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Preface 

 

 Motivations 

 The present work was begun during my stay in a laboratory specialized in perceptual 

robotics viz. in creating robotic systems for the haptic interaction with real, distant and 

virtual environments and in intersensory devices for virtual and mixed reality (PERCRO 

Laboratory Ð Scuola Superiore SantÕAnna, in Pontedera, Pisa).  The collaboration was 

very rich and fruitful, the idea being that I would learn from the know-how embedded in 

the construction of the machines in use at PERCRO and I would contribute to theoretical 

knowledge about perception, in particular haptic and intersensory perception. In a 

triangulation of opinions between me, the director of PERCRO Massimo Bergamasco 

and Guglielmo Tamburrini, the co-director of the present thesis from the Dipartimento di 

Filosofia of Pisa, it was decided to begin research on different forms of illusion that 

concern the touch modality; in particular those aspects of the touch modality that could 

be of interest for haptic and intersensory devices, that is, illusions of touch in dynamic 

and/or intersensory conditions rather than tactile or cutaneous illusions.  

 The haptic and intersensory devices developed at PERCRO are in fact complex 

systems that allow the user to actively interact with virtual or distant objects. The haptic 

interaction is based on a force-feedback system: in response to the muscular effort 

deployed in order to tactually explore the object, the user receives back a certain 

resistance, a force which is related to the desired shape, elasticity or rigidity and texture 

of the object. The response is exerted at different points of the body of the user, 

depending on the particular structure of the force-feedback system: one or more fingers 
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or even different points of the entire arm and hand system. The haptic sensation is 

normally coordinated with a visual stimulation which can be more or less immersive 

(from the traditional video monitor to cave systems where the user is totally immersed). 

 The simple contact with such devices raises some questions about the functioning of 

perception.  The correct development of the amazing hardware and software devices I 

have seen in action at PERCRO requires, in addition to vast knowledge in robotics and 

computer science, a detailed knowledge about the functioning of perception. This 

knowledge about perception exists in part in the specialized literature on the psychology, 

psychophysiology, neurophysiology and physiology of touch and of the sensory organ; in 

part new knowledge can be gained by the use of these same machines by proving the 

perceptual capacities and the perceptual responses of the users in different stimulation 

contexts.  

 Some of the most important questions about the functioning of perception raised by 

haptic and multisensory devices concern the stimuli the tactile sense is sensitive to, the 

way a tactile object is constructed starting from force-feedback stimuli, the way the 

stimuli from different fingers are combined into a unitary, coherent percept, the way the 

stimuli from different sensory modalities such as haptic touch, vision and audition are 

combined into a multisensory coherent percept, the role of the action of the user in 

perception.  

 But other fundamental questions were posed to me by the researchers at PERCRO at 

each time we discussed perceptual issues and my work on illusions: what are illusions, 

what they do reveal about perception, is there a unified vision of perception? These 

questions became more and more impelling when a larger collaboration started which 
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gave rise to a European Network of Excellence dedicated to the development of special 

interfaces based on the action and perception of the user (these are called Ôenactive 

interfacesÕ and the network has been named Enactive Network). The network is 

comprised of researchers from widely varying disciplines, from robotics to psychology to 

philosophy (with the participation of the Institut Nicod). The idea is to combine the 

knowledge about the psychology and psychophysiology of perception with the 

technological competences that are necessary in order to create a new class of human-

computer interfaces based on the principles of action and perception. In particular, 

different schools the domain of Psychology are represented, such as the ecological 

approach, the sensorimotor approach and the mainstream indirect, inferential perception 

approaches. According to the differences in the approaches to perception different 

opinions have been expressed about the different questions I have named before, 

including the nature of illusions and their role in the context of a psychological theory of 

perception.  

 Regarding the pragmatic needs expressed by the experts in the technological domain 

(the need for indications about the best way for designing interfaces based on action and 

perception) new difficulties arose from the differences in the approaches to perception. In 

some way, the experts in technology asked for some accord in order to proceed 

successfully. 

 A difficulty arose, for instance, in connection with the notion of illusion: the 

representatives of the ecological approach strongly objected to the notion of illusion, the 

sensorimotor theorists insisted on the redundancy of taking recourse to internal 
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representations and other concepts that were used by the mainstream approach in order to 

characterize illusions.   

 

 Methodology 

 The aim of the present work is not to describe the nature and causes of illusions, but 

to provide a neutral characterization of the notion of illusion based on the structural 

features of illusory phenomena.  

 The methodology that I have adopted can be characterized as bottom up one: I start 

with the description of the controversy centering on with the most widely studied haptic 

illusion, the Size-Weight Illusion. The analysis of the terms of the controversy helps 

show that illusory phenomena are widely exploited in order to investigate the functioning 

of perception; disaccord arises when the causes of illusions and the nature of illusory 

phenomena are sought to be explained.  

 The text proceeds by the extraction of the common characteristics of illusory 

phenomena, so as to provide a neutral characterization of the notion of illusion based on 

the external and behavioral characteristics of illusory phenomena.  

 Through the description of other illusions (proprioceptive illusions provoked by 

muscle vibration, AristotleÕs illusion, VivianiÕs illusions, some intersensory illusions and 

conflicts) I have introduced some other considerations about illusions; these 

considerations concern the heuristic role of the study of illusions for the understanding of 

perception and cognition and the role that illusions might play in human cognitive 

functioning, both at the adaptive and epistemological level.  
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 The illusions I have chosen to describe issue from the haptic, dynamic and kinesthetic 

touch modality.  

 My research at the PERCRO laboratory and the the collaborations and discussions 

with the people there working on haptic interfaces have certainly constituted a guide for 

my researches in this sense.  

 My choice of the touch modality in dynamic conditions is motivated by the fact that 

the illusions illustrated are particularly relevant in the context of the controversy between 

indirect and direct (ecological and sensorimotor) approaches to perception about the 

notion illusion.  

 

 Ecological and sensorimotor approaches reproach the indirect approaches for 

focusing their attention on static phenomena that do not represent the natural, ecological 

conditions in which perception happens, that is, of hiding the dynamic reality of 

perception in their experimental settings. All the illusions I have illustrated present this 

dynamic character, in that they involve the issue of perception determined by movement 

and the issue of the perception of movement. Thus I have not introduced all the illusions 

related to the touch modality that are described in the psychological and technical 

(robotics, for instance) literature.  

 

 Another objection frequently raised by sensorimotor theorists and ecologists against 

the mainstream view is that in the mainstream approach perception is studied in isolation 

from the sensory modalities, while perception in normal conditions (outside the 
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experimental settings of laboratories) is largely multisensory. I have thus chosen to 

illustrate the case of intersensory illusions where the haptic modality is involved. 

 

 Results 

 This is the background of the present thesis.  

 On the basis of the existing literature, both on the side of the mainstream and on the 

side of the ecological studies about haptic perception, I was inclined to consider illusory 

phenomena as powerful instruments for investigating the processes of perception. I 

noticed in fact that in the ecological approach to perception (the approach which is most 

critical toward the notion of illusion) illusory phenomena are employed in order to set up 

suitable experiments for investigating the specific quantities to which the haptic system is 

sensitive. The Size-Weight Illusion is an illustration of this fact. Nevertheless, ecologists 

refuse to call ÔillusionsÕ the phenomena they employ for their experiments and they 

discard the notion of illusion. 

 It could be suggested that the controversy about i llusions can be reduced to a purely 

terminological debate to the extent that the ecological approach makes use of illusions 

without calling them by that name.   

 However, I do not subscribe to such a description of the controversy. The ecologistsÕ 

rejection concerns the very notion of error and is not the simple avoidance of a term.  

  What is unacceptable with the notion of error and illusion, both for the ecological and 

the sensorimotor approach, is the idea of a failure during an inferential process based on 
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internal representations and symbolic knowledge (an idea introduced by the indirect 

inferential approach to perception).  

 

 What I propose to do is to consider illusions from a pragmatic point of view and to 

provide a characterization of illusory phenomena which is immanent to the structure of 

the illusory experience, with no recourse to the notion of inferential process or other 

notions that are connected to specific theoretical approaches. This operation is possible 

because illusory phenomena do present some specific features which are not all together 

present in other perceptual phenomena, such as normal, non-illusory perception or even 

other types of errors in perception.  

 

 The first of the specific characteristics of illusory experiences is represented by the 

fact that an illusory experience can always be recognized as being non-veridical by the 

subject who experiences it, or at least by the fact that the illusory phenomena make the 

subject alert to the possibility of there being some error in his actual experience or in his 

past beliefs. The awareness of the presence of an error is an epistemic state which is 

made possible for the subject by the recognition of the presence of a violation of 

coherence between two or more of his experiences. There is no necessity for the subject 

to step out from the experiential course.  The notion of error is thus assumed as a 

primitive notion and it is not defined but only characterized in terms of coherence and 

violation of coherence, since it is the presence of a violation of coherence (of a 

discrepancy) that indicates the presence of an error. The notion of error is not 

characterized in terms of the causes of the error or of the nature of the error: it is not 
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committed with the indirect inferential approach to perception, and so it is not the notion 

of illusion.  

 

 A second characteristic of illusory phenomena which is widely recognized is 

represented by the robustness of illusions, both in the sense that illusions resist 

knowledge and in the sense that illusions are experienced systematically by the same 

subject in the same conditions and by different subjects. These are important 

characteristics that are not present in all types of errors that can be committed in 

perception.  

 

 As a third characteristic I have individuated the reaction of surprise which is 

provoked by the discovery that an error has been committed. Even if this characteristic is 

common to the discovery of many errors, it is a specificity of illusory phenomena that the 

subject can be surprised each time he experiences and re-experiences the same illusion; 

this specificity is connected with the resilience to knowledge and the systematic nature of  

illusory phenomena.  

  

 I suggest that on the basis of these three characteristics of the structure of illusory 

phenomena it is possible to provide a characterization of illusions which is neutral toward 

any theoretical approach to perception, because the characterization does not depend on 

the inner nature of illusions, on their causes or in the perceptual processes involved. This 

characterization can thus be used in the pragmatic context of the programming of 

experiments about perception and in the applications that are related to the study of 
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perception, such as the development of human-computer interfaces based on action and 

perception.  

 In other words, my presentation of a neutral characterization of the notion of illusion 

is dedicated to disentangle the notion of illusion from the commitment to the notion of 

inferential process. What I want to show is that, once the disentanglement is done, 

illusory phenomena still stand out as a special class of perceptual phenomena which 

cannot be confounded with other perceptual phenomena. As in the case of pathology, the 

specific features presented by illusory phenomena allow the experimenter and the 

researcher in perception to isolate a specific class of experiences and specific conditions 

for the appearance of such experiences. This fact represents an important pragmatic value 

for the notion of illusion in the context of the research on perception and in the context of 

the indications for the applications described.  

 

 It could be suggested that the notion of error could simply be omitted in the 

characterization of illusory phenomena, since it is this notion that creates for the most 

part the problems with the notion of illusion.  

 However, there are some illusions, such as the proprioceptive illusions of impossible 

movement provoked by muscle vibration, that are accompanied by a sense of something 

being wrong, bizarre and even impossible. This sense of impossibility is connected with 

the perception of a discrepancy between two or more experiences of the perceiver or 

between actual experiences and held beliefs; the sense of impossibility alerts the 

perceiver that there is some error in his experience, that something in what he is 

perceiving is mistaken or some of his beliefs are false. The main interest of a situation 
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like this is in the fact that the perceiver gains an immediate insight into the 

epistemological value of his experience, that is, the epistemological judgment does not 

require the perceiver to step out from his experience, but is internal to the experience 

itself. The notion of error is thus useful for an analysis of perception and illusions. This 

is, according to me, an important reason for maintaining the notion of error in connection 

with the notion of illusion, even if the characterization of the notion of error must be 

revised in terms of coherence and its violation.  

 

 Introduced concepts 

 In the context of the discussion about proprioceptive illusions produced by 

movement, the distinction between illusions we are immediately aware of and illusions 

we are not immediately aware of is introduced.  

 In both cases coherence is violated and the subject becomes aware of the possibility 

of committing an error by becoming aware of the existence of some discrepancy between 

his experiences. Illusions we are immediately aware of present a special interest because 

the awareness of the error (the recognition of the existence of a discrepancy between 

experiences) is immediate and does not require a further process of exploration of the 

comparison of the perceptual experience with external information.  Illusions we are 

immediately aware of are thus particularly suitable for showing that illusions (the 

awareness of being victim of an illusion) present an epistemic value for the subject: the 

subject gains an immediate insight in the truth value of his experiences.    
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 Another concept which is introduced is the distinction between synchronic and 

diachronic violations of coherence. In the case of synchronic violations of coherence the 

discrepancy exists between two or more stimuli that are simultaneously experienced. In 

the case of diachronic violations of coherence the discrepancy stands between actual 

experiences and past experiences or beliefs or knowledge. 

 This distinction is not to be taken as coinciding with the distinction drawn between 

illusions we are immediately aware of and illusions we are not immediately aware of; in 

fact, illusions we are immediately aware of can both involve a diachronic and a 

synchronic violation of coherence. 

 

 Intersensory illusions and conflicts reveal to be especially suitable for investigating 

the role of coherence in perception. Their characteristics indicate that coherence might 

represent an adaptive value for cognitive functioning. Coherence is in fact actively re-

established every time it is possible to do so, even in presence of discrepant stimuli. It is 

when the re-establishment of coherence is impossible that the subject experiences an 

explicit conflict and becomes immediately aware of something going wrong.  

 As in the case of experienced conflicts, in the case of illusions we are immediately 

aware of the coherence between two or more experiences cannot be re-established. On 

the contrary, in the case of illusions we are not immediately aware of, the subject needs a 

surplus of information (a second round of exploration or the recourse to his own 

knowledge or the knowledge of a second person) in order to be surprised about his own 

error; this is also the case for the conflicts that are not explicitly experienced, when 

coherence is re-established in spite of the existence of discrepant stimuli.   
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 The study of illusions thus presents a heuristic value for the study of different aspects 

of perception and cognition.  

 This value includes the investigation of the role of motor knowledge and motor skills 

in perception (which is a characteristic claim of direct approaches to perception such as 

the ecological and the sensorimotor view). I have introduced this topic in relation to the 

examples of two studies: the experiments conducted by Benedetti on AristotleÕs illusion 

and the experiments created by Viviani on the perception of dynamic events.  

  

 The idea of the existence of an implicit form of expectations based on motor 

knowledge and motor skills in perception is not completely original: the sensorimotor  

approach to perception insists on the existence of sensorimotor connections (the concept 

of sensorimotor contingency), the ecological approach on the role of action on the 

contents of perception (the concept of affordance), and motor theories of perception in 

general insist on the role of movement and action in perception. I have introduced the 

idea that these different forms of motor knowledge and skills imply the existence of 

relative expectations, as it is the case for the expectations produced by explicit, symbolic 

knowledge. I suggest that implicit expectations based on motor skills and knowledge 

might play a role in the occurrence and appearance of some illusions. 

 Nevertheless, I do not advance a general thesis about the origin of illusions and about 

the role of implicit vs. explicit expectations in perception. I simply suggest that certain 

illusions are suitable for exploring this issue, and not that every illusion is caused by the 

interactions between action and perception. 
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 Applications 

 In the present work I insist on the pragmatic value of the notion of illusion for gaining 

a better knowledge about perception. This knowledge reveals to be useful in the case of 

those technological applications that are based on the understanding of perceptual and 

cognitive processes.  

 The study of illusions, for instance, provides relevant indications for responding to 

some of the questions raised by the recent developments in the domain of human-

computer interfaces and virtual reality.  

 

 The studies on the Size-Weight Illusion conducted by the ecological researchers 

indicate that the haptic system (the muscles of the arm) might be sensitive to the 

resistance opposed by a hand-held object to the fact of being moved, and specifically to 

the rotations imposed by movement.  

 

 The studies on a variation of the Size-Weight Illusion, the golf-ball illusion, indicate 

that the perception of weight can nevertheless be influenced by previously acquired 

knowledge about perceived objects. Special training with acquisition of knowledge could 

thus influence the perceptual result, at least in case of perception of weight.  

 

  Knowledge relevant for perception (in the sense of knowledge that influences the 

content of the perceptual outcome) need not to be of a symbolic form, as indicated for 

instance by the study of AristotleÕs illusion. In the case of AristotleÕs illusion, in fact, the 

illusion seems to be produced by the fact that when the subject assumes a position with 
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crossed fingers he trespasses the normal range of action of the fingers; beyond this range 

no difference in the stimuli is perceived. The subject knows very well the position of his 

fingers and he cannot be fooled about that as he is fooled about the position of the objects 

which are sensed with the crossed fingers. The relevant knowledge for the illusion to 

appear and disappear seems to be of a practical and motor nature: it is based on the motor 

habits of the subject. In fact, a long training with crossed fingers has the effect of 

modifying the normal range of action of the fingers and of making the illusion disappear. 

In this case too, it seems that training could have important effects on the perceptual 

result. This can be an interesting indication for producing a desired perceptual 

experience, especially a new experience that is not possible in normal conditions or in the 

case where the stimuli provided by the interface are not sufficient. Additionally, the 

results of the experiments on AristotleÕs illusion indicate that the combination of the 

partial percepts issued from separated fingers into one coherent unit (a problem which 

interests the designers of multi-finger haptic devices) depends on the existence of motor 

habits and proper ranges of action.   

 

 Both the studies on AristotleÕs illusion and on VivianiÕs illusions show the 

importance of the role of movement for shaping the perceptual content. VivianiÕs 

illusions in particular show that subjects have a tendency to project a law which is 

specific of biologic motion in all the perception of dynamic event, and it is this law which 

connects the perceived trajectory and velocity of the dynamic object. It seems that the 

application of this law could make artificial creatures look more natural in their actions. It 
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also seems that the shape of a perceived object can be modified by the pattern of velocity 

of its movement. 

 

 Studies on intersensory conflicts and discrepancies represent a great interest for the 

understanding of multisensory perception and for the development of mutisensory 

devices. It seems that the perceptual system presents a strong tendency towards the 

preservation of the coherence of the perceptual outcome, even in presence of discrepant 

stimuli. This observation seems to be valid also for diachronic conditions, that is, for the 

existence of a discrepancy between present and past experiences. Some of the difficulties 

in coordinating different sources of information in the case of multisensory devices could 

thus be simply solved by the perceptual system itself. A detailed study of the effects of 

the presentation of discrepancies and of the different outcomes in connection with 

varying conditions would thus be suitable for the development of multisensory human-

computer interfaces. 

 

 All the cited examples provide us with a better understanding about the way the brain 

and the body in interaction with the environment contribute to the shaping of the 

perceived reality.  The knowledge that is thus acquired presents a theoretical value for the 

theories of perception and cognition and a pragmatic value, for instance, for designing 

more and more believable interactions with virtual realities and artificial worlds.   
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Introduction 

 

 The Introduction presents the dichotomy between two kinds of approaches to 

perception: the traditional approach based on the role of internal representations and a 

new vague of approaches based on the role of movement. This distinction also involves a 

different attention toward perceptual phenomena that are preferentially investigated and a 

different approach toward the notion of illusion. The traditional approach has mainly 

focused on the visual modality and has assigned an important place to illusions in general 

and visual illusions in particular. The new vague insists on the importance of studying 

perception in a more ecological frame-work, as a multisensory and dynamic activity; the 

notion of illusion tends to be discarded because of its presumed entanglement with 

traditional approaches. The reasons of the new vague are presented and some difficulties 

of the traditional approach in explaining illusions are described. In particular the reasons 

of the new vague are related to the interest of focusing the attention on intersensory 

conflicts and haptic illusory phenomena, in which the role of movement and of 

intersensory connections is made explicit.  

 

I llusions are controversial concepts 

 The aim of this thesis is to show that a theory of perception cannot easily renounce 

the concept of illusion without losing a part of its explanatory power. In fact, the 

description of a special group of illusory perceptual phenomena that are characterized by 

violations of coherence, robustness and a reaction of surprise provides the theory with an 

instrument for acquiring an insight into perceptual mechanisms. These mechanisms 



 22 

include the ones such as those involved in the reactions of the perceptual system to the 

violation of coherence (both in the case of synchronic inconsistency between actual 

stimulations and in the case of diachronic inconsistency between past experience or 

knowledge and present stimulations) and on the nature of expectations in perception. 

 These considerations are of an epistemological nature. The notion of illusion and the 

concepts that are involved in its characterization within the psychological literature are 

conceptually analyzed and the characteristics and behavioral consequences of illusory 

phenomena are investigated in order to provide a characterization of illusory phenomena 

which is not necessarily coincident with the common use of the term ÔillusionÕ but which 

can be of use to psychological theories of perception.  

 The adopted approach goes bottom-up: in Chapter 1 it will be shown how the notion 

of illusion is employed within the psychological literature (in particular by illustrating the 

case of the Size-Weight Illusion and the argumentation between direct and indirect 

approaches to perception which arises in connection with the explanation of illusory 

phenomena and the notion of illusion itself).  

 This will be followed by a philosophical analysis of the notion of illusion and of the 

related concepts that is intended to show how philosophical analysis can contribute to the 

debate about illusory phenomena by providing a characterization of the notion of illusion 

(Chapter 2).  

 Chapter 3 will defend the heuristic value of the notion of illusion within the frame-

work of a psychological theory of perception and Chapter 4 will conduct the discussion 

at the level of the functioning of the mind by suggesting a functional role for the 
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awareness of being victims of illusions, as connected with the awareness of the presence 

of a violation of coherence. Two different roles will be analyzed: adaptive and epistemic.   

  

 The problem of the opportunity to take recourse to the concept of illusion arises in 

view of the strong criticism against the notion of perceptual illusions within the frame-

work of certain direct theories of perception. Direct approaches to perception oppose the 

indirect, inferential approach (to which the classic definition of perceptual illusions is 

due) that perceptual phenomena described as illusions can be re-described with no 

recourse to cognitive inference and knowledge, just by well establishing the role played 

by movement and the connections between movement and perception in the perceptual 

outcome.  

 

 Nevertheless the concept of illusion is not necessarily entangled with indirect 

approaches to perception and a characterization of illusory phenomena will be provided 

in this thesis which is not based on the other concepts (such as the concept of cognitive 

inference) that are proper to indirect approaches. This thesis also aims at showing how 

the concept of illusion is compatible with the claim that movement can play a crucial role 

in perception and that the recourse to the concept of illusion allows a better insight in the 

way movement and motor possibilities can shape the perceptual outcome. 

 

 The traditional approach to perceptual illusions 

 In a sense, in the classic approach to the study of illusions, unimodal illusions -in 

particular visual illusions- are considered the paradigm for all illusory phenomena. R. 
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Gregory, for instance, has mostly dedicated his attention to visual illusions, even if, as he 

affirms:  

 

ÒIllusions can occur in any sensory modalities and they can cross the senses.Ó [Gregory, 

1968, p. 179]  

 

However, the privilege accorded to visual illusions is not mandatory, and is more of an 

artefact in the historical development of research in perception, as vision has been studied 

first and more intensively than other senses or than integrated, multisensory perception. It 

is then important to keep in mind that there exist a wide variety of perceptual illusions. It 

turns out that a close look at illusions in other modalities, such as haptic touch, points out 

the difficulties in the explanation of classic geometric illusions which are proposed, for 

instance, by Gregory.  

 The so-called optic geometric illusions constitute a wide and largely studied class of 

visual illusions1, which includes the Horizontal-Vertical Illusion or HVI (the length of a 

vertical line which forms a 90¡ angle with a horizontal line, thus forming an inverted-T or 

a L-shape, is perceived as longer than the horizontal line of the same physical length), the 

Mueller-Lyer illusion (a line with arrow shaped endings is perceived as shorter than a line 

of the same length with inverted arrow shaped endings), the Ponzo illusion (a horizontal 

line inserted in a wedge looks longer when it is close to the peak), Zoellner illusion (two 

vertical lines crossed by slanted lines, appear slanted) and Delboeuf illusion (when 

concentric circles are compared to an external circle, the internal circle looks bigger). 

According to Gregory, optic geometric illusions are products of the misapplication of 

                                                
1 See for instance [Coren, et al., 1976]; [Watson & French, 1966]; [Fisher, 1966]. 
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visual rules and knowledge2. The error is caused by perspective or other depth cues. It is 

suggested that size and shape constancy are the result of active scaling processes. In the 

case of 2-dimensional figures such as the crossed lines of the HVI, perspective or other 

depth cues are not connected to depth information. The result is an inappropriate 

constancy scaling, which causes a series of perceptual distortions. The hypothesis of the 

Inappropriate Constancy Scaling encounters some difficulties in the fact that some optic 

geometric illusions can be observed in the haptic modality. This is true for the HVI, the 

Mueller-Lyer, Ponzo, Zoellner and Delboeuf figures3. This fact suggests that a purely 

visual mechanism cannot be sufficient to explain the illusory effects provoked by the 

cited figures (which are reproduced in 3-D for the experiments with the haptic modality). 

It has been proposed by [Frisby, 1971], in order to save GregoryÕs explanation, that the 

haptic modality is mediated by visual representations, and that the presence of geometric 

illusions in the haptic modality is the effect of a cross-modal transfer of representations 

from the visual modality.  

 However, this hypothesis is ruled out by the existence of haptic geometric illusions in 

congenitally blind subjects and by the results of the comparison of visual and haptic 

illusions for the same figures. In fact, not all the figures that generate visual geometric 

illusions generate corresponding haptic illusions (it is not the case for the Poggendorff 

illusion, for instance), and even in the cited cases of the existence of haptic counterpart of 

the visual illusions, the outcomes are not necessarily equivalent. In the haptic modality, 

                                                
2 [Gregory, 1963a, 1963b, 1964, 1965, 1966, 1967, 1968a, 1968b, 1973a, 1973b, 1978, 1983, 1997, 1998]; 
[Gregory & Harris, 1975]; [Humphrey, Morgan & Gregory 1965]; [Day &  Gregory, 1965]. 
 
3 [Suzuki & Arashida, 1992]. 
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the direction of the lines of the Zoellner figure is opposite to the visual illusion4. And in 

the HVI the results of the comparison of the visual and haptic modality show a greater 

illusory effect for the haptic than for the visual perception of the crossed lines5. 

 Different, autonomous explanations have emerged for the haptic HVI that take into 

account the role of exploratory movements and are based on purely haptic causes, with 

no reference to visual representations6. [Day, 1971]; [Wong, 1975a, 1975b, 1977], for 

instance, propose that the tactile version of the illusion could be explained in terms of the 

different effects of radial and tangential exploratory movements: radial movements 

towards and away from the body may be overestimated in comparison with tangential 

movements; radial motions are in fact executed more slowly than tangential movements; 

assuming that longer scan duration is equated to increased extent, the rate difference 

could account for the illusion. [Heller, et al., 1997] show that the haptic HVI is strongly 

dependent upon exploratory strategies. In their experiments, the illusory effects appeared 

to be greater for bigger stimuli, thus hinting at a role for the scanning strategies one 

adopts. Movements of the entire arm seem to be involved, since the illusion disappears 

when the subjects are prevented from moving their arms. 

                                                
4 [Suzuki & Arashida, 1992]. 
 
5 [Taylor, 2001]. 
 
6 [Day, 1971]; [Wong, 1975a, 1975b, 1977]; [Heller, Joyner & Dan Fodio 1993]; [Heller & Joyner, 1993]; 
[Heller, et al., 1997]; [Millar & Al-Attar, 2000]. 
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Fig u r e 1 .  Geo m et r i c i l l u si o n s 

 

 

 

a. Mueller- Lyer patte rn;  b.  Oppel-Kundt patte rn;  c.  Ponzo patte rn;  d.  Poggendorff patte rn;  e.  

Verti cal-Horizonta l patte rn;  f. Zoellner patte rn;  g. Delboeuf patte rn [ Suzuki & Arashida, 1992]  

 

 

 

 

h. 3D Mueller- Lyer model [ Watson & French, 1966]  
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 I llusions and movement 

 The importance of the role of movement in perception seems to be strictly connected 

with the criticism to the concept of illusion. Direct approaches to perception, in fact, tend 

to discredit the weight of internal representations, cognitive inferences and symbolic 

knowledge in perception; at the same time, direct approaches affirm that the appearance 

of the perceptual experience can be explained with the help of two conditions: how the 

world is and what the perceiver does. Two theses exemplify this claim, even if they are 

not perfectly compatible with each other.  

 [No‘ , 2003], for instance, proposes a two-dimensional theory of perception: how 

things appear not only depends on how they are, but it also depends on the relations of 

the perceiver to how things are. A causal theory of perception in fact affirms that how 

things appear in perception depends on how things are: one perceives that x is F if and 

only if one has the experience of x being F, x is F and the experience of x depends on x 

being F. But there are special properties of the perceptual content that do not depend on 

the object only, such as the property that a round object has of appearing elliptical when 

seen from a certain position. Furthermore, we keep track of the changes our movements 

provoke on the appearance of the objects, such as when we move our eyes, and this fact 

has a relevant place in the perceptual experience of the objects. Both these are 

perspectival aspects of the perceptual content that are only partly determined by how 

things are. It is possible for a perceptual experience to be veridical along one dimension, 

but not along the other. An example is presented involving the visual experience through 

a periscope: things are represented as they are, but our relation to them is not represented 

correctly, since we see them as if we were above sea level. This fact leads to the two-
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dimensional theory of perceptual content or representational content: the content can vary 

along a factual dimension (how things are) and a perspectival dimension (how things 

appear from the point of view of the perceiver).  

 

ÒPerception is a way of keeping track of how things are, but it is also a way of keeping 
track of our relation to how things areÉ Ó [No‘ , 2003, p. 94] 

 

Within this frame-work, the relation of the perceiver to how things are is also expressed 

in terms of sensorimotor contingencies, that is, in terms of how the perceptual outcome 

changes in contingency with how the perceiver moves. Sensorimotor contingencies are 

thus used within this frame-work as explanatory tools instead of internal representations, 

symbolic knowledge and cognitive inferences.  

 The second thesis, the ecological view of perception, differs from the sensorimotor 

approach because the assertion that perception is direct is equated with the assertion that 

perception is always correct,  

 

Òwithout the addition of information beyond what is available in sensory stimulation.Ó 

[Stoffregen & Bardy, 2001, p. 1] 

 

This view is based on [Gibson 1979]Õs concepts of ambient array.  

 

ÒProponents of the ecological approach stress that ambient arrays are structured by the 

animal-environment interaction (that is, by the position and motion of the animal relative 

to its environment), and that this structuring is governed by physical laws (i. e., laws of 

the propagation, reflection, and absorption of energy) in such a way that any given 

physical reality gives rise to a unique structure or pattern in ambient energy. This leads to 

the hypothesis that potential sensory stimulation is sufficient for accurate perception 

because the animal-environment interaction is specif ied in the spatio-temporal structure of 

ambient arrays.Ó [Stoffregen &  Bardy, 2001, p. 1] 
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The energy patterns can be considered independently of the fact that they stimulate 

sensory systems. In fact, each animal-environment interaction gives rise to a specific 

pattern of ambient array, independently of the fact that the senses of the animal are 

stimulated and that a perceptual experience is produced. Nevertheless, patterns of 

ambient energy represent what is directly perceived and they are as they are in virtue of 

the interaction of the organism with the environment, of its movement and position. Thus, 

movement constitutes the condition for structuring the ambient information (under the 

form of ambient energy) in a non-ambiguous, correct way.  

 

 Movement versus internal processes   

 Movement represents, within the two presented views of perception, the condition for 

disambiguating information (ecological view) or the condition which modifies the 

appearance of the perceptual outcome (sensorimotor approach). In spite of the differences 

between the two views7, in both cases movement structures the perceptual outcome and 

the relation between perception and movement is a lawful connection. In both cases, the 

connection between movement and perception makes the recourse to internal 

representations, cognitive inferences and symbolic knowledge obsolete. 

                                                
7 One difference is represented by the different importance which is attributed to experience. In the 
ecological view, experience has no role in the specification of the ambient array: the modification of the 
ambient energy produced by the animal-environment interaction is structured on the basis of physical laws 
such as the laws of ref lection and propagation of energy and on the physical structure of the animal. In the 
sensorimotor version of the direct approach, sensorimotor patterns of contingency are also structured by 
experience which connects different movements with different perceptual experiences; thus experience and 
a form of knowledge play a role in the perceptual outcome.  
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 The polemical target of the two cited direct approaches to perception is represented 

by the idea expressed by Helmholtz that perception is unconscious inference (see [Fodor, 

1981], [Gregory, 1968, 1998]) and exemplified by the search for internal, constructive 

mechanisms for explaining the appearance of the perceptual outcome (see [Marr, 1982]). 

It seems in fact to the proponents of the indirect approach that the appearance of the 

perceptual experience cannot be explained in terms of the sensations that the stimulation 

by the environment produces. A classic example is the two-dimensional effect produced 

by light stimulation on the retinas as opposed to the three-dimensional effect of vision. 

Within this approach illusions can arise at different levels of the perceptual process, and 

in particular at the stage of the integration of the information captured by the senses with 

the knowledge, past experience and inferences that gives its meaning to the bare 

sensation.  

 

 I propose to consider illusory phenomena within a larger context than the one 

represented by the indirect approaches to perception, that is, than errors in an inferential 

process. For this reason I propose some criteria for the differentiation of illusory 

phenomena from other perceptual phenomena and errors on the basis of a neutral notion 

of error, the notion of robustness and of the reaction of surprise. Illusions are hence 

disentangled from the indirect perception approach. 

 

 I have chosen to study certain haptic, kinesthetic and intersensory illusions that 

involve the touch modality in order to defend the possibility of keeping the notion of 

illusion in the field of theories of perception.  
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 This choice is motivated by the importance that movement plays in the touch 

modality, and in particular in the sub-divisions of the touch modality that are connected 

with the exertion of movement and with the involvement of the muscle receptors. As we 

have seen, in fact, movement is considered by the ecological and the sensorimotor 

approach as a promising substitute for internal representations and internal mechanisms 

in the explanation of the perceptual content.  

 Additionally, the ecological and the sensorimotor approach reproach the traditional, 

indirect accounts of perception for underestimating the characteristics of the perceptual 

activity in normal conditions. In normal conditions, perceptual activity is a dynamic 

process, intertwined with movement, constituted of exploratory actions and perceptual 

responses. In normal conditions, perception is multisensory and it is difficult to 

disentangle the different contributions to the final percept.  

  I have tried follow the direction of the objections that the ecological and the 

sensorimotor direct approaches raise against the methodological approach of the indirect 

approach to perception. I have thus chosen to focus my attention on dynamic and 

intersensory phenomena in order to eliminate one possible, preliminary objection that 

could be levied against my position from the ecological and sensorimotor direct 

approaches, viz. that the dynamic aspects of perception are not taken into due account.  

 Haptic, kinesthetic touch seems to me a good ground for confrontation with these 

approaches in virtue of the role movement plays in haptic phenomena.  

 Nevertheless I have not described all the haptic and kinesthetic illusions that can be 

found in the psychological literature but only those I have found particularly suitable for 

illustrating my arguments: the reasons of the controversy concerning illusions (Size-
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Weight Illusion), the awareness of error as violation of coherence  in illusory experiences 

(proprioceptive illusions produced by vibration), the possibility of invoking the role of 

movement and of implicit expectations based on motor skills for the explanation of the 

occurrence and appearance of certain illusions (AristotleÕs illusion and VivianiÕs 

illusions), the role of coherence in perception and the functional role played by illusions 

in the cognitive process (intersensory illusions involving the touch modality).  

  

 Haptic touch well instantiates the integration of movement in perception  

 Within the frame-work of the direct approaches to perception described, the sense of 

touch assumes a special place.  

 

ÒOn the enactive view, all perception is in these respects like touch. Mere sensation, mere 

stimulation, fails short of perceptual awareness. [É]  for perceptual sensation to constitute 

experience - that is, for it to have genuine representational content - the perceiver must 

possess and make use of sensorimotor knowledge. To imagine a truly inert perceiver is to 

imagine someone without the sensorimotor knowledge needed to enact perceptual 

content.Ó [No‘ , 2004, p. 17] 

 

The characteristic of the sense of touch, which is invoked as a model for the 

understanding of the functioning of perception in general, is the intrinsic connection 

between perception and movement, and the fact that the ability to perceive depends much 

more on the mastery of sensorimotor skills rather than on oneÕs own capacity for 

sensations8.  

                                                
8 The necessity of assuming touch as a model for vision and perception in general had been affirmed by 
Merleau-Ponty [Merleau-Ponty, 1945, 1964] who sustained that all visual experience only exists in the 
context of the movement of the eyes and gaze, thus all visual experience makes reference to touch. 
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 It is thus not by chance that the blind or blindfolded subjects represent a recurrent 

exemplification of perceptual experience within the sensorimotor or enactive view of 

perception. The blind make contact with the world by exploring it; the cane of the blind 

person in particular receives no sensation at its end, so that the responsibility for the 

perception of the world that arises when the world is sensed by a cane is individuated 

elsewhere, in particular in the mastery of the use of the cane [No‘ , 2004]9.  

 In 1951-52 the cyberneticist D. Mackay had imagined an analogical intelligent 

machine capable of actively recognizing figures and objects without necessarily 

possessing an internal model of the world (the possession of an internal model being 

considered by Mackay as a passive form of perception or reception). The mechanism on 

which this intelligent artifact is based is explained by the aid of an example: the actions 

performed by a blindfolded person. When seeking to recognize a solid triangular figure a 

blindfolded subject is required to move his fingers around the outline in a specific 

sequence. Hence, to the blindfolded person,  

 

Òthe concept of triangularity is invariably related with and can be defined by the sequence 

of elementary responses necessary in the act of replicating the outline of the triangle.Ó  

[MacKay, 1951-1952, p. 114].   

 

When action is involved in the constitution of a percept or in the acquisition of a concept, 

touch is the model and tactile exploration is the exemplary case. On the contrary, vision 

represents the model for passive or merely receptive perception and concept acquisition. 

                                                                                                                                            

 
9 The use of a cane by a blind person is also exemplary of [Merleau-Ponty, 1945] approach to perception. 
In virtue of the use of the cane, the blind person acquires new motor and perceptual skills which are 
equated with new pragmatic knowledge. Both the world and the body schema are thus enlarged to 
encompass the cane as an extension of the body and the distant objects which are now at reach.  
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[MacKay, 1951-52] describes the template-fitting method of recognition introduced by 

[Wiener, 1948] and [McCulloch & Pitts, 1943] as a passive system in which a typical 

pattern of the sample to be recognized is stored in the artifact as a template, an ideal 

model to which real triangles must be re-conducted, and indicates in visual studies the 

reference for this model.  

 This example illustrates that even in the cybernetic context, touch has been indicated 

as a model for active perception (perception conceived as an exploratory activity) and 

contrasted with vision, assumed as a model of passive perception or recognition. The 

special role attributed to the touch modality depends on the evidence that exploratory 

movements constitute a fundamental condition for obtaining information about the tactile 

aspect of the objects. 

 

 The role of movement in the touch modality was affirmed early by [Katz, 1989. 

Original work published 1925]:  

 

"to study the sense of touch at rest is almost alike wanting to determine the capability of 

the leg musculature after the leg has been placed in a plaster cast." [Katz, 1989. Original 

work published 1925, p. 78].  

 

According to Katz, movement plays a complex role in touch perception: it intensifies the 

action of static stimuli and prevents the habituation of the captors; movement also creates 

tactile phenomena in that it allows for the perception of qualities such as texture and 

elasticity that are not available to static touch:  

 

ÒEvery ongoing tactual activity represents a production, a creation in the true sense of the 

word. When we touch, we move our sensory area voluntarily, we must move them, as we 
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are constantly reminded, if the tactual properties of the objects are to remain available to 

us [É]  they remain mute until we make them speak.Ó [Katz, 1989. Original work 

published 1925, p. 242] 

 

Finally, movement constitutes the objective pole of touch: a stimulus can be perceived 

both as a subjective, proximal, local sensation or as the sensation of the external, distal 

object which causes the experience depending on the intervention of movement, of active 

touch. Touch, associated with movement, thus can be considered as the sense of reality. 

 

 More recently, Lederman, Klatzky  and colleagues (see for instance [Klatzky, 

Lederman & Metzger, 1985]; [Lederman & Katsky, 1987, 1993]) have provided evidence 

for some specific connections between hand movements and the properties that are 

extracted by touch. The authors have described a set of exploratory procedures: 

stereotyped and recursive patterns of movement that perceivers perform with their hands 

when exploring different types of objects and surfaces, even if the perceivers are not 

necessarily aware of it. It seems that each of these patters of exploration is associated 

with the extraction of one particular property by touch; for instance, lateral motion seems 

to be associated with the extraction of texture, pressure with hardness, contour following 

with precise shape, etc. In fact, when freely exploring different properties of an object, 

the subjects of the experiments tend to perform the corresponding exploratory procedures 

and, also, the relative speed and accuracy in the recognition of a certain property are 

greater when the corresponding exploratory procedure is performed. These studies prove 
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one aspect of the integration of perception and movement in the case of touch where 

there is an effect on the perceptual performance of the recognition of object properties10.   

 

 Haptic touch and the problem of the classification of the touch sensory modality 

 Nevertheless, the term ÔtouchÕ is not unambiguous11. Different terms are correlated to 

the notion of touch, such as the term ÔhapticÕ and ÔdynamicÕ touch, and different 

classifications are proposed in the literature. 

 Neurophysiology, for instance, makes use of the term Ôsomatic sensory systemÕ 

[Kandel, Schwartz & Hessel, 2000] comprising of 2 main components: a system for the 

                                                
10 In general, active or interactive perception approaches defend the idea that perception is not a pure and 
passive form of representation, in that the sensory systems are not simply hit by the external reality in its 
entirety, but actively contribute to the construction of its perception, and that this is done with the 
involvement of the motor systems. Active perception theories include a group of approaches named ÔActive 
VisionÕ and ÔInteractive VisionÕ.  
  [Blake & Yuille, 1992] Active Vision approach, for instance, insists on the fact that moving facilitates 
the interaction of the visual sensors with the environment. The active orientation of the sensors empowers 
the observer (which can be a human or a computer) to select the environmental information, thus to 
understand a visual environment more effectively and efficiently.  
 [Churchland, 1994] in the chapter ÒA Critique of Pure VisionÓ criticizes pure vision systems (those 
where the flow of information is only bottom up) and the assertions that we see a complete world; that is to 
say that the retina records a complete image which is further and at leisure analyzed; that information and 
representations follow a hierarchical organization; that information flows bottom up, with high-level and 
mid-level representations depending only on the low-level processes. The target of this description is the 
approach to vision that is contained in [Marr, 1982] and which constitutes the mainstream in computer 
vision research. In particular, of MarrÕs three hierarchical levels of visual representations: the lowest level 
of the primal sketch, where an image represents intensity over an array of points in space, the 2 1/2-D 
sketch and the higher level where the 2 1/2 ÐD sketch is converted into the 3-D view of the objects of the 
scene. Opposed to the idea of pure vision is the approach of interactive vision where information flows top-
down. The main principles of the interactive vision approach state that perception evolved in order to 
satisfy distinct and variegated needs (and not only to provide a photorealistic image of reality). In fact, we 
see only a portion of the visible world, and movement redirects attention and then re-orients the visual 
system; motion and vision are then strictly connected: movement allows the system to see more of the 
world. The role of movement is well il lustrated by the existence of saccadic eye movements: the viewer 
cannot clearly see the entire scene, but he gradually explores parts of it. Instead of being photorealistic, 
vision is interactive and predictive, since it builds models of the world and predicts what can be interesting 
for the system. The neurophysiological architecture finally is not hierarchical, and much information flows 
both ways; memory and vision for instance interact. 
 
11 The touch modality well instantiates the difficulty of providing unambiguous definitions of sensory 
modalities. For a discussion about the problem of touch and the classification of sensory modalities see 
[Casati, 1994]; [Pasquinelli, 2003]. 
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detection of mechanic stimuli (light touch, vibration, pressure) and a system for the 

detection of pain stimuli and temperature [Purves, et al., 1997]. This classification is 

based on the physical energy of the stimuli to which the captors are sensitive. 

Mechanoreceptors are then sub-divided into tactile or cutaneous captors which are 

distributed at the surface (skin) of the body and proprioceptive captors which are located 

within the muscles, tendons and joints of the body (this classification is thus based on the 

localization of the captors). Different perceptual qualities are then associated with the two 

sub-systems: in a general fashion tactile captors are described as involved in the 

perception of the qualities of the objects of the external world (such as dimensions, shape, 

microstructure, movement relative to the skin) and the proprioceptive system as dedicated 

to the (more or less aware) perception of the position and movement of the body. 

Neurophysiology deals then with the ascription to the somesthetic system of 4 main 

functions: discriminative touch, proprioception, nociception, temperature perception. 

There is a difficulty in sharply separating the external and the internal mechanoreceptors 

and associating them separately with exteroceptive and proprioceptive functions 

respectively. Active exploration of the worldÕs objects implies the utilization of internal, 

proprioceptive mechanoreceptors, but it provides information about the properties of the 

external world.  

 Active touch has been considered as a separate category of touch on the basis of the 

role that movements (and movement captors) play in the discrimination of the properties 

of objects. This category is labeled Ôtactile-kinesthetic perceptionÕ or Ôhaptic perceptionÕ.  
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 The term ÔhapticsÕ was first introduced by Revesz [Revesz, 1958] to incorporate 

cutaneous and kinesthetic information. [Loomis & Lederman, 1986] refer to the haptic 

sensory modality in terms of Ôkinesthetic touchÕ: kinesthetic touch is comprised of 

cutaneous and kinesthetic receptors, provides information about objects and surfaces that 

are in contact with the subject and guides the manipulation of objects. The modality of 

touch is then composed of three sub-modalities:  

 

ÒThe modality of touch encompasses distinct cutaneous, kinesthetic and haptic systems 

that are distinguished on the basis of the underlying neural inputs. The cutaneous 

receptors are embedded in the skin; the kinesthetic receptors lie in muscles, tendons, and 

joints; and the haptic system uses combined inputs from both.Ó [Loomis & Lederman, 

1986, p. 1]  

 

These classifications thus do not question the divisions accepted by neurophysiology and 

are based on the energy of the stimulus and the localization of the receptors.  

 [Katz, 1989. Original work published 1925], refused to accept what he considered an 

Òatomistic approach to perceptionÓ by individuating and separating the activity of 

different sensory captors (thus multiplying the number of tactile sensations) and instead 

chose to adopt a system of classification based on the qualities perceived by touch. The 

world of touch possesses three main modifications or qualities: surface touch (the two-

dimensional tactile structure that is identified when touching a continuous palpable area, 

localized at the surface of the object, and following the curvatures of the object), 

immersion touch (the tactile phenomenon without either definite shape or structure or 

spatial orienting, as when moving the hand in a f luid), volume touch (the perception of 

the shape, the spatial distribution of the object that we can have when the object is, for 
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instance, covered by a textile or the hand is covered by a glove). The Òskin sensesÓ cannot 

then be separate since  

 

Òin the living organism (whose expressions, after all, are what we wish to understand), 

large coalitions of sensory elements always work together.Ó [Katz, 1989. Original work 

published 1925, p. 34]  

 

The differentiation seen in the physiology of the senses is then an artifact, in that complex 

phenomena constitute the only real component of perception. Complex phenomena are 

not the result of logical operations conducted by the cognitive system upon atomic, 

simple elements. On the contrary, complex phenomena are the original components of 

perception, and no operation on the side of the cognitive system is requested for their 

production. Katz invites us to consider tactile perception as an immediately complex 

phenomenon which does not require the intervention of successive cognitive operations. 

KatzÕs suggestion does not solve the problem of differentiating touch from other sensory 

modalities, but is only limited to the internal classification of touch, since common 

qualities (such as the shape of an object) can be appreciated by more than one sensory 

modality (e.g. by vision and touch).  

 A sort of mid-way position between the neurophysiological approach and the 

invitation to unity expressed by Katz is represented by GibsonÕs classification of haptic 

touch. In fact, GibsonÕs classification of the senses maintains the distinction between 

physical energies and types of receptors but also takes into account the object properties. 

[Gibson, 1962, 1966] suggested that there is a great difference in the resulting percept 

depending on the active or passive role of the perceiver: when the stimulation is passive, 

as when being touched by an object, even if the object is moving, the subject obtains 
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sensations of skin modification; it is only when the subject plays an active role by 

actively touching the object that attention is directed to the sensed properties of the 

object. Active touch is then defined as an exploratory rather than a merely receptive 

sense: the variations in the skin stimulation are produced by variations in the motor 

activity. Thus the unitary perception of an object with multiple fingers doesnÕt require a 

central integration since the pressure of the fingers upon an object informs about the 

qualities (e.g. the hardness) of the object and does not give rise to separate, cutaneous 

sensations (on the contrary, in the case of passive touch, two separate pressures on the 

skin give rise to two different sensations). In the same way, in active touch, kinesthesia is 

neither to be separated nor  to be simply combined with cutaneous sensations, since the 

patterns of change of the skin contact co-vary with the change in limb position giving rise 

to one and the same information about the object properties.  

 According to Gibson, touch is exemplary of the connection of perception and 

movement in perception, since in this case the equipment for feeling is anatomically the 

same as the equipment for doing. The non-separation of the skin senses from kinesthesia 

is labeled Ôhaptic systemÕ, and distinguished from haptic touch and dynamic touch:  

 

ÒThe sensibility of the individual to the world adjacent to his body by the use of his body 

will here be called the haptic system. The word haptic comes from a Greek term meaning 

"able to lay hold of." It operates when a man or an animal feels things with his body or its 

extremities. It is not just the sense of skin pressure. It is not even the sense of pressure 

plus the sense of kinesthesis. [É]  The haptic system, then, is an apparatus by which the 

individual gets information about both the environment and his body. He feels an object 

relative to his body and the body relative to an object.Ó [Gibson, 1966, p. 97]  
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The haptic system is successively sub-divided into: cutaneous touch (when the skin and 

deep tissues are stimulated without movement of muscles and joints); haptic touch (when 

the skin and deep tissues are stimulated by the movement at the joints, as in catching an 

object, palpating, squeezing, etc. in order to extract information about its geometry and 

microstructure); dynamic touch (when skin and joints are stimulated in association with 

muscular effort, as in the discrimination of weight, which is more accurate when the 

object is wielded, rigidity, viscosity, etc.); oriented touch (the combination of inputs from 

vestibular, joint and skin receptors); touch-temperature (the combination of skin stimuli 

with vasodilatation and vasoconstriction); painful touch; social touch (the affective 

components of touch, as in the new-born cares). 

 Dynamic touch presently represents a rich domain of studies in the ecological 

direction (see for instance [Turvey, 1996]. The perception of object properties by 

wielding is a prominent example of dynamic touch. Dynamic touch is thus active, but it is 

not concerned with, for instance, finger exploration. The haptic properties that are 

perceived by dynamic touch are those related to the macro-geometry and volume of the 

objects, as the extension, shape, orientation and weight; at the same time properties of the 

limb holding the object are discriminated. [Turvey, 1996] states as follows:  

ÒWhat sets kinesthetic touch apart from other forms of touch is the prominent contribution 

of muscular effort and its sensory consequences. As a grasped object is wielded, the 

receptors that interpenetrate muscular and tendinous tissues are mechanically stimulated. 

These mechanoreceptors, as they are called, respond to the stretching, twisting, and 

bending of muscles and tendons. Their collective response to the changing f lux of 

mechanical energy is the primary (although not the exclusive) neural basis of dynamic 

touch.Ó [Turvey, 1996, p. 1134] 
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Recently, another use of the term ÔhapticsÕ has appeared in the domain of computer 

interfaces. Computer haptics includes the technologies and processes for the generation 

of force-feedback stimuli to human users in virtual reality environments. The focus is on 

hand exploration and manipulation:  

 

ÒHaptics is concerned with information acquisition and object manipulation through 

touch. Haptics is used as an umbrella term covering all aspects of manual exploration and 

manipulation by humans and machines, as well as interactions between the two, 

performed in real, virtual or teleoperated environments. Haptic interfaces allow users to 

touch, feel and manipulate objects simulated by virtual environments (Ves) and 

teleoperator systems.Ó [Biggs & Srinivasan, 2001, p. 1] 

  

 Haptic devices allow the user to appreciate some haptic characteristics of virtual and 

distant objects, such as the shape, elasticity or rigidity and texture. Since the haptic 

devicesÕ functioning is based on force-feedback technology, the perception of haptic 

objects does not depend on a passive stimulation of the sensory organs of the user, but on 

the exploratory activity that the user accomplishes upon the haptic objects. The device 

generates forces in response to the forces that are exerted by the user (for instance with 

his fingers or arms, and possibly with the whole of his body). The feedback forces are 

applied in correspondence of the joints of the user and the kinesthetic system (joint and 

muscle receptors) is responsible for the relevant sensations that originate during the 

experience (other sensations are produced by the contact of the skin with the device). 

Haptic devices thus constitute an example of the connection between touch modality and 

movement and show the characteristics of the object that can be perceived in virtue of the 

movements and exerted forces.   
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 The choice of exemplary haptic illusions 

 The choice of focusing this discussion on the illusions that concern the touch 

modality, and in particular the aspects of the touch modality that are more entangled with 

movement (such as the so called Ôactive touchÕ, Ôhaptic touchÕ or Ôdynamic touchÕ and 

kinesthesia), is hence motivated by the exemplary role played by this perceptual modality 

in the discussion regarding the integration of perception and movement and by the 

importance of this integration in the context of the criticism to the notion of illusion. 

 Four kinds of illusory phenomena will be discussed in detail.  

 

 First, the Size-Weight Illusion will start the discussion and introduce the 

argumentation between those who defend the notion of illusion and those who affirm that 

this notion is obsolete. The Size-Weight illusion will be thus presented as a case study; 

the different positions that have been expressed about its origin and nature will serve to 

illustrate how different the approaches to illusory phenomena can be and how illusory 

phenomena can play a different role in different theoretical settings.  

 

 Second, the case of proprioceptive illusions of movement and position produced by 

vibration will be successively analyzed in order to show a possible distinction within 

illusory phenomena between illusions we are immediately aware of and illusions we are 

not immediately aware of; this discussion will show the role of coherence and of ruptures 

of coherence in illusory phenomena. The contradiction of expectations and past 

knowledge does not necessarily represent the only explanation for illusory phenomena, 
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since coherence can also be violated at a synchronic level, when two simultaneous 

experiences are inconsistent with each other.  

 

 Third, a detailed discussion of AristotleÕs illusion is directed to show how implicit 

knowledge and sensorimotor expectations can be responsible for illusory phenomena. In 

fact, even when the violation of coherence is situated at a diachronic level, between 

actual experiences and past experiences or knowledge, violated expectations and 

knowledge are not necessarily of a symbolic kind, and the involved processes are not 

necessarily inferential. 

 

 Fourth, some phenomena related to the presence of discrepancies between 

multisensory stimuli (including haptic and kinesthetic stimuli) are presented. Their case 

illustrates the role of coherence in the production of illusions and the functional role of 

illusions in the cognitive processes.  

 

 The illustrated illusions help show that the indirect, inferential view of perception is 

not the only possible approach to illusions. A class of illusory phenomena can be 

described that present different characteristic from others normal, non-illusory 

phenomena. The study of illusory phenomena presents a heuristic value for different 

theories of perception, since it appears to be suitable for exploring the role of movement 

in perception and the existence of expectations that are grounded in the existence of 

motor skills rather than in the presence of symbolic knowledge and internal 

representations. Also, the presented illusions indicate that illusory phenomena are related 
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to the presence of violations of coherence and that they can play a functional role in 

revealing the presence of discrepancies or in composing the discrepancies into coherent 

percepts.  
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Summary of the following chapters 

   

 Chapter 1 focuses on the issue that the concept of illusion is not above controversy, 

as the study of the case of the Size-Weight Illusion illustrates. The extreme positions are 

represented by the indirect, inferential approach to perception and the direct, ecological 

view; the first one indicating illusions as evidence for the role of inferential processes and 

internal representations in perception and the second one discarding the notion of illusion 

that goes along with the notions of inference and internal representation. Hence, the Size-

Weight Illusion not only receives different explanations, depending on the specific view 

of perception adopted, but is also susceptible to not being an illusionary phenomenon at 

all. On the basis of their attitude towards the Size-Weight Illusion, ecologists deny the 

existence of illusions in general. Nevertheless, for ecologists too, the study of the 

phenomena that are analogous to the Size-Weight Illusion seems to be a precious 

instrument of research on the quantities the perceptual systems are sensitive to. This 

attitude motivates a deeper analysis about the notion of illusion and the characterization 

of illusory phenomena, which takes place in Chapter 2. 

  

 Chapter 2 aims at providing a conceptual analysis of the notion of illusion, starting 

from the description of the difficulties that arise in relation with its traditional 

characterization.  

 Chapter 2 thus analyzes the main theoretical difficulties with the notion of illusion. 

The hardest opposition to the notion of illusion arises, as the SWI reveals, from the 

refusal of the account of perception as an inferential process (the opposition is that 
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between the indirect, inferential view of perception and the direct, non-inferential 

approach to perception).   

 The classic definition of illusion as systematic error in the inferential process of 

perception is in fact biased by the indirect approach to perception, and by the notion of 

cognitive inference. Along with the concept of cognitive inference, the concept of illusion 

is thus questioned by those who embrace a direct, non inferential approach to perception.  

 

 Moreover, the notion of error as departure from facts, which is adopted in 

psychology, is a common sense metaphor. The prevalent notions in the philosophical 

literature do not necessarily coincide with those of common sense; psychological theories 

too are not compelled to adopt common sense notions.  

  

 Hence it is interesting to propose a philosophical clarification of the notion of illusion 

and of the notions that are connected to the notion of illusion.  

 An investigation about the possibility of maintaining the notion of illusion 

independently of the acceptance of the two extreme views of perception (direct and 

indirect) is developed. The main reason for neutrality is that there are at least heuristic 

merits in the notion of illusion.  

 

 Not only does the notion of illusion proves to have pragmatic utility, but it seems to 

be possible to disentangle it from the issue of the opposition between direct and indirect 

approaches to perception owing to a philosophical analysis of the notion of error and of 

the individuation of some phenomenological characteristics and behavioral consequences 
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of illusory phenomena. Accordingly, some characters that affect illusory phenomena are 

individuated, such as their robust nature and the relationship with the reaction of surprise, 

that are neutral toward the direct or indirect views of perception. These characters allow 

distinguishing illusory phenomena from other types of error in perception. The notion of 

error presents special difficulties. Nevertheless, illusory phenomena can be characterized 

on the basis of a notion of error which is neutral with respect to the argumentation 

between direct and indirect approaches and with respect to the notion of departure from 

facts.  

  

 The narrow notion of error as failure in an inferential process and as departure from 

facts is in fact contrasted with a broad notion of error which includes violations of 

coherence.  

 The notion of error is maintained because one can always be aware of his error in the 

case of illusions, both the ones we are immediately aware of and those we are not 

immediately aware of. The notion of error is hence developed in relationship with the 

awareness, on the side of the subject, that something is going wrong when an illusion is 

recognized.  

 The distinction between illusions we are immediately aware of and illusions we are 

not immediately aware of is developed with the help of an exemplary case: the 

proprioceptive illusions produced by vibration, both illusions of possible and impossible 

movement. Illusions are divided into the two cited classes depending on the more or less 

direct access they provide to the awareness that something is going wrong in perception, 

that is, to the awareness of committing a perceptual error.  
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 Since illusions are a special type of errors and one can normally be aware of being 

victim of an illusion, the ascription of illusions seems to depend upon the theory which is 

accepted about the attribution of the capacity of being aware of committing errors. In 

Chapter 2 it is proposed that illusions be considered as specific to the individual at his 

personal level because the capacity of being aware of committing an error (intended as 

related to the capacity of handling the concepts of truth, error and belief) arises at this 

level.  

  

 Robustness is subdivided into the characteristics of resilience to knowledge and 

systematicity, both intersubjective and intrasubjective. The robustness of illusory 

phenomena helps distinguish illusions from other types of errors such as local errors and 

hallucinations. Robustness also makes the connection between illusions we are 

immediately aware of and illusions we are not immediately aware of: in spite of their 

differences in fact, both phenomena can be repeated at will for the same subject and for 

different subjects: the result is always the same even if the subjects are informed about 

the nature of their experience. This is why the subjects can always be surprised when they 

experience an illusion they have previously experienced in the past or an illusory 

phenomena of which they have been informed. Other perceptual phenomena involving 

errors and presenting a reaction of surprise are not necessarily robust in the sense in 

which illusions are robust.    
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 The association of illusions with surprise indicates the nature of illusory phenomena 

and the functional role they play in cognitive functioning by revealing the presence of 

violations of coherence.  

 The immediateness of the reaction of surprise allows distinguishing between illusions 

we are immediately aware of and illusions we are not immediately aware of. In both 

cases surprise arises when the possibility of an error is detected; only, in the former case 

the error is immediately detected and thus surprise is immediately related to the 

experience, while in the latter case the subject needs to undergo other experiences (or to 

be informed by another subject) in order to discover the error and consequently to be 

surprised about his error. In both cases nevertheless surprise arises from one and the same 

source: the presence of a violation of coherence.  

 Violation of coherence can thus be indicated as a fundamental perceptual condition 

which is associated with illusory phenomena; specifically, the violation of coherence can 

be considered as the source of the surprise reaction associated with illusions. In the case 

of illusions we are immediately aware of the presence of a violation of coherence is 

perspicuous: the subject is aware of his experience as being wrong because the 

experience presents some inconsistency. The inconsistency might be between two present 

experiences or it might exist between a presently experienced percept and a belief based 

upon past experience. In the first case, two or more synchronous perceptual experiences 

are in conflict with each other, but their robust character is such that they persist in spite 

of their inconsistency. In the second case, the present experience is considered as 

erroneous but it has a robust character and it persists in spite of the fact that it is 

considered as false on the basis of strong reasons (which is exactly the contrary of what 
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normally happens when a past beliefs is revised due to the poignancy of the present 

perceptual experience). The two possible cases of discrepancy are described as 

Ôsynchronic violations of coherenceÕ and Ôdiachronic violations of coherenceÕ.  

 The existence of a violation of coherence can be individuated also in the case of 

illusions we are not immediately aware of, even if it is less perspicuous than for illusions 

we are immediately aware of. As in the description of diachronic violations of coherence, 

inconsistency is present between the perceptual experience and the existence of strong 

reasons for considering the experience as false; in the case of illusions we are not 

immediately aware of, the strong reasons for considering the experience as false can be 

represented by information from a second subject (i.e. the experimenter, who can be 

trusted, or the writer of the book which includes illusory figures) or from successive 

explorations (which for some reasons are more trustworthy than the one considered as 

false). Even if the perceptual experience is not trusted, the subject cannot revise it and the 

experience stands in conflict with the others or with the information that indicate it as 

false.  

 

 Once the notion of illusion is characterized the role of illusory phenomena in the 

cognitive functioning in general can be better understood.  

 Also, illusions can be helpful for better understanding different aspects of the 

perceptual functioning such as the role played by coherence in the shaping of the 

perceptual content and the role played by movement. The study of certain illusions of 

movement seems to point out the existence of an indirect form of knowledge and 

expectations based on the direct connection between movement and perception.  
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 The notion of illusion can thus present a heuristic value also for theories of perception 

where internal representations and inferences are criticized in favor of the direct 

connection of movement and perception.  

 An eliminativist view risks overlooking this aspect. This consideration further speaks 

in favor of preserving the notion of illusion in order to investigate the processes that are 

connected with the detection of errors in perception, as it is explained in Chapter 3.  

 Chapter 3 is in fact dedicated to the defense of the heuristic value of the study of 

illusions for gaining a better understanding of perception and cognition. This value is 

largely affirmed by the traditional studies of perception, but it is shown in Chapter 3 that 

the study of illusions represents a valid instrument also for the investigation of issues that 

have an affinity with the new vague of studies on perception, such as the role of 

movement and of intersensory connections in the shaping of the perceptual content. Two 

studies on illusions in particular help show this point: certain experiments on AristotleÕs 

illusion and other experiments on the perception of dynamic events. It s suggested that 

implicit expectations based on motor knowledge and motor skills might play a role in the 

occurrence and appearance of certain illusory phenomena and in normal (non-illusory) 

perception too.  

  

 Chapter 4 develops some considerations that have emerged in the course of the 

characterization of illusory phenomena, and in particular the notions of coherence and 

coherence violation. It is in relationship with these notions that illusory phenomena seem 

to play their functional role in the context of cognitive functioning. Chapter 4 is thus 

dedicated to the understanding of the role of illusions in relationship to the role of 
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violations of coherence in perception and to the mechanisms that operate for the 

maintenance of coherence or for the individuation of violations of coherence 

  

 One becomes aware of the violations of coherence when one discovers that he has 

been victim of an illusion. These violations of coherence have a negative adaptive value. 

This is confirmed both by studies on the violation of expectations based on past beliefs 

and by studies on intersensory discrepancies. The maintaining of coherence which is 

proper of certain intersensory illusions seems thus to present a positive adaptive value. In 

the mean time, the awareness of being victim of an illusion entails the awareness that 

something is wrong with the experience: the subject is thus alerted of the presence of an 

error.  

 In particular the effect of surprise related to illusions would present an epistemic 

value in that it reveals the presence of an error. This fact represents an epistemic value, 

especially for illusions we are immediately aware of because the discovery of there being 

some error is completely internal to the experience.  

 Since violations of coherence seem to have a negative effect on adaptive behaviors 

and the identification of violations of coherence seems to present a positive adaptive 

value, surprise raised by illusions we are immediately aware of has a positive adaptive 

value too, in that surprise associated with illusions alerts the subject about the presence of 

a violation of coherence. 

 

 Finally, in the Conclusions the opportunity of keeping the notion of illusion is 

reaffirmed in reason of the pragmatic, heuristic value of the study of illusions for the 
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investigation of different processes in perception and cognition (such as the role of 

coherence, the role of movement, the role of implicit expectations) and in reason of the 

possibility of providing a characterization of the notion of illusion which is neutral with 

respect to the different approaches to perception and which permits us to assign to 

illusions a functional role in the cognitive functioning. 
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Chapter 1. A case study illustrates some theoretical 

problems about illusions 

 

 The present chapter adopts a bottom-up approach, in the sense that it illustrates the 

way the notion of illusion is employed in the psychological literature by describing the 

debate about the explanation and the nature of a well-known haptic phenomenon called 

the ÔSize-Weight IllusionÕ. The philosophical analysis of the notion of illusion and of 

related concepts starts from Chapter 2 with a proposal of characterization of illusions and 

continues in Chapters 3 and 4 with the discussion about the heuristic value of the notion 

of illusion which is so characterized and with the investigation of the role of illusions in 

cognitive functioning. 

 In this way I intend to show how the philosophical analysis can contribute to the 

debate about the nature of illusions and the present the opportunity of preserving the 

notion of illusion.  

 

 A concept, which by virtue of being a component of the characterization of illusion is 

closely related   to it, is the concept of error. The study of the Size-Weight illusion and 

the analysis of the psychological literature show that the characterization of the notion of 

error which is adopted in this context (for instance as departure from facts) is a heritage 

from the common sensical use of the term ÔerrorÕ. An attempt at a philosophical 

clarification of these concepts might be useful for psychological theories of perception.  
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1.1 The size-weight illusion (SWI) 

  

1.1.1 Description  of the SWI: the smaller of two obje cts of equa l 

weight is judged to be heavier  when lift ed 

 

 Haptic illusions have traditionally received less attention than visual illusions. One of 

the best known and more powerful haptic illusions is the so-called ÔSize-Weight illusionÕ 

(SWI) or ÔCharpentierÕs illusionÕ, since this phenomenon was first described in 1891 by 

Charpentier as an effect of volume on the perception of weight12. Briefly, the SWI 

consists in the fact that the smaller of two objects of equal weight is judged to be heavier 

when lifted. It is a robust illusion that is resilient to the observerÕs prior knowledge of the 

actual relative weight of the objects.  

 Charpentier performed his experiment with two spheres of equal weight and of 40 

and 100 mm of diameter respectively; the observers were allowed to look at the spheres 

and were asked to lift each sphere with the palm of their hand. The larger sphere was 

consistently reported as lighter [Charpentier, 1891]. The experiment demonstrates that the 

perceived weight of an object, its heaviness, does not depend only on its physical weight.  

 In 1894, Flournoy extended the experience to a large number of subjects and to 

different sorts of objects of equal mass that were to be ranked according to their 

perceived weight; he demonstrated that the SWI was resilient to the prior knowledge of 

the observer that the objects weighed the same [Flournoy, 1894]. Prior knowledge thus 

seemed not to influence the perception of weight, at least with active movement and 

                                                
12 Other weight illusions have been described, such as the shape-weight illusion [Dresslar, 1894], the 
material-weight illusion [Wolfe, 1898], the color-weight illusion [De Camp, 1917]. 
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blindfolded subjects (the conditions explored by Flournoy). This resilience is considered 

a peculiarity of illusory phenomena and is often cited in order to demonstrate the non-

permeability, hence the independence, of perception from cognition. 
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Fig u r e 2 .  Th e  Si ze- W eig h t  I l l u sio n  

 

 

Device for  te sti ng th e SWI  wh en tw o objects  of different  dimension and same we ight are lif te d in  

alte rnati on. Th is device also allows measuring th e grip forces exerte d in each case [ Flanagan & 

Beltzner, 2003] . 
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1.2 Explanations of the SWI 

 

1.2.1 The expectation  theory: the  SWI is a cognitive  illusio n based on 

expected sensor y feedback  

 

 A number of studies have since then followed aimed at investigating the role of mass, 

volume, density, gravitational cues in the perception of weight13. In particular, the role of 

movement in weight perception had been highlighted since the 19th century: [Weber, 

1978. Original work published in 1934] had noticed that weight discrimination is more 

reliable when objects are wielded (thus, actively moved). The ability of discriminating 

weights of different masses by voluntary muscular exertion was termed Òsense of forceÓ, 

a component of the Òmuscular senseÓ14. The problem was then posed of the respective 

role of touch and of the muscular sense (which is today indicated as kinesthesis) in the 

evaluation of weight. The improvement in weight evaluation with active lifting seems to 

indicate that receptors with sensitivity for dynamic events in the muscular apparatus are 

involved in weight perception15. 

 Almost immediately following CharpentierÕs description, the SWI was mostly 

explained in terms of Òdisappointed expectationsÓ [Murray, et al., 1999]. Expectation 

                                                
13 For the interaction of mass and volume see [Anderson, 1970]; [Cross & Rotkin, 1975]; [Harper &  
Stevens, 1948]; [Koseleff, 1957]; [Ross, 1969]; [Ross & Di Lollo, 1970]; [Rule & Curtis, 1977]; [Stevens 
& Rubin, 1970]; for density [Harshfield & De Hardt, 1970]; [Huang, 1945]; for the variations of gravity 
[Ross & Reschke, 1982]. 
 
14 [Bell, 1834]. 
 
15 See also [Brodie & Ross, 1984]; [Holway & Hurvich, 1937]; [Raj, Ingty & Devanandan, 1985]; [Jones, 
1986]. 
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theories emphasize the role of previous experience in judgments of weight: cognitive 

expectations based on previously acquired knowledge about the relationship between 

weight and volume in normal conditions (the bigger object is normally heavier than the 

smaller one) affect the perception of the actual weight of the object. 

  In connection with the expectation theories different hypotheses about the role of 

movement and force in the SWI have been put forward16. This fact leads to the 

identification of at least three possible variations within the expectation theories. 

 In the first variation, the illusion originates from the consequences of the expectation 

upon the characteristics of the performed movement, such as the consequent lifting force 

and lifting rate of the object. The motor consequences of the cognitive expectation are 

thus responsible for the SWI. 

 Following the second variation of the expectations theories, it is possible that the 

information about the force exerted in muscular contraction, as in the lifting of the object, 

arises from at least two sources: an internal neural correlate or Ôcorollary dischargeÕ of 

the motor signal sent to the motoneuron pool, which is then sent to the sensory centers; 

and afferent discharges originating peripherally in various sensory receptors of the 

muscles, tendons, spindles, joints. Hence, when proving the role of movement and of the 

exertion of force in weight discrimination, the respective roles of sensory information 

generated centrally and of sensory information generated peripherally in the production 

of the SWI should be determined. In fact, the mismatch between the two sources of 

sensory information could be individuated as the proper source of the illusion. 

                                                
16 For a detailed presentation see [Jones, 1986]. 



 63 

 The hypothesis of the mismatch is strongly criticized in the formulation of the third 

variation of the expectation theories, which proposes to restore a purely cognitive 

explanation of the SWI, with no recourse to erroneous motor commands and eventual 

corollary discharges of the motor commands. 

 A constant for all the variations of the expectation theories proposed is represented by 

the cognitive nature of the expectation. In spite of the differences between the specific 

mechanisms that cause the illusion, the remote cause is individuated in the existence of 

an explicit knowledge about the relationship between the weight and volume of objects. 

This knowledge creates expectations about the perceptual consequences of certain 

movements, such as the lifting of an object.  

 

 The cognitive-motor variant of the expectation theory  

 The cognitive-motor variant of the expectation theory [Ross & Gregory, 1970] 

affirms that the SWI is alleged to the wrong application of knowledge about objects 

[Gregory, 1997]. In GregoryÕs view illusions are the product of a malfunctioning in 

perception. According to Gregory [see Gregory, 1968, 1973, 1997, 1998], two main 

categories of malfunctioning can be distinguished: those located at the mechanical or 

physical level of the sensory signals and sensory organs (optical or sensory illusions), and 

those that arise from the misinterpretation by the brain of sensory information (perceptual 

or cognitive illusions).  

 

ÒPerceptions are hypotheses: illusions are misplaced hypotheses. Further, perceptual 

hypotheses may be misplaced, either because the (physiological) mechanisms mediating 

the hypothesis-generating strategies are malfunctioning; or because the (cognitive) 

hypothesis-generating strategies are inappropriate.Ó [Gregory, 1973, p. 69] 
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In the case of the SWI the mechanical and physical processes are not significant, but the 

assumptions regarding the relation of size to weight, and the inferences which are based 

on these assumptions, are misleading. This is why the SWI is considered by Gregory as a 

perceptual or cognitive illusion.  

 

ÒSmall objects feel heavier than larger objects of the same scale weight; muscles are set 

by knowledge-based expectation that the larger will be heavier, which is generally, 

though not always true.Ó [Gregory, 1997, p. 1124] 

  

 As for the mechanism which is specifically responsible for the SWI, [Ross, 1969] 

suggests that the illusion might be alleged to the characteristics of the lifting movement, 

and in particular to the force applied during the lifting of the object. As we have seen, 

prior experience of objectsÕ shapes and weights leads the observers to expect a larger 

object to be heavier than a smaller object. The learnt correlation between large volumes 

and heavy weights and the consequent expectation would hence affect the force that the 

observer applies when lifting the object, a bigger motor command being transmitted to 

the muscles involved in lifting a larger object. [Ross, 1969] used a matching procedure to 

investigate the SWI: subjects were asked to match via the haptic modality the weight of a 

visible object to that of an unseen object whose weight remained constant. As the volume 

of the viewed object increased its weight too had to be increased ini order to keep the 

heaviness of the two objects the same.  

 Support for the expectation hypothesis and for the role of the characteristics of the 

lifting movement comes for instance from a study of [Davis & Roberts, 1976] in which 

subjects were asked to lift in turn a large can and a small can placed on their palm, and 
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then to report which felt heavier. The authors examined the movement profiles as the 

observers lifted the objects. In individuals who undergo the illusion, initial acceleration 

and height are reliably greater for the large object which is experienced to be lighter. 

Reliable differences in peak lifting acceleration or height are not observed in those few 

individuals who do not experience the illusion. Since it is assumed that subjects would 

attempt to lift all objects at the same rate, the greater velocity, acceleration and 

deceleration found by [Davis & Roberts, 1976] during the lift phase probably reflects the 

fact that observers expected the larger objects to weigh more, and therefore applied a 

greater lifting force, thus producing a faster lifting movement. As a consequence of the 

unexpected speed, the rapid adjustment in the force exerted by the muscles leads to the 

perception that the object weighs less than a smaller object of identical mass17. Lifting 

rate and lifting force would thus be related and could be placed at the origin of the 

illusion. 

 Analogously, [Gordon, et al., 1991] have found that the grip forces employed by the 

subjects to lift large objects are greater than those used to lift smaller objects of the same 

weight. The forces employed can be considered as a measure of the expectations of the 

observers, since they are prior to any feedback. 

 

 The cognitive-sensorimotor variant of the expectation theory 

 Some of the authors who have proposed the cognitive-motor variation have 

developed their explanation and have hypothesized that the SWI originates from the 

discrepancy between the peripheral sensory input (a decrease in the discharge rate of the 

                                                
17 See also [Davis &  Brickett, 1977]; [Davis, Taylor & Brickett, 1977]. 
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spindles receptors, due to the unexpected rapidity of the shortening of the muscles) and 

the expected sensory inflow18. The SWI may result from the interaction between central 

discharges and peripheral afferent signals, which are normally matched for the weight of 

an object.  

 In sensorimotor terms the process of generation of the SWI can thus be described as 

follows: during the lifting task, the central nervous system generates a prediction of 

sensory feedback based on an internal forward model of the object to be grasped and a 

copy of the motor commands (efferent copy). The predicted sensory feedback has the 

form of a corollary discharge: a copy of the elaborated centrally motor commands that are 

esteemed to be necessary and adequate for the lifting of the object is sent to the sensory 

areas. In the sensory areas the corollary discharge and the actual sensory feedback that 

originates from the lifting of the object can be compared. Expected weight and actually 

perceived weight are thus compared. In case of discrepancy between the two magnitudes, 

the error signal from this comparison would then feed into neural circuits responsible for 

producing weight judgments. In the case of the SWI, hence, the comparison produces an 

error signal, since a mismatch occurs between expected and actual sensory feedback. The 

mismatch originates in the erroneous forward model of the object because of misleading 

knowledge and misleading visual cues. The remote cause of the illusion is thus still 

alleged to the erroneous application of knowledge and to the existence of cognitive 

expectations about objects based on past experience.  

  

                                                
18 [Davis &  Roberts, 1976]; [Ross, 1969]. 
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 The cognitive variant of the expectation theory 

 It is admitted by [Flanagan & Beltzner, 2000] that expectations about object weight 

are observable in the motor output during the initial load phase of the lifting movement 

(the sensorimotor component of the expectation theory). Before lift-off the vertical load 

force is increased (if the object is lifted with the index finger and thumb tips the 

horizontal grip force is increased to prevent slip). The rates of change of grip and load 

force are scaled to the expected weight of the object; they increase to a maximum and 

then decrease in anticipation of lift-off, as an effect of feed-forward control processes. 

This is why they can be considered indexes of the predictions of object weight. If 

predictions of object weight are faulty there would be perturbations in the lift-off phase. 

 Nevertheless, according to [Flanagan & Beltzner, 2000], the motor system reacts 

rapidly to these perturbations and changes in the force output soon follow. According to 

the authors, this fact leads to the rejection of the hypothesis that the SWI originates in a 

mismatch between the expected sensory feedback and the actual sensory feedback about 

the weight of the object and also that the illusion originates in erroneous motor 

commands about the characteristics of the lifting movement.  

 [Flanagan & Beltzner, 2000] have conducted the following experiment: subjects were 

asked to repeatedly lift objects (20 lifting trials) of equal weight and different sizes in 

alternation; subjects were also asked to visually examine the object before lifting and to 

express a prediction about the weight. Subjects unanimously expressed the expectation 

that the larger object would be heavier. After the set of trials, all participants still 

underwent the SWI (they reported the sensation that the smaller object was heavier). The 

comparison with a control experiment indicated that even the strength of the SWI was as 
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high at the end of the trials as it had been at the beginning. The analysis of the forces 

deployed during the trials shows adaptation: the force and force rate functions for the 

smaller and the bigger object become very similar. Then, the subjects still undergo the 

SWI even if they make correct predictions about the fingertip forces that are required for 

lifting the objects. Following the authors, it is possible that the forward models are 

updated on the basis of the errors in sensory predictions. Anyway, once adapted, the 

forward models make correct sensory predictions in that they correctly estimate the 

forces that are necessary to lift the objects. The fact that the illusion has the same strength 

at the beginning and at the end of the trials confirms that the SWI is independent of the 

errors in sensory prediction and consequent motor commands. 

 After having discarded the mismatch model, [Flanagan & Beltzner, 2000] propose an 

entirely cognitive explanation of the SWI. Even if the sensorimotor component of the 

expectation theory is invalidated by the results of their experiments, in fact, the same 

cannot be claimed for the cognitive component of the theory. Therefore, the authors 

argue for the separation of sensorimotor (motor programs and corollary discharges) and 

perceptual or cognitive expectations of object weight. Expectations are relevant for the 

SWI to occur, but not under the form of sensorimotor expectations, erroneous motor 

commands and consequent mismatch between corollary discharges and actual perception.  

 The SWI would then originate in a mismatch or discrepancy, but in this case the 

discrepancy does not concern sensorimotor predictions and actual sensory feedback, but 

only perceptual predictions and actual sensory feedback. 

 In other words, since the motor component involved in the lifting of the object can be 

correct without annihilating the illusion, the illusion must be alleged to the sensory and 
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cognitive components of the task (actual perception of the object weight and cognitive 

expectations about the object weight), with no involvement of the motor components 

(characteristics of the lifting movement, existence of corollary discharges of the motor 

commands). 

  

 The role of knowledge or top-down processes at the origin of the SWI seems in fact 

to be confirmed by a particular instance of the illusion: the so-called Ôgolf-ball illusionÕ. 

In an experiment conducted by [Ellis & Lederman, 1998, 2000], two types of subjects are 

presented with special golf balls: half of the subjects are expert golf-players, who have 

used both real and practice balls; the other half have no knowledge of golf, nor of 

practice balls. Real golf balls weigh 45 g, while practice balls are 7 g.; golf and practice 

balls are very nearly identical in their features, but expert players can distinguish them by 

small differences. Golfers should have developed expectations relative to the weight of 

real and practice balls depending on their features. Materials of the experiment included a 

set of real golf balls and a set of practice golf balls, with their normal external aspect. 

Nevertheless, the weight of the golf and practice balls is modified due to the insertion of 

different fillings in the balls: all the balls were made to weigh the same. Subjects are 

asked to provide magnitude estimates of the ballsÕ weight, presented one after the other. 

As a result, experienced golfers report real balls (which they expect to weigh more than 

practice balls) to weigh less than practice balls of the same weight. Non-golfers (who 

donÕt expect the balls to weigh differently) report no weight differences between them, 

and they experience no illusion. It seems clear that top-down processes cannot be 

discarded in the explanation of this illusion: previous experience with the object and the 
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related knowledge which is acquired play a crucial role in determining whether the 

illusion is experienced or not. 

 

 The occurrence of the golf-ball illusion suggests that cognitive components have the 

possibility of influencing the occurrence of weight estimates. Nonetheless, the role of 

previous knowledge in the golf-ball illusion does not per se demonstrate that the SWI is a 

cognitive illusion. Factors other than expectations (both in their cognitive and 

sensorimotor formulations) have in fact been enumerated for explaining the SWI of 

purely sensory nature.   

 

1.2.2 Perceptual theo ries: the SWI is not a cognitive illusion, and no t 

even an illusion  at all  (critici sm of  the cognitive  compon ent of  the  

expectation  theor y) 

 

 [Ellis & Lederman, 1998] consider the imperviousness of the SWI to knowledge as a 

good reason for questioning the cognitive model, even if the golf-ball illusion provides 

evidence against purely sensory hypothesis.  

 Attempts at giving purely sensory explanations of the SWI (with no role for 

cognition) date back to the density model by [Thouless, 1931], who suggested that it is 

the objectÕs density which is directly perceived rather than its weight. 

   

 More recently, [Masin & Crestoni, 1988] have argued against the role of cognitive 

expectations in the SWI by suggesting that only actual sensory information is relevant for 

the SWI to occur. 
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 In their experiment an object was shown to the observers and then hidden from view; 

while still hidden, the object was lifted by the observer. The authors consider that, when a 

subject lifts an object after the object has been hidden, a motor set or a cognitive or 

perceptual expectancy still persist during lifting. The results of the experiment show no 

SWI illusion. In another experiment the subjects lifted the object before seeing it, but 

they rated its heaviness only after the object was exposed to view. In the control 

experiments, subjects lifted weights without being able to see the objects lifted or they 

lifted a weight while seeing it. The SWI illusion occurred in the situation of the 

simultaneous exposition (vision and lifting) only.  

 The authors have used these results to refute the notion of cognitive expectation as the 

mechanism underlying the SWI, and they have proposed that the SWI has direct sensory 

origins.  

 

 The hypothesis of [Masin & Crestoni, 1988] is based on the Òinformation-

integrationÓ model proposed by [Anderson, 1970, 1972], and [Cross & Rotkin, 1975]. 

Following the information-integration model, heaviness should be considered as a 

function of both weight and size or volume. That is, in normal weight perception, the 

estimation of heaviness is a complex perceptual judgment which is based upon 

information regarding weight and information regarding size. Hence, the interaction 

between size and weight that is characteristic of the SWI is not an illusion at all. The so-

called SWI is just a dramatic demonstration that perceived heaviness is a function of both 

weight and size or volume. The interaction between (visually perceived) size and 

(haptically perceived) weight does no require higher level processes, such as knowledge 
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or expectations, but it only reflects a characteristic of the haptic system. The case of 

weight perception by the haptic system is analogous to the perception of loudness in 

audition, which is influenced both by frequency and sound pressure, and to the perception 

of hue in vision, which is a product of both spectral wavelength and intensity. In the same 

manner, size is to be considered as a property of the object that contributes to its 

perceived heaviness. 

  

 In the frame-work of the information-integration model the SWI is dealt with locally, 

on the basis of the specific characteristics of the haptic system when it comes to weight 

perception. However, one may question the notion of illusion in general terms. This is 

what the ecological theories Ð at least on some readings- do. 

 

1.2.3 The ecologi cal view : ill usions do not exist  

 

 The perceptual model and the cognitive (non-sensorimotor) model point out the role 

of vision in the SWI : either visual cues are at the origin of the erroneous evaluation, or 

they accompany haptic cues and provoke the illusion.   

   

 In the cited work by [Masin & Crestoni, 1988] one of the experiments is performed 

by eliminating haptic cues obtained by grasping the object: the object, in fact, is lifted by 

pulling down a string which is attached to it. As we have seen, the SWI occurred when 

vision was allowed. This result indicates that vision is sufficient for provoking the SWI.  
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  [Lederman & Klatsky, 1987] provide evidence that the haptic system is suitable for 

volume judgments and that information about object volume is extracted by exploratory 

procedures called ÒenclosureÓ and Òunsupported holdingÓ. Both procedures involve 

lifting movements of the object, the traditional method for extracting weight information 

about objects. Hence, the observers of the experiment on the SWI obtained volume 

information about the objects both visually and haptically, when lifting the objects. 

 

  [Ellis & Lederman, 1993]Õs investigation of the relative contribution of haptic and 

visual cues in the SWI demonstrates that a significant SWI can be obtained also in the 

haptic-only condition. In the haptic-only condition, observers were blindfolded and asked 

to express weight estimations about the objects. The vision-only and haptic-only 

conditions were plotted against vision+haptic conditions in which the observers were 

allowed to see the object while simultaneously l ifting it. The illusion produced in the 

vision-only is less substantial than the illusion produced in the haptic-only and in the 

haptic+vision conditions. This indicates that, even if visual cues are effective in 

originating the SWI, a full strength illusion rather depends on haptic cues.  

 

 The nature of dynamic touch is at the origin of the SWI 

 Once the haptic nature of the SWI is established, it is possible to put forward a purely 

perceptual explanatory model of the SWI based on the characteristics of the haptic 

system.  

 The model is based on an ecological description of the haptic system, and in 

particular of the so-called Ôdynamic touchÕ [Gibson, 1962, 1966]; [Turvey, 1996]. This is 
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the kind of touch that occurs when an object, such as a book, is grasped and lifted, turned, 

carried and so on. The perception of object properties by wielding is a prominent 

example of dynamic touch. The haptic properties that are thus perceived are those 

regarding the macro-geometry and volume of the objects, as the extension, shape, 

orientation, weight distribution; at the same time properties of the limb holding the object 

are distinguished. Dynamic touch is also involved in the manipulation of instruments, 

such as forks, hammers, etc. 

 In other words, dynamic touch is closely related to what [Bell, 1934] has called 

Ômuscle senseÕ. The object which is held and manipulated affects the state of the muscles 

and tendons of the hand-arm system, and activates the corresponding receptors 

([Fitzpatrick, Carello & Turvey, 1994]). Being related to wielding and lifting movements 

[Lederman & Klatsky, 1987], the SWI and the perception of object weight in general is a 

matter of dynamic touch and its properties.  

 

 Weight perception depends on the inertia tensor 

 The general strategy adopted by Turvey and colleagues in the analysis of dynamic 

touch consist in the identification of the invariances19 (time-independent quantities) of the 

relevant dynamics of different tasks20, such as exteroception21 and exproprioception in 

general22, the perception of object weight23, extension24, length25, width26, shape27, 

                                                
19 [Solomon, 1988]. 
 
20 [Carello & Turvey, 2000]; [Turvey, et al., 1981]; [Turvey, 1992, 1996, 1998]; [Turvey & Carello, 1995]; 
[Turvey, et al., 1996]. 
 
21 [Fitzpatrick, Carello & Turvey, 1994]. 
 
22 [Pagano, Carello &  Turvey, 1996]. 
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orientation28, distance29, selective touch30, position of grasping31 and the perception of 

limb position32 and orientation relatively to the object33. During wielding, lifting and so 

on, these invariances determine the deformation of muscles and tendons and the 

activation of the corresponding receptors in a time-invariant manner.  

 An object which is held and wielded in the hand has a motion pattern which can be 

suitably described as a rotation in three-dimensional space about a fixed center of rotation 

which is located in the joint of the wrist ([Fitzpatrick, Carello & Turvey, 1994]). The 

distance between the point of rotation and the center of mass of the object held in the 

hand remains constant, while the distance between the joints at the elbow and shoulder 

and the center of mass varies during wielding movements. The relevant quantities are 

then included in the quantities of the rotational motion about a fixed point.  

 

                                                                                                                                            

 
23 [Burton & Turvey, 1990b]. 
 
24 [Pagano, Fitzpatrick & Turvey 1993]; [Solomon, Turvey & Burton, 1989a, 1989b]. 
 
25 [Burton & Turvey, 1990a]; [Carello, Fitzpatrick & Turvey, 1992]; [Chan, 1994, 1995]. 
 
26 [Chan, Carello &  Turvey, 1990]; [Turvey, et al., 1998]. 
 
27 [Burton, Turvey & Solomon, 1990]. 
 
28 [Pagano & Turvey, 1992]; [Turvey,  et al., 1992]. 
 
29 [Chan & Turvey, 1991]; [Pagano &  Turvey, 1993]; [Solomon & Turvey, 1988]. 
 
30 [Carello, Santana &  Burton, 1996]. 
 
31 [Pagano, et al.,1994]. 
 
32 [Pagano & Turvey, 1996]. 
 
33 [Pagano & Turvey, 1995]. 
 



 76 

 The hypothesis put forward by [Amazeen & Turvey, 1996] is that in the course of the 

rotation movement, the object presents a resistance to being moved. The pattern of 

resistances to rotational acceleration in different directions is expressed by the inertia 

tensor34.  

 An objectÕs rotational inertia is in fact represented by a quantity constituted of many 

numbers (in other terms, it is quantified by a hypernumber), since the object offers 

different resistances to rotational acceleration in different directions. The different 

resistances are function of the objectÕs constituent masses and of the distribution of the 

mass of the object, that is, how far they are from the axis of rotation. The further the 

objectÕs masses are distributed from the axis, the greater becomes its resistance to 

rotational acceleration about the axis.  

 The turning force about each of the three axis of the three space factors into two 

forces: a force which is radial to the rotational motion and a force which is normal to the 

rotational motion; therefore, there are inertial forces opposing both. For an arbitrary 

coordinate system Oxyz, the hypernumber representing the inertia to rotational 

acceleration about O is a tensor consisting of 9 numbers: three quantifying the moments 

of inertia (the forces opposing the tangential components for each axis) and 6 quantifying 

the products of inertia (the forces opposing the radial components, thus the centrifugal 

moments). It is possible to individuate a non-arbitrary system of coordinates at O. The 

axes of the non-arbitrary system of coordinates are the principal axes or eigenvectors. In 

this configuration, there are no products of inertia, but only principal moments of inertia 

or eigenvalues, the largest, intermediate and smallest respectively, referred to as I1, I2, I3. 

                                                
34 In mathematics tensors are quantities or geometric entities represented by multi-dimensional arrays of 
components and defined independently of any frame of reference. 
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For any wielding of an object in three space the resultant deformation of the muscles is 

constrained in a time-independent way by all three eigenvalues [Fitzpatrick, et al., 

1994]).  

 

 Some experiments have highlighted the role of the eigenvalues of the inertia tensor in 

weight perception35. In a first experiment, the mass and volume of the object are 

maintained as constant, while the rotational inertia of the object is manipulated by 

modifying the distribution of the masses of the object. In a second experiment the 

rotational inertia is suitably manipulated in order to simulate variations in the volume, 

while the volume and mass are maintained as constant. In a third experiment rotational 

inertia is suitably manipulated in order to simulate mass variations, while the volume and 

mass are maintained as constant. The results indicate that weight perception varies with 

variations in the distribution of the masses, independently of the mass and volume of the 

object.  

 Special objects are designed in order to manipulate the eigenvalues of the inertia 

tensor without modifying the mass or the volume of the objects (Ôtensor objectsÕ): the 

objects are constituted of two rods connected in the center forming an angle of 90¡ 

between them and with a third rod which is used as handle. Metal rings can be placed in 

different positions along the three rods in order to modify the distribution of the masses 

of the objects without modifying its overall volume and mass. The ringsÕ position is 

occluded from sight.  

                                                
35 [Amazeen, 1995, 1997a, 1997b, 1999]; [Amazeen & Turvey, 1996]; [Amazeen & Woodrow, 2003]; 
[Burke & Amazeen, 1997].  
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 The results indicate that, independently of the mass and volume of the objects, 

perceived weight varies with I3, that is, with the smallest of the eigenvalues of the inertia 

tensor represented by the object: perceived weight decreases with the decreasing of I3. 

Since variations in the mass and volume provoke variations of the eigenvalues, even the 

dependency of the perceived weight on the volume and mass of the object can be 

explained in terms of the variations of the eigenvalues of the inertia tensor. For instance, 

for an increase in object mass, the three eigenvalues uniformly increase; another 

experiment shows that increasing all the three eigenvalues results in an increase in the 

perceived weight.  
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Bo x  1 . Th e in e r t i a t en so r  

 

  

 

 

 The inerti a te nsor quanti f ies different resista nces to  rota ti on in different directi ons. I t is 

consti t ute d of a matr ix  wi th  moment s of inerti a on th e diagonal and products  of th e inerti a out of th e 

diagonal. 

 

 The axes of rota ti on can be oriente d in such a wa y so as to  elim inate  th e components  outs ide th e 

diagonal. This is th e only non-arbit rary positi on of th e axes. I n th is positi on, th e axes are called 

eigenvecto rs or principal directi ons;  th eir  length  is indicate d as eigenvalues or th e principal m oment s 

of th e inerti a. Eigenvalues and eigenvecto rs are suff icient to  describe th e magnitu des (such as length ,  

wi dth , we ight, etc )  and directi ons ( orienta ti on, etc .)  of th e wi elded object. The magnitu des mat ch int o 

th e eigenvalues and th e directi ons into  th e eigenvecto rs. 

 

 A geometr ic representa ti on of th e object can be drawn  on th e basis th e eigenvalues and 

eigenvecto rs. The inert ia ellipsoid consti tu te s a graphical descripti on of th e essence of th e mass 

distr ibuti on of th e object.  
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Fig u r e 3 .  Th e  i n e r t i a t en so r  

 

 

a. The matr ix  of th e inerti a te nsor [ Carello, 200 4]  

b. Hand-held object wi th  relati ve axes of rota ti on [ Carello, 200 4]  

c. Geometr ic representa ti on of th e mass distr ibuti on of th e hand-held object ( iner ti a ellipsoid)  

[ Carello, 200 4]  

 

 

 

 
 

 

 

 

d. Tensor objects  [ Carello, 200 4]  

 

 



 81 

 The SWI is an effect of the properties of the dynamic touch, and is not an illusion 

"Ét he possibility now exists for a theory in which the size-weight illusion is grounded in 

the same principles as normal weight perception." [Amazeen & Turvey, 1996, p. 222] 

  

 Within the model of the inertia tensor, the effects of size or volume on object weight 

perception are interpreted as consequences of the variations in the patterns of resistance 

of the object when the latter is being moved, that is, as effects of variations of the inertia 

tensor. Weight perception is truly dependent on the inertia tensor, and phenomena such as 

the SWI are normal consequences of the proper functioning of dynamic touch. Since 

perceived weight is not a function of the mass of the object but of the inertia tensor, no 

cognitive hypothesis, no mismatch (neither sensorimotor non perceptual or cognitive), no 

sensory integration is to be invoked in order to explain the variations in weight perception 

for objects of the same mass. One and the same principle, the inertia tensor, and 

specifically its eigenvalues, is sufficient for accounting for both ÔnormalÕ weight 

perception (when perceived weight is in accord with the actual mass of the object) and 

ÔillusoryÕ weight perception (when weight is not in accord with the actual mass of the 

object).  

 

 For this reason, [Amazeen & Turvey, 1996] claim that the SWI cannot really be 

considered as an illusion. In the opinion of the authors, the situation only appears illusory 

when the phenomena are wrongly described by the experimenter; in the case of the SWI, 

describing object weight perception as dependent on the mass of the object is misleading, 

since the haptic system (dynamic touch) in fact is not assessing weight, but is sensitive to 

a different quantity: the inertia tensor. 
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 I llusions do not exist 

 Following the ecological approach [Turvey, et al, 1981], the recognition of the proper 

quantities a perceptual system is sensitive to is interpreted as leading to the dissolution of 

the notion of illusion.  

 The approach claims that phenomena such as the SWI are useful in order to guide the 

search for the real quantities the perceptual systems are sensitive to. The SWI is then used 

as a model situation for investigating the perception of object length, width, shape, 

orientation with dynamic touch [Turvey, 1996]. For instance, in a series of experiments, 

the effects of the eigenvalues and eigenvectors of the inertia tensor on different perceived 

qualities of objects that are held and wielded by the hand are evaluated. Apparently 

illusory phenomena are produced, in that the manipulation of the eigenvalues or 

eigenvectors provokes variations in the perception of the object qualities that are not in 

accord with the actual, measured qualities of the object. [Solomon & Turvey, 1988] show 

that haptically perceived object length does not depend on the actual length of the object, 

but varies in correlation with variations of the eigenvalues: it increases at the increase of 

the largest eigenvalue and decreases at the decrease of the smallest eigenvalue. On the 

contrary, perceived object width increases with increased smallest eigenvalue and 

decreases with increased largest eigenvalue.  

 For all the cited cases, the perceptual experience is manipulated in such a way so as to 

produce phenomena that are analogous to the SWI for different perceptual qualities, such 

as length or width. Nevertheless, the results of such modifications are not considered as 

illusory effects in that the perceptual systems is not committing any error but it is simply 
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sensitive to certain qualities (invariances) that the suitable modification of the experience 

helps to highlight.  
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Chapter 1. Summary and conclusions. 

 

  We have seen that the explanation of the SWI is controversial. The reasons of the 

controversy arenÕt limited to the empirical discovery of explanatory causes for the SWI, 

but are extended to the question of the proper nature of the SWI and to the nature of 

illusions: is the SWI an illusion? If not, is its treatment as an illusion an artefact of the 

description of the experimental setting? These are specific questions limited to the 

explanation of the SWI and eventually to the nature of the SWI. But more general 

questions arise from the discussion about the SWI relative to the nature of illusory 

phenomena.  

  The mismatch or discrepancy between cognitive expectations and actual 

perception in the SWI have been opposed to the integration of multiple, actual, sensory 

cues.  

 Advocates of the latter approach refuse to consider the SWI as an illusion. The 

argument suggests the necessity of a deeper analysis of the relationship between illusions 

and conflicts or discrepancies between multiple sensory cues.  

 Advocates of the former approach are divided in their opinions with regard to the 

nature of the expectations. On one side, the hypothesis is constructed that cognitive 

expectations have sensory consequences, or at least motor consequences on the motor 

planning and that the sensory and motor consequences of expectations have a direct role 

in the occurrence of the SWI. On the other side, cognitive expectations directly play their 

role in the origin of the SWI, and no sensory or motor medium is introduced. Merely 

cognitive, explicit expectations have been discussed up to now: even when their action 
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upon perception is mediated by their sensory and motor consequences, the nature of 

expectations is always connected with some form of symbolic knowledge and with some 

form of internal representation regarding the objectsÕ weight and size. The question arises 

about the nature of expectations and their role in illusory phenomena.  

  Finally, the abandoning of the notion of illusion for what regards the SWI has 

been extended to all perceptual phenomena that have been described as illusory. In 

particular, the concept of cognitive or perceptual error, based on knowledge and 

expectations, has been opposed to the concept of a direct picking-up of relevant ambient 

quantities. According to the advocates of the ecological approach, when information is 

directly picked-up from the ambient array, the notion of illusion itself is deflated. The 

discussion about the SWI thus raises a more general question about the real nature of 

illusory phenomena and about the possibility of maintaining the notion of ÔillusionÕ 

within the frame-work of a psychological theory of perception. It is a fact that the 

cognitive approach expressed in the context of the expectation theory and the ecological 

approach related to the inertia tensor model constitute two opposite views about the SWI 

and about the notion of illusion itself and represent two theoretically antipodal positions 

about perception in general.  

 Hence, the examination of the literature regarding the SWI reveals the existence of a 

conceptual problem regarding the definition of illusory phenomena and the status of 

illusions in relationship with other perceptual phenomena: normal perception, perceptual 

errors and discrepancies or conflicts between multiple information; and also a problem 

regarding the role of knowledge and expectations in illusory phenomena. 

 The following chapters aim at analyzing these issues. 
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Tab le 1 .  Th e  d i f f e r en t  p o si t i on s ab ou t  t h e SW I  an d  i l l u sio n s 

 

Gen er a l  
ap p r o ach  

Di f f e r en t  p o si t io n s 
t o w a r d  t h e  SW I  

Sp e ci f ic  ex p lan at io n  o f  t h e  
SW I  

Di f f e r en t  
p o si t io n s t o w a r d  
t h e SW I  an d  
i l lu s io n s in  
g en er a l  

Expecta ti on 
th eories 

 The occurrence of th e SWI  
depends on th e existe nce of 
expecta ti ons based on 
knowl edge (general or specif ic)  
 

The SWI  is a 
cogniti ve illusion 

 Cogniti ve-moto r th eory Expecta ti ons generate  erroneous 
lif ti ng movement s wh ich provoke 
erroneous we ight evaluati on 

The SWI  is a 
cogniti ve illusion;  
knowl edge 
influences mot or  
acti ons 
 

 Cogniti ve-sensorimoto r 
th eory 

The expecte d we ight generate s 
moto r acti ons and relat ive 
corollary discharges, th at  is 
previsions about th e sensory  
inflow in response to  th e m oto r  
acti on. The SWI  is generate d by 
th e discrepancy betwe en th e  
actu al sensory inflow and th e 
expecte d sensory feedback 
 

The SWI  is a 
cogniti ve illusion;  
knowl edge 
influences mot or  
acti ons and 
expecte d sensory 
feedback 

 Purely  cogniti ve th eory The discrepancy betwe en th e 
expecte d we ight and th e actu al 
sensory inflow generate s th e 
illusion. No role for moto r errors 
and corollary discharges 
 

The SWI  is a 
cogniti ve illusion 

Perceptu al th eories I nformati on- inte grati on 
model 

Weight percepti on in general 
depends on multi ple facto rs, 
including we ight  and volume or  
size;  t he SWI  serves as an 
illustr at ion of th is fact,  but is 
cannot be set apart from non-
illusory we ight percepti on  
 

The SWI  is not an 
illusion 

 Ecological v iew Weight percepti on in general 
depends on th e resista nce 
offered by th e object to  th e fact 
of being moved;  th e resista nce 
depends both  on th e mass and 
on th e mass distr ibuti on of th e 
object. The SWI  serves as an 
illustr at ion of th is fact,  but is 
cannot be set apart from non-
illusory we ight percepti on 

The SWI  is not an 
illusion and 
illusions in general 
do not ex ist :  th e 
only problem is to  
f ind th e real 
quant iti es th e 
perceptu al syste ms 
are sensiti ve to  
(such as th e 
rota ti onal inerti a 
for th e hapti c to uch 
and we ight 
percepti on)  
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Chapter 2. Characterization of illusory phenomena 

 

 This chapter aims at providing a characterization of illusory phenomena.  

As shown by the case study of the SWI, there is no unanimity within the psychological 

and physiological approach to perception concerning the definition of what illusions are, 

and even as to whether the characterization of the class of illusory phenomena is useful 

and justified. In fact, in its ÔtechnicalÕ use, the notion of illusion is strongly dependent 

upon the theoretical approach adopted.  

 

 For this reason, before a characterization of illusory phenomena is provided, it is 

important to analyze how the notion of illusion is made operational by the different 

theoretical approaches to perception that make use of it and also what arguments are 

given when the notion of illusion is discarded by the theoretical approaches that avoid 

making use of it. In particular the so-called direct approach and indirect approach to 

perception present significant positions about the concept of illusion. For both 

approaches, the acceptance or refusal of the notion of illusion is strongly motivated by 

the general approach to perception and the arguments in favour or against illusions are 

representative of the justifications for adopting a direct rather than an indirect view of 

perception. 

 

 It will be shown that one of the main difficulties arises because of the characterization 

of illusions as errors. The notion of error will be hence discussed before approaching the 

other characteristics of illusory phenomena.  



 88 

  

2.1 Theoretical difficulties with the notion of error affect the 

characterization of illusions 

 

 Illusions are characterized as departures from reality or as errors both by common 

sense and by the psychological literature.  

 Such a characterization of illusory phenomena as errors is not unproblematic.  

 First of all, as it is shown by the arguments of the direct approach, the notion of error 

which is employed for the characterization of illusory phenomena is theoretically 

entangled with the indirect vision of perception.  

 Secondly, some of the phenomena that even the indirect approach characterizes as 

illusions are not errors in the sense of departures from reality; they are rather 

discrepancies from physical facts or discrepancies between the reality as it appears to 

perception and reality as it appears when measured with precision instruments (this is the 

classic definition of illusions provided by Gregory which matches the common sense use 

of the term ÔillusionÕ).  

 These two considerations lead to the necessity of revising the characterization of the 

concept of illusion, or of revising the notion of error as it has been used in order to 

characterize the concept of illusion.  
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2.1.1 Uses of the term Õillusio nÕ by com mon sense and psychological  

literature : illusions  are errors  in the sen se of departures f rom facts  

  

 The term ÔillusionÕ is commonly used in ordinary language to indicate a variety of 

situations, not necessarily bound to perceptual phenomena. The term ÔillusionÕ in fact can 

be assigned different meanings and can be used in a variety of situations. The term 

ÔillusionÕ is sometimes used as a synonym for ÔhallucinationÕ, in addition to ÔsemblanceÕ, 

ÔdeceptionÕ (both in the sense of creating expectations that are then deceived and in the 

sense of a magician trick) and ÔmisconceptionÕ36. In any of these examples two 

components are placed in relation: something as it is (the facts) and some perception, 

conception, belief about the facts; the two components are, in a sense that must be 

properly qualified, at odds. In general it is assumed that the appearance, belief or 

conception is false with regard to the facts. That is, illusions are departures from facts. 

Here are some paradigmatic examples:  

                                                
36 As an example of existing classif ication of the variety of uses of the term ÒillusionÓ one can see 
the The WordNet lexical database.  

ÒSense1:        
Illusion, semblance  (an erroneous mental representation)=> appearance (a mental represe
ntation; "I tried to describe his appearance to the police") 
Sense 2:  
il lusion, fantasy, phantasy, fancy (something many people believe that is false; "they have
 the illusion that I am very wealthy)=> misconception  (an incorrect conception) 
Sense 3: 
 delusion, illusion, head game  (the act of deluding; deception by creating illusory ideas) 
 => deception, deceit, dissembling, dissimulation  (the act of deceiving) 
Sense 4:   
magic trick, conjuring trick, trick, magic, legerdemain, conjuration, illusion, deception  (a
n illusory feat; considered magical by naive observers) 
=> performance (the act of presenting a play or a piece of music or other entertainment; "
we congratulated him on his performance at the rehearsal"; "an inspired performance of 
Mozart's C minor concerto")Ó  
[Fellbaum, 1998; The WordNet lexical database developed by the Cognitive Science 
Laboratory at Princeton University under the direction of George A. Miller. 
http://wordnet.princeton.edu/]. 
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o ÒIÕve seen something that resembled, that had the aspect of a cat, but as a matter 

of fact it was a shadow: I had the illusion of seeing a catÓ 

o ÒMy friends take me for someone rich, but in fact IÕm not: they have the illusion 

IÕm rich because I spend so muchÓ; ÒYou illude yourself about the future of your 

country: it is decliningÓ 

o ÒThe magician gave us the illusion that the woman was split into two partsÓ 

 

 The research on illusions in the psychological literature: illusions as errors 

 In addition to the common sense use, the term ÔillusionÕ is in use in the psychological 

literature in order to isolate a specific class of perceptual phenomena as, for instance, the 

Size-Weight illusion, the Horizontal-Vertical illusion, AristotleÕs illusion, etc., and also 

other illusions that are suitably created in laboratory conditions for investigating specific 

phenomena. Research on illusions has in fact become a fundamental component of 

psychological research about perception. 

 

 The common sense use of the term ÔillusionÕ as departure from facts is reflected in the 

psychological literature by the characterization provided by Gregory:  

 

ÒErrors are illusions. Certain situations present special difficulty, giving rise to systematic 

errors [É] Ó [Gregory, 1968, p. 179; my italic] 

 

Gregory gives the term ÔillusionÕ the meaning of a special type of error in perception: 

illusions are systematic errors, as related to especially difficult and typical problems 

during the process of information extraction and interpretation which is proper to 
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perception. Gregory also recognizes the difficulty of considering illusions as departures 

from reality, in virtue of the difficulty of defining what reality is, or of the risk of turning 

all perception into a massive illusion. He thus limits his definition to the departure from 

facts as physically measured or physical facts. 

 

ÒIt is extraordinarily hard to give a satisfactory definition of an ÒillusionÓ. It may be the 

departure from reality, or from truth; but how are these to be defined? As scienceÕs 

accounts of reality ever more different from appearances, to say that this separation is 

ÒillusionÓ would have the absurd consequence of implying that almost all perceptions are 

illusory. It seems better to limit ÒillusionÓ to systematic visual and other sensed 

discrepancies from simple measurements with rulers, photometers, clocks and so on.Ó 

[Gregory, 1997, p. 1122] 

 

In addition to the notion of error the notion of systematicity is recalled to define illusions 

as 

 

ÒSystematic deviations from physical facts.Ó [Gregory, 1973, p. 49] 

  

 Errors per se do not provide an interesting scientific category, as they are hostage to 

contingencies. Errors that are committed systematically, on the other hand, delineate an 

interesting category, amenable to scientific investigation.  

 Systematic errors can be of two sorts.  

 As we have seen, there are a number of perceptual phenomena that are explicitly 

labelled ÔillusionÕ, and that have received, in the course of time, standard description in 

the literature about perception (such as the SWI), in spite of the differences in the 

interpretation of the causes.  
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 Otherwise, illusions can be provoked by manipulating the stimulus situation in the 

controlled environment of the laboratory. These illusions do not necessarily receive a 

name, or a standard description. They are used in order to highlight some specific 

mechanism; they can be reproduced at will by recreating the same situations with any 

subject at any moment, and this is a mark of their systematicity.  

 

 Both sorts of systematic errors or illusions will be illustrated during the discussion 

about the characterization of illusions. In fact, the indirect account of perception 

explicitly makes use of standard illusions, such as the SWI. On the contrary, as we have 

seen, the ecological, direct account of perception refuses to accord to these phenomena 

the condition of illusions; nevertheless, phenomena described in the classic literature as 

SWI are investigated in order to individuate specific perceptual invariances. Also, as we 

have seen, phenomena analogous to what the SWI represents for weight perception are 

provoked for the perception of other different qualities (such as the haptic extension, 

orientation and position of objects) by suitably manipulating the masses distribution of 

hand-held objects. These phenomena too are systematic and have the property of 

revealing the invariances associated with dynamic touch.  
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Bo x  2 . Gr eg o r y Õs c lassi f i cat i o n  o f  i l l u so r y  p h en o m en a 

 

 

 

 

 I n th e use made for insta nce by [ Gregory, 19 97]  ÔillusionÕ is an umbrella- te rm  wh ich 

includes a great variety  of phenomena. I llusory phenomena are classif ied as such:   

o ambiguiti es (as t he Necker cube, th e v isual effects  provoked by m ist or 

reti nal r ivalry)  

o disto rti ons (as th e SWI  or oth er classic geometr ic illusions, such as th e 

Horizonta l-Verti cal illusion, but also m irages)  

o paradoxes (as th e impossible tr iangle of L. S. Penrose and R. Penrose of 

1958, wh ich cannot be seen as a sensible th ree-dimensional f igure, th e so-called 

impossible f igures and impossible objects  in general. The m irror represente d in 

Magritte Õs ÒLa reproducti on inte rdite Ó is equally  considered a v isual paradox,  

since it reproduces an impossible situ ati on)  

o f icti ons (as th e rainbow, th e faces one can ÔseeÕ in th e f ire, galleons in th e 

clouds and so on, th e afte r- images and f igures such as th e Kanisza tr iangle) . 

 

 The number  of phenomena th at are described as illusions has greatl y  grown during t he last  tw o 

centu ries.  I f  some perceptu al illusions we re just known  to  th e ancient Greeks ( for insta nce,  th e so-

called Aristo tl eÕs illusion) , it is in th e XI X centu ry th at th e f irst scienti f ic descripti on of illusions we re 

given.  

  

 [ Gregory, 1968]  describes th e follow ing ste ps in th e stu dy of illusions.  

 I n 1832  L. A. Necker illustr ate d how a rhomboid reverses in  depth , someti mes one face appearing 

th e nearer, someti mes th e oth er (perceptu al reversal or alte rnati on) ;  W. Wundt described th e 

Horizonta l-Verti cal illusion:  a verti cal line looks longer th an th e horizonta l line of equal length  th at it  

encounters (disto rti on illusion) ;  inte rest in illusions grew higher suite  to  th e publicati on of some figures 

showi ng dist orti ons wh ich could affect th e use of opti cal instr ument s, th us producing errors:  th e 

Poggendorff f igure of 1860 (a str aight line crossing a recta ngle appears displaced) , th e Hering illusion 

of 1861 and th e Wundt of 1896 (str aight parallel lines look bowe d outwa rds or inwa rds) , th e Mueller-

Lyer arrow figure of  1889  ( th e outwa rd-going arrow heads produce expansion of th e shaft, and th e 

inwa rd-going heads contr acti on) .  

 Dist orti on phenomena we re th en explained wi th  reference t o th e sti mulus patte rn, ( for example,  

in th e case of th e Mueller-Lyer f igure th at th e acute  angles te nd to  be overesti mate d and th e obtu se 

angles to  be underesti mate d) . 
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Bo x  3 . Ex p er i m en t al  r esear ch  o n  d y n am i c t ou ch  

 

 

  

 

 

 Research on dynam ic to uch conducte d in th e conte xt of th e ecological v iew of percepti on uses th e 

modif icati on of th e dist r ibuti on of masses of hand-held objects  as a priv ileged instr ument for th e 

identi f icati on of th e invariances th e dynam ic syste m  is sensiti ve to . I nvariances proper to  dynam ic 

to uch are in  fact identi f ied w ith  quant iti es th at are relate d to  th e rota ti onal iner ti a of th e hand-held 

object, th at is to  th e resista nce th e object offers to  being moved (movement s performed w ith  th e 

arms are rota ti on, in v ir tu e of th e anato m ical str uctu re of th e joint s) .   The relevance of rota ti onal 

inerti a for  th e hapti c percepti on of object propert ies is dem onstr ate d in  several experiment s using an 

experimenta l setti ng of th is k ind:  one or more rods connecte d one wi th  th e oth ers wi th  atta ched 

masses. The masses can be displayed in different positi ons so as to  change th e m asses distr ibut ion 

wi th out modify ing th e shape or th e we ight of th e so-composed object.  

 I n experiments  about length  percepti on,  for insta nce, it  is shown  th at a rod w ith  a mass at ta ched 

near th e hand wh ich holds th e rod feels shorte r th an th e same rod wi th  th e mass atta ched at th e end 

far from th e hand. The described phenomenon is syste mati c and is used to  reveal th e functi oning 

conditi ons of the hapti c dynam ic syste m. Neverth eless, th e phenomena th at are provoked in th is wa y  

are not considered as illusions by th e experimente d th ey are performed by. 

As we  have seen, in additi on to  th e investi gati on of we ight and length  percepti on, oth er experiment s 

of th is k ind regard:   

o wi dth ,  

o shape,  

o orienta ti on,  

o grasping positi on of hand-held objects  (exte rocepti ve proper ti es)   

o positi on of th e hand and limb relati vely  to  th e hand-held object (expropriocepti on, or  

propriocepti on v ia exte rocepti on) .   
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2.1.2 The opposition  of indirect and di rect approac hes to  perceptio n 

relative to the noti on of illusion as perc eptual error   

 

 As we have seen during the discussion about the SWI, over and above local 

objections raised about the SWI being or not being an illusion, general theoretical 

objections are addressed by the ecological account of perception against the notion of 

illusion considered in itself.  

 The general objections are connected with the characterization of illusions as errors. 

The notion of error which is used to characterize illusory phenomena is in fact 

theoretically committed with the indirect, inferential approach. In the frame-work of the 

indirect, inferential approach errors are failures during an inferential process, eventually 

involving the intervention of representational knowledge.  

 A characterization of illusory phenomena which is based upon these arguments would 

thus be objected to by other direct approaches to perception than the ecological one, such 

as the sensorimotor approach. The sensorimotor approach does not necessarily discard 

the notion of illusion (as the ecological approach does) and suggests a possibility for 

disentangling the notion of illusion from the indirect approach to perception and for 

providing a characterization of illusory phenomena which can be accepted by a larger 

audience in the psychological research.  

 Finally, another difficulty about the characterization of illusions as errors is discussed 

which is related to the inclusion of ambiguities and paradoxes within the class of illusory 

phenomena. If errors are characterized as departures or deviations from facts, the problem 

arises concerning those illusory phenomena where there is no departure from facts, even 
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physical, measured facts, but instead perceived facts are themselves ambiguous or 

paradoxical. 
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Bo x  4 . Di r ect  an d  i n d i r ect  ap p r o ach es t o  p e r cep t i on  

 

  

 

 

  

 The claim  th at percepti on is direct consists  in th e argument th at percepti on is a form  of non-

inferenti al awa reness of th e th ings we  normally  ta ke ourselves to  be awa re of wh en we  perceive [ No‘ , 

I n press] . Menta l inte rmediaries such as sense data , impressions, appearances are th us refused to  be 

th e th ings we  are directl y  awa re of in percepti on. The perceiver is inste ad directl y  aware of th e wo rld  

itself, and th e world is accordingly very sim ilar t o wh at it  seems like in percepti on (na•ve or direct  

realism  is connecte d to  th e direct  approach to  percepti on) . There are a cert ain number of direct  

approaches to  percepti on, including v iews propounded by psychologist s and philosophers.  

 Among philosophers, [ Austi n,  1962 ]  adopts  a direct approach in  th at  he refuses th e noti on of  

sense data  and of a general object of percepti on wh ich wo uld be common to  il lusory and non- illusory  

experiences. The same line of argument  is adopte d by [ Snowd on, 19 80 -81]  and [ McDowe ll, 19 82,  

1986] ;  in parti cular Snowd on and McDowe ll adopt an exte rnalist v iew of percepti on according to  wh ich 

perceptu al experiences are consti tu te d by th e relati on betwe en th e perceiver and an exte rnal object.  

[ Sellars, 1956]  and [ Str awson, 19 79]  to o refuse th e idea th at percepti on m ight regard our sensory  

impressions:  percepti on consists  in th e inte nti onal experience of th e wo rld as being in th is wa y or th at.     

 I n th e domain of psychology, two  main approaches to  percepti on represent  th e direct v iew:  th e 

ecological approach intr oduced by [ Gibson, 1966]  and [ Turvey, et al., 1981]  and th e sensorimoto r  

approach of [ OÕRegan & No‘ , 2001] . 

 

 One of th e arguments  against th e direct  approach to  percepti on is th e so-called Ôargument from  

illusionÕ [ Ayer, 1955 ] . Followi ng th e argument,  th e experience of seeing a really  ex isti ng ob ject and 

th e experience of seeing an object th at does not ex ist but is merely hallucinate d are indisti nguishable.  

Thus,  a com mon ent ity  must ex ist wh ich is th e ob ject of percepti on in  both  cases:  a sense dat um.  The 

real object ente rs th e perceptu al experience only as a more or less far cause of th e perceptu al 

process.  

 I n th e same vein,  indirect  percepti on approaches assert th at  wh en a round form  is perceived form  

a generic v iewp oint, an ellipti cal scheme is directl y  accessed by th e v isual syste m, so th at t he round 

shape of th e object must be inferred as a result of conjectu re and speculati on.  

 I n general, th e problem of perceptu al science commit te d w ith  th e indirect v iew is to  explain how 

do we  perceive wh at we  do ( i.e . a th ree-dimensional wo rld)  given th e patte rns of sti mulati on of th e 

sensory organs (see for insta nce [ Marr, 19 82] ) .  

 [ Fodor, 198 1]  asserts  th at th e brain act ively  constr ucts  t he perceptu al experience th rough th e 

inte rventi on of inferenti al processes, th us reaff irm ing th e paradigm proposed by Helmholtz  of  

percepti on as unconscious inference. 
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Bo x  5 . I n d i r ect  ap p r oach es t o  p er cep t i on :  t h e  i n f er en t i a l  ap p r o ach  

 

 The posit ion expressed by Gregory can be tr aced back to  H. von HelmholtzÕs not ion of percepti on 

as a process involv ing unconscious inferences:  percepti on is only indirectl y  relate d t o objects  in  th e 

wo rld;  data  signalled by th e senses are fragmenta ry and ofte n hardly  relevant, so th at percepti on 

requires inferences from knowl edge to  make sense of t he sensory  data . I ndirect approaches t o 

percepti on aff irm  th at it is not direct ly  th e objects  th at we  perceive, but inte rmediate s. The inferenti al 

approach is a variati on of th e indirect approach:  

 

ÒFollow ing von HelmholtzÕs lead we  may say th at knowl edge is necessary for v ision 

because reti nal images are inherentl y  ambiguous ( for example for size, shape and 

dista nce of objects ) , and because many properti es th at are v ita l for behaviour cannot be 

signalled by th e eyes, such as hardness and we ight, hot or cold, edible or poisonous. For  

von Helmholt z, ambiguiti es are usually  resolved, and non-v isual object  properti es 

inferred, from knowledge by unconscious inducti ve inference from wh at  is signalled and 

from knowl edge of th e object wo rld.Ó  [ Gregory, 1997, p. 11 21]  

 

 One of th e most importa nt applicati ons of knowl edge to  percepti on regards th e v ision of scenes 

and object in a th ree-dimensional wa y.  I n th e indirect perspecti ve, in fact, th ree-dimensional v ision is 

not str aightf orwa rd, even if we  normally  perceive a th ree- dimensional wo rld because th e botto m-up 

informati on th e v isual syste m disposes of is just Òflat  ghostl y images in th e eyesÓ [ Gregory, 1997 , p.  

1122]   

 

 To read reality  from images is to  solve a problem. And wh en th e problem is quite  diff icult  error s 

are to  happen. MarrÕs researches about v ision go into  th is same directi on [ Marr, 1982]  

 

 We can reconstr uct th e main argument for th is positi on as follows :   

1.  sti muli are ambiguous (such as v isual size)  or insuff icient for specify ing object propert ies ( such as 

for we ight by sight)  

2.  neverth eless, th e f inal percept is unambiguous and specif ied  

3.  some process must have ta ken place wh ich has solved th e ambiguity  and allowe d specif icati on of  

object properti es 

4.  in additi on to  present informati on, t he subject disposes of  previously acquired knowl edge about  

objects  of th e wo rld  

5.  knowl edge can be used to  disambiguate  present sti muli and to  specify  incomplete  informati on 

th rough a process of inference 

6.  inference is a mechanism th at allows th e use of past knowl edge for producing new knowl edge, 

th us th e f inal percept is th e result of an inference based on th e conte nt of actu al experience and 

th e conte nt  of past knowl edge.  

As a consequence, errors m ight arise at different moments  in th e course of th e inferenti al process.  
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The argument of th e inferenti al approach has been conte ste d at different levels.  

 As we  wi ll bette r see in wh at follows , th e ty pe of direct percepti on approach represente d by 

Gibson and oth ers (ecological approach)  conte sts  t he f irst poin t, th at  is, th e assumpti on th at  

informati on is ambiguous or insuff icient. As a consequence th ere is no need for additi onal, cogniti ve 

processes as sta te d at point th ree in order to  obta in a coherent, informati ve f inal percept.  

 Points  tw o and th ree are discarded by [ O'Regan & No‘ , 2001] , wh o endorses anot her ty pe of  

direct approach to  percepti on and susta ins th at  th ere is no need for inte rnal mechanisms because th e 

f inal percept is not complete  and th e coherence of t he f inal percept is simply wa rrante d by th e unity  of  

th e moto r-perceptu al experience.  

 Finally , point f ive of t he argument can be conte ste d because inference is not considered as th e 

proper process at sta ke (as in th e case of th e applicati on of Bayesian inference) . 
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Bo x  6 . Di r ect  ap p r oach es t o  p e r cep t i on :  t h e  eco l og i ca l  ap p r o ach  

 

 

 

 The ecological approach to  percepti on and acti on originat ed in th e wo rk of J. J. Gibson (see 

[ Gibson, 19 66] ) ,  wh o claimed th at  th e perceiv ing organism  and its  environment form  a syste m , and 

th at percepti on is an achievement of th e syste m ;  th us, th e input is defined by th e overall syste m ,  

nota bly including th e moto r act iv iti es th rough wh ich th e organism  ente rs in conta ct wi th  th e 

surrounds. No inte rmediary ste ps or representa ti ons are necessary in order to  achieve percepti on.  

 To th is effect th e t heory intr oduces th e noti on of Ôambient arrayÕ. Ambient arrays are str uctu red 

by specif ic animal-environment sett ings and consti tu te  wh at is directl y  perceived. Ambient arrays are 

higher order properti es, as th e changing patte rns of light th at are ty pical of an animal approaching to  

an object  or,  v ice-versa, of an ob ject approaching t o th e animal:  for  insta nce, a global change in th e 

patte rn of light is specif ic of self-mot ion, local change against a sta ti onary background is specif ic t o 

object moti on. The specif ic patte rns of opti c f low ( th e patte rns of light str uctu red by parti cular animal-

environment setti ngs, available to  a point of observati on)  th at are identi f ied as relevant in guiding 

acti v ity  are called ÒinvariantsÓ. I nvariants  are wh at organism s directl y  perceive.  

 There is no space for knowl edge in th e direct pick ing-up of invariants .   

 The invariants  an organism is sensiti ve to  are not necessarily  th e ones th e experimente r is 

expecti ng, th e ones th at  are named in  th e linguisti c descrip ti on of th e ta sk (as t he measurable we ight  

and length  of an object) .  As such, th ey must be discovered empir ically . The muscular syste m for  

insta nce is sensiti ve to  variati ons in th e resista nce an object opposes to  being moved, and th e 

invariant quanti ti es ( t he inerti a te nsor)  th at can be indiv iduate d for describing th is resista nce appear  

to  be we ll su ite d to  explain all th e phenomena of th e dynam ic percepti on of object, included th e so-

called illusions.  
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Bo x  7 . Di r ect  ap p r oach es t o  p e r cep t i on :  t h e  sen sor i m ot o r  ap p r o ach  

 

 

 

 [ O'Regan & No‘ ,  200 1]  and [ No‘ , 2001 , 2003,  Fort hcom ing, Com missioned]  raise th e problem  of  

th e recourse to  in ternal mechanisms and representa ti ons as th e problem of th e consciousness of th e 

perceptu al object as a wh ole. As a matte r of fact, th e aut hors explain, wh en grasping an object or  

looking at it only  a part of th e ob ject ente rs in direct conta ct wi th  our sensors. Despite  th is lim ita ti on 

of th e sti mulus conditi on, we  normally  perceive (hapti cally  or v isually)  th e enti re object and not an 

object wi th  only its  fronta l part or its  grasped part.  

 The problem of th e presence or wh oleness of th e perceptu al conte nt also ar ises from th e 

observati on th at th e conte nt of th e perceptu al experience is not given all at once. This is we ll shown 

by change blindness phenomena [ O'Regan & No‘ , 2001] :  an observer is presente d wi th  a very 

deta iled scene, say, a pictu re of Notr e Dame de Paris;  th e v ision is inte rrupte d by a slight f licker and 

immediate ly  reappears;  even if a major change is made in t he pictu re, th e observer ty pically  m isses it ,  

even if he can be looking directl y  t o th e change area.  Thus, not  all th e component s of a pictu re are 

directl y  and synchronously perceived. Noneth eless, th e perceiver has a complete  experience.  

 The auth ors refuse two  main str ate gies for  solv ing th e problem of th e consciousness of th e 

perceptu al experience as complete :  on one side th e suggest ion th at  f illing- in  mechanism s are acti ve in  

completi ng th e parti al experience wi th  deta ils th at are added from th e brain;  on th e oth er side, th e 

suggesti on th at inte rnal representa ti ons of th e objects  consti tu te  th e relevant knowl edge wh ich is 

recalled in order t o complete  parti al impressions of th e ob ject and to  experience th e object as a wh ole.  

The second suggesti on is str ictl y  connecte d wi th  th e image of th e perceptu al syste m as based on 

inferenti al processes based on representa ti onal knowl edge, th at is, wi th  th e indirect inferenti al 

approach.  

 As an ability  of explorati on, percepti on does not happen insta nta neously, but develops in ti me.  

This is th e reason why, according to  th e auth ors, even if th e perceiver does not see all th e deta ils of a 

scene simulta neously, th ey can be present for him  (be part of his perceptu al experience)  as deta ils 

th at one has th e possibility  of discovering during th e scan of th e image.  Touching a part of th e object  

is making th e experience of th e object as a wh ole because a simple shift of th e hand allows th e 

perceiver to  ente r in  conta ct w ith  th e oth er parts  of th e ob ject. The oth er part s are th us present  to  th e 

perceiver as th e necessary consequences of possible explorato ry acti ons, given a cert ain group of  

sensorimoto r conti ngencies.   

 The perceptu al sense of presence of an object as a wh ole arises because th e parts  th at are 

presentl y  unsensed are neverth eless wi th in reach, in wa ys th at are known  by th e perceiver [ No‘ , 

Forth com ing] .   
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Bo x  8 . Per cep t io n  as Bay esi an  I n f e r en ce 

 

  

 

 The Bayesian frame-work is a general formalism  for specify ing th e informati on available t o 

perceivers and for modeling perceptu al inference [ Knill & Richards, 199 6] . The informati on about th e 

wo rld conta ined in  a percept ( for insta nce in an image)  is characte rized as a probability  distr ibuti on.  

This approach is based on th e Bayes formula for calculati ng th e poste rior probability :    

p (S| I )  = p ( I | S)  p (S) / p ( I )  

 

 I n th e domain of v isual percepti on, for insta nce, 

-  S represents  th e v isual scene, such as th e shape and locati on of th e v iewe d objects ;  

-  I  represents  th e reti nal image;  

-  p ( I | S)  represent s th e likelihood functi on for th e scene:  it specif ies t he probability  of obta ining th e 

image I  given a scene S. The likelihood funct ion incorporat es a model of image format ion and also of  

noise;  

-  p (S)  is th e pr ior distr ibuti on:  it specif ies th e probability  of different scenes occurr ing in th e wo rld,  

th us it formally  expresses th e prior assumpti ons about th e  scene str uctu re;  

-  p ( I )  is a normalizati on consta nt derived from  p (S)  and p ( I | S)  and represents  th e probability  of  

occurrence of an image. 

 The poste rior distr ibuti on p (S| I )  is th us th e probability  of th e scene S given th e image I  

expressed as th e product of th e probability  of th e image I  given  th e scene S ti me th e a prior i 

probability  p (S)  of th e scene, div ided by th e normalizati on consta nt p ( I ) . The Bayesian frame-wo rk  

th us suggests  th at th e poste rior probability  distr ibut ion is dete rm ined in part by th e image formati on 

processes, th at include th e noise added to  th e image coding process and th e sta ti sti cal st ructu re of th e 

wo rld. The likelihood functi on in fact reflect s th e noisiness of th e data  and dist orti ons such as th e 

opti cal disto rt ion in th e passage from 3D objects  to  2D im ages. Noise has th e effect of making th e 

informati on provided by an image about a scene more unreliable and spreads th e l ikelihood functi on 

over a wi de range of possible scenes.  The prior  dist r ibuti on expresses th e pr ior distr ibuti on of  different 

collecti ons of scene properti es actu ally  occur r ing, th us it em bodies previous knowl edge of th e str uctu re 

of th e environment th at const rains th e perceptu al esti mate of scene properti es.   
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 The notion of error as a failure during an inferential process  

  GregoryÕs view is that illusions can be generated in two main ways: through the 

malfunctioning of the physiological mechanisms for perception or through the 

inappropriateness of the strategies carried out by the mechanisms [Gregory, 1973]. These 

two causes give rise to two different types of errors: sensory illusions and cognitive or 

perceptual illusions. The first type of error has a physiological or physical character. It 

can be caused by disturbances between the sensory organs and the object (such as the 

presence of mist) or by perturbed neural sensory signals, as in the case of the effects of 

retinal rivalry (occurring when the two retinas are exposed to different stimuli). The 

second type of error is of cognitive character, in so far as it concerns the framing of 

hypotheses from the data that the perceptual system has extracted through the sensory 

organs. The second type of error is then related to the process of making sense of the 

sensory data and, following the indirect perception approach, is intertwined with 

knowledge. In this case too two types of causes can generate errors in the perceptual 

process: the misapplication to the actually perceived situation of general rules normally 

applied to all the objects and scenes and the misapplication to the actually perceived 

object of specific knowledge about specific objects. The SWI is an example of the 

misapplication of knowledge regarding the relationship between size and weight.  

 

ÒSmall objects feel heavier than larger objects of the same scale weight; muscles are set 

by knowledge-based expectation that the larger will be heavier, which is generally, 

though not always true. [Gregory, 1997, p. 1124] 
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 The definition of illusions as errors, and in particular the introduction of a cognitive 

or perceptual account of errors based on misapplication of general or specific knowledge, 

implies a general view of perception as an inferential process, which goes from the 

extraction of data to the attribution of meaning to the data on the basis of previous 

experiences and previously acquired knowledge. In this view, each stage of the inferential 

process can fail in some way and give rise to an inappropriate perception. The notion of 

error is strictly related to that of failure or malfunctioning in the course of an inferential 

process. In other words, according to Gregory, illusions depend on the organismÕs 

perceptual mechanisms and not on how the world is structured.  

 

ÒWe carry in our heads predictive hypotheses of the external world of objects and of 

ourselves. These brain-based hypotheses of perception are our most immediate reality. 

But they entail many stages of physiological signalling and complicated cognitive 

computing, so experience is but indirectly related to external reality.Ó [Gregory, 1998, p. 

1693] 

 

 Illusions due to the disturbance of light between the objects and the eyes (as in the 

case of errors provoked by the presence of mist) and illusions due to disturbances in the 

sensory signals of the eyes (as in the case of retinal rivalry) involve the first part of the 

process, that of acquiring data, and are caused by physical causes [Gregory, 1997]. The 

other causes of error intervene in the process of making sense of the data, that is in the 

inferential process and for this reason are considered as cognitive or perceptual causes 

[Gregory, 1997].  
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 The ecological approach rejects the notion of perceptual error as failed inference  

 The ecological approach to perception Ð a variety of direct perception approach - has 

strongly criticized the notion of perceptual hypothesis and the introduction of cognitive 

processing in perceptual tasks, and has hence refused to consider illusions as perceptual 

errors. Sensory stimulation is sufficient for accurate perception, or,  perception based on 

sensory stimulation is always accurate without the addition of information beyond what is 

available to sensory stimulation [Stoffregen & Bardy, 2001]. In TurveyÕs words: 

 

ÒThere is perhaps no topic more representative of the superficiality of established thinking 

about perception as the topic of error. The much-worked claim that ÒillusionsÓ and 

Òfailures of perceptionÓ are instances of failed inference [É]  has about as much 

intellectual force as a cough in the night.Ó [Turvey, et al., 1981, p. 275]  

 

For instance, if a straight stick partially immersed in water appears bent this is not 

because the nervous system has drawn the wrong inferences from the play of light in the 

eyes; even if the stick is really straight, the situation of straight-stick-immersed-in-water 

structures the light in a way that is different from the situation of a straight-stick-outside-

the-water. Since the two situations structure the light in different manners, both the 

perceptions can be considered as veridical. When the stick is grasped and withdrawn 

from the water, held up and returned to the water, its appearance changes from bent to 

straight to bent, and the different appearances are linked by the transformation which 

consists in displacing the stick from one medium to the other.  

 

ÒStates of affairs appear to organisms as they ought to appear, and it is because they do 

that successful acting and knowing are possible.Ó [Turvey, et al., 1981, p. 276]  
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 The same principle (clarifying the physical grounds for the appearance of perceptual 

phenomena, instead of delving in inferential issues) is applied to the dissolution of 

classical geometric illusions: in the context of attached angles (the Mueller-Lyer figure) 

or T- and L-shaped lines, there are no reasons for the two lines to appear other than 

unequal in length, once the physical grounds for this appearance are explained.  

ÒThe task reduces to the question: What physical principles are responsible for the 

different appearances of a straight stick (completely) in air and a straight stick (partially) 

in water? We assume, therefore, that the Mueller-Lyer figure is appearing to human and 

to fly as it ought to appear (That is, without the benefit of any epistemic intervention), and 

that the task is explaining why two lines should appear equal in some contexts and 

unequal in others. To assume that the figure is appearing as it ought to appear is to deny 

the assumptions that legalize the claim of perceptual errorÓ [Turvey, et al., 1981, p. 280] 

 

 The discrepancy (between the appearance of the figure to the bare sensory organs of 

the perceiver and the appearance of the figure when measured through a measurinig 

instrument, such as a ruler) is not an error, according to [Turvey, et al., 1981]. In 

particular, the ecological approach refuses to conform to a conventional standard of 

measure as a reference for distinguishing between truth and perceptual error. The 

ecological theory of perception or direct perception approach has as a consequence an 

eliminativist attitude towards illusions, when illusions are considered as departures from 

facts, physical facts or even measurements. 

  

  

 Since there is no need for special epistemic interventions (cognitive inferences), the 

scope of the research on the so-called illusions is rethought as the need to explain the 
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difference in appearance given the difference in the context, rather than the need to 

explain the failure that has given rise to the error in perception. Let us discuss this in 

some detail. 

 In the case of geometric illusions ecologists propose to individuate the bases upon 

which the measurement of extension for biological systems (such as the human perceiver) 

is grounded. The basis of measurement ought to be, according to the principles of the 

ecological approach, common to both the environment and the organism, since the 

synergy or mutuality of the organism and its environment is assumed. In the case of 

extension, the adoption of chord geometry (geometry based on the measurement of 

chords, of the differences in distance between two points in a figure) as opposed to point 

geometry allows us to explain the appearance of the Mueller-Lyer figure: in fact, angles 

that open outwardly have chord distributions with centers further out, approximately 

where the physical vertices are.  

 [Turvey, et al., 1981] claim that, whenever biological systems basis for measuring are 

found in chord geometry rather than in conventional physics, then the appearance of the 

Mueller-Lyer figure is exactly as it ought to be and the perplexities of geometric illusions 

are solved. Two tenets summarize this view. First, a measurement by a biological system 

can sometimes be discrepant with a measurement by a non-biological system because the 

two do not share the same measurement basis; second, a structure embedded in a context 

(the Mueller-Lyer figure with the angles open outwardly, or T- and L-shaped lines) may 

appear to be different in extent from the same structure embedded in another context (the 

angles opened inwardly).  
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 In the case of the Mueller-Lyer figure and of other phenomena that are described as 

geometric illusions, the strategy adopted by the ecological approach is slightly different 

from the strategies adopted in the case of the SWI or even of the stick which looks bent in 

water. In fact, in the case of the Mueller-Lyer figure no claim is advanced that a different 

property is perceived (as it is the case for the SWI) or that a property of the medium is 

perceived (as it is the case for the stick which looks bent in water); in the case of the 

Mueller-Lyer figure the main strategy consists in changing the system of measurement 

and in showing that when a different system of measurement is adopted the illusion 

vanishes and the perceptual result corresponds to the measured reality.   

 Whatever be the specific strategy adopted (a different property is perceived or the 

properties of the medium are perceived or no particular property is perceived but the 

perceived property is mis-measured), the general explanation   of the impression that the 

subject undergoes an illusion is attributed to a linguistic mistake or a mistake in the 

description of the conditions of the perceptual experience on the side of the experimenter. 

When the conditions of perception are correctly described by the experimenter: the 

properties the perceptual system is sensitive to are individuated, the modifications 

imposed by the medium are taken into account and the perceived stimuli are evaluated on 

the basis of the ecological measurement systems of the subject of perception, no 

departure from facts can be individuated, since the perceptual systems exactly responds 

to the ÔfactsÕ (the ambient energies, modified or non modified by the presence of a 

medium) on the basis of the properties of the organism.  

 In cases such as the SWI, the fact that invariants used by the cognitive system are not 

those that are linguistically accessed by the experimenter or by common sensical 
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language, creates the wrong impression (in the experimenter) that there is something 

wrong with perception, an illusion, conceived of as some error or inadequacy in the 

acquaintance to reality.  It is in fact a linguistic error to describe weight perception as a 

matter of weight. For the perceptual system what is at stake is the evaluation of the 

masses and masses distribution of the hand-held object and not a matter of weight; the 

haptic system is not sensitive to the objectÕs weight as the experimenterÕs and the 

common language are: the haptic system is sensitive to resistant forces that stimulate the 

kinesthetic receptors. 

 

 The sensorimotor approach rejects the recourse to internal representations  

 The inferential view of perception, and the consequent explanation of illusions, is also 

criticized by other approaches to perception which do not share the tenets of the 

ecological vision.  

  

 The sensorimotor approach, for instance, denies the necessity of taking recourse to 

internal mechanisms and internal representations in order to explain the aspect of the 

final percept. For this reason, the position expressed by the sensorimotor approach 

against the appeal to internal representations or representational knowledge can be 

considered as an objection against the notion of error which is expressed by the indirect, 

inferential view of perception, thus against the characterization of illusions which is 

based upon that notion of error. 

 Nevertheless, the notion of illusion is not necessarily discarded within this kind of 

direct approach. 
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 A shift in the approach to perception is proposed by the sensorimotor approach: 

perception does not consist in the constitution of internal representations of the external 

world, but in an exploratory activity [O'Regan & No‘ , 2001]. In fact, the world becomes 

available to the perceiver only through action and exploration of the environment [No‘ , 

2004]. Being a perceiver is thus an ability that consists in being able to keep track of the 

interdependence of perception and action; this ability comprises the capacity of keeping 

track of how what one does affects what one perceives. Hence, perception is based on 

skills that are both motor and perceptual and are called sensorimotor contingencies by the 

authors because perception is contingent to the exertion of motor explorations. 

  

 A special form of knowledge is introduced by the sensorimotor view which consists 

in the mastery of certain rules that connect movement and perception. The rules govern 

the sensory changes produced by various motor actions [O'Regan & No‘ , 2001]. For this 

reason, they are rules of sensorimotor contingency.  

 Not only perceptual activity is in fact inextricably associated with patterns of 

movement. Blinking while looking at an object provokes an interruption of its sight; 

moving the head or the eyes a modification of its aspect and of the parts that are actually 

exposed to visual judgment; the movement of the object introduces variants in visual 

perception. All these modifications instantiate some rules of visuo-motor contingencies, 

that is, of interrelations between the motor and the sensory activity of the visual system. 

The knowledge involved in all the described tasks is an implicit, practical knowledge 

which is acquired through the experience of exploring and sensing objects. 
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  Sensorimotor knowledge and the notion of sensorimotor contingency might play a 

role in the characterization of illusions in the context of a sensorimotor approach. In the 

opinion of [O'Regan & No‘ , 2001] and [No‘ , 2000, 2002], deviations from the laws of 

sensorimotor contingency extracted by the brain can cause modifications in the resulting 

percept.  

 

ÒNevertheless, our brains have extracted such laws, and any deviation from the laws will 

cause the percept of the surfaceÕs shape to be modif ied. Thus, for example, our brains 

register the fact that the laws associated with normal seeing are not being obeyed when, 

for example, we put on a new pair of glasses with a different prescription: for a while, 

distortions are seen when the head moves (because eye movements provoke 

displacements of unusual amplitudes); or when we look into a fish tank (now moving the 

head produces unusual kinds of distortions), or dream or hallucinate (now blinking, for 

instance, has no effect). Our impression in such cases is that, then, something unusual is 

happening.Ó [O'Regan & No‘ , 2001, pp. 944-945] 

 

Even if the term ÔillusionÕ is not explicitly recalled, it seems that illusions can find their 

place within the sensorimotor approach at the level of the modifications of the perceptual 

aspect of the objects following some deviations from the laws of sensorimotor 

contingency and causing the impression that something unusual is happening in 

perception. Hence, illusions are not necessarily discarded by direct approaches, but their 

characterization on the basis of concepts that are proper of the indirect, inferential 

approach is questioned. In particular, the recourse to representational knowledge is not 

considered as necessary to explain illusory phenomena and a different kind of knowledge 

is introduced which is constituted of practical rules instead of representations. 
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 Since the rules that are instantiated in sensorimotor knowledge are of a practical 

nature, perceivers do not have propositional or representational knowledge about 

sensorimotor rules. For instance, perceivers would not be able to describe the changes in 

perception produced by the hand moving upon a surface, but the brain has nevertheless 

extracted some regularity in sensorimotor experience that constitute laws of sensorimotor 

contingency and that, for this reason, allows the perceiver to nurture more or less implicit 

expectations.  

 

ÒTo be a perceiver is to understand, implicitly, the effects of movement on sensory 

stimulation. Examples are ready to hand. An object looms larger in the visual field as we 

approach it, and its profile deforms as we move about it. A sound grows louder as we 

move nearer to its source. Movements of the hand over the surface of an object give rise 

to shifting sensations. As perceivers we are masters of this sort of pattern of sensorimotor 

dependence. This mastery shows itself in the thoughtless automaticity with which we 

move our eyes, head and body in taking in what is around us. We spontaneously crane our 

necks, peer, squint, reach for our glasses, or draw near to get a better look (or better to 

handle, sniff , lick or listen to what interests us).Ó [No‘ , 2004] 

 

 Thus, even if the content of experience is not represented anyway the perceiver does 

bring into play a form of knowledge:  

 

Òthe content is given only thanks to the perceiverÕs exercise of knowledge of sensorimotor 

contingenciesÓ [No‘ , 2003, p. 6]  

  

ÒConsider, f irst, that our perceptual lives are structured by Òsensorimotor contingenciesÓ. 

When you move toward an object, it looms in your visual f ield. When you move around 

it, it changes profile. In these and many other ways, sensory stimulation is affected by 

movement. These patterns of interdependence between sensory stimulation and 

movement are patterns of sensorimotor contingency. Perceivers are implicitly familiar 

with these sensorimotor contingencies.Ó [No‘ , 2003, p. 5]  
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Sensorimotor knowledge is thus defined as an implicit, practical form of knowledge, 

which is of the form of mastery or of practical grasp  

 

Òof the way sensory stimulation varies as the perceiver moves.Ó [No‘ , 2004] 

 

A skilled perceiver ÔknowsÕ, in an implicit and practical manner, what will happen when 

he will turn his head while looking at an object.  

 

 In this sense, even if based on knowledge, the sensorimotor approach to perception is 

not indirect and does not need to fall back upon inference, because action and perception 

are directly connected within the mastery of the skill or ability. 

  

 The notion of illusion as failure during an inferential process cannot be accepted  

 The notion of illusions as error or failure during an inferential process is very partial, 

since it is strongly committed to a specific theoretical approach: the indirect, inferential 

vision of perception. In order to provide a characterization of illusions that can be 

accepted by a wider audience in the psychological research on perception, a revision of 

the notion of illusion is to be envisaged.  

 

 It does not seem to be necessary to abandon the notion of illusions as errors in 

general.  

 In fact, what the ecological vision objects in the adoption of the notion of illusion by 

a psychological theory is the characterization of error as an error in an inferential process.  
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 But, as the sensorimotor approach indicates, distortions and deviations from normal 

perception that are considered as unusual by the perceiver can be explained without 

taking recourse to internal mechanisms, representational knowledge and cognitive 

inferences.  

 The notion of error can then be set free from the reference to failures during an 

inferential process and be connected to a more general class of distortions and deviations 

from normal perception that strike the perceiver as unusual.  

 A further reason for enlarging the notion of error is the existence of perceptual 

phenomena that are considered as illusions but are not deviations from facts, even from 

measured, physical facts.  

  

2.1.3 Other  difficulties with the notio n of error  as applied to the  

characterization o f illusions : er rors  as Ôdepartures from f acts Õ 

   

 Another difficulty in the characterization of illusions as errors arises from the very 

core of the classic classification of illusory phenomena which is provided by [Gregory,  

1997]. The class of illusory phenomena is in fact as wide as to include ambiguities and 

paradoxes, such as the ones provoked by the Necker cube, the Penrose impossible 

triangle and other impossible figures and impossible objects which do not present the 

subject with departures from facts.  

 It could be argued (and as a matter of fact it has been argued for instance by 

[Gregory, 1997]) that even the experience with paradoxes presents the subject with a 

form of departure from facts. Paradoxical figures, unlike normal figures, are impossible 

because they cannot be used to describe the facts, whatever they are. As in the other cases 
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of illusion, hence, the facts are falsely described and the illusion is a departure from the 

facts of the world.  

 Nevertheless, the experience with paradoxical figures and objects cannot strictly be 

considered as departure from facts, at least not in the same sense in which this is affirmed 

for other illusory figures, such as the Mueller-Lyer pattern. In fact, when the Mueller-

Lyer illusion is described in terms of departure from facts, the facts refer to the pattern of 

lines that constitute the Mueller-Lyer figure: the lines are perceived as being of different 

length while they can be measured to be of the same length. No reference is made to the 

facts of the world outside the figure, or of some physical fact that the figure could be 

supposed to represent.  

 On the other hand, in the case of the perception of paradoxical figures, the perception 

of the figure is correct: the pattern of lines that compose the figure, the perceived facts, 

are correctly described. Hence, when an ambiguous figure is perceived, the subject is not 

strictly speaking misperceiving the facts that are the object of the perceived experience. 

The use we made of some figures, their correspondence to physical facts (in terms of 

external representation or of resemblance) is not at stake. 

 

 Two possible options are present: considering that paradoxes such as impossible 

figures and ambiguous figures are not illusions, because there is no error in the sense of a 

departure from facts; or considering that paradoxes are illusions, but the notion of error 

that characterizes illusions must be revised in order to include other forms of error.  
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 The second option is justified by the presence of many analogies between the 

experience of paradoxes and the experience of other illusions like the SWI or the 

Mueller-Lyer illusion, such as their systematic character, their resilience to knowledge 

and the reaction of surprise which accompanies the experience and which seems to be 

connected with its wrongness. Another analogy can in fact be put forward which makes 

direct reference to the notion of error. Both in the case of the experience with paradoxes 

and in the case of the experience with the Mueller-Lyer figure or the SWI, the subject 

experiences a violation of coherence, linked to the presence of a discrepancy.  

 In the case of the Mueller-Lyer illusion, the discrepancy stands between the 

experience of the subject who explores the pattern of lines with his eyes or his fingers and 

a further round of exploration in different conditions, for instance with the use of a ruler. 

The subject observes that the course of his experience is no more coherent and is 

disposed to consider one of the two experiences as false. His global experience and 

knowledge might tell him which one has to be held as true, but this is not necessarily so.   

 In the case of paradoxes and other illusions the subject is immediately aware that 

something is wrong because, even if the figure is correctly perceived, the experience of 

perceptual paradoxes is immediately detected as bizarre, and eventually as impossible. 

The perceiver does not really trust his experience, since it appears wrong in some way, 

and he reacts with surprise.  

 

 Two types of paradoxical experiences are described (the perception of ambiguous 

figures and the perception of impossible figures) that differently instantiate the possibility 



 117 

for a perceptual experience to feel bizarre, wrong and even impossible. Their discussion 

is introduced here in order to illustrate the possibility of enlarging the notion of error. .  

 The case of ambiguous figures in particular suggests that the sense of wrongness 

which is associated with these experiences is connected with the presence of 

discrepancies that constitute violations of coherence. The notion of error which is 

implicated in illusory phenomena should thus be enlarged in order to include violations 

of coherence.  

 If a broader notion of error is adopted, experiences with paradoxes and classical 

illusions can be considered as belonging to the same class of phenomena (even taking 

into account some differences related to the immediateness or non-immediateness of the 

awareness of the discrepancy) and in no case the notion of departure from facts seems to 

be required, since the notion of discrepancy or violation of coherence suffices to indicate 

the presence of an error.  

 Another argument against the reduction of illusions to departures from facts purports 

that the notion of error as departure from facts is not sufficient in order to distinguish 

veridical perception from illusions or hallucinations. This line of argument has been 

defended by D. Lewis in his discussion about veridical hallucinations.  

 

The case of veridical hallucinations 

 [Lewis, 1980] proposes the following example: let us imagine that I am the victim of 

a wizardÕs spell; his spell causes me to hallucinate at random, but, for a lucky accident, 

the hallucination so caused happens to match the scene before my eyes. 
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 The problem raised by Lewis is the one of distinguishing true cases of vision from 

veridical hallucinations. Veridical hallucinations are defined as a special class of 

hallucination that present the following particularity: they match the scene before the 

eyes of the perceiver, as it happens in cases of genuine seeing.  

 In virtue of the example presented by veridical hallucinations, the characterization of 

authentic seeing (of authentic perception) can neither be bound to the existence of a 

match between the scene which is in front of the perceiver and the experience of the 

perceiver, nor to the existence of conditions that cause the matching conditions (in the 

example of veridical hallucination reported, the wizard actually causes the matching 

experience).  This line of reasoning induces Lewis to propose counterfactual dependence 

as the essential condition of seeing: one sees only when there are suitable conditions of 

counterfactual dependence of the visual experience on the scene before the eyes; the 

counterfactual dependence establishes that different scenes would have produced 

different visual experiences. In the case of veridical hallucinations, since the matching of 

the experience to the scene is just the effect of a lucky accident, if the scene had been 

different the visual experience wouldnÕt necessarily have been different in such a way so 

as to match the different scene.   

 In the context of the characterization of illusions, the example of veridical 

hallucinations illustrates the fact that the condition of adequacy or matching is not 

sufficient to pick genuine perception. The notion of departure from facts can be 

considered as synonymous with the notion of failure in the adequacy or matching of 

perceptual experience to the scene which is present in front of the perceiver or to the 

object with which he is in touch. Hence, the notion of departure from facts is not 
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sufficient to define erroneous cases of perception, at least when they have the aspect of 

veridical hallucinations.  

 

  The case of impossible figures 

 In the same way, the perception of the Penrose two-pronged triangle (both in the two-

dimensional and in the three-dimensional versions) immediately provokes a sense of 

wrongness, but no error can be attributed to the perception of the figure or of the object. 

The sense of wrongness is in this case associated with a sense of impossibility. Other 

examples of this kind of paradox are illustrated by the impossible staircase again 

described by Penrose and the impossible trident. In all these cases the perceptual 

experiences is immediately characterized as impossible.  

 According to Gregory [Gregory, 1973, 1997] impossible figures make use of pictorial 

rules in order to create the impression of the third dimension, but then some of these rules 

are broken by other cues in the figure, so as to make the object impossible to construct. 

The illusion of an impossible figure is thus explained as the application of opposite rules 

for one and the same depiction. The two-pronged triangle, for instance, is a possible 

drawing following the rules of two-dimensional depiction, but becomes an impossible 

object when the rules of three-dimensional depiction are applied. Gregory considers these 

examples as errors in the sense of departure from facts. The facts indicated by Gregory 

are the facts of the real world of which the impossible figures or objects should stand as 

representations.  
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 If errors are conceived in this way, the class of illusory phenomena represented by 

paradoxes becomes too wide since it becomes to include all pictures of three-dimensional 

objects. According to [Gregory, 1968],  

 

ÒIn a sense, all pictures are impossible: they have a double reality. They are seen both as 

patterns of lines, lying on a flat background and also as objects depicted in a quite 

different, three-dimensional space. All pictures depicting depth are paradoxical, for we 

both see them as flat (which they really are) and in a kind of suggested depth which is not 

quite right.Ó [Gregory, 1968, p. 181]  

  

 But as a matter of fact, the directly perceived facts are the features of the figures, 

which are correctly perceived. For this reason we can affirm that there is no error in the 

perceptual experience of the observer in the sense of a departure from facts.  

 

 The case of ambiguous figures 

 In the case of the Necker cube, the observer is not able to judge the orientation of the 

cube, since the cube alternatively appears to have two different orientations. A similar 

phenomenon is instantiated by the figure of the Woman of Boring, the figure of the Vase 

of Rubin and the duck-rabbit figure, just for citing some well-known paradoxical figures. 

In all these cases, the perceptual experience is ambiguously double: for instance, the 

same figure can be interpreted as a duck and as a rabbit. The two interpretations cannot 

be synchronic: the visual system seems to have no choice but to access one aspect at a 

time. Even if the subject has experienced both the interpretations, and thus knows that 

two interpretations are possible, he cannot perceive them simultaneously. 



 121 

  We have in fact a special attitude through stimuli that can be ÔinterpretedÕ as being 

two different entities or figures at the same time: we separate their descriptions, saying 

that we see, now, the stimulus as one object, and, then, as another, and we call this act an 

ÒinterpretationÓ and not a Òdirect perceptionÓ (this is in part the difference between 

ÒseeingÓ and Òseeing asÓ as described by [Wittgenstein, 1958]).  

 Ambiguous figures can thus be defined as figures that support two or more different 

interpretations. In addition to ambiguous figures, ambiguous objects have also been 

produced.  

 

 In the case of the perception of ambiguous figures, there seems to be no error, in the 

sense of a departure from the reality of the pattern of lines which is perceived. In fact, the 

subject correctly perceives all the features of the figure. The fact that two possible 

interpretations are both present in the one and the same perceptual experience, and that 

they are not reciprocally compatible, provokes a reaction of surprise in the observer and 

the experience is described as bizarre. Even if one interpretation can be primed, the 

subject experiences indecision between the two interpretations. As when an error is 

committed, the subject cannot act properly, since perception cannot guide his action 

toward a non-ambiguous well identified target. 

   

 These examples indicate the possibility for a different interpretation of the notion of 

error that that of error as departure from facts. Errors can also be constituted by the 

presence of discrepancies between some of the contents of the experience.  
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 The discrepancy between the contents of the experiences can be an inconsistency 

(technically, consistency is considered as the attribute of a logical system that is so 

constituted that none of the propositions deducible from the axioms contradict one 

another).  

 Hence, the situation which is produced by the presence of inconsistent contents is a 

violation of coherence (technically, coherence is defined as a consistent relation of 

members of a set of contents and a set is coherent if and only if each member of the set is 

consistent with the other members and each member is implied by the others; and 

violations of coherence are considered the inconsistencies between experiences that are 

part of one and the same set of experiences that are in some way bound together). 

 

 I llusions can be characterized as errors only if a wider notion of error is adopted 

 Some difficulties have been highlighted with the characterization of illusions as errors 

when errors are conceived as departures from facts. 

 The notion of error as departure from facts is in fact too wide to distinguish illusory 

phenomena and hallucinations from veridical perception and too narrow to give a 

satisfactory characterization of perceptual paradoxes. Additionally, if the facts to be taken 

into account are not the directly perceived facts, but the facts that are represented by the 

paradoxical figures and objects, normal pictures and the representation of three-

dimensional objects as also fall in the category of illusions.  

 From the analysis of the experience with ambiguous figures it can be suggested that 

the notion of error also includes violations of coherence of the perceptual experience. 

When coherence is violated, in fact, the subject feels his experience to be bizarre and 
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even impossible; he reacts with surprise and is stricken by the fact that something is 

going wrong with his perception.  

   

 The difficulties with the characterization of the notion of illusions and of the notion of 

error which is connected to illusions do not constitute a sufficient reason for abandoning 

the notion of illusion.  

 The criticism of illusions is in fact a criticism of two specific notions: that of 

inferential error and that of representational knowledge.  

 It seems plausible to revise the notion of error in order to enlarge this concept so as to 

embrace errors that are not failures in inferential processes and also situations where the 

coherence of the perceptual experience is violated, with no departure from facts. In other 

words, a narrow notion of error, linked to an inferential view of perception or defined as 

departure from facts, can be contrasted with a broader notion of error which includes 

violations of coherence. 

 

 Hence, it seems possible to provide a characterization of illusory phenomena as errors 

in perception without embracing a particular theoretical approach to perception such as 

the indirect, inferential view. As a matter of fact, some features have emerged during the 

discussion about the SWI and the analysis of the difficulties with the notion of error that 

are suitable to provide a more neutral characterization of illusory phenomena (without 

assuming that illusions are the result of erroneous inferences). 
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2.2 Some distinctive characteristics of illusory phenomena 

 

 In this section some characteristics distinctive of illusory phenomena will be 

analyzed.  

 

 In spite of the difficulties with the notion of error, I will maintain that, if  the notion 

of error is suitably enlarged as I have suggested, the term ÔerrorÕ should be preserved in 

the characterization of illusory phenomena, 

 Although it could be argued that we should abandon the notion of error in the 

characterization of the notion of illusion (for instance in favor of a more general notion of 

coherence), rather than enlarging the notion of error so as to include violations of 

coherence, I will show that a typical characteristic of illusory phenomena is represented 

by the fact that the subject who is victim of an illusion can immediately or later become 

aware that something is wrong with his experience, in a broad sense (the two cases are 

distinguished as illusions we are immediately aware of  and illusions we are not 

immediately aware of).  

 In the case in which the subject is immediately aware of the illusion, the experience 

seems or feels impossible to him, he considers some of the components of his experience 

as wrong.  

 This fact has a great importance for characterizing the role that illusions might play in 

the cognitive functioning. In fact, the awareness that something is wrong represents an 

epistemological judgment about oneÕs own experience. In the case of illusions the 

judgment that something is wrong, that is, that there is an error, is internal to the 
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experiences of the subject. Illusions could thus play an epistemological role in the 

cognitive functioning.  

 Nevertheless, the awareness that something is wrong depends on the detection of a 

discrepancy. The presence of the discrepancy constitutes a violation of coherence and 

consequently the subject who becomes aware of being victim of an illusion becomes 

aware of a violation of coherence. The judgment about the presence of an error is not 

directly a judgment about the existence of a specific departure from facts. When 

coherence is violated the subject is alerted that there must be an error somewhere in his 

experience but he is not necessarily in a condition of being able to individuate the error.       

 For this reason, the notion of error still seems to be useful in order to characterize 

illusions. As we have seen both in the case of the SWI and the perception of paradoxical 

pictures, in fact, when an illusion occurs, something is going wrong with perception.  

  

 The suggested, wider notion of error, is completely internal to the course of 

experiences of the subject, and can hence be placed at the opposite end of the notion of 

departure from facts which requires the subject to step out from his experience in order to 

compare perception with the facts.  

 

 Then other characteristics are introduced that are suitable for distinguishing illusions 

from other kinds of errors in perception. These characteristics have just emerged during 

the previous discussion.   
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 Illusions are systematic phenomena, as the SWI well shows, because they present the 

same form for every subject and for the same subject at different times, so that they can 

be reproduced at will.  

 

 The SWI also shows that illusions are resilient to knowledge: one might know the real 

weight of the two balls of the SWI experiment without being able to resist the perception 

that the balls weigh differently. Systematicity and resilience to knowledge characterize 

illusions as robust phenomena and help distinguish them from hallucinations and local 

errors.  

   

 Finally, illusions provoke a reaction of surprise. The reaction of surprise helps 

distinguish illusions from typical errors that are not surprising. The reaction of surprise 

can be of two types, direct and indirect, in accordance with the subdivision of illusory 

phenomena into illusions we are immediately aware of and illusions we are not 

immediately aware of. 

 The notion of surprise is connected with the notion of error and with the notion of 

expectation. Surprise is in fact considered by different authors as a consequence of the 

frustration of an expectation. As some illusions show, expectations that provoke surprise 

are not necessarily linguistically expressed or even of a representational kind, but can 

originate, for instance, from motor habits. 

 

 The analysis of some illusions and paradoxes illustrates the possibility of illusions of 

occurring in the absence of the violation of expectations and in the presence of 
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discrepancies between different sources of information at a synchronic level. The two 

cases are distinguished as diachronic and synchronic violations of coherence. The 

reaction of surprise could nevertheless be connected with the violation of some general 

expectations, such as the expectation that perceptual experience is correct, also in the 

presence of synchronic violations of coherence.  

 

 These considerations suggest the possibility of individuating illusions as phenomena 

where the awareness of the violation of coherence alerts the subject to the possibility of 

error and as phenomena that present a robust character and a typical reaction of surprise.  

 

 The present characterization is neutral in respect with the indirect inferential approach 

to perception and is addressed to a larger audience in psychological studies.  

 No reference to cognitive inferences and relative failures is made in order to 

characterize illusions. Illusions as errors are attributed to individuals at their personal 

levels, and the possibility of the perceptual system being wrong is excluded, in 

accordance with the ecological approach to perception and its criticism toward illusory 

phenomena.  

 Moreover, the characterization of illusions as violations of coherence, helps solve the 

problem represented by paradoxes in relationship to the notion of error as departure from 

facts: as the reaction of surprise, the sense of wrongness and impossibility provoked by 

paradoxes can in fact be alleged to the identification of a violation of coherence or to the 

violation of a general expectation of coherence of the perceptual experience.  



 128 

 Finally, the possibility is hinted at that in some cases the expectations involved in 

diachronic violations of coherence are of a special type, in that they are not necessarily 

based on representational knowledge but on motor skills and direct, specific connections 

between action and perception that recall the sensorimotor contingencies described by the 

sensorimotor approach to perception.  

 

 The present characterization of illusory phenomena also indicates the heuristic value 

represented by illusions for the understanding of the role of expectations, movement and 

coherence in perception. The robust character of illusions constitutes an added value for 

considering them as a suitable instrument for the investigation of the functioning of 

perception.  

  

 It could be objected that a characterization like the one presented, in which the notion 

of illusion is immanent to the characteristics of illusory phenomena, such as the presence 

of a discrepancy (with no recourse to a more essential definition, for instance in terms of 

departure from facts), might run the risk of losing the power of distinguishing illusions 

from true perception. For instance, it would make it impossible to distinguish between 

cases of illusion, where incoherence signals that one of the contents of perception must 

be wrong, and cases of false testimony, where perception is correct but discrepant with 

respect to false knowledge or false testimony.  

 Another, related objection runs as follows. Illusions with synchronic violations of 

coherence and illusions with diachronic violations of coherence present the following 

asymmetry: in the former case, two aspects of an experience are in conflict, but neither is 
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dominant. The subject is just aware that something is wrong and he is merely alerted that 

there must be an error. This is a case of internal incoherence. In contrast, in the latter 

case, the experience is the culprit.  

 

 I would reply to these objections by recalling that the immanent characterization of 

illusions is not based on the notion of error only, but on robustness and surprise, too. 

Illusions we are aware of and illusions we are not aware of belong to the same class of 

illusory phenomena because, in spite of their differences, both phenomena present the 

same group of characteristics. Robustness in particular might help distinguish illusory 

phenomena from cases where there is no perceptual error but only false testimony, and 

the perceptual experience is correct. False knowledge in fact can be revised, at the other 

end of false perception in the case of illusions, which is robust. It is true that, as long as 

false knowledge or false testimony is not revised the presence of a discrepancy might 

induce one to think that there is a perceptual illusion. But the difference between false 

testimony and illusions cannot be obliterated, because false knowledge can be revised 

and illusory perception cannot be revised. One cannot but feel two balls of different size 

and equal dimension as weighting differently.  

 It is true that all that we have in cases of synchronic violations of coherence is a 

discrepancy, one experience does not necessarily dominate over the others. One can only 

be aware that something is going wrong. The case of diachronic violations of coherence 

seems to be very different because one tends to choose to consider the present experience 

as wrong and the knowledge or past experiences as correct. But, as the example of false 

testimony shows, knowledge might be incorrect. Even in the case of diachronic violations 
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of coherence, as in the case of synchronic violations of coherence, all what we have is the 

presumption of the presence of an erro, presumption which is alerted by the presence of a 

discrepancy which can stand between synchronic experiences, between an experience and 

the result of a second round of exploration or between an experience and knowledge. The 

choice of generally considering a long run of experiences as true, or of trusting the 

experimenterÕs knowledge and in general relying more on specialized knowledge rather 

upon direct perception,  is a characteristic of our perceptual functioning which is not 

directly related to the problem of illusions.  

 

 2.2.1 Illusions ar e errors  as violations of coherence  

 

  When an illusion occurs the subject is not always immediately able to recognize his 

error.  

 In the case of the SWI, for instance, the subject becomes aware of having committed 

an error only when the illusion is revealed by another subject or by further exploration. 

Some other illusions, on the contrary, provoke a sense of wrongness, bizarreness or 

impossibility which immediately makes the subject recognize them as wrong. This is the 

case of proprioceptive illusions of impossible movement and position provoked by 

muscle vibration.  

 

 A specific terminology is introduced in order to distinguish the two cases: illusions 

we are immediately aware of and  illusions we are not immediately aware of. 
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 In illusions we are immediately aware of the subject is directly aware that something 

is going wrong with his experience even if he cannot necessarily indicate what is going 

wrong. The awareness of the bizarreness of the experience appears to be related to the 

presence of a discrepancy between the contents of two present experiences or between 

the content of the present experience and the content of some form of knowledge or 

belief. In the case of an illusion one is not immediately aware of, the subject is not aware 

that something is wrong in its experience until he is informed or until he starts another 

round of exploration. When he becomes aware of his error, the subject also becomes 

aware of the presence of a discrepancy, for instance between the content of the illusory 

experience and the content of the successively acquired information.  

 

 Both in the case of illusions we are immediately aware of and in the case of illusions 

we are not immediately aware of, illusions are errors one can be aware of.  

 For this reason, only the entities that can be aware of committing an error are suitable 

candidates for having illusions. This limitation suggests that illusions can be attributed 

only to individuals at their personal level, and not, for instance, to the perceptual system. 

As we have shown, the denial that the perceptual system can commit errors is part of the 

argument of the ecological approach to perception against the existence of illusions.  

  

 The case of proprioceptive illusions produced by vibration 

 Two kinds of illusions of movement and position can be produced by vibrating the 

muscles of the limbs: illusions of possible movement, of which the blindfolded subject 

can only be aware when allowed to look at his vibrated limb, and illusions of impossible 


























































































































































































































































































































































































