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3.1 Premise 

The experimental work carried out by Savardi and Bianchi within the framework of a 

phenomenological approach to contrariety (Savardi & Bianchi, 2000, 2005; Bianchi 

& Savardi 2006, 2008a) provided a significant body of research in support of the 

hypotheses that a) contrariety is not only logical but also perceptual and b) that the 

perception of contrariety is widely present in experiences of space and spatial 

transformations.  

In this chapter, a theoretical analysis will be developed to support the hypothesis that 

the close link between contrariety and human experiences of space is fundamental: the 

basic structure of phenomenological experiences of space and its geometry invariably 

manifest a module which relates to contrariety.  

We will start with an analysis of contrapposto, a paradigm which we consider 

epitomizes the concept of contrariety as a visual structure, just as Aristotle’s square of 

opposition is usually dealt with as a paradigmatic structure which demonstrates the 

logical varieties of contrariety. We will then concentrate on the need, for the study of 

space, of a methodological mindset which can support an analysis of the geometry of 

space from a phenomenological point of view, allowing researchers to explore and 

formally describe the qualitative characteristics of perceptual space.  

Finally, we will show that phenomenal and experimental evidence support the thesis 

that the invariant fundamental structures of perceptual space are made up of contraries. 

We will also look at the possible implications of this in terms of a general theory of 

contrariety in cognition. 
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3.2  Contrapposto 

Contrapposto, in visual arts, is a scheme used in sculpture which the ancient Greeks 

originated (Polykleitos, around 450 B.C) in which a standing human figure is 

positioned as shown in Figure 3.1. The Greeks devised this “formula” to create an 

alternative to the static pose, deriving from Egyptian sculpture, that had dominated 

Greek sculpture in earlier periods.   

Although it was developed in the context of art, it expressed a type of rational 

thinking which we consider may also be significant in the study of the perception and 

representation of space (similar to the laws of perspective studied by Renaissance artists). 

The formula for Contrapposto was presented by Polykleitos in a treatise known as the 

Kànon. Polykleitos formalized the fundamental proportions of the human body and 

proposed a revolutionary “rule” to apply to the way in which postures were represented 

in sculpture. This rule was known as chiasmo, quadrazio or contrapposto. The treatise 

was lost, but Polykleitos’ Doryphoros (Figure. 3.1, on the left) and Discophoros remain 

as two ostensible examples of the principles formalized in the Kànon. 

 

          

Figure 3.1 The contrapposto in the Doryphoros by Polykleitos (on the left) and in the 

David by Michelangelo (on the right). 

Our thinking on this subject is in line with many previous works which have looked 

for evidence in the world of art to be used in analyses of visual experiences of the 

world (e.g. Arnheim, 1954/1974; Gombrich, 1960/1977; Massironi, 2002). So what is 
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it about the visual structure of contrapposto that makes it interesting with reference to 

contrariety? 

The contrapposto is a visual “synthesis” of static and dynamic elements and 

concerns the relationships between individual parts of the human body as well as the 

posture of the body as a whole. In this sense it manifests a basic human body-centered 

organization of space. What characterizes this special pose is opposition (or “counter-

position” as the Renaissance name contrapposto indicates). For this reason, we 

consider it to be the “equivalent” of Aristotle’s square (see Moretti, chapter 2 in this 

volume). In this case basic embodied visual structures of opposition are expressed 

rather than logical structures of opposition. This observation is not meant to be 

exegetical. However, it is interesting to note that the historical, geographical and 

cultural context surrounding Polykleitos’ formalization of this structure (450 B.C) is 

the same as that which formed the background to the development of the first ancient 

theories of contrariety (VI-IV century B.C.) when it was not merely thought of as a 

logical structure but was grounded in the phenomenal experience of the empirical 

world (see Anton, 1957; Bianchi & Savardi, 2008a; Migliori, Bernardini & Palpacelli, 

chapter 1 in this volume). 

As shown in both sculptures in Figure 3.1, the standing human figure is positioned 

so that the weight rests on one leg (known as the engaged leg), freeing the other leg 

which is bent at the knee. The arms are either tense or relaxed in opposition to the 

corresponding leg: the right arm hangs down in a relaxed position, while the right leg 

is straight but tense as it supports the weight of the body; the left arm is bent and 

tense, while the left leg is bent but relaxed. The bent arm is positioned in front of the 

body; the corresponding left leg is bent backwards. The shoulders are aligned along a 

different axis than the hips: the shoulders are angled in one direction (the left shoulder is 

higher than the right), the angle of the pelvis points in the opposite direction with the left 

hip lower than the right. The torso faces forward, while the neck is twisted round and the 

head is inclined. This posture manifests relaxation and stillness on the one side, while on 

the other side it also encompasses the idea of tension and dynamism as when the human 

form changes position and moves from resting on one leg and starts walking or running. 

This is what we would like to focus on: the contrapposto objectivizes, in a visual 

form, the proprioceptive experience of space as defined by the various states of 

movement or stillness of the human body. It also reveals the matrix of contraries that are 

embedded within it (see Table 3.1). This module has passed through various periods of 

art (Lysippos, Skopas, Donatello, Michelangelo, Mannerism…) and is still applied 

today (e.g., in video art, Bruce Nauman, Walk with Contrapposto, 1968). It is so 

evident that contrariety structures contrapposto, that it has been adapted for other 

forms of art − non only statues − and is used as a general rule of composition to 

express oppositional dynamics. 

Contrapposto has also been used to express, for example, the opposition of light in 

chiaroscuro, as a module to express the torsion of figures along their coronal axes and 

in the opposition between masses in terms of visual weight and volume, for example 

in the work of Michelangelo. Furthermore, the technique of foreshortening in art has 

been defined as a type of contrapposto, where the nearest and farthest points of 

objects are closely juxtaposed (see Figure 3.4). 
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Table 3.1 A summary of the elements of contrariety in the contrapposto formula (as 

defined by Polykleitos in his Kànon and shown by the statues complying to this 

rule in Figure 3.1)  

Elements of contrariety in the contrapposto 

Bent arm (left) Straight arm (right) 

Bent leg (left) Straight leg (right) 

Tense/engaged arm (left) Relaxed/free arm (right) 

Tense/engaged leg (right) Relaxed/free leg (left) 

Bent forward (left arm) Bent backwards (left leg) 

Left shoulder higher than right shoulder Left hip lower than right hip 

Torso facing forward Head inclined to one side 

Static Dynamic 

Balanced Unbalanced 

3.3 Basic issues for a phenomenological analysis of space 

 (and  contrariety) 

Contrapposto has been around for more than two and a half thousand years. The 

visual elements characterizing it have been shared by billions of observers since they 

refer to the perceptual properties or, in other words, to the phenomenal aspects of a 

“piece of world”.  

Before going back to the thesis of a close link between direct experiences of space 

and direct experiences of contrary structures which we introduced when speaking 

about contrapposto and which we will further develop in section 3.4, we need to deal 

with a more general question. We need to identify a robust methodological and, at the 

same time, epistemological frame of reference which will justify the plausibility of 

the analysis of space that we propose in this chapter.  

There is a broad range of theoretical and experimental literature that takes into 

account the phenomenal aspects of space perception (Gibson, 1950b, 1979; Gogel, 1973, 

1990; Epstein & Rogers, 1995). For the purposes of this study, we will refer to what we 

consider to be an enlightening framework of necessary premises for a phenomenological 

analysis of space (and contrariety). Bozzi (1961/1989) went through a series of 

reciprocally implicatory steps, touching upon fundamental issues for an experimental 

phenomenology of perception (and at the same time for a philosophy of science). He 

demonstrated the need to comply both with the results of the application of geometrical 

or physical models and tools and with verbal or psychophysical direct reports concerning 

naïve qualitative experiences. Let us follow his analysis. 

1. For an experimental study of space perception, one needs first to give an answer to 

the question of whether “it is possible or not to describe data pertaining to 

immediate perception / direct experiences” (Bozzi, cit., p.65). In other words, is it 

possible to define a theory of (spatial) perception based on subjective reports of 

(spatial) experiences? As we will see in the following pages, Bozzi’s answer is 
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that direct experiences of space − as well as any other experience from a 

phenomenological perspective − cannot remain in the domain of subjective 

experiences and are therefore analyzable only by means of introspective processes 

which are a priori assumed to be inter-subjectively inaccessible (this was a basic 

criticism put forward by Behaviorism). Bozzi, in contrast, demonstrates that 

qualitative subjective experiences are inter-subjectively valid and epistemologically 

independent from other types of description regarding the perceptual structure of 

space. 

2. Due to the fact that it is possible to discriminate, in the complexity of the 

experiential contents reported in a description, the aspects pertaining to the 

experience (of space) itself from the other concomitant psychological contents that 

naturally accompany them, Bozzi could answer his question (is it possible to 

describe data pertaining to immediate perception?) positively. For example, it is 

possible to discriminate the contents of a description referring to spatial 

experiences from aesthetic judgments, or from aspects concerning the style with 

which the experiential content is described. 

3. The acknowledgment that concomitant aspects potentially enter verbal reports 

testifies that the experience under observation is in itself a complex fact. As Bozzi 

put it: “in the domain of the contents of direct experience, there is not one single 

aspect of that experience that is liable to an unequivocal, unambiguous 

description” (Bozzi, cit., p. 67). The inter-observational method (Bozzi, 1978; 

Bozzi e Martinuzzi, 1989/1993; Kubovy, 1999) has the objective of segregating 

the shared inter-subjective characteristics of observers’ individual experiences, 

freeing the description from its ambiguities (i.e. its subjective idiosyncratic 

aspects). A problem then arises, i.e. to establish which is the best instrument to 

objectivize the experience about which an observer is asked to give a verbal 

report. This implies facing the question of a potential relationship between verbal 

reports (which would admit a certain degree of ambiguity) and descriptions made 

relying on devices and conceptual tools that per se were specifically invented to 

deal with the need for objectivity (such as mathematics, geometry, etc.).  

4. The fact that there are two approaches which make it possible to refer  to verbal 

reports of direct experiences, on the one hand, and to formal mathematical or 

geometrical instruments on the other, implies that there should be a connection 

between the two. And in fact, the symbols used in formal descriptions can refer 

back not to psychological experiences, in strict sense, but to the operations carried 

out on the stimuli generating the psychological experience.  

5. Once it has been established that physical and phenomenal descriptions are both 

necessary for an analysis of spatial experience, the advantage of formal 

descriptions is that “physical measurement scales are more precise than human 

discriminative abilities, and in fact a single value in (a psychological) scale of 

judgments corresponds to many values in the physical measurement scale, 

whereas each single value in the physical scale corresponds to one and only one 
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value in the phenomenal scale. This implies that a subjective evaluation provides 

ambiguous information on the operatively determinable values concerning a given 

event, whereas it is the operatively measured value that can provide us with 

unambiguous information concerning a differential threshold, or in other words, 

concerning human direct experience” (Bozzi, cit., p. 69). This is a critical aspect 

that also has implications in the debate on the inverse projection problem: “going 

from the distal state of affairs to proximal affairs is a straightforward task. The 

circumstances are drastically different when the inverse projection problem is 

assayed: when the occurrent retinal state of affairs [or phenomenal experience] is 

known, it is impossible to pick out a unique distal property, object or event, as the 

source.” (Epstein, 1995, p. 2).  

6. If it is the case that psychophysical laws relate variations of the condition of 

stimulation and variations of the corresponding psychological experience, what is 

in contrast specific to phenomenological laws is that, among the independent 

variables considered, there are not only those referring to the conditions of 

stimulation, but there are also phenomenal variables. “It is not hard to see that the 

observations presented thus far regarding psychophysical laws still hold for 

phenomenal laws (…) [but] the relationships that are present in a formula 

summarizing a phenomenal law refer to two aspects: some of them refer to more 

or less complex properties of the condition of stimulation; others refer to how 

various phenomenal characteristics of the perceived fact are functions of each 

other” (Bozzi, cit, p.69). This idea forms the basis of percept-percept coupling 

(Bozzi, 1976/1989, p.29, 162-165; Epstein, 1982; Gogel, 1973; Hochberg, 1974; 

Epstein & Rogers, 2003).  

7. If it is plausible, from the point of view of a science of direct experience, to refer 

both to observers’ verbal reports and to the descriptions of their objective and 

projective correlates, Bozzi claims that classic mechanics and Euclidean geometry 

suffice for the purposes of formal descriptions. Beyond certain limits, in fact, the 

search for higher precision does not lead to any improvement in the corresponding 

analysis of direct experience. “The technical devices at our disposal allow us to 

obtain uniform motion with various degrees of approximation: it is clear enough 

that we will not be interested in the most perfect device that an Institute of 

Mechanics might provide us with; a good approximation of uniform motion in fact 

suffices for our purposes (…) The difficulties concerning the exact determination 

of the wavelength of a ray reflected from a surface with certain chemical-physical 

characteristics is well known. But we can anyway work on various issues 

concerning color perception using relatively easy objective measurements which, 

in contrast, might not be enough for a physician interested in photometry. In this 

case too, beyond certain limits, higher precision would not lead to any serious 

advantage. (…) For this reason, the language and concepts of classic mechanics 

and Euclidean geometry suffice for the scholar of perception in order to describe 

the objective and projective correlates of the experimental situations under study. 
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It would never occur to anyone to represent the movement of an object with 

respect to an observer in terms of relativistic mechanics” (Bozzi, cit., p.72). 

8. If both the contents of direct experience and the symbols that in psychological 

formulae denote the variables of the “objective situation” are acceptable, then each 

one must have some significance with respect the other. “Being in agreement on 

the meaning of the symbols (and being in agreement on some concepts of 

elementary physics and on the propositions of descriptive and projective 

geometry) also means being able to describe some salient features of the objects of 

direct experience” (Bozzi, cit. p.73). 

9. A critical situation demonstrating the evident need for both physical and 

phenomenal descriptions (i.e. their simultaneous coexistence and independence) 

which has a fundamental epistemological value for the science of perception is 

represented  in the case of perceptual paradoxes, i.e. when two antithetical 

experiences are perceived with respect to the same event under observation. An 

example of this is the spiral by Frazer. Looking at this configuration, the observer 

simultaneously perceives that a) the spiral is expanding, getting bigger and bigger 

and b) the region of space occupied by the spiral (for example a disc) does not 

increase in size. A paradox might also involve a phenomenal and a physical 

description of the same event under observation. In all of these cases, the fact that 

two independent descriptions are needed to provide a complete description of the 

event becomes clear (see Musatti, 1958; Savardi & Bianchi 1999; Savardi, 

Kubovy, Bianchi, in press; Calabi & Mullighan, in press). 

10. If the physical description is not the same as the phenomenal description (in the 

case of paradoxes it may even be contrary), then one needs to explain how two 

descriptions can refer to the same event. The search for invariants has been central 

both in the field of physical-geometrical descriptions and of phenomenological 

descriptions. In the Erlangen research program, as described by Felix Klein in 

1872, all geometry consists of the study of properties which are invariant in a 

given group of transformations. Similarly, from Helmholtz (1867) on, the issue of 

the spatial relationships which are invariant across projective variations has 

become central to visual perception sciences (Gibson, 1950a, b; 1979; Cutting, 

1983; 1986).  

11. Perceptual paradoxes can be considered a sort of experimentum crucis for 

claiming the need for both kinds of description. If not all directly perceived 

qualitative features can be described in terms of physical characteristics, then the 

question of the truth values of the various kinds of description also needs to be 

addressed. “In these situations, in addition to establishing the laws regarding 

phenomena, the aspect of paradoxes that also allows us to demonstrate the 

phenomenological nature of these laws is based on the fact that some geometrical 

or physical characteristics of the objective event are not present or are present in a 

different form in the domain of direct experience. That is to say that some systems 

of geometrical or dynamic relationships, when they refer to the event as a 
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stimulus, give rise to propositions which are true and when they refer to direct 

experiences, they give rise to false propositions and vice versa.” (Bozzi, cit, p.77). 

Inter-subjectivity characterizes physical-geometrical descriptions and also 

phenomenal descriptions. Therefore, not only are both types of description 

independent and necessary but they are both also objective (as a consequence of 

their inter-subjectivity).  

12. After Bozzi had stated that there was a need for both geometrical and physical 

descriptions in order to account for the contents of direct experiences and had 

specified that a particular type of physics and geometry (Euclidean geometry and 

classic mechanics) could suffice, he finally went on to demonstrate the 

experiential nature of some of the basic constructs of Euclidean geometry and 

classic mechanics. He focused on some basic definitions of Euclidean geometry 

(the Οροι in The Elements): 

− A point is that which has no part.  

− A line is a length without breadth. 

− The extremities of a surface are lines. 

− A term or boundary is the extremity of any thing.  

− A figure is a surface enclosed on all sides by a line or lines.  

“Simple geometrical entities are sufficiently congruent with our visual 

experience of the corresponding graphic representations to make it possible to 

talk, with the correct geometrical language, of the geometrical aspects of our 

direct experience. This might seem a bold claim, since it had always been said that 

elementary geometrical entities are not empirically meaningful since they have 

only been audaciously abstracted  from experience. But I think that there are a few 

considerations which might suffice to change one’s mind regarding this prejudice. 

With respect to the point (defined as a visible entity without parts), there is a 

quotation by Hume (1739-1740/1888) which in effect constitutes an experiment in 

the phenomenology of perception: ‘Put a spot of ink upon paper, fix your eye upon 

that spot, and retire to such a distance, that at least you lose sight of it; ’tis plain, 

that the moment before it vanish’d the image or impression was perfectly 

indivisible’. (…) If you move a piece of paper on which a line has been traced far 

away from you, just before you stop seeing it you will discover that, if the line is 

vertical you cannot anymore distinguish the right hand edge from the left hand one 

and if the line is horizontal, the upper edge from the lower edge. Seeing it close 

up, the line actually has a thickness, but when it is far away, it in fact appears to be 

simply a line. Definition number 13 has its phenomenological basis in the analyses 

carried out by Gestalt psychologists, in particular by Koffka in the Principles, and 

concerns the properties of the contours, namely the unilateral function of the 

margins when they segregate an area from the background, and the bilateral 

function of margins when they coordinate two figures which have a boundary in 

common.” (Bozzi, cit., p. 81) − see also Rubin (1921). If the meaning of 

geometrical propositions is grounded definitively in precise aspects of direct 

experience, then it seems clear that geometrical language − as well as being 

suitable for a description of the conditions of stimulation − will also be suitable for 
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describing the physical-geometrical aspects of directly experienced objects. Thus, 

although some qualitative aspects of the perceived world are difficult to describe 

(such as, for instance, expressive qualities or the “meaning” of perceptions), it is 

not possible to claim that direct experience cannot in any case be a subject of 

description. In conclusion, if “the contents of direct experience − since they possess 

geometrically and physically well-defined, stable characteristics − can represent the 

starting point of our investigations (…), the language of geometry and physics itself 

makes it possible for us to talk about these contents without ambiguity and therefore 

guarantees the inter-subjective validity of our descriptions” (Bozzi, cit., p. 81). 

3.4 Further evidence of basic contrary structures in space 

The previous section aimed to legitimize references to geometry and to 

psychophysical/phenomenological reports of direct experiences since these are inter-

subjectively valid. With this in hand, we can now go back to our general thesis and 

show how the perceptual experience of space is largely founded on contrary 

structures. We are not making a claim about the genetic aspects of the relationship 

between contraries and space and we cannot say whether contraries are perceptual 

structures grounded in and derived from the perceptual structures of space or, 

conversely, the perceptual structure of space is grounded in and derived from the 

perceptual organization of variations in bipolar structures. A great deal of 

experimental research would be needed before one could take a stance on this.  

It is possible, however, to provide a series of arguments concerning the structures 

of perceptual space (and it will become clear that these are basic structures) and 

showing that from a phenomenal point of view they are bipolar in nature. This point 

could be developed by focusing on “micro-arguments” (i.e. referring to the local 

organization of space) or “macro-arguments” (i.e. referring to the global organization 

of space). We have decided to take the second path.  

3.4.1 Self-surrounding environment 

The perception that an observer is part of a visual field is an inevitable part of the 

perception of space. An observer's visual field is limited by the orbits of the eyes and 

part of the nose (Figure 3.2). Various other parts of the body can be seen and there is 

also proprioceptive information regarding the eyes, head and body of the observer.  

The self - surrounding environment opposition emphasizes the contrast between 

the position occupied by an observer at any given moment (Koffka, 1935, p. 322; 

Gibson, 1979, p. 317) and other areas in the surrounding environment (the field of 

view). This oppositional structure is also present in the distinction between egocentric 

versus allocentric space, as well as in experiences of the inside versus the outside of 

the body. 
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Figure 3.2 Visual field of an observer looking at the same room and rotating the head 

from left to right. All three images refer to the vision from the left eye. The 

orbit of the left eye and parts of the observer's nose and body are contents of 

the visual scene as well as the surrounding environment falling into it 

(figure adapted from Gibson, 1979). 

3.4.2 Standpoint-vanishing point 

We have been considering the opposition between the self and the surrounding 

environment. Now we would like to consider the geometrical structure of everything 

that falls within the visual field, and which is in fact seen from the point of view of 

the eye (the standpoint).  

The relationship between the experience of space, on the one hand, and the 

complex geometry of lines and surfaces that describes it on the other, has been 

extensively studied, starting with Euclid's Optics (325-265 B.C.) and continuing on 

through pictorial studies on perspective (e.g. Alberti,1404-1472; Brunelleschi, 1377-

1446; Piero della Francesca, 1415-1492) right up to the analyses of perceptual 

fundaments developed in the field of Cognitive Science (Deregowski & Parker, 1988; 

Pirenne, 1970; Hagen, 1980; Kemp, 1992; Cutting, 1986; Epstein & Rogers, 1995; 

Kubovy, 1986; Yang & Kubovy, 1999; Massironi & Savardi, 1991a, b). In none of 

these studies, has a systematically acknowledged analysis of the phenomenally 

“dimensional” structure of space been mentioned. By dimensional structure of space 

we mean any relationship between points, regions of space or objects showing 

contrariety. The first two important dimensional structures of space are the standpoint 

and the vanishing point. As shown in Figure 3.2, the convergence of the lines towards 

the vanishing point and divergence of the lines towards the standpoint are evident in 

the organization of the visual field. The convergence concerns not only the x-z plane, 

but also the y plane, since the lines on the ground and the ceiling converging towards 

the vanishing point are perceived as getting higher and getting lower, and vice versa, 

with the standpoint. Convergence and divergence, therefore, do not only concern the 

space to the left and right of the vanishing point (the horizontal dimension), but also 

the space that is above (the ceiling) and below (the ground) which is part of the 

vertical dimension. The same dimensional structures are described in Euclid’s Optics 

− the first treatise on geometrical optics (III B.C.) − where a formal geometrical 

demonstration is also presented (Figure 3.3).  
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Figure 3.3 The three figures in the Optics, by Euclid, used to demonstrate Theorems 6, 

10 and 11 respectively. 

In theorem 6 (Figure 3.3a) Euclid states that “Parallel segments, seen from a distance, 

appear to be not parallel”. Given two parallel straight lines (AB and Γ∆) and the eye 

(E) and given the pairs B∆, ZH, and ΘK at certain points along these two parallel 

lines, the angle at E decreases as the distance from the pairs of points increases 

(BE∆>ZEH>ΘEK). The length of the horizontal lines connecting the two points 

therefore appears to become progressively smaller as the distance increases.  

In theorem 10 (Figure 3.3b), Euclid states that “of the planes that lay under the 

eye, those which are farther away appear to be higher. Given the eye (A) in a position 

which is higher than BEΓ and given a series of rays radiating out from A to the 

underlying plane BEΓ, one of which (AB) is perpendicular, then Γ∆ appears to be 

higher than ∆E and ∆E appears to be higher than EB. And given a segment HZ, 

orthogonal to BΓ, the more distant rays along BEΓ intersect HZ at a higher point than 

those which are nearer: H is higher than Θ, which in turn is higher than K. This leads 

him to conclude that, “it is clear that what is seen when looking along the higher rays 

appears higher. It is also clear that what is higher will appear to be farther”. 

A similar demonstration is provided in theorem 11 (Figure 3.3c): “of the planes 

that lie above the eye, those which are farther away appear to be lower”. In this case, 

the demonstration started from a plane (BEΓ) and an eye (A) positioned lower than 

BEΓ. 

Therefore, as we saw also in Gibson’s work (Figure 3.2), Euclid pointed out that 

there was a relationship between the standpoint and the geometric structure of space 

towards a point of convergence (the vanishing point). It has already been noted that 

Euclid’s Optics anticipated some of the rules for the perspectiva artificialis, which 

was then fully developed in the Renaissance period. However Euclid’s theory is 

interesting not only because of the comparison we can make with Gibson’s pictures 

(where convergence behaves exactly as described in the three theorems cited), but 

also with respect to Bozzi’s considerations (presented in the previous section §3.3). 

This aspect of Euclid’s studies in effect confirms two observations made by Bozzi. 

The first concerns the possibility of using geometry in order to describe the 
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phenomenal experience of space and the second deals with the importance of 

paradoxes in revealing the validity of phenomenal descriptions and their 

independence from geometrical considerations. In fact, theorem number 6 can be 

considered as the phenomenal (optical) transposition of the fifth postulate proposed 

by Euclid in the Elements.  

Foreshortening is another aspect of the phenomenal geometry of the space that 

emerges when the dimensional structure standpoint - vanishing point is considered in 

relation to the objects present in the visual field. The art historian Lanza (1834) 

attributes the pictorial invention of foreshortening from below (i.e. with a very low 

standpoint) to Melozzo da Forli’, as seen in his frescoes in the cathedral of Loreto 

(1484 - 1493), see Figure 3.4. Foreshortening refers to the perceptual experience 

according to which an object or distance appears shorter than it actually is because it 

is angled towards the viewer. As mentioned in reference to contrapposto, in section 

3.2, when an artist uses foreshortening, the farthest and nearest points of an object are 

close to each other on the plane of projection. 

 

 

Figure 3.4 Part of the ceiling frescos by Melozzo da Forlì in the Cathedral of Loreto, 

Italy (1484-1493). 

Other elements of contrariety related to the standpoint - vanishing point opposition 

(in part already introduced in the discussion regarding Euclid) are also visible in Figure 

3.2. These characterize the visual cues for distance: objects in the environment are either 

above or below the line of sight; the size of objects depends on their distance from the 

observer − they are big when close to the observer, and smaller when farther away; 

occlusion is another cue that provides information about the relative position of an 

object, precisely corresponding to the experience of an object being in front of or behind 

another object. All these elements contribute to the perception of another fundamental 

dimensional structure, that relating to near-far. Cutting and Vishton (1985) 
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demonstrated, by means of an integrated psychophysical analysis of the various cues 

of distance used by the visual system, that these cues contribute to the definition of 

three regions of space − personal space, action space and vista space − progressively 

farther from the observer. They can be considered as three qualitatively different steps 

in the near-far dimension. The experience of space in the Ganzfeld, i.e. when the 

observer is in front of an isoluminant surface (Metzger, 1930), reveals that the near-

far dimension (together with other contrary structures, as discussed by Bianchi and 

Savardi, 2002) is present even in this minimal condition of stimulation. 

3.4.3 Still vs. moving standpoint  

The optical flow in a dynamic condition of vision, which Gibson described as a basic 

feature of ecological spatial experience, inevitably consists of a “contrary flow” with 

respect to the direction of motion (see Figure 3.5). This holds whatever the direction 

of motion of the observer: when an observer moves forward, the environment moves 

towards him/her in the opposite direction (Figure 3.5a); when the observer moves 

backwards (Figure 3.5b), the environment moves away from her/him in  the opposite 

direction; when the observer moves to the side (Figure 3.5c), the environment moves 

to the opposite side. This is maximally evident when the motion of the standpoint is 

faster than walking speed (for instance when it involves a vehicle). The rule also 

holds when it is applied to an immobile observer and a cinematic simulation (i.e. an 

induced perception of motion).  

 

 

Figure 3.5 The opposite direction of the optical flow (thin arrows) with respect to the 

direction of motion of the observer (thick arrows): forward (a), backward (b), 

to the side (c). 

This basic structure also emerges when a whole class of behaviors is considered 

concerning the movement of the standpoint towards other people or objects (for 

example, when the “standpoint” moves towards a friend to shake his/her hand, or 

when he/she moves towards a mirror to inspect his/her face and the reflection 

simultaneously moves in the opposite direction…). 
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3.4.4 In front-behind, above-below, left-right: the orthogonal dimensions 

 which “cross” the standpoint 

Another “macro-argument” in favor of the thesis that the perception of space is linked 

to basic structures of contrariety refers to the egocentric coordinate system, that is 

stable and invariant even when the observer changes position. Howard & Templeton’s 

body-centered coordinate system (1966) is a classic in any model of embodied space 

perception (Figure 3.6). In this system, two primary directions (using the sagittal and 

gravitational axes) and a further direction (the coronal axis) are defined. 

 

 

Figure 3.6 The body-centered dimensional structures: in front-behind, above-below, 

left-right (adapted from Richards, 1975). 

The sagittal axis is defined by the body direction motion vector and, when the body is 

moving with the head facing forward (the natural condition of motion), it corresponds 

to the direction of the vanishing point of the optical flow. However, this direction is 

constrained primarily by the direction of locomotion of the whole body, regardless of 

which point the observer’s eyes focus on. For example, if the observer focuses on a 

point which is to one side, the asymmetric flow will indicate that this is not in the 

natural frontal direction. 

The gravitational direction is another axis which is naturally defined for the 

earthbound observer (and for all the objects in the environment). This too is defined 

both by visual cues and vestibular and proprioceptive sensations (see also Gibson, 

1950b). Together, these two coordinates provide a specification of any visual 

direction in terms of the vertical elevation φ, with φ = 0° in the horizontal plane and 

φ= 180° in the vertical, and of the horizontal angle  θ with respect to the sagittal visual 
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direction θ=0°. A third axis (the coronal axis) corresponds to θ=90° and is defined by 

the left-right organization of the human body.  

Although these three coordinates are often referred to in terms of axes or planes, it 

is clear that in effect, due to the position occupied by the body in this coordinate 

system, they are bipolar in structure and are subject to an embedded contrary 

directionality. The sagittal axis corresponds to an experience of the space in front of 

the observer’s body (with all the visual and motor characteristics as described above) 

versus the space behind the observer’s body − which is contrary to the direction of 

motion, and phenomenally present, although not visible (see also Gibson, 1979, ch. 

12). The gravitational axis is polarized in two directional semi-axes: one corresponding 

to an experience of the space that develops upward which defines the experience of the 

space above the observer’s body or line of sight and another that develops downward 

and defines the experience of the space below the observer’s body or line of sight. 

About the coronal axis and its being polarized in left vs. right we have already said. 

The relationship between these counter-positioned vectors and planes also determines 

the structure of human gestures. As shown by the contrapposto in section 3.1, the 

analysis of the basic degrees of freedom of body dynamics is structured along contrary 

positions or directions, anchored in this oppositional coordinate system. 

3.5 Experimental evidence of contrariety in body and 

 space perception 

In the previous pages we looked at evidence of some general basic structures linking 

the perception of space and the perception of contraries concerning various different 

aspects which characterize the relationships between an observer and the surrounding 

environment.  

 Further to this, additional structures of contrariety might be described to support 

this thesis. In section 3.3 (with reference to Bozzi’s analysis), we saw that 

descriptions of the contents of direct experience can emerge from both qualitative 

verbal reports and more formal types of descriptions. In this section we are going to 

present two sets of studies. The first shows how contrariety can be studied, in detail, 

by analyzing variables which are strictly concerned with the directly perceived spatial 

structures of human postures and gestures. The second set of studies is an analysis of 

the dimensional structures characterizing space, which operationalizes their 

phenomenal features in terms of metrical and topological indexes.  

3.5.1 Contrariety and the perceived spatial structure of gestures 

We have emphasized the fact that observers themselves are part of the perceived 

spatial environment and of the multi-dimensional matrix of contraries characterizing 

it. The description of Contrapposto (in sculpture) introduced us to the specific 

“patterns of contrariety” that can exist between parts of a human body. When two 

bodies, as opposed to a single body, are concerned, the potential patterns of 
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contrariety extend not only to the relationship between parts of the individual body 

but also to the relationship between the postures and gestures of the two bodies.  

In two different studies we investigated what naïve subjects would consider to be 

‘the contrary’ of a given posture or gesture. In order to do this, we presented 

participants with simple gestures (using arms and legs) and asked them to ‘do the 

contrary’. An imitative task (‘do the same’) was used as a control (Savardi & Bianchi, 

2000; Bianchi & Savardi, 2008a).  

In the first experiment, 14 simple gestures were studied (with 23 children aged 6 

to 8). Various positions of the participant with respect to a model were considered: in 

front, behind, to the left and to the right. We also considered gestures made with the 

arm or the leg, different orientations (either both people facing the same way, or 

facing opposite directions) and different directions of the gestures (sagittal, coronal, 

gravitational). 

In the second experiment, 48 gestures were analyzed with 86 participants (36 

children aged 6 and 50 undergraduate students). 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, 

allocentric and relative interpersonal space. The first frame of reference (egocentric) 

was founded on the individual body schema. The second frame of reference 

(allocentric) was based on external environmental coordinates and was not affected 

by a change in the participant’s position. The third frame of reference referred to the 

spatial organization defined by the relative position of the two people which creates 

an internal shared region, an external opposite region and a ‘surrounding’ space. 

If gestures and postures in space are perceived with respect to these three different 

frameworks, then it is clear that there are potentially at least 3 different solutions to 

tasks involving ‘doing the same’ and ‘doing the contrary’. What did our studies 

reveal?  

1. Participants rarely produced identical or contrary gestures using their own body as 

a frame of reference (egocentric space).  

2. Both imitated and contrary responses were based on allocentric space or on 

relative interpersonal space.  

3. For ‘contrary gestures’, responses changed depending on the position of the 

participant and which gesture was being made, but were in agreement with the 

principle of preserving the general spatial structure of the gesture while changing 

its direction and/or lateralization. 

Looking at these results a little closer, we found that no significant differences 

between gestures using arms or legs were found. For the gestures in these 

experiments, the responses can thus be generalized. Participants changed only one or 

two properties, i.e. they used a non-additive strategy (less than 6% of responses 

involved changing 3 or 4 features of the initial gesture). Direction and lateralization 

were the properties which were most frequently transformed. Participants generally 
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did not add further transformations (such as changes from arm to leg, straight arm to 

bent arm, or open hand to closed fist…).  

Regarding which frame of reference they used, the first hypothesis might be 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 (independently of 

the position with respect to the model). However 76.7% of the responses did not 

comply with this rule. The hypothesis that ‘doing the contrary’ consists of moving the 

allocentrically contrary arm in the allocentrically contrary direction (or of moving 

the same arm in the same direction, when the task is that of ‘doing the same’) is what 

best explains the data. However, more than 63% of the responses in the ‘doing the 

contrary’ task cannot be explained by this rule (i.e. associated allocentric transformation 

of arm and direction). So what did participants in fact do? 

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. 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, as shown in Figure 3.6. 

 

 

Figure 3.6 The figure shows a model (A) making a gesture and three participants (B, C, 

D) making the same gesture in terms of the egocentric frame of reference 

(i.e. they are stretching their right arm out in front of their body, exactly as A 

is doing). In the three conditions, however, the relationship between the 

gesture produced by the participant and the gesture of the model is very 

different when described based on the allocentric frame of reference and the 

relative interpersonal space. In the case of C and D, oriented in the opposite 

direction with respect to the model A, their gestures appear contrary. 

When the task was ‘doing the same’, and the two people were oriented in the same 

allocentric direction (as A and B in Figure 3.6), the egocentric/allocentric frame of 

reference (which in this condition overlap) can explain 89% of the responses, while 

the relative interpersonal space only accounts for 30% (z=30.27, p<0.001). 

Conversely, when the body of the participant had a specular orientation (as A and C 

in Figure 3.6), it was the relative interpersonal space which accounted for a higher 
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percentage of responses (51.22%) than the allocentric space (40.90%, z=-5.25; 

p<0.001). This in turn accounted for more than egocentric space (27.31%, z=-7.27; 

p<0.001). The frequency of responses based on the relative interpersonal space 

turned out to be higher when the gesture pointed towards the internal area (71.74%) 

or the opposite external area (74.46%) rather than to the surrounding area (8.06%). This 

suggests that the gesture was perceived in interpersonal terms particularly when the 

internal and opposite external spaces were involved. 

Also when the task was to ‘do the contrary’, a greater number of responses could 

be explained in terms of relative interpersonal space (32.34%) rather than 

egocentric/allocentric space (28.53%; z=2.10, p<0.05), when participants and the 

model were oriented in the same way as A and B in Figure 3.6. When participants 

were oriented like A and C in Figure 3.6, responses were what you might expect if the 

allocentric frame of reference was being used (38.86%) rather than interpersonal 

space (24.52%, z=7.82, p<0 .001) or egocentric space (17.26%, z=12.20, p<0.001). 

This ranking of the three frames of reference was confirmed by the results from 

experiment 2. 

A separate analysis was conducted taking into account individual configurations 

produced by gestures in combination with precise positions. From this analysis we 

found that, in general, participants basically reacted to the direction of the gesture 

with respect to the allocentric frame of reference. We could restate this by saying that 

the gesture contrasted 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 to do the contrary only of the 

direction of the gesture, while using the same arm from an allocentric point of view 

(e.g. Figure 3.7a). 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 a transformation in direction, was 

introduced only when the maintenance of the global configuration of the gesture had 

been violated by using the same arm from an allocentric point of view. For instance, 

in Figure 3.7c, a simple change in direction (in terms of the allocentric 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 never placed their arm across their chest and always 

adopted the solution of using the opposite arm to point in the contrary direction (see 

Figure 3.7d).  

The only condition where the sole transformation involved which arm was used 

was the “arm up” gesture. In this case, doing the contrary in terms of direction would 

mean both the 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” (Figure 3.7e). In this case participants did the contrary by 

changing the arm used, still using the allocentric frame of reference (Figure 3.7f).  

Did any anisotropies emerge? None of the directions considered (right to left vs. 

left to right, in front to behind vs. behind to in front) required transformation in one 

direction more frequently than in the opposite direction. Anisotropies emerged with 

respect to which arm was used (this is probably only due to the fact that we had 
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almost exclusively right-handed participants) and with respect to other characteristics 

of the gestures, even though they concerned aspects that were not very frequently 

focused on and transformed. For instance, a straight arm was more frequently the 

contrary of a bent arm (8.04% vs. 5.04%; z=3.57, p<0.001) 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<0.05). 

 

 

 
Figure 3.7 The model has 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 allocentric frame of reference (b), participants did 

a single transformation of direction, using the same arm (a). In the case where 

simply producing the contrary direction in the allocentric space would imply an 

evident violation of the “shape” of the initial gesture, i.e. placing the arm across the 

chest (as in condition c), participants chose to use the other arm (d) thus maintaining 

the shape of the gesture (from Bianchi & Savardi, 2008a)  

 

Another interesting issue of research in line with this, concerned the condition in 

which the two bodies are not two independent bodies but one body and its reflection 

(Savardi & Bianchi, 2005; Bianchi, Savardi, 2008b). A whole chapter in the present 

volume is devoted to this (chapter 5). Briefly, a detailed analysis of the variations 

which are recognizable in these visual configurations led to the discovery that the 

perception of identity and contrariety in fact characterize direct experience of mirror 

images. The prevalence of one or the other experience depends on the interaction 

between the main directions of asymmetry of the body (or objects) and their position 
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with respect to the mirror. For recognition of both identity and contrariety, the 

allocentric (as compared to egocentric) framework is decisive.  

3.5.2 The perceptual structure of spatial contraries  

If we ask naïve observers to report on their direct spatial experience of an ecological 

environment, what properties will 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 (Bianchi & Savardi, 2008a, ch. 3; Savardi & Bianchi, 

2000; 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 never 

presented with a limited set of stimuli, but 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 could 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). 

As seen in section 3.2, this method also guarantees separation of inter-subjective 

(and thus objective) contents from potential idiosyncratic aspects. Participants were 

first asked to share with the other members of their group as many experiences of 

objects or environments they could focus on when referring to a certain property (e.g.: 

inside) by referring 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 your experience of being 

inside, for example when you are 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 the group tried to reach a commonly agreed 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) produced 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 (for the most part 

adjectives or adverbs) fell into 4 groups: spatial properties concerning shape, amount, 

localization and orientation. An examination of the 74 words revealed that each had 

its contrary within the set; stated differently, the 74 words could be organized into 37 

pairs of contraries (see Table 3.2). 

As we verified in successive informal observations, whatever the ecological scene 

observers are looking at, almost all the features described in this list are actually 

perceived as characteristics of the scenario. You can easily verify this if use the list to 

describe different ecological environments, asking yourself how many of the spatial 
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features listed are present in the scene you are observing. You will discover that most 

of them are in fact present and that they provide a good description of your perceptual 

experience. In particular, you will also notice that you rarely find that one of the two 

contrary properties is present while the other is absent. Usually both properties are 

present, i.e. you perceive height, but also the lower section of the field of view or 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 about referring to ecological 

environments, i.e. ‘stimuli’ as having the articulation that spatial experiences 

normally possess.  

Table 3.2 The list of 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   

 
A psychophysical description of these 37 dimensional structures was then defined. More 

precisely we used what Kubovy (2002) called “Phenomenological psychophysics” (see 

also Burro, 2009, in this volume). 

For each dimension, participants focused on the things that they considered to be 

representative of different gradations of the two contrary properties and on the things 

that they considered to be representative of intermediate states (if present). They were 

asked to take into consideration what we have called qualitative Just Noticeable 

Differences (JNDs) (Bianchi et Savardi, 2008a, ch.3) or experience-bins (Savardi, 

Bianchi, Kubovy, submitted). Both these concepts can be easily understood using the 

following example, as presented to the participants as part of the instructions. 

Take two ants, a large 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 traditional psychophysics we would call the 

JND threshold − you would say that yes, one of the two is bigger than the other. What 

you mean by that is that there is a quantitative difference in size between the two that 

you can perceive. However, if you were asked to answer the question taking into 

account the qualitative differences in size applying to a whole set of objects ranging 

from the smallest thing that you can see (e.g. a grain of sand) to the biggest (e.g. a 

very high, wide wall, almost entirely covering your visual field), then you would 

probably say that the two ants have a similar “qualitative size”. The first noticeable 

qualitative difference in the set of variously small things would most likely be that 

between the size of ants and that of, say, butterflies or nuts. Yet again, one can see a 
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quantitative difference between a butterfly and a nut, but − in terms of the whole set 

of objects ranging from the smallest thing that you can see to the biggest − this 

difference is not qualitatively relevant: they are more or less the same size.  

Since identifying meaningful partitions is closely related to determining, in 

statistics, how to assign continuous data to bins in a histogram, Savardi, Bianchi and 

Kubovy (submitted) have proposed conceptualizing this task in terms of identification 

of experience-bins (in the example above, “size” experience-bins). Each bar of the 

histogram would in this case contain all the gradations of size which are perceived as 

qualitatively similar to each other (e.g. ants, crumbs of bread, little seeds etc. would 

all fall in the first bar); when the variation in size is perceived as qualitatively 

significant, then we step up to another bar (where there might be butterflies or nuts, or 

rings and so on). This is repeated for as many qualitative steps as are necessary, 

depending on what the observer perceives.  

Once the types of differences to focus on had been clarified, participants were then 

asked to give both metric (see 1 and 2 below) and topological (3) descriptions of the 

two opposite properties and of the states perceived as intermediate between the two 

opposite properties (if present). In particular they were asked: 

1. to partition a continuum representing a dimension into two intervals based on the 

symmetry or asymmetry between the number of “bins” for each of the two poles;  

2. to identify a third interval, if present, representing the scope of things that are 

considered as “neither a property nor the opposite property”; 

3. to describe topologically the three components of each dimension in terms of 

bounded or unbounded intervals or points.  

It’s necessary to point out here that the ideas of metric extension, intervals 

(bounded or unbounded) and points − which belong to the domain of geometry − also 

have a clear experiential meaning. In this sense, they are another good example of the 

idea that Bozzi put forward with respect to the basic definitions of point, line and 

figure in Euclidean geometry (see §3.3, point 12). These concepts have their 

phenomenal counterpart in spatial experiences of unique positions (points) − such as, 

for instance, those occupied by the observer − and of extended regions of space 

(intervals) comprising many adjacent but different positions. When an extended 

region of space has sharp boundaries, it is perceived as limited. When the limits are 

not sharply defined, as in the case of an area that fades into nothing or of a surface 

which extends to the horizon, an observer perceptually experiences unboundedness 

(corresponding to unbounded ranges or intervals).  

By combining these metrical and topological sources of information, we obtained 

four basic types of structures: 

1. type I [protoype incomplete-complete]: poles metrically characterized by strong 

asymmetry and separated by a negligible intermediate region. Topologically, the 

shorter pole is a point or a bounded range; the longer pole is an unbounded range; 

the intermediate region is non-existent; 

2. type II [prototype large-small]: poles metrically characterized by moderate 

asymmetry and separated by an intermediate region covering around 1/3 of the 
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dimension. Topologically, the shorter pole is a bounded range, the longer pole an 

unbounded range; the intermediate region is a range; 

3. type III [prototype full-empty]: poles metrically characterized by slight asymmetry 

and separated by an extended intermediate region covering around 2/3 of the 

dimension. Topologically, the poles are usually points or less frequently bounded 

ranges, the intermediate region is a range; 

4. type IV [prototype inside-outside]: poles metrically characterized by minimal 

asymmetry and separated by an almost inexistent intermediate region. 

Topologically, the poles are symmetrically points or bounded or unbounded 

ranges; the intermediate region is reduced to a point. 

3.6 A cognitive theory of contraries  

The analysis developed in this chapter so far has provided enough arguments to 

support the proposal of a new cognitive theory of contrariety. There is a wide range of 

literature devoted to the study of contrariety/opposition, even in contemporary 

sciences. Logical theories have been developed since a very long time ago (see the 

overview and the recent developments presented by Moretti, chapter 2 in this 

volume). 

Many linguistic and psycholinguistic theories on the issue have been suggested, 

focusing in turn on lexical, semantic or pragmatic aspects (Jones, 2002; Cruse, 1986; 

Croft and Cruse, 2004; Lehrer & Lehrer 1982; Paradis & Willners, 2007; Murphy, 

2003; Jones, Paradis, Murphy & Willners, 2007). A theory of complementary pairs 

(namely of the complementary nature inherent in human brains and behavior) based 

on Coordination Dynamics has also been put forward (Kelso & Engstrøm, 2006; 

Engstrøm & Kelso, 2008). A cognitive theory of contraries, however, is still missing 

in this scenario.  

As Savardi and Bianchi have shown by means of systematic explorations of the 

perceptual rules underlying the recognition of contrariety by naïve participants in 

various perceptual domains (visual, acoustical, motor gestures), people have an 

immediate understanding of what contraries are (for an overview, see Bianchi & 

Savardi, 2008a). They can spontaneously see where and how two configurations are 

contrary to each other, as well as being able to see where and how two configurations 

are identical, similar, or different to each other. 

In literature in the field of linguistics it has been emphasized that people have an 

intuitive understanding of whether two words are opposite or not, and if so, whether 

they are “good” or “bad” antonyms (for a recent overview on the issue see Paradis, & 

Willners, submitted; Paradis, Willners, & Jones, submitted). The results from 

perceptual research on contraries reveals that it goes further than this. The ease with 

which people recognizes contrariety between visual configurations, body postures or 

acoustic events suggests that contrariety is a structure that is self-evident in the 

phenomenal aspect of objects, bodies and places, and is somehow linked to the how 

the human perceptual system works. 
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In this chapter, we have shown that:  

1. contrariety can be considered a primal perceptual datum given that it is embedded 

in human direct experience of space, both in terms of people’s experiences of their 

own bodies as part of the spatial environment and in terms of the perceptual shape 

of the environment as it appears from the point of view of the eye;  

2. the perceptual structure of contraries can be formalized in terms of psychophysical 

dimensions, which express in metrical and topological terms the structure of the 

properties perceived as opposite and that of the properties perceived as 

intermediate between the two. Various degrees and types of anisotropy between 

the experiences belonging to the same dimension emerge from these structures. 

If the experience of contrariety is embedded in spatial perception (1), and if 

different types of structures are already manifested there (2), then we can put forward 

as a plausible theory that these structures are the “basic layer” on which the cognition 

of contrariety, in general, is grounded.  

A substantial amount of experimental evidence has been provided in the cognitive 

sciences during the last decade in support of the view that perceptual and motor 

representations play a role in higher cognitive processes such as the understanding of 

language, the comprehension of texts, the formation of abstract concepts, or 

metaphorical imagination (Bersalou & Wiemer-Hastings, 2005; Boroditsky, & 

Ramscar, 2002; Carlson & Kenny, 2005; Gleenberg & Kaschak, 2002; Goldstone, 

Feng & Rogosky, 2005; Pecher, van Dantzig, Zwaan, & Zeelenberg, 2009; Pecher, 

Zeelenberg & Bersalou, 2003; Richter & Zwaan; 2009; Richardson Spivey, Bersalou, 

& McRae, 2003; Stanfield & Zwaan, 2001; Zwaan, & Kaschak, 2009). “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). There are also neuropsychological 

studies which support this view (e.g., Casasanto, 2005; Gallese, & Lakoff, 2005; 

Pulvermüller, 2002; Pulvermüller, Härle, & Hummel, 2000; Willems, Hagoort, & 

Casasanto, 2009). We would like to suggest that this also holds in the case of 

contrariety. The structures of contrariety that are embedded in human embodied 

experiences of space represent a plausible foundation (grounded in perception and 

action) for a new cognitive theory of contrariety.  
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