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0. Abstract 

 
Within the framework of the Cognitive Sciences, the authors propose a shift from the main 

stream of research on opposition which, since the seventies, has focused on the study of 

antonyms as linguistic structures. A new approach which deals with contrariety as a 

perceptual structure has been developed by the authors over the last 10 years. The chapter 

focuses on two aspect of this broad research project, both concerning the putative dimensional 

structure underlying and connecting two contrary extremes (and somehow also implied in the 

model of the square). The first is a description of the internal structure of contrary properties 

in terms of phenomenological psychophysics and the second discusses the issue of whether 

contraries, from a cognitive point of view, lie on a common continuum. 

The proposal is introduced with a presentation of what we consider to be the elements 

which make Aristotle’s analysis of contrariety potentially interesting for cognitive scientists. 

 

 

1. Introduction 

 

The analysis of opposition, which has its roots in classical philosophy and has been 

developed in various logical theories since then (as this book clearly testifies), in the last 

decades has also become an issue for cognitive scientists.  

The main stream of research on opposition has, since the seventies, focused on the study 

of antonyms from the point of view of linguistics, psycholinguistics and semantics. Although 

some authors define ‘antonymy’ as a species of ‘opposition’ (e.g., Cruse, 1986; Lehrer & 

Lehrer, 1982; Lyons, 1977), an increasing number of researchers have shifted their attention 

towards a general phenomenon of opposition, using the term ‘antonym’ as a cover term for all 

kinds of opposites (see, for instance, Jones, 2002; Muehleisen 1997; Willners, 2001; Willners 

& Paradis, 2006). These studies have concentrated, variously, on the lexical, semantic and 

pragmatic aspects of opposition in natural language and considerable efforts have been 

devoted to creating exhaustive classifications. In spite of a great deal of work on this subject, 
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researchers admit that they are still puzzled as to why opposites have a special status in 

human 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, even in early language acquisition (Kagan, 1984; Miller & 

Fellbaum, 1991; Muehleisen, 1997). Cruse (2000, p. 167) and Jones (2002) noted that this 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 is an extremely robust relationship of the mental lexicon, “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 in traditional linguistic and psycholinguistic studies of opposites and this has 

stimulated, within the framework of Cognitive Sciences, fresh approaches reaching beyond 

old classifications towards new questions and new methods of research. 

Kelso and Engstrøm’s (2006) approach, for instance, represents a recent attempt to put 

forward a new theory aimed at explaining the concept of complementary pairs inherent in 

human brains and behavior, based on Coordination Dynamics. Their questions only in part 

overlap with those of other authors in the domain of psycholinguistics or cognitive semantics, 

for example, 1) “Why do human beings routinely divide the 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). The search for answers led them to focus on 

the dynamics of specific mechanisms in the brain, on which contrariety is considered to be 

based. Without going into the details of their proposal, what we want to emphasize is that this 

is a novel perspective on contraries, founded on experimental studies and mathematical 

models with the aim of understanding how and in what circumstances there is a system which 

produces complementary pairs that follow repeatable and predictable dynamic laws.  

In yet another approach to contrariety, the investigation shifted from regarding opposition 

as a linguistic structure to contrariety as a perceptual structure (for an overview, see Bianchi 

& Savardi, 2008a, b; Savardi, 2009; Savardi & Bianchi 2000a). As 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), it was 

found that people have an immediate understanding of the nature of contraries. 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. They can easily “do the opposite” of a gesture, as well as draw a shape which is 

opposite to one presented to them. In literature in the field of psycholinguistics, 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 recognize contrariety between visual configurations, body postures or acoustic events 

suggests that it is a structure that is self-evident in the phenomenal aspect of objects, bodies 

and places, and is somehow linked to how the human perceptual system works. A new 

cognitive theory of contrariety, grounded in perception, has thus been put forward, based on 

evidence that a) people seem to follow specific “rules” when asked to produce the contrary of 

a shape or a gesture, etc. (Bianchi & Savardi, 2008a, pp. 143-152); b) people have a precise 

perception of what is contrary as opposed to what is similar or different – traces of this can be 

found both in phenomenal tasks (for an overview see Bianchi & Savardi, 2008a; see also 

Bianchi & Savardi, 2008c; Savardi, Bianchi & Bertamini, in press) and in change detection 

tasks (see Bracco, Bianchi, Chiorri, Burro & Savardi, 2009); c) the perception of contrariety 

is embedded in human direct experiences of space, both in terms of experiences of one’s own 

body 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 (on this see Savardi & Bianchi, 

2000b; Savardi & Bianchi, 2009; Savardi, Bianchi & Kubovy, submitted). 

 So far we have mentioned three different approaches to the understanding of opposites 

developed within the field of Cognitive Sciences which, despite profound differences, all take 

the hypothesis that contrariety is a central structure for the human cognitive system seriously. 

We will now focus on the third approach, which grounds contrariety in direct perceptual 

experiences. We will introduce our analysis by presenting what is, from our point of view, the 

link connecting our perceptual approach to contrariety with classical (in particular 

Aristotelian) philosophical theories on contraries. We will then focus on the idea of 

dimensions as linear structures underlying two opposites. This is a widespread idea in 

psychological theories and applications (and is interestingly related to ancient models of 

negation as developed along unidimensional continua). We will discuss the idea of 

dimensions in the light of some findings which emerged from our experimental research on 

the issue.  

 

2. From contrariety in the works of Aristotle to contemporary cognitive sciences: what’s 

in it for a psychologist of perception? 

 

The idea that relationships are direct perceptual data filtered into the field of Experimental 

Psychology from Philosophy with the theoretical standpoint of Gestalt Psychologists along 

with the relative experimental evidence. There is an interesting path which leads from 



Aristotle to Brentano and which thus bridges the gap between Aristotle’s way of thinking and 

the phenomenological Psychology which developed in the late 19th century as a result of 

Brentano’s theories (Antonelli, 2003; Mulligan & Smith, 1988; Runggaldier, 1989; Smith, 

1988). We are not going to reconstruct this bridge here. What we are going to briefly make 

reference to are, specifically, the elements which make Aristotle’s analysis of contrariety 

interesting for cognitive scientists, in particular from the point of view of a perceptual 

approach to contrariety. 

Evidence of the idea that contrariety is grounded in perception is as old as the roots of 

philosophical and scientific thought (see Bianchi & Savardi, 2008a, pp. 15-23; Migliori, 

Palpacelli & Bernardini, 2009; Savardi & Bianchi, 1996). The relevance of contrariety in 

perceptual experiences was already clearly recognized by pre-Socratic philosophers. It is 

certain that Aristotle, while discussing the basic role of contrariety in logic (see the square of 

opposition), at the same time (particularly in the Categories) put forward a proposal for 

taxonomy in which contrariety appears as the key relationship organizing any phenomenal 

type of variation. 

Before going on, it’s worth noting that the fact that we can analyze ideas originating a 

hundred or a thousand years ago and regard them as useful for the understanding of human 

perception and cognition should not arouse suspicion or cause wonder “unless one assumes 

that the world of direct perception (of colors, sounds, shapes, or motion) has radically 

changed over the course of the years. The hypothesis 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 been re-described in 

contemporary psychology is not something new (see, for instance, Bozzi, 1990; Gregory, 

2000; Pittinger, 1989; Ross, 2000; Wade, 1998).  

The Categories, in this sense, make a very interesting reading for psychologists who want 

to understand the cognitive rules of natural classification processes (as discussed in Savardi & 

Bianchi, 1996). In fact, the Aristotelian system of classification is not very different from the 

feature-based methods of classification developed more then two thousand years later in 

experimental Psychology (e.g. Jolicoeur, Gluck & Kosslyn, 1984; Rosch, 1975; Rosch & 

Mervis, 1975; Tversky, 1977). What is still fresh in Aristotle’s system and particularly 

relevant for our discourse here is his way of dealing with variations (or what in the 

terminology of many cognitive models are called distinctive features). He proposed that every 

change is between contraries (Cat. 5,4a 30ss; 10, 12b, 19-21) and indeed he brought every 



type of non-identity present on 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 

once again referred to the idea of contrariety. This is consistent with the definition of 

contrariety that he gave. 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 an extreme degree or intensity of the variation and difference means a 

special kind of variation. In effect, Aristotle 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., X (I), 3, 1054b 23-26). Using a language more 

familiar to cognitive scientists, we could translate this distinction between difference and 

diversity in terms of unidimensional versus multidimensional variations. By considering 

contrariety as the maximum variation within a dimension (i.e the maximum difference) and 

defining diversity in terms of the sum of differences (i.e. the sum of contrarieties in many 

dimensions), contrariety forms the basis of both diversity and difference. Moreover, by 

regarding intermediates in terms of contrariety (Metaph. I, 7), even minor variations from a 

particular quality lead back to the idea of contrariety.  

To cut a long story short, at least two basic aspects of Aristotle’s analysis of contrariety 

are interesting for cognitive psychologists in this context. Firstly, in his taxonomic system, the 

relationship of contrariety, defined as maximum difference within the genre, works as a 

‘reagent’ in the process of perceptual discrimination between non-identical facts and, at the 

same time, as a cognitive ‘binder’ in the organization of taxonomy. Second, by specifying 

that every variation is between contraries, the whole set of possible variations between two 

objects (not only maximum differences) is related. Aristotle’s system suggests 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.  

In a previous work (Bianchi, Bressanelli, Nucci & Savardi, 2003), we proposed that a 

stimulating experiment might be that of replacing the construct of distinctive features, as put 

forward by Tversky in his contrast model (1977), with that of contrary features, as derived 

from Aristotle.  

Here we will focus a) on the idea that contraries are characterized by the fact that they 

admit intermediates and b) on the idea of unidimensionality as related to the definition of 

contraries as maximum differences along a single dimension (and not as maximum diversity). 



Interestingly, this latter idea is in agreement with the default idea of dimensions which is 

widely used nowadays in the Cognitive Sciences, as being the area comprised between two 

opposite endpoints. This obviously is also related to the geometrical definition of the 4 sides 

of a square, each connecting two vertices. Our task here will be to present some experimental 

developments on the structure of dimensions, based on evidence from our experimental work 

on the perception of contraries, which shows that a great deal of experimental research is still 

needed to clarify the psychological nature of dimensions.  

 

 

3. Contraries and dimensions 

 

The idea that two contrary properties lie on the same continuum is taken for granted in 

many fields of psychological research or practice. Among the methods which have been 

widely used is the semantic differential method (Osgood, Suci & Tannenbaum, 1957). People 

are asked to rate the qualities of a stimulus using bipolar scales identified by opposite 

adjectives placed at the two extremes of each scale. These are divided by a midpoint (zero 

value) on the left and right of which are two sub-sections expressing the gradations of one or 

the opposite property. The structure of the Lickert scales is also usually presented with verbal 

labels expressing gradual contrariety: “totally in agreement”, “in agreement”, “uncertain”, “in 

disagreement”, “totally in disagreement”. These are conceived as consecutive, cumulative 

steps in a single additive dimension. In the case of Kelly’s Theory of Personal Constructs too 

and the corresponding Repertory Grid interview technique (Kelly, 1955; Jankowicz, 2003) - 

which over the last 40 years has been applied in various areas of psychological assessment 

and research - constructs are by definition bipolar and scalar. 

The fact that so many methods assume the unidimensionality of opposites is not surprising 

if one takes into account that the idea that opposites lie on unidimensional underlying 

continua has been undisputed in the literature on semantic or linguistic theories of opposites 

since the early seventies. This was, for example, the basis of the concept of markedness 

(Clark, 1973). According to this concept, dimensions are generated by the unmarked pole of 

each pair. Gradations of these unmarked poles are in fact expected to potentially cover all the 

variations of a given property, thus giving rise to a unidimensional counterpart of the pair. For 

example, in the pair high-low, high is the unmarked pole and height is the corresponding 

dimension. In spite of the difficulties encountered by researchers when operationalizing the 

concept of markedness (for an overview see Haspelmath, 2006), the presupposition of an 

implicit unidimensional continuum corresponding to the two opposite poles has persisted as a 

kind of default assumption. 

This is curious since – as we stated in the introduction to this paper – linguists and 



psycholinguists have spent a great deal of time trying to account for the differences between 

the various different types of opposites: complementary opposites, gradable opposite, 

reversive opposites, directional opposites, direct opposites, indirect opposites, near opposites, 

good opposites, etc. (Croft & Cruse, 2004; Cruse, 1986, 2000; Fellbaum, 1995; Jones, 2002; 

Lyons, 1977; Muehleisen, 1997; Murphy, 2003; Paradis, 1997, 2001; Willners, 2001). But the 

fact that there are various types of opposites has not caused researchers to wonder whether 

this might imply or indicate varying structures related to the supposed corresponding 

dimensional continua. Thus, an acknowledgment of the existence of linguistically and 

psychologically differing species of opposites (and the efforts made to provide an exhaustive 

classification) has coexisted with the assumption that “antonyms name opposite sections of a 

single scale” (Lehrer & Lehrer, 1982, p. 484; see also Cruse, 1986; Kennedy & McNally, 

2005). 

Another important area in Cognitive Sciences where references to dimensions are central 

concerns research on conceptual spaces. Gärdenfors (2000, 2004, 2007), for example, 

maintains that a conceptual space can be defined as a collection of one or more quality 

dimensions. “The coordinates of a point within a conceptual space represent particular 

instances of each dimension, for example, a particular temperature, a particular weight, and so 

forth.” (Gärdenfors, 2000, p. 6). Dimensions form the framework used to assign properties to 

objects and to specify the similarity relationships between them. The interpretation of 

dimension that Gärdenfors has in mind is certainly psychological, or phenomenal as he also 

calls it (2000, p. 8; 2004, p. 14), and in this sense their structure “should be determined by 

psychophysical measurements that determine how our concepts are represented” (2007, p. 

169).  

One of the questions that Gärdenfors did not address directly is whether the shape of 

dimensions has to be modeled as bipolar or otherwise. Miller (1996, p. 193) is clearer on this 

issue. When modeling the psychological shape of dimensions, he tries to account for a 

unidimensional definition of dimensions (e.g. he talks of the size and the height of a cup) and, 

at the same time, for a direct experience of bipolarity in the perception of qualities: “the N 

attributes of a given referent define an abstract N-dimensional space (a hyperspace); any 

particular instance can be thought of as a point in that space, its location given by its value on 

each dimension. (…). The size (...) of the cup, for example, can be large or small (modifiers), 

its height (...) can be tall or short (modifiers), and so on. Each modifier specifies the position 

of a referent along a particular dimension; the full set of modifiers specifies a particular 

location in the N-dimensional space; differences between referents are given by their different 

locations in that space”. 

Gärdenfors (2000; 2007) seems to admit that dimensions might be bipolar, as well as 

admitting that some structures of dimensions are ordinal and others topological. Two of the 



examples of dimensions that he refers to, pitch (defined by low and high tones) and 

brightness (defined by two endpoints, black and white), are of this kind. But from his point of 

view, this remains a local solution which covers some individual quality dimensions but is not 

a general solution.  

This is therefore the first question that remains open and needs to be addressed when 

studying the perceptual structure of dimensions: i.e. is there perceptual evidence that long and 

short, or large and small, or full and empty, etc. map inverse orderings of a common 

underlying continuum? 

Another question that needs to be addressed concerns the internal structure of dimensions, 

as defined based on the nature of the three relative components: the two opposite poles and 

the intermediates. We will start from this last point and then move back to the first.  

 

 

4. The internal perceptual structure of dimensions 

 

In linguistics the question of the internal structure of dimensions has been studied taking 

into account the possibility of applying certain and not other lexical degree modifiers to the 

two opposite adjectives (on this, see for instance Kennedy & McNally, 2005; Paradis, 1997, 

2000a, 2000b, 2001). For example, graded adjectives do not admit the application of 

modifiers such as ‘completely’ (e.g. completely wide or completely narrow are infelicitous) 

while they admit scaling degree modifiers such as ‘very’ or ‘fairly’ (e.g. very wide or fairly 

wide). On the other hand, adjectives expressing a notion of ‘either-or’ can combine with 

absolute modifiers (e.g. totally dead or almost dead). 

A radically new approach to the study of this issue was presented by Savardi and Bianchi 

in 2003 and defined by Kubovy (in The MIT Encyclopedia of the Cognitive Sciences, 2002) 

as a clear example of what “Phenomenological Psychophysics” is meant to be. Our methods, 

in fact, fit in with the definition of phenomenological psychophysics formulated by Kubovy 

and Gepshtein (2003, p. 45) “…our methods are phenomenological; they rely on the reports 

of observers about their phenomenal experiences. They also are psychophysical: they involve 

systematic exploration of stimulus spaces and quantitative representation of perceptual 

responses to variations in stimulus parameters.”  

 In the study we are going to refer to, an analysis of 37 basic spatial dimensions (e.g. 

large-small, obtuse-acute, vertical-horizontal, far-near, full-empty, etc…,) was carried out. 

This analysis aimed to define the perceptual internal structure of each dimension by exploring 

the characteristics of the objects that are perceived as being situated at one or the other pole 

and those of objects that are perceived as being at neither one pole nor the other (intermediate 

properties). Different structures were thus defined, based on 3 aspects: the metric 



asymmetry/symmetry of the two poles; the metric extension and anisotropy of intermediates; 

and the qualitative structure of the poles and intermediates (i.e. whether they consist of one or 

more qualitatively different states).  

In the following pages, we will briefly explain the methods used and the results found. 

 

4.1. Two tasks 

 The studies (Savardi & Bianchi 2003; Bianchi & Savardi, 2008a, pp. 59-77; Savardi, 

Bianchi & Kubovy, submitted) were conducted on a set of pairs of contrary properties 

obtained from responses collected in the first phase of the research. We hypothesized that 

these spatial pairs would correspond to perceptually defined dimensions, which could be 

described based on the range of perceivable gradations of two opposite properties (e.g. small 

as opposed to large) and of their intermediates, if any (e.g. objects or places that are neither 

small nor large). Each dimension was thus described in terms of the characteristics of each 

pole and of the instances that are perceived as intermediates. It is important to note that the 

present definition of a dimension is in perceptual terms, independently of the existence of 

correspondent linguistic terms.  

Given that the aim of the study was to come up with a general description of the structures 

of these dimensions, the analysis needed to focus on a broad set of spatial experiences. For 

this reason, in all phases of the research, participants were not presented with a limited set of 

stimuli, but were asked to focus on as many different spatial experiences concerning day to 

day life as they could. In order to avoid variability in the results due to the fact that 

participants could refer to different ‘samples’, the research was performed using inter-

observational groups of 3 people. Thus, participants first shared within the group their 

experiences of the objects or environments they were focusing on and then agreed on a 

common description. The major assumption underlying this methodological choice was the 

inter-subjectivity and inter-observability of phenomenological experiences (Husserl, 

1931/1967; Köhler, 1929/1947). This assumption is accepted as part of the methodology of 

investigation of perceptual experiences as developed within the field of experimental 

phenomenology (see Bozzi, 1978; Bozzi & Martinuzzi, 1989; Kubovy, 1999, 2002; Savardi 

& Bianchi, 2008). 

Two tasks were considered, from which a quantitative and qualitative description of the 

phenomenological structure of the dimensions emerged. 

Task 1) Quantitative description. Participants were presented with scales of gradation (see 

Fig. 1) and told that the space between the two poles represented the total possible range of 

experiences (e.g. all possible visual experiences of, for instance, small or large or anything in 

between). They were first asked to mark on the top bar the boundary that separates small from 

large, i.e. the proportion that is perceived as expressing gradations of small and the 



proportion perceived as expressing gradations of large. They were then asked to mark on the 

lower bar the range of things that were neither small nor large, and to position this area in 

relation 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.  

The participants’ responses were analyzed by computing: 

1. (on the lower bar) the proportion of the dimension covered by the intermediate region, 

and the proportion of dimension covered by more polarized properties. This proportion was 

used as a measure of the degree of polarization characterizing each dimension; 

2. (on the top bar) the proportion of the dimension covered by pole A and pole B. This 

proportion was used as a measure of the symmetry/asymmetry of the dimension in relation to 

the two poles. 

 

 
Figure 1. Example of the table used in Task 1. The thicker lines simulate participants’ responses. 

  

Task 2) Qualitative description. The second task was designed to integrate results from 

Task 1 (concerning the proportional metric extensions of the three components) with data 

regarding quality. For instance, while a door can be open to various different degrees, when it 

is perceived as closed, there is only one possibility.  

Participants were asked to make the following distinctions: 

- for poles, the distinction between single experiences and ranges of experiences and, in 

the latter case, between bounded and unbounded ranges of experiences. This further 

distinction is between ranges having a ‘final state’, showing the property at the maximum 

possible degree (e.g. a wide open door) and those where this final state is not identifiable (e.g. 

different heights of a building, where any of these heights may appear to be the maximum 

possible height);  

- for intermediate stages, the distinction between the existence or non-existence of 

properties which are neither one pole nor the other. If these properties were considered to 

exist, participants were then asked to distinguish between intermediates referring to ranges of 

experiences (even very limited ranges) or to a single experience. This further distinction 

aimed to identify which of the intermediate areas described in Task 1 were to be considered 

as cases of a first or second ‘type’ of intermediacy. These two types were proposed (Savardi 

& Bianchi, 2000a) in order to distinguish between two different conditions of intermediacy. 

The first type refers to those conditions where the property does not belong to either of the 

two poles (for instance tepid is neither an experience of cold, nor an experience of hot). The 

second refers to a condition where the intermediate state belongs to one of the two poles (i.e. 



something that is not closed is experienced as being open, but is also perceived as being in a 

state similar to closed). 

 

4.2. Results 

By combining the data from research on the three components, various structures of 

dimensions were derived (see Fig. 2). Whether the six structures found for spatial contraries 

can be extended to other perceptual domains is to be verified through further empirical work. 

The description of these structures in terms of fuzzy functions is a possible way of enriching 

the qualitative description of the three components using data on their quantitative extension. 

The curves serve, in fact, to define the perceptual structure of the spatial dimensions 

analyzed, with respect to four criteria: 1) the symmetry/asymmetry of the poles; 2) the degree 

of polarization; 3) the isotropy/anisotropy of the intermediates; 4) the shape of the three 

components. 

If we compare, for instance, the structure high-low (Fig. 2, top left) with the structure 

open-closed (Fig. 2, top right), we notice that the two dimensions share an asymmetrical 

structure, even though the latter is more asymmetrical. The intermediate region is less 

extended in the latter and almost entirely overlaps the curve of open (that is, a door which is 

ajar is perceived as being already open). For high-low the state of being neither high nor low 

is mainly perceived as being a form of height, but is sometimes perceived as low. The 

structure for full-empty is very different. It is again asymmetrical, but with the intermediate 

region covering more than half of the entire extension of the dimension. Supported-

unsupported offers an example of an opposite structure: very symmetrical, without an 

intermediate region. 

There were three main findings regarding the set of dimensions analyzed (37 in total) that 

we would like to emphasize: 

a) The spatial dimensions showed highly polarized structures. Even though different 

degrees of polarization were found, in only 5 dimensions was the proportion of the dimension 

relative to the experiences perceived as gradations of the two poles found to be less extended 

than that found relative to properties identified as ‘neither one pole, nor the other’. It would 

be interesting if further research revealed that a high degree of polarization is not only typical 

in spatial dimensions but is a general condition of perceptual experiences in various domains. 

This would confirm the hypothesis that opposition has a basic role in structuring the direct 

experience of variations. If perceptual experience is fundamentally based on properties 

characterized in terms of one pole or another, then the recognition of opposition between 

objects, properties or different aspects of the environment becomes a common condition.  

 



 
 
Fig. 2 – Fuzzy functions of ‘high-low’, ‘open-closed’, ‘supported-unsupported’, 'above-below', and 'full-

empty' based on the three components: pole A, pole B, intermediates.  

The shape of each function (in the y axis, reaching 1 or close to 1) represents, for the two poles, the 

characteristic of being single properties, bounded ranges or unbounded ranges; for the intermediate component, the 

characteristic of being intermediates of the ‘first type’ or of the ‘second type’. The extension of each curve in the x 

axis expresses the proportion of the dimension covered by each component. 

 

b) intermediates were found to be a well-defined component. The study demonstrated that 

they can be highly accurately defined, both in terms of their extension and their proximity to 

the two poles. Results from Task 2 added a qualitative description of their nature as a single 

property or range of properties. In addition to the finding that intermediates seem to have a 

generalized anisotropic structure, it is also interesting to note that the isotropy/anisotropy of 

the intermediates was found to be not simply in correspondence with the 

asymmetry/symmetry of the dimension. This confirms that these two measurements express 

two different aspects of the structure within the dimensions. The relationship between the two 

provides an interesting point for further investigation. It would also be interesting to establish 



a relationship between the structural features of intermediates (i.e. various different 

proportions, a ‘first’ or ‘second’ type of intermediacy, singular states or ranges of states, 

isotropic or anisotropic structures) and the existence, in everyday language, of specific terms 

to refer to them. 

c) Results revealed the dimensions analyzed to be variously but in any case generally 

asymmetrical. This generalized asymmetry is in contrast with the symmetry that statistical 

methods based on scales of opposites generally assume – e.g. the semantic differential 

method (Osgood, Suci & Tannenbaum, 1957) or the Likert scales (1932). 

 

 

5.  The failure of unidimensionality of opposites 

 

In another research we are going to present here (Burro, Savardi & Bianchi, 2008; Savardi, 

Bianchi & Burro, 2009; Savardi, Bianchi & Burro, submitted), we used a metrical 

measurement method based on the direct perception of the presence of certain properties in 

various concrete objects in order to examine whether high-low, wide-narrow, long-short, 

large-small, would emerge as unidimensional scales (Luce, Krantz, Suppes & Tversky, 

1990). 

We decided to use the Extended Logistic Model (ELM, 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. Participants were asked to rate 

the extent to which the target properties were present in each of the objects presented. The 

ELM calculates two indices (expressed in logit) on the same continuum: a β value indicating 

the discriminative ability of the participants, and a δ value which represents, in this specific 

case, how easy or difficult it is to perceive a specific spatial characteristic in a particular 

object (Andrich, 1978a, 1978b, 1988). Bond (2001) proposed a procedure that starts from the 

δ-logit values – e.g., for long and short – and converts them into their opposites. The degree 

to which these values approach the y=x identity function can then be estimated. When they 

significantly approximate the identity function, we can conclude that the two scales measure 

the same quality and lie at opposite poles of the same dimension; when they significantly 

deviate from the identity function beyond a specific confidence interval, we can conclude that 

the two opposite scales measure different qualities.  

In two different phases, participants were shown 24 drawings of objects (grey scale, 6 x 5 

cm), used as ‘evokers’ of real objects. The task required participants to attribute a score 

expressing the extent to which the property analyzed (e.g. high, low, large, small, wide, 

narrow…) was present in each object. 

Various metrical scales were obtained from the ratings given by participants, each scale 



relative to one of the properties. These expressed the participant’s ability to capture a given 

spatial characteristic and the degree to which an object itself was good at expressing that 

property. For purposes of comparison, Bond’s procedure (described above) was applied to the 

two scales referring to the various pairs of opposite.  

As shown in the graphs (Figure 3), no relationship of identity was found for the contraries 

examined: each of the linear functions calculated and shown in the figure fell outside the 

critical range (in Figure 3 the area lying between the hatched lines) - i.e., outside the area of 

an acceptable 95% probability that the two scales compared measure the same quality.  

 

 
Figure 3 - The relationship between high/low, large/small, long/short and wide/narrow (in δi  logit), according 

to the results of the study. In each graph the area between the broken lines represents the area where the hypothesis 

that the two scales measure the same characteristic is accepted (95% confidence band). 

 

For other dimensions, such as vertical-horizontal, the possibility of using the term 

unidimensionality is even more problematic. In this case there is a quite large subset of 

stimuli (almost half of the set of stimuli presented) in which participants could not recognize 

either vertical or horizontal (these were the stimuli in which a bar was tilted by around 30° to 

70°). The domain of the two properties is thus completely disjointed and there is a big gap in 

between the areas of application of the two opposite properties. This is hardly compatible 

with the idea of an underlying continuum. 

A difficulty arose also for pairs such as open-closed, where there is a small area of overlap 



between the domains of application of these two opposite qualities and in most cases 

participants perceived either one or the other property – thus again excluding the idea that the 

two opposites correspond to inverse measurements of the same characteristic.  

In conclusion, these results show that there are more or less extended gaps in the supposed 

common continuum underlying the two opposite properties and that, for the stimuli where an 

overlap of the two ratings is in fact present (as for those shown in Figure 3), this does not 

correspond to inverse degrees of the same characteristic.  

What might be the cause of this lack of unidimensionality? 

Participants estimated to what extent a given object appeared to them to be, for example, 

high or low, or large or small. They did not simply quantify the metric distance between the 

final endpoints of the objects along the gravitational axis (in the case of high) or the angular 

distance from the vertical axes (in the case of low). In fact, the order of the 24 objects within 

each pair of opposite scales reveals that frequently they do not fit in with what was to be 

expected in physical terms. For instance, it appeared to be more difficult to perceive the 

property high in the slide than in a pair of scissors or a pipe. It is of course evident that a slide 

is physically much higher than the pair of scissors or the pipe. However, our results 

demonstrated that perceptually, it is the most difficult stimulus in terms of showing the 

property of being high. When considering the inverse ratings of low, the slide was ranked 

between the washbasin and the car (and their ratings indicate that they are not stimuli where it 

is easy to perceive the property low), while the pipe, the binoculars and the scissors are at the 

other end of the scale with ratings that indicate that they are stimuli where it is easy to 

perceive the property low.  

These results suggest that participants referred to the global perceptual aspect of the 

objects. If, perceptually, properties have a multi-dimensional nature, objects might differ 

significantly in terms of being good at showing a certain property, not because of, for 

example, their physical height but because a cluster of properties is present in one object as 

compared to another and this emphasizes the salience of “being high”.  

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 (similar to), incongruent 

(contrary to) or independent as compared to each of the other 73 properties (Savardi & 

Bianchi, 2000a, pp. 103-119; Bianchi & Savardi, 2008a, pp.85-93). 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 numbers of instances confirming the hypothesis of an N-

dimensional characterization of properties. 

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. Second, incongruences (contrarieties) were recognized non only 

intra-pair but also when properties belonging to other contrary pairs were compared. Figure 4 

shows, for example, the network of properties that are incongruent to in front. The length of 

the broken lines in the figure is directly proportional to the average degree of incongruence 

described. As one can see, in front is maximally incongruent to behind, but there is a quite 

rich array of other incongruences as indicated by 90% of the participants. 

 

 
Fig. 4 - Properties described as incongruent to in front by at least 90% of the participants. The length of the 

broken lines is directly proportional to the average degree of incongruity. 

 

This is a first step towards the idea of an ‘N-dimensional’ rather than simply 

unidimensional space of contraries. Another aspect leading to the same conclusion is 

suggested by the network of congruent properties ‘blooming’ around the basic contrary pair. 

Consider, for example the two contraries in front and behind and the properties described as 

congruent to each of them (see Fig. 5, the continuous lines). As one can see, there are a 

certain number of properties described as being congruent to one of the two poles but not the 

other and a certain number of properties which are congruent to both the poles (in Fig. 5, the 

latter 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.  

However, a second field of rays is immediately created and this is represented by the 

broken lines. If you follow the broken lines, you notice that in front and behind are not linked 

to each other by only one relationship of contrariety (the one 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. 

We are inclined to think that the articulated phenomenal nature of each property might be one 

of the principal causes of the lack of direct correspondence between opposite ratings and thus 

of the lack of unidimensionality discussed so far.  



 
Fig. 5 - The N-dimensional space of contrary properties for the dimension in front-behind. The continuous 

lines represent the spatial properties described as congruent to behind and in front, respectively. The broken lines 

represent the N-dimensional network of contraries radiating out from the basic pair in front- behind. 

 

 

6. Conclusion 

 

The square of opposites is the epitome of human interest for the understanding of the 

logical structures of opposition. Our aim has been to point out that there is also a 

corresponding desire in the field of Cognitive Sciences to understand the cognitive structures 

underlying the recognition of opposition. We have also shown that this second stream of 

research can be grounded in a series of intuitions expressed by Aristotle, first and foremost in 

the definition of contrariety as particular species of opposition. Our purpose was to look at 

potential contributions from the field of experimental psychology in terms of identifying the 

perceptual structures which human direct experience of contrariety is grounded on. From our 

point of view, limiting an analysis of contrariety to the boundaries of language means basing 

that analysis on a false assumption, i.e. that contrariety is a linguistic relationship, existing 

between words rather than a directly perceived relationship existing between properties, 

objects or parts of objects. In general, the need to ground language in perception, or – more 

generally – of grounding cognition in perception and action has been recently stated (for an 

overview see Pecher & Zwaan, 2005) with respect to other cognitive functions and processes 

(situating abstract concepts, embodiment in metaphorical imagination, embodied sentence 

comprehension). In a sense, our experimental research project investigating contrariety in 

terms of perceptual experience can be considered an independent project carried out within 

the tradition of experimental phenomenology. It however shifts the plane of analysis in the 



same direction: from language to the perceptual structure of contrariety. 

In this chapter, the implications of this new view of contrariety have been discussed with 

special reference to the operationalization of the psychological concept of dimension 

(showing the contribution that this kind of investigation can make), as well as to the 

definition of the internal structure of contraries and their unidimensionality or non- 

unidimensionality. 
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