1988; Savardi & Bianchi, 1999). We believe 
that an essential component of this process is the fact that two contrary 
perceptions can be applied to one configuration.  

To make this clear, we need to take a brief look at the phases which an 
observer passes through before realizing that what they are looking at is an 
optical illusion (Savardi & Bianchi, 2007). 

Geometric optical illusions, named for the first time by Oppel in 1855 (p. 
37–38), involve estimations of size, shape or spatial localization. 
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Figure 58. Crooked straw              Figure 59. Ebbinghaus 
 
 

                   
 
Figure 60. Müller–Lyer      Figure 61. Hering 
 
 

                   
  
Figure 62. Poggendorf      Figure 63. Zollner 
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          Figure 64. Frazer 
 
 

If naïve observers are presented with optical illusions such as the ones 
shown in Figures 58–64, there are two possible outcomes: 

a) they describe what they see: a crooked straw, two parallel lines (one 
shorter than the other), a spiral etc. and in this case there is no “illusory” 
experience.  

b) they seem to have a suspicion that the image would not remain exactly 
the same if some aspects of it were altered or the conditions of observation 
were modified, i.e. doubts that their perception is not quite as solid as it 
might at first seem.  

There are 5 conditions which needed to be fulfilled if an image is to be 
identified as an optical illusion, namely: 

1. genuine perceptual doubt. A genuine perceptual doubt is necessary if 
something – an independent insight on the part of the observer, the 
conditions surrounding the experiment, or the interaction of an expert with 
the observer – is to stimulate the observer to carry out a second observation 
(t2) in order to verify the perception experienced in the first observation (t1).  

The genuine perceptual doubt that there may be an illusion is similar to 
other doubts about perceptual experiences in t1 which require further 
verification in t2 and which are usually associated with a sense of having 
made a mistake (Norman, 1981; Reason, 1990). For instance, when we are 
not sure if what we hear is actually an external noise (e.g. the roar of a plane) 
rather than something else, we start a second auditory check, possibly with 
another person (“Can you hear that?”). Or, when we are frightened by an 
unidentifiable movement outside our windows at night (t1), we check again 
(t2), trying to verify what we saw in t1.  

2. two successive temporal moments (t1 and t2). Every experience that 
includes the awareness of illusion is characterized by two separate temporal 
moments, corresponding to two “observation sessions”. The second session 
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(t2) exists only if a doubt is present in t1 and is activated in order to resolve 
the doubt by means of an empirical procedure of verification (3).  

3. an empirical procedure of verification. Before going into this, we need 
to say that knowledge concerning the physical properties of the stimulus or 
the neurophysiological conditions during the process of observation does not 
constitute an empirical procedure of verification (this would mean falling 
into the “stimulus error” – as described by Boring, 1921; Bozzi, 1972/1998; 
Jameson, Bimler, Dedrick & Roberson, 2007; Kanizsa, 1972; Köhler, 1929; 
see for a review Savardi & Bianchi, 1999).  

Just as the doubt in t1 is perceptual, the resolution of this doubt must be 
perceptual. The verification process can be carried out in different ways. It 
usually involves the use of:  

i) measuring instruments (e.g.: I measure the length of the Müller–Lyer 
parallel lines with a ruler or with a piece of paper used as a ruler);  

ii) alternative sensorial checking methods (e.g. I touch the crooked straw 
under the water at the supposedly “crooked” point; I follow the lines of the 
Frazer “spiral” with my finger);  

iii) checking methods using the same sense, but isolating the elements of 
the configuration that are being focused on (e.g. I get the straw out of the 
water, or I delete the oblique segments at the extremes of the Müller–Lyer 
parallel lines).  

4. the result of the verification shows that the figure apparently has two 
co–existing contrary properties. We saw in chapter 3 that there is strong 
evidence that spatial (geometric) properties are perceived by naïve observers 
as being organized into contrary properties (e.g.: near–far, large–small, 
long–short, narrow–wide…). These properties are the hard core of 
geometrical optical illusions, which are spatial illusions. The outcome of the 
verification process therefore is that observers perceive a property in t2 
which is contrary to what they perceived in t1.  

So, for the configurations we are considering here (Figs. 58–64), the 
observer realizes that: the crooked straw (t1) is straight (t2); the two central 
circles of the Ebbinghaus configuration are one bigger than the other in t1 
and of equal size in t2; Müller–Lyer’s parallel lines are one shorter than the 
other in t1 and of equal length in t2; the lines in the Zollner and Hering 
configurations are curved in t1 and parallel and straight in t2; the oblique line 
in the Poggendorf configuration is offset in t1 and aligned in t2; the Frazer 
“spiral” is an single open spiral in t1 and a set of concentric circles when you 
follow the “fake” spiral with your finger in t2. This coexistence gives rise to 
an experience of perceptual dissonance or perceptual violation of the non–
contradictory principle, thus causing the surprise and sense of error which 
characterize experiences of illusion.  

In order to generate an experience of illusion, the fact that there are 
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simultaneously existing contrary properties needs to be associated with the 
perception that these two properties co-exist within one single configuration. 
The fifth condition refers to this recognition that the configurations under 
observation in t1 and t2 are the same. 

5. the experience of “exhaustiveness” in the empirical verification 
carried out in t2. In all classic illusions, it is not only what we perceive in t1 
that is convincing from a perceptual point of view. The outcome of the 
verification process, i.e. what we perceive in t2, is also convincing. There are 
no aspects “left out” of the verification process: I recognize that what I’m 
measuring, re–observing and describing in t2 is the same as what I was 
looking at in t1.  

To summarize, in the case of illusions, the recognition that what I see in 
t2 is the same but somehow different to what I saw in t1 is more precisely an 
acknowledgement that I see a property in t2 which is contrary to what I saw 
in t1. There are two reasons for this statement: 

I) what characterizes these illusions is generally a variation from a 
property at one pole of a dimension to a property at the other pole. Using the 
terms that we adopted in chapter 3 when talking about the qualitative JNDs 
of spatial dimensions, we might say that the source of surprise, when looking 
at optical illusions, is that in t2 we do not perceive a change in the gradation 
of a property, but a change into the opposite pole (without necessarily 
reaching its extreme). With the Müller–Lyer configuration observers do not 
simply see less difference between the length of the two lines in t2: they see 
them as equal; with the crooked straw, observers do not see that the straw is 
less crooked, in t2 than it was before: they see that it is straight. And it is 
easy to imagine that the experience of illusion would be even greater if, in t2, 
we realized that the shorter line in the Müller–Lyer image is in fact longer, 
or that the central circle in the Ebbinghaus configuration which appears to be 
smaller in t1, is in fact bigger. This means that the greater the contrariety 
perceived between the properties which do not match in t1 and t2, the more 
deceptive the illusion is;  

II) even if the variation is simply a change in gradation – which would 
make the illusion much less intriguing – in any case this change is a move 
towards the opposite pole. The difference that we notice between t1 and t2 is 
the difference between two contrary properties at intermediate points of the 
dimension and if we do not notice any difference then there is no illusion!  

This second observation leads to one last consideration. 
The general intuition that contraries are necessarily involved every time 

we recognize a variation between two objects or one object in two different 
states or whenever we produce a change in an object or state is, we believe, 
not only an intuition. We only ever perceive variations as changes involving 
two contraries, either when we vary something ourselves or perceive a 
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variation. The Principles that we have formulated somehow express this, 
even though we are aware that it has yet to be proved. Up to now our 
analyses have mainly focused on the conditions for contrariety to be 
experienced as a self–evident relationship. However, our Principles also 
imply that contrariety is not only perceivable when it is immediately evident. 
Every time we recognize something as non–identical, we experience 
contrariety at an analytical level. We feel this is the most interesting and 
challenging conclusion to be drawn from what we have been talking about in 
this book: contrariety can be the fundamental structure on which to base a 
model describing human perceptual and conceptual space. And this is the 
direction we think research will take from here on. 
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