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Preface

Motivations

The present work was begunduwring my stay in a laboratory specialized in perceptud
roboics viz. in creating roboic systems for the haptic interaction with real, distant and
virtud environments and in intersensory devices for virtud and mixed reality (PERCRO
Laboratory B Scuola Supeiore Sant@nng in Pontedera, Pisa). The collaboration was
very rich and fruitful, theidea bengtha | would learn from the know-how embedded in
the condrudion of the machinesin use at PERCRO and | would contribute to theoretical
knowledge about perception, in paticular hgptic and intersensory perception. In a
triangulation of opinions between me, the director of PERCRO Massmo 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 illuson that
concern the toudh moddity; in particular those aspects of the touch moddity tha could
be of interest for haptic and intersensory devices, tha is, illusonsof toud in dynamic
and/or intersensory conditionsrather than tactile or cutaneousillusons

The haptic and intersensory devices developald at PERCRO are in fact complex
systems that allow the user to actively interact with virtud or distant objects. The hgptic
interaction is based on a force-feedback system: in respon® to the muscular effort
deployed in orde to tactudly explore the object, the user receives back a certain
resistance, a force which is related to the desired shgpe, elasticity or rigidity and texture
of the object. The respon® is exerted at different points of the body of the user,

depending on the paticular structure of the force-feedback system: one or more finga's



or even different points of the entire arm and hand system. The hgptic sensation is
nomally coordinated with a visud stimulation which can be more or less immersive
(fromthetraditiond video monitor to cave systems where the user istotally immersed).

The smple contact with such devices raises some questionsabout the fundioning of
perception. The correct development of the amazing hardware and software devices |
have seen in action at PERCRO requires, in addition to vast knowledgein roboics and
computer science, a detailed knowledge about the fundioning of perception. This
knowledgeaboutperception exists in pat in the specialized literature on the psychology,
psychophysology, neurophysology and physiology of toudh and of the sensory organ; in
pat new knowledge can be gained by the use of these same machines by proving the
perceptud capecities and the perceptud responss of the users in different stimulation
contexts.

Some of the mog important questions about the fundioning of perception raised by
haptic and multisensory devices concern the stimuli the tactile sense is senditive to, the
way a tactile object is condructed starting from force-feedback stimuli, the way the
stimuli from different finga's are combined into a unitary, coheent percept, the way the
stimuli from different sensory moddities such as hgptic toud, vison and audition are
combined into a multisensory coheent percept, the role of the action of the user in
perception.

But other fundamental questionswere posed to me by the researchers at PERCRO at
each time we discussed perceptud issues and my work on illusons wha are illusons
wha they do reveal about perception, is there a unified vison of perception? These

guestions became more and more impdling when a larger collaboration started which



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 @nactive
interfacesO and the network has been named Enadive Network). The network is
comprised of researchers fromwiddy varying disciplines, from roboics to psychology to
philosophy (with the paticipaion of the Ingitut Nicod). The idea is to combine the
knowledge about the psychology and psychophysology of perception with the
technological competences tha are necessary in order to create a new class of human-
computer interfaces based on the prindples of action and perception. In paticular,
different schools the domain of Psychology are represented, such as the ecological
approach, the sensorimotor approach and the maindream indirect, inferential perception
approaches. According to the differences in the approaches to perception different
opinions have been expressed about the different questions | have named before,
induding the naure of illusonsand ther 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 indicationsaboutthe 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 expets in technology asked for some accord in order to proceed
successtully.

A difficulty arose, for indance, in connetion with the noton of illuson: the
representatives of the ecological approach strongly objected to the notion of illuson, the

sensorimotor theorists insisted on the redundancy of taking recourse to internd



representationsand other conaepts tha were used by the maingream approach in order to

characterize illusons

Methodology

The aim of the present work is not to describe the nature and causes of illusons but
to provide a neutral characterization of the notion of illuson based on the structural
features of illusory phenomena

The methodobgy tha | have adopted can be characterized as bottom up one | start
with the description of the controversy centering on with the mos widdy studied hagptic
illugon, the Size-Weight Illuson. The andysis of the terms of the controversy hdps
showthat illusory phenomenaare widdy exploited in order to investigate the fundioning
of perception; disaccord arises when the causes of illusons and the nature of illusory
phenomenaare soughtto beexplained.

The text proceeds by the extraction of the common characteristics of illusory
phenomena, so as to provide a neutral characterization of the notion of illuson based on
theexternd and behavioral characteristics of illusory phenomena

Through the description of other illusons (proprioceptive illusons provoked by
muscle vibration, Aristotle@ illuson, Viviani@ illusons some intersensory illusonsand
conflicts) | have introdued some othe consdeations about illusons these
consderationsconcern the heuristic role of the study of illusonsfor the undestanding of
perception and cognition and the role tha illusons might play in human cognitive

fundioning, both at the adaptive and epistemological level.



Theillusonsl have chosen to describeissue from the hgptic, dynamic and kinesthetic
touch moddity.

My research at the PERCRO laboratory and the the collaborations and discussions
with the people there working on hgptic interfaces have certainly condituted a guide for
my researchesin this sense.

My choice of the touch moddity in dynamic condtionsis motivated by the fact that
theillusonsilludrated are paticularly relevant in the context of the controversy between
indirect and direct (ecological and sensorimotor) approaches to perception about the

notionillugson.

Ecological and sensorimotor approaches reproach the indirect approaches for
focuang thar attention on static phenomenathat do not represent the naural, ecological
conditions in which perception happens, tha is, of hiding the dynamic redlity of
perception in thar experimental settings All theillusons| have illudrated present this
dynamic character, in tha they involve theissue of perception determined by movement
and theissue of the perception of movement. Thus | have notintroduced all theillusons
related to the toudh moddity that are described in the psychological and technical

(roboics, forindance) literature.

Another objection frequently raised by sensorimotor theorists and ecologists aganst
the maingream view is tha in the maingream approach perception is studied in isolation

from the sensory moddities, while perception in nomal conditions (outsde the



expeaimental settings of laboratories) is largdy multisensory. | have thus chosen to

illugrate the case of intersensory illusonswhere the hgptic moddity isinvolved.

Results

Thisisthe backgroundof the present thesis.

On the basis of the existing literature, both on the side of the maingream and on the
side of the ecological studies about haptic perception, | was indined to consider illusory
phenomena as powerful indruments for investigaling the processes of perception. |
noticed in fact tha in the ecological approach to perception (the approach which is most
critical toward the notion of illugon) illusory phenomenaare employed in order to set up
suitable experiments for investigaing the specific quantities to which the hagptic system is
sendtive. The Size-Weight Illusonis an illudration of this fact. Nevertheless, ecologists
refuse to call GlusongDthe phenomena they employ for thar experiments and they
discard thenotion of illuson.

It could be suggested tha the controversy aboutillusonscan be reduced to a purely
terminological debae to the extent tha the ecological approach makes use of illusons
withoutcalling them by tha name.

However, | do not subsribe to such a description of the controversy. The ecologistsO
rejection concernsthevery notion of error and is not the simple avoidance of aterm.

Wha is unacceptable with the notion of error and illugon, both for the ecological and

the sensorimotor approech, is theidea of a failure dunng an inferential process based on
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internd representations and symbolic knowledge (an idea introduced by the indirect

inferential approach to perception).

Wha | propos to do is to consde illusonsfrom a pragmeatic 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
notionstha are connected to specific theoretica approaches. This opeaation is possible
because illusory phenomena do present some specific features which are not all togeher
present in other perceptud phenomena, such as normal, nonillusory perception or even

other types of errorsin perception.

Thefirst of the specific characteristics of illusory experiences is represented by the
fact tha an illusory experience can always be recognized as being nonveridical 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 bang some error in his actud experience or in his
past bdiefs. 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
coheence between two or more of his experiences. There is no necessity for the subject
to step out from the expeientia course. The notion of error is thus assumed as a
primitive notion and it is not defined but only characterized in terms of coheence and
violation of coheence, since it is the presence of a violation of coheaence (of a
discrepancy) tha indicates the presence of an error. The noton of eror is not

characterized in terms of the causes of the error or of the naure of the error: it is not

11



committed with theindirect inferential approach to perception, and so it is notthe notion

of illugon.

A second chaacteristic of illusory phenomena which is widdy recognized is
represented by the robudness of illusons, both in the sense tha illusons resist
knowledge and in the sense tha illusons are expeienced systematically by the same
subject in the same condiions and by different subjects. These are important
characteristics that are not present in al types of erors tha can be committed in

perception.

As a third chaacteristic | have individuaed the reaction of surprise which is
provoked by the discovery tha an error has been committed. Even if this characteristic is
common to thediscovery of many errors, it isa specificity of illusory phenomenathé the
subject can be surprised each time he experiences and re-experiences the same illuson;
this specificity is connected with theresilience to knowledgeand the systematic nature of

illusory phenomena

| suggest that on the basis of these three characteristics of the structure of illusory
phenomenait is possible to provide a characterization of illusonswhich is neutral toward
any theoretical approach to perception, because the characterization does not depend on
theinnea naure of illusons onther causes or in the perceptud processes involved. This
characterization can thus be used in the pragmatic context of the programming of

expeiments about perception and in the applications tha 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 illuson
is dedicated to disentangle the notion of illuson from the commitment to the notion of
inferential process. Wha | want to show is that, once the disentanglement is dore,
illusory phenomena still stand out as a special class of perceptud phenomena which
cannotbe confoundel with other perceptuad phenomena Asin the case of pahology, the
specific features presented by illusory phenomena alow 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 pragmetic value
for thenotion of illusonin the context of the research on perception and in the context of

theindicationsfor the applicationsdescribed.

It could be suggested tha the notion of error could smply be omitted in the
characterization of illusory phenomena, since it is this noton tha creates for the mos
pat the problems with thenotion of illuson.

However, there are some illusons, such as the proprioceptive illusonsof impossible
movement provoked by muscle vibration, tha 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 actud expeiences and held bdiefs, the sense of impossibility alerts the
perceiver tha there is some error in his experience, tha something in wha he is

perceiving is mistaken or some of his bdiefs are false. The main interest of a situdion
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like this is in the fact tha the perceiver gains an immediate indght into the
epistemological value of his experience, tha is, the epistemological judgnent does not
require the perceiver to step out from his experience, but is internd to the experience
itself. The notion of error is thususeful for an analysis of perception and illusons. This
is, according to me, an important reason for maintaining the notion of error in connection
with the notion of illuson, even if the characterization of the notion of error mug be

revised in terms of cohaence and itsviolation.

I ntroduced concepts

In the context of the discusson about proprioceptive illusons produed by
movement, the distinction between illusonswe are immediately aware of and illusons
we are notimmediately aware of isintroduced.

In both cases cohaence 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. lllusonswe are immediately aware of present a specia interest because
the awareness of the error (the recognition of the existence of a discrepancy between
expeiences) is immediate and does not require a further process of exploration of the
comparison of the perceptud experience with externd information. Illusons we are
immediately aware of are thus paticularly suitable for showing that illusons (the
awareness of being victim of an illuson) present an epistemic vaue for the subject: the

subject gansan immediate indghtin thetruth value of his experiences.
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Another concept which is introdued is the distinction between synchronic and
diachronic violationsof coherence. In the case of synchronic violationsof cohaence the
discrepancy exists between two or more stimuli tha are smultaneoudy experienced. In
the case of diachronic violations of cohaence the discrepancy stands between actud
expeiences and past experiences or bdiefs or knowledge

This distinction is not to be taken as coindding with the distinction drawn between
illusonswe are immediately aware of and illusonswe are not immediately aware of; in
fact, illusons we are immediately aware of can both involve a diachronic and a

synchronic violation of coheence.

Intersensory illusons and conflicts reveal to be especialy suitable for investigating
the role of coheence in perception. Ther characteristics indicate tha coheence might
represent an adaptive value for cogntive fundioning. Coheaence 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 coheence is impossible tha the subject experiences an
explicit conflict and becomes immediately aware of something goingwrong.

As in the case of experienced conflicts, in the case of illusonswe are immediately
aware of the cohaence between two or more experiences cannot be re-established. On
the contrary, in the case of illusonswe are notimmediately aware of, the subject needsa
surplus of information (a second round of exploration or the recourse to his own
knowledge or the knowedge of a second person) in order to be surprised about his own
error; this is aso the case for the conflicts tha are not explicitly experienced, when

cohaenceisre-established in spite of the existence of discrepant stimuli.
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The study of illusonsthuspresents a heuristic value for the study of different aspects
of perception and cognttion.

This valueindudes the investigaion of therole 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). | have introduced this topic in relation to the
examples of two studies: the experiments conduded by Benedetti on Aristotle@ illuson

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 origind: the sensorimotor
approach to perception insists on the existence of sensorimotor conneetions (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
gened ingst on the role of movement and action in perception. | have introduced the
idea tha these different forms of motor knowledge and skills imply the existence of
relative expectations as it is the case for the expectationsproduced by explicit, symbolic
knowledge | suggest that implicit expectations based on motor skills and knowledge
might play arolein the occurrence and appearance of someillusons

Neverthdess, | do not advance a general thesis aboutthe origin of illusonsand about
the role of implicit vs. explicit expectationsin perception. | simply suggest that certain
illusonsare suitable for exploring this issue, and not tha every illusonis caused by the

interactionsbetween action and perception.
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Applications

In the present work | indst on the pragmatic value of the notion of illusonfor ganing
a better knowledge about perception. This knowledgereveals to be useful in the case of
those technological applicationstha are based on the undestanding of perceptud and
cognitive processes.

The study of illusons for indance, provides relevant indications for responding to
some of the questions raised by the recent developments in the domain of human-

computer interfaces and virtud reality.

The studies on the Size-Weight Illuson condwcted by the ecological researchers
indicate that the hgptic system (the muscles of the arm) might be sendtive to the
resistance oppased by a hand-hdd object to the fact of beng moved, and specifically to

the rotationsimposed by movement.

The studies on a variation of the Size-Weight lllusion, the golf-bdl illuson, indicate
that the perception of weight can neverthdess be influenced by previoudy acquired
knowledgeaboutperceived objects. Special training with acquisition of knowedgecould

thusinfluence the perceptud result, at least in case of perception of weight

Knowledge relevant for perception (in the sense of knowledge tha influences the
content of the perceptud outcome) need not to be of a symbolic form, as indicated for
ingance by the study of Aristotle@ illuson. In the case of Aristotle@illuson, in fact, the

illuson seems to be produced by the fact tha when the subject assumes a position with
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crossed fingea's he trespasses the nommal rangeof action of thefingea's, beyondthis range
no difference in the stimuli is perceived. The subject knows very well the postion of his
finge's and he cannotbefooled abouttha as heis fooled aboutthe postion of the objects
which are sensed with the crossed finges. The relevant knowledge for the illusion to
appear and disappear seems to be of a practical and motor nature: it is based onthe motor
habits of the subject. In fact, a long training with crossed finges has the effect of
modifying the normal rangeof action of thefinge's and of making theilluson disappear.
In this case too, it seems tha training could have important effects on the perceptud
result. This can be an interesting indication for produdng a desired perceptud
expeience, especially anew experience tha isnot possible in normal conditionsor in the
case where the stimuli provided by the interface are not sufficient. Additiondly, the
results of the expeiments on Aristotle@ illuson indicate tha the combingion of the
patial percepts issued from separated finge's into one cohaent unit (a problem which
interests the designe's of multi-finge haptic devices) dependson the existence of motor

habits and prope ranges of action.

Both the studies on Aristotle® illuson and on Viviani@ illusons show the
importance of the role of movement for shaing the perceptud content. Viviani@
illusons in paticular show that subjects have a tendency to project a law which is
specific of biologic motionin al the perception of dynamic event, and it is thislaw which
connects the perceived trgjectory and velodty of the dynamic object. It seems tha the

application of this law could make artificial creatures ook more naural in ther actions It
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also seems that the shape of a perceived object can be modified by the patern of velodty

of its movement.

Studies on intersensory conflicts and discrepandes represent a great interest for the
undestanding of multisensory perception and for the development of mutisensory
devices. It seems tha the perceptud system presents a strong tendency towards the
preservation of the cohaence of the perceptud outcome, even in presence of discrepant
stimuli. This observation seems to be valid aso for diachronic conditions tha is, for the
existence of adiscrepancy between present and past experiences. Some of the difficulties
in coordinaing different sources of information in the case of multisensory devices could
thusbe simply solved by the perceptud system itself. A detailed study of the effects of
the presentation of discrepandes and of the different outcomes in connection with
varying conditionswould thus be suitable for the development of multisensory human-

computer interfaces.

All the cited examples provide us with a better understanding aboutthe way the brain
and the body in interaction with the environment contribute to the shaping of the
perceived reality. Theknowledgethat isthusacquired presents a theoretical valuefor the
theories of perception and cognttion and a pragmatic value, for indance, for designing

more and more bdievable interactionswith virtud realities and artificial worlds
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Introduction

The Introdudion presents the dichotomy beween two kinds of approaches to
perception: the traditiond approach based on the role of internd representationsand a
new vagueof approaches based on the role of movement. This distinction also involves a
different attention toward perceptud phenomenatha are preferentially investigated and a
different approach toward the notion of illuson. The traditiond approach has mainly
focused onthevisud modality and has assigned an important place to illusonsin generd
and visud illusonsin paticular. The new vague indgsts on the importance of studying
perception in a more ecological frame-work, as a multisensory and dynamic activity; the
notion of illuson tends to be discarded because of its presumed entanglement with
traditiond approaches. Thereasonsof the new vagueare presented and some difficulties
of the traditiond approach in explaining illusonsare described. In paticular the reasons
of the new vague are related to the interest of focusng the attention on intersensory
conflicts and hgptic illusory phenomena in which the role of movement and of

intersensory connectionsis made explicit.

Illusions are controversial concepts

The aim of this thesis is to show tha a theory of perception cannot easily renoune
the concept of illuson without loang a pat of its explanaory power. In fact, the
description of a special group of illusory perceptual phenomenatha are characterized by
violationsof cohaence, robugness and a reaction of surprise provides the theory with an

ingrument for acquiring an ingght into perceptud mechanisms. These mechanisms
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indudethe ones such as those involved in the reactions of the perceptud system to the
violation of coheence (both in the case of synchronic incongstency beween actud
stimulations and in the case of diachronic incondstency between past experience or
knowledgeand present stimulationg and onthe naure of expectationsin perception.

These consdeationsare of an epistemological nature. The notion of illuson and the
conaepts that are involved in its characterization within the psychological literature are
conceptudly andyzed and the characteristics and behavioral consequences of illusory
phenomenaare investigated in order to provide a characterization of illusory phenomena
which is not necessarily coinddent with the common use of the term @lusionCbut which
can be of use to psychological theories of perception.

The adopied approach goes botom-up: in Chapier 1 it will be shown how the notion
of illusonis employed within the psychological literature (in particular by illudrating the
case of the Size-Weight Illuson and the argumentation between direct and indrect
approaches to perception which arises in connection with the explanation of illusory
phenomenaand thenotion of illuson itself).

This will befollowed by a philosophical andysis of the notion of illuson and of the
related concepts tha isintended to show how philosophical andysis can contribute to the
debae aboutillusory phenomenaby providing a characterization of the notion of illuson
(Chaper 2).

Chapter 3 will defend the heuristic value of the notion of illuson within the frame-
work of a psychological theory of perception and Chapter 4 will condud the discussion

at the level of the fundioning of the mind by suggesting a fundiond role for the
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awareness of beng victims of illusons as connected with the awareness of the presence

of aviolation of coheaence. Two different roles will beanayzed: adgptive and epistemic.

The problem of the oppotunity to take recourse to the conaoept of illuson arises in
view of the strong criticism agang the notion of perceptud illusonswithin the frame-
work of certain direct theories of perception. Direct approaches to perception oppo® the
indirect, inferential approach (to which the classic definition of perceptud illusonsis
dug tha peceptud phenomena described as illusons can be re-described with no
recourse to cognitive inference and knowledge, jug by well establishing the role played
by movement and the connections between movement and perception in the perceptud

outcome.

Neverthdess the conagpt of illuson 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 conagpt of cognitive
inference) that are prope to indirect approaches. This thesis also aims at showing how
the conaept of illugonis compatible with the claim tha movement can play a cruaal role
in perception and tha the recourse to the conacept of illuson alows a better ingghtin the

way movement and motor possibilities can shgpethe perceptud outcome.

Thetraditional approac to perceptual illusions

In a sense, in the classic approach to the study of illusons unimodd illusons-in

paticular visud illusons are considered the paradigm for al illusory phenomena R.
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Gregoty, for ingance, has modly dedicated his attention to visud illusons even if, as he

affirms;

Qllusions can occur in any sensory modalities and they can cross the senses.O[Gregory,

1968, p. 179]
However, the privilege accorded to visud illusonsis not mandaory, and is more of an
artefact in the historical development of research in perception, as vision has been studied
first and more intengvely than other senses or than integrated, multisensory perception. It
is then important to keep in mind tha there exist awide variety of perceptud illusons. It
turnsouttha a close lookat illusonsin other moddities, such as hgptic toud, points out
the difficulties in the explanation of classic geometric illusonswhich are proposd, for
ingance, by Gregoty.

The so-called optic geometric illusonscongitute a wide and largdy studied class of
visua illusons’, which indudes the Horizontl-Vertica Illuson or HVI (the length of a
vertical linewhich forms a 90j angle with ahorizonta line, thusforming an inverted-T or
aL-shgoe ispeceved aslonge than the horizonta line of the same physcal length), the
Mudler-Lyer illuson (alinewith arrow shgped endingsis perceived as shorter than aline
of the same length with inverted arrow shgped ending9, the Ponzo illuson (a horizonta
lineingerted in awedgelookslonge when it is close to the peak), ZodIner illuson (two
vertical lines crossed by danted lines, appear danted) and Delboeauf illuson (when
conaentric circles are compared to an externd circle, the internd circle looks bigge).

According to Gregoty, optic geometric illusons are produds of the misapplication of

! Seefor instance [Coren, et al., 1976]; [Watson & French, 1966]; [Fisher, 1966].
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visud rules and knowedgé€. Theerror is caused by perspective or other depth cues. It is
suggested tha size and shape constancy are the result of active scaling processes. In the
case of 2-dimengond figures such as the crossed lines of the HVI, perspective or other
depth cues are not connected to depth information. The result is an ingppropriate
condancy scaling, which causes a series of perceptud distortions The hypahesis of the
Inappropriate Congancy Scaling encounters some difficulties in the fact tha some optic
geometric illusonscan be observed in the hgptic moddity. Thisis true for the HVI, the
Mudler-Lyer, Ponm, ZodIne and Delboauf figures’. This fact suggests that a purely
visud mechanism cannot be sufficient to explain the illusory effects provoked by the
cited figures (which are reproducd in 3-D for the experiments with the haptic moddity).
It has been proposd by [Frisby, 1971] in order to save Gregory@® explandion, tha the
haptic modality is mediated by visud representations and tha the presence of geometric
illugons in the hgptic moddity is the effect of a crossmodd trander of representations
fromthevisud moddity.

However, this hypothesisis ruled out by the existence of hgptic geometric illusonsin
congenitally blind subjects and by the results of the comparison of visud and hgptic
illusonsfor the same figures. In fact, not al the figures that generate visud geometric
illusons generate correspondng haptic illusons (it is not the case for the Poggendoiff
illugon, for ingance), and even in the cited cases of the existence of hgptic counerpart of

thevisud illusons the outcomes are not necessarily equivalent. In the hgptic moddity,

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 ZodIner figure is opposte to the visud illuson’. Andin
the HVI the results of the comparison of the visual and haptic moddity show a greater
illusory effect for the haptic than for thevisud perception of the crossed lines’.

Different, autononous explanaions have emerged for the hgptic HVI tha take into
accountthe role of exploratory movements and are based on purely haptic causes, with
no reference to visud representations’. [Day, 1971]; [Wong, 1975, 197%, 1977, for
ingance, propo  that thetactile version of theillusion could be explained in terms of the
different effects of radial and tangential exploratory movements: radia movements
towards and away from the body may be overestimated in compaison with tangentia
movements; radial motionsare in fact executed more sowly than tangential movements;
assuming tha longe scan duration is equaed to increased extent, the rate difference
could accountfor theillusion. [Heller, et al., 1997 show tha the haptic HVI is strongly
dependent uponexploratory strategies. In ther experiments, theillusory effects appeared
to be greater for bigge stimuli, thus hinting at a role for the scanning strategies one
adopts. Movements of the entire arm seem to be involved, since the illuson disappears

when the subjects are prevented from moving ther arms.

*[Suzuki & Arashida, 1992].

®[Taylor, 2001].

® [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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Figure 1. Geometric illusions

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

Vertical-Horizontal 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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[llusions and movement

Theimportance of therole of movement in perception seems to be strictly connected
with the criticism to the concept of illuson. Direct approaches to perception, in fact, tend
to discredit the weight of internd representations cognitive inferences and symbolic
knowledgein perception; a the same time, direct approaches affirm that the appearance
of the perceptud experience can be explained with the hdp of two conditions how the
world is and wha the perceiver does. Two theses exemplify this claim, even if they are
not perfectly compatible with each other.

[No*, 2003] for indance, proposs a two-dimengond theory of perception: how
things appear not only dependson how they are, but it also dependson the relations of
the perceiver to how thingsare. A causal theory of perception in fact affirms that how
things appear in perception dependson how things are: one perceives that x is F if and
only if onehas the experience of x being F, x is F and the experience of x depends on x
being F. But there are specia propeties of the perceptud content tha do not depend on
the object only, such as the propeaty tha aroundobject has of appearing elliptical when
seen from a certain postion. Furthermore, we keep track of the changes our movements
provokeon the appearance of the objects, such as when we move our eyes, and this fact
has a relevant place in the peceptud experience of the objects. Both these are
perspectival aspects of the perceptud content tha are only patly deermined by how
thingsare. It is possible for a perceptud experience to be veridical aongonedimenson,
but not alongthe other. An example is presented involving the visud experience through
a periscope thingsare 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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dimensond theory of perceptud content or representationd content: the content can vary
along a factud dimengon (how things are) and a perspectival dimenson (how things

appear fromthe point of view of the perceiver).

QPerception 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 areE O[No', 2003, p. 94]

Within this frame-work, the relation of the perceiver to how thingsare is also expressed
in terms of sensorimotor contingendes, tha is, in terms of how the perceptud outcome
changes in contingency with how the perceiver moves. Sensorimotor contingendes are
thusused within this frame-work as explanaory tools ingdead of internd representations
symbolic knowedgeand cognitive inferences.

The second thesis, the ecological view of perception, differs from the sensorimotor
approach because the assertion tha perceptionis direct is equaed with the assertion that

perception is always correct,

Quithout the addition of information beyond what is available in sensory stimulation.O
[Stoffregen & Bardy, 2001, p. 1]

Thisview is based on [Gibson 1979)3 concepts of ambient array.

CProponents 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 aunique 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 specified in the spatio-temporal structure of

ambient arrays.O[Stoffregen & Bardy, 2001, p. 1]
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The enegy pdterns can be consdered indgpendently of the fact tha they stimulate
senory systems. In fact, each animal-environment interaction gives rise to a specific
patern of ambient array, indgoendently of the fact tha the senses of the animal are
stimulated and tha a peceptud expeience is producd. Neverthdess, paterns of
ambient energy represent what is directly perceived and they are as they are in virtue of
theinteraction of the organism with theenvironment, of its movement and postion. Thus
movement conditutes the condition for structuring the ambient information (unde the

form of ambient energy) in a nornrambiguous correct way.

Movement versusinternal processes

Movement represents, within thetwo presented views of perception, the condition for
disambiguaing information (ecologica view) or the condition which modifies the
appearance of the perceptud outcome (sensorimotor approach). In spite of the differences
between the two views', in bath cases movement structures the perceptua outcome and
therelation between perception and movement is a lawful connection. In both cases, the
connection between movement and perception makes the recourse to internd

representations cognitive inferences and symbolic knowledgeobslete.

" 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 reflection and propagation of energy and on the physica structure of the animal. In the
sensorimotor version of the direct approach, sensorimotor patterns of contingency are aso structured by
experience which connects different movements with different perceptua experiences; thus experience and
aform of knowledge play arole 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 tha perception is uncongiousinference (see [Fodor,
1981} [Gregory, 1968, 1998) and exemplified by the search for internd, congructive
mechanisms for explaining the appearance of the perceptud outcome (see [Marr, 1982).
It seems in fact to the proponents of the indirect approach tha the appearance of the
perceptud experience cannotbe explained in terms of the sensationstha the stimulation
by the environment produees. A classic example is the two-dimendond effect producd
by light stimulation on the retinas as oppo®d to the three-dimensond effect of vision.
Within this approach illusonscan arise at different levels of the perceptud process, and
in particular at the stage of the integration of theinformation captured by the senses with
the knowledge past experience and inferences tha gives its meaning to the bare

sension.

| propo® to consde illusory phenomena within a larger context than the one
represented by the indirect approaches to perception, that is, than errors in an inferentia
process. For this reason | propo® some criteria for the differentiation of illusory
phenomenafrom othe perceptud phenomena and errors on the basis of a neutral notion
of error, the notion of robudness and of the reaction of surprise. Illusons are hence

disentangled from theindirect perception approach.

| have chosen to study certain haptic, kinesthetic and intersensory illusons tha

involve the toudh moddity in order to defend the possibility of keeping the notion of

illusonin thefield of theories of perception.
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This choice is motivated by the importance that movement plays in the toudc
moddity, and in paticular in the sub-divisonsof the touch moddity tha are connected
with the exertion of movement and with the involvement of the muscle receptors. As we
have seen, in fact, movement is consdered by the ecological and the sensorimotor
approach as a promising substitute for internd representationsand internd mechanisms
in theexplanation of the perceptud content.

Additiondly, the ecological and the sensorimotor approach reproach the traditiond,
indirect accounts of perception for undeestimating the characteristics of the perceptud
activity in noma conditions In nomal conditions perceptud activity is a dynamic
process, intertwined with movement, constituted of exploratory actions and perceptud
respon®s. In nomal conditions perception is multisensory and it is difficult to
disentangle thedifferent contributonsto thefind percept.

| have tried follow the direction of the objections tha the ecological and the
sensorimotor direct approaches raise agang the methodobgical approach of the indirect
approach to perception. | have thus chosen to focus my attention on dynamic and
intersensory phenomena in order to eliminate one posible, preliminary objection that
could be levied agang my position from the ecological and sensorimotor direct
approaches, viz. tha the dynamic aspects of perception are not taken into dueaccount

Haptic, kinesthetic toudh seems to me a good ground for confrontation with these
approachesin virtue of therole movement plays in hgptic phenomena

Neverthdess | have not described all the haptic and kinesthetic illusonsthat can be
foundin the psychological literature but only those | have foundparticularly suitable for

illugrating my arguments: the reasons of the controversy concaerning illusons (Size-
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WeightIlluson), the awareness of error as violation of coheence inillusory experiences
(proprioceptive illusons produed by vibration), the possibility of invoking the role of
movement and of implicit expectations based on motor skills for the explanaion of the
occurrence and appearance of certain illusons (Aristotie® illuson and Viviani®
illusong, therole of cohaence in perception and the fundiond role played by illusons

in the cognttive process (intersenory illusonsinvolving the touch moddity).

Haptc touch well instantiates the integration of movement in perception

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

toucdh assumes a special place.

GDn the enactive view, all perception isin these respects like touch. Mere sensation, mere
stimulation, fails short of perceptual awareness. [E] 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 atruly inert perceiver is to
imagine someone without the sensorimotor knowledge needed to enact perceptual
content.O[No' , 2004, p. 17]

The characteristic of the sense of toudh, which is invoked as a modd for the
undestanding of the fundioning of perception in geneal, is the intringc connetion
between perception and movement, and the fact that the ability to perceive depends much
more on the mastery of sensorimotor skills rather than on one® own capecity for

sensations®.

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 al 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 tha the blind or blindfolded subjects represent a recurrent
exemplification of perceptud 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 paticular receives no sensation at its end, so tha the responsibility for the
perception of the world tha arises when the world is sensed by a caneis individuaed
elsewhere, in paticular in themastery of theuse of the cane[No*, 2004°.

In 195152 the cyberneticist D. Mackay had imagined an andogica intelligent
machine capable of actively recognizing figures and objects without necessarily
possessing an internd modd of the world (the possession of an internd modd beng
congdered 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 finge's around the outline in a specific

sequence. Hence, to the blindfolded person,

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

When actionisinvolved in the congitution of a percept or in the acquisition of a concept,
toudh is the modd and tactile exploration is the exemplary case. On the contrary, vision

represents the modd for passive or merely receptive perception and conagpt acquisition.

® 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, 1949 and [McCulloch & Pitts, 1943 as a passive system in which a typical
patern of the sample to be recognized is stored in the artifact as a template, an idedl
modd to which real triangles mug be re-conduded, and indicates in visud studies the
reference for this modd.

This example illudrates tha even in the cybernetic context, toudh has been indicated
as a modd for active perception (perception conceived as an exploratory activity) and
confrasted with vision, assumed as a modd of passive perception or recognition. The
specia role attributed to the touch moddity depends on the evidence tha exploratory
movements conditute a fundamental condition for obtaining information aboutthetactile

aspect of the objects.

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

Origind work published 1925:

"to study the sense of touch at rest is ailmost 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 intengfies the
action of static stimuli and prevents the habituation of the captors, movement also creates
tactile phenomena in tha it allows for the perception of qudities such as texture and

elagticity tha are notavailable to static toudh:

(Every 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 [E] they remain mute until we make them speak.O [Katz, 1989. Origina work
published 1925, p. 242]

Findly, movement congitutes the objective pole of toud: a stimulus can be perceived
both as a subjective, proximal, local sensation or as the sensation of the externd, distal
object which causes the experience depending on the intervention of movement, of active

toudh. Toud, assodated with movement, thuscan be consdered as the sense of redlity.

More recently, Lederman, Klatzky and colleagues (see for ingance [Klatzky,
Lederman & Metzger, 1989; [Lederman & Katsky, 1987 1993) have provided evidence
for some specific conrections between hand movements and the propeaties tha are
extracted by toudh. The authors have described a set of exploratory procedures:
stereotyped and recursive paterns of movement tha perceivers perform with ther hands
when exploring different types of objects and surfaces, even if the perceivers are not
necessarily aware of it. It seems tha each of these paters of exploration is assodated
with the extraction of oneparticular propaty by touch; for ingance, lateral motion seems
to be assodated with the extraction of texture, pressure with hardness, contour following
with precise shape, etc. In fact, when freely exploring different propaties 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 propety 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 theperceptud performance of therecognition of object propaties™®.

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

Neverthdess, theterm GouchOis not unambiguous™. Different terms are correlated to
the notion of touch, such as the term GapticOand @ynamicOtouch, and different
classificationsare proposd in theliterature.

Neurophysology, for ingance, makes use of the term Gomatic sensory systemO

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

19 |n 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 externa 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 G\ctive
VisionGand Onteractive Visiond

[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 avisua environment more effectively and efficiently.

[Churchland, 1994] in the chapter O\ Critique of Pure VisionOcriticizes 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 Marr@ 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 BD 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 redity). In fact, we
see only a portion of the visible world, and movement redirects attention and then re-orients the visua
system; motion and vision are then strictly connected: movement allows the system to see more of the
world. The role of movement is well illustrated 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 photoredlistic,
vision isinteractive and predictive, since it builds models of the world and predicts what can be interesting
for the system. The neurophysiologica architecture finally is not hierarchical, and much information flows
both ways; memory and vision for instance interact.

1 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 toudh, vibration, pressure) and a system for the
detection of pan stimuli and temperature [Purves, et al., 1997. This classfication is
based on the physical energy of the stimuli to which the captors are sengtive.
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, tendonsand joints of the body (this classificationis thusbased onthe
localization of the captors). Different perceptud qudities are then assodated with thetwo
sub-systems: in a general fashion tactile captors are described as involved in the
perception of the qudities of the objects of the externd world (such as dimensons shgpe,
microgructure, movement relative to the skin) and the proprioceptive system as dedicated
to the (more or less aware) perception of the postion and movement of the body.
Neurophysology dedls then with the ascription to the somesthetic system of 4 main
fundions discriminative toud, proprioception, nodception, temperature perception.
There is adifficulty in sharply separating the externd and the interna mechanoreceptors
and associating them separately with exteroceptive and proprioceptive fundions
respectively. Active exploration of the world® objects implies the utilization of internd,
proprioceptive mechanoreceptors, but it provides information aboutthe propeties of the
externd world.

Active touch has been consdered as a separate category of toudh on the basis of the
role that movements (and movement captors) play in the discriminaion of the propeties

of objects. This category islabded Qactile-kinesthetic perceptionOor Mgptic perceptiond
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The term GgpticsOwas first introdued by Revesz [Revesz, 1958] to incorporate
cutaneous and kinesthetic information. [Looms & Lederman, 1986] refer to the hgptic
sensory moddity in terms of QGinesthetic touch® kinesthetic toudh is comprised of
cutaneousand kinesthetic receptors, provides information about objects and surfaces that
are in contact with the subject and guides the manipulation of objects. The moddity of

toudh isthen composed of three sub-moddities:

Orhe 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.O[Loomis & Lederman,
1986, p. 1]

These classificationsthus do not question the divisionsaccepted by neurophysology and
are based onthe energy of the stimulusand thelocalization of thereceptors.

[Katz, 1989 Origind work pullished 1923, refused to accept what he consdered an
Gatomistic approach to perceptionO by individuating and separating the activity of
different sensory captors (thus multiplying the number of tactile sensationg and instead
chose to adopta system of classification based on the qudities perceived by toudh. The
world of toudh possesses three main modifications or qudities: surface touch (the two-
dimensond tactile structure that is identified when toudching a continuows pdpéble 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
gpatia orienting, as when moving the hand in a fluid), volume toud (the perception of

the shgpe, the spatial distribution of the object that we can have when the object is, for
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ingance, covered by atextile or thehand is covered by a glove). The Gkin sensesOcannot

then be separate since

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

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

published 1925, p. 34]
Thedifferentiation seen in the physology of the sensesis then an artifact, in tha complex
phenomena conditute the only real component of perception. Complex phenomena are
not the result of logical opeations conduded by the cognitive system upon atomic,
simple elements. On the contrary, complex phenomena are the origind components of
perception, and no opeation on the side of the cognitive system is requested for thar
produdion. Katz invites us to consider tactile perception as an immediately complex
phenomenon which does not require the intervention of successive cogntive opeaations
KatzB@ suggestion does not solve the problem of differentiating touch from other sensory
moddities, but is only limited to the internd classification of toudh, since common
qudities (such as the shgpe of an object) can be appreciated by more than one sensory
modadity (e.g. by vison andtoud).

A sort of mid-way postion beween the neurophysological approach and the
invitation to unity expressed by Katz is represented by GibsonG classification of haptic
toudh. In fact, Gibson® classification of the senses maintains the distindion between
physcal energies and types of receptors but also takes into accountthe object propaties.
[Gibson, 1962,1964 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 beng 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 touding the object that attention is directed to the sensed propaties of the
object. Active toudh is then defined as an exploratory rather than a merely receptive
sense: the variations in the skin stimulation are produed by variations in the motor
activity. Thusthe unitary perception of an object with multiple fingers doesn® require a
central integration since the pressure of the fingers upon an object informs about the
qgudities (e.g. the hardness) of the object and does not give rise to separate, cutaneous
sensations (on the contrary, in the case of passive toud, two separate pressures on the
skin give rise to two different sensations). In the same way, in active toudh, kinesthesiais
neither to be separated nor to be smply combined with cutaneous sensations since the
patterns of changeof the skin contact co-vary with thechangein limb postion givingrise
to oneand the same information aboutthe object propaties.

According to Gibson, toud is exemplary of the connection of perception and
movement in perception, since in this case the equipment for feeling is anaomicaly the
same as the equipment for doing. The nonseparation of the skin senses from kinesthesia

islabded Gigtic system@and distinguished from haptic touch and dynamic toudh:

Orhe 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. [E] 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.O[Gibson, 1966, p. 97]
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The hagptic system is successively sub-divided into: cutaneoustoud (when the skin and
deep tissues are stimulated without movement of muscles and joints); haptic toudh (when
the skin and deep tissues are stimulated by the movement at the joints, as in catching an
object, pdpaing, squeszing, etc. in order to extract information aboutits geometry and
microgructure); dynamic touch (when skin and joints are stimulated in assodation with
muscular effort, as in the discriminaion of weight, which is more accurate when the
object iswielded, rigidity, viscosty, etc.); oriented toud (the combination of inputs from
vestibular, joint and skin receptors); toudh-temperature (the combination of skin stimuli
with vasodilatation and vasoocondriction); panful toud; soda toudh (the affective
componats of toud, asin thenew-bom cares).

Dynamic toudh presently represents a rich domain of studies in the ecological
direction (see for ingance [Turvey, 19969. The peception of olbject propeaties by
wielding is a prominent example of dynamic toudh. Dynamic touch is thusactive, butit is
not conarned with, for indance, finga exploration. The haptic propeaties tha are
perceived by dynamic toud are tho related to the macro-geometry and volume of the
objects, astheextension, shagpe orientation and weight, at the same time properties of the

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

QWVhat 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 flux of
mechanical energy is the primary (although not the exclusive) neural basis of dynamic
touch.O[ Turvey, 1996, p. 1134]
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Recently, another use of the term (agpticsOhas appesred in the domein of computer
interfaces. Computer hgptics indudes the technologies and processes for the generation
of force-feedback stimuli to human usersin virtud reality environments. Thefocusison

hand exploration and manipulation:

(Haptics 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, feed and manipulate objects simulated by virtua environments (Ves) and
teleoperator systems.O[Biggs & Srinivasan, 2001, p. 1]

Haptic devices allow the user to appreciate some hgptic characteristics of virtud and
distant objects, such as the shape elasticity or rigidity and texture. Since the haptic
devicesOfundioning 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, buton
the exploratory activity that the user accomplishes upon the hgptic objects. The device
geneates forces in respon to the forces tha are exerted by the user (for ingance with
his finga's or arms, and possibly with the whole of his body). The feedback forces are
applied in correspondeance of the joints of the user and the kinesthetic system (joint and
muscle receptors) is responsble for the relevant sensations tha originate during the
expeience (other sensations are producd by the contact of the skin with the device).
Haptic devices thusconditute an example of the connection between touch moddity 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 hapticillusons

The choice of focusng this discussion on the illusons tha concern the touch
modadity, andin particular the aspects of thetouch moddity that are more entangled with
movement (such as the so called @ctive touch® gptic touchOor @ynamic touchOand
kinesthesia), is hence motivated by the exemplary role played by this perceptud moddity
in the discusson regarding the integration of perception and movement and by the
importance of thisintegrationin the context of thecriticism to thenotion of illuson.

Four kindsof illusory phenomenawill bediscussed in detail.

First, the SizeWeight Illuson will start the discusson and introduce the
argumentation between those who defend the notion of illuson and those who affirm that
this notion is oblete. The Size-Weight illuson will be thus presented as a case study;
the different postionstha have been expressed aboutits origin and naure will serve to
illugrate how different the approaches to illusory phenomena can be and how illusory

phenomenacan play adifferent role in different theoretical settings

Second, the case of proprioceptive illusons of movement and postion produced by
vibration will be successively andyzed in order to show a possible distinction within
illusory phenomena between illusonswe are immediately aware of and illusonswe are
notimmediately aware of; this discussonwill show therole of cohaence and of ruptures
of cohaence in illusory phenomena The contradiction of expectations and past

knowledge does not necessarily represent the only explanation for illusory phenomena,



since cohaence can also be violated a a synchronic level, when two simultaneous

experiences are inconsstent with each other.

Third, a detailed discussion of Aristotle@ illuson is directed to show how implicit
knowledge and sensorimotor expectations can be responsble for illusory phenomena In
fact, even when the violation of coheence is situaed at a diachronic level, between
actud expeiences 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 discrepandes between
multisensory stimuli (induding haptic and kinesthetic stimuli) are presented. Thar case
illugrates the role of cohaence in the produdion of illusonsand the fundiond role of

illugonsin the cognitive processes.

Theillugrated illusonshdp show tha the indirect, inferential view of perceptionis
not the only possible approach to illusons. A class of illusory phenomena can be
described tha present different characteristic from othes nomal, nonillusory
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 tha are groundel in the existence of
motor skills rathe than in the presence of symbolic knowledge and internd

representations Also, the presented illusonsindicate tha illusory phenomenaare related
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to the presence of violations of cohaence and tha they can play a fundiond role in
revealing the presence of discrepandes or in composng the discrepandes into coherent

percepts.
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Summary of the following chapters

Chapter 1 focuses on theissue tha the conagpt of illuson is not above controversy,
as the study of the case of the Size-Weight Illugon illugrates. The extreme postionsare
represented by the indirect, inferential approach to perception and the direct, ecological
view; thefirst oneindicatingillusonsas evidence for therole of inferential processes and
internd representationsin perception and the second onediscarding thenotion of illuson
that goes along with the notionsof inference and internd representation. Hence, the Size-
Weight Illuson not only receives different explanaions depending on the specific view
of perception adopied, but is also susceptible to not beng an illusonay phenomenon at
al. On the basis of thar attitude towards the Size-Weight Illuson, ecologists deny the
existence of illusons in general. Neverthdess, for ecologists too, the study of the
phenomena that are andogousto the Size-Weight Illuson seems to be a precious
ingrument of research on the quantities the perceptud systems are sensitive to. This
attitude motivates a degpe andysis aboutthe notion of illuson and the characterization

of illusory phenomena, which takes place in Chaper 2.

Chapter 2 aims at providing a conceptud andysis of the notion of illuson, starting
from the description of the difficulties tha arise in relation with its traditiond
characterization.

Chapter 2 thusandyzes the main theoretical difficulties with the notion of illugon.
The hardest oppostion to the notion of illuson arises, as the SWI reveds, from the

refusal of the account of perception as an inferential process (the oppostion is that
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between the indirect, inferential view of perception and the direct, norrinferentia
approach to perception).

The classic ddfinition of illuson as systematic error in the inferential process of
perception is in fact biased by the indirect approach to perception, and by the nation of
cognitive inference. Alongwith the conagpt of cognitive inference, the conaept of illuson

isthusquestional by those who embrace a direct, non inferential approach to perception.

Moreover, the noton of error as depature from facts, which is adoped in
psychology, is a common sense metaphor. The prevalent notions in the philosophical
literature do not necessarily coincde with those of common sense; psychological theories

too are notcompdled to adoptcommon sense notions

Henceit isinteresting to propose a philosophical clarification of thenotion of illuson
and of thenotionstha are connected to thenotion of illugon.

An investigaion about the possibility of maintaining the noton of illuson
indgendently of the acceptance of the two extreme views of perception (direct and
indirect) is developed. The main reason for neutrality is tha there are at least heuristic

meritsin thenotionof illuson.

Not only does the notion of illuson proves to have pragmatic utility, butit seems to
be posible to disentangle it from the issue of the oppostion between direct and indrect
approaches to perception owing to a philosophical andysis of the notion of error and of

theindividuaion of some phenomenological characteristics and behavioral consequences
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of illusory phenomena Accordingly, some characters tha affect illusory phenomena are
individuaed, such asther robug naure and therelationship with thereaction of surprise,
tha are neutral toward the direct or indirect views of perception. These characters allow
distinguishing illusory phenomenafrom other types of error in perception. The notion of
error presents special difficulties. Neverthdess, illusory phenomenacan be characterized
on the basis of a notion of error which is neutra 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 noton of error which indudes violations of
coheaence.

Thenotion of error is maintained because onecan always be aware of his error in the
case of illusons both the ones we are immediately aware of and those we are not
immediately aware of. The notion of error is hence developeal in relationship with the
awareness, on the side of the subject, tha something is going wrong when an illusonis
recognized.

The distinction between illusonswe are immediately aware of and illusons we are
not immediately aware of is developed with the hdp of an exemplary case: the
proprioceptive illusonsproduced by vibration, bath illusonsof posible and impossible
movement. lllusonsare divided into the two cited classes depending on the more or less
direct access they provide to the awareness tha something is going wrong in perception,

that is, to the awareness of committing a perceptud error.
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Since illusons are a specid type of errors and one can nomally be aware of bang
victim of an illugon, the ascription of illusonsseems to depend uponthe theory which is
accepted about the attribution of the capacity of beng aware of committing errors. In
Chapter 2 it is proposd tha illusonsbe congdered as specific to the individud at his
persond level because the capecity of bang aware of committing an error (intended as
related to the capacity of handling the concepts of truth, error and bdief) arises at this

level.

Robugness is subdiided into the chaacteristics of resilience to knowledge and
systematicity, both intersubjective and intrasubjective. The robugness of illusory
phenomena hdpsdistinguish illusonsfrom other types of errors such as local errors and
hdludnaions Robudness also makes the connection beween illusons we are
immediately aware of and illusonswe are not immediately aware of: in spite of thar
differences in fact, both phenomena can be repeated at will for the same subject and for
different subjects: the result is aways the same even if the subjects are informed about
thenaure of thar experience. Thisiswhy the subjects can always be surprised when they
expeience an illuson they have previoudy expeienced in the past or an illusory
phenomena of which they have been informed. Other perceptud phenomena involving
errors and presenting a reaction of surprise are not necessarily robug in the sense in

which illusonsare robus.
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The assodation of illusons with surprise indicates the nature of illusory phenomena
and the fundiond role they play in cognitive functioning by revealing the presence of
violationsof coheence.

Theimmediateness of thereaction of surprise allows distinguishing between illusons
we are immediately aware of and illusons 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
expeience, while in the latter case the subject needsto undergo other experiences (or to
be informed by another subject) in order to discover the error and conequently to be
surprised abouthis error. In both cases neverthdess surprise arises from oneand the same
source: the presence of aviolation of coherence.

Violation of cohaence can thusbe indicated as a fundanental perceptud condition
which is assodated with illusory phenomena; specifically, the violation of cohaence can
be consdered as the source of the surprise reaction assodated with illusons In the case
of illusons we are immediately aware of the presence of a violation of cohaence is
perspicuous the subject is aware of his experience as being wrong because the
experience presents some incongstency. Theinconsstency might be between two present
experiences or it might exist between a presently experienced percept and a bdief based
uponpeast expeience. In thefirst case, two or more synchronousperceptud experiences
are in conflict with each other, but therr robug character is such that they persist in spite
of thdr inconsstency. In the second case, the present experience is consdeed as
erroneous but it has a robug character and it persists in spite of the fact tha it is

consdered as false on the basis of strong reasons (which is exactly the contrary of wha
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nomally hgppens when a past bdiefs is revised due to the poignancy of the present
perceptud experience). The two possible cases of discrepancy are described as
Gynchronic violationsof coherenceCand @liachronic violationsof conerenceO

The existence of a violation of coheence can be individuaed aso in the case of
illusonswe are notimmediately aware of, even if it is less perspicuous than for illusons
we areimmediately aware of. Asin the description of diachronic violationsof cohaence,
incongstency is present between the perceptud expeience and the existence of strong
reasons for consdering the experience as false; in the case of illusons we are not
immediately aware of, the strong reasonsfor consdering the experience as false can be
represented by information from a second subject (i.e. the experimenter, who can be
truged, or the writer of the book which indudes illusory figures) or from successive
explorations (which for some reasons are more trugworthy than the one consdered as
false). Even if the perceptud experience is nottruged, the subject cannotrevise it andthe
experience standsin conflict with the others or with the information that indicate it as

false.

Once the notion of illuson is characterized the role of illusory phenomena in the
cognitive fundioningin general can be better undestood.

Also, illusons can be hdpful for beter undestanding different aspects of the
perceptud fundioning such as the role played by coheaence in the shaping of the
perceptud content and the role played by movement. The study of certain illusons of
movement seems to point out the existence of an indirect form of knowledge and

expectationsbased on the direct connection between movement and perception.
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Thenotion of illuson can thuspresent a heuristic value also for theories of perception
where internd representations and inferences are criticized in favor of the direct
connection of movement and perception.

An elimindivist view risks overlooking this aspect. This congderation further speaks
in favor of preserving the notion of illuson in order to investigate the processes tha are
connected with the detection of errorsin perception, asit is explained in Chaper 3.

Chaper 3 isin fact dedicated to the defense of the heuristic value of the study of
illusonsfor ganing a beter undestanding of perception and cognition. This value is
largdy affirmed by thetraditiond studies of perception, butit is shown in Chaper 3 that
the study of illusonsrepresents avalid 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 connectionsin the shaping of the perceptud content. Two
studies on illugonsin paticular hdp show this point: certain experiments on Aristotle®
illuson and other experiments on the perception of dynamic events. It s suggested that
implicit expectationsbased on motor knowledgeand motor skills mightplay arolein the
occurrence and appearance of certain illusory phenomena and in nomal (norillusory)

perception too.

Chaper 4 develops some consderations that have emerged in the course of the
characterization of illusory phenomena, and in particular the notions of cohaence and
coheence violation. It isin relationship with these notionsthat illusory phenomena seem
to play thar fundiond role in the context of cognitive fundioning. Chaper 4 is thus

dedicated to the undestanding of the role of illusonsin relationship to the role of

53



violations of cohaence in peception and to the mechanisms tha opeate for the

maintenance of cohaence or for theindividudion of violationsof cohaence

One becomes aware of the violations of coheaence when one discovers tha he has
been victim of an illuson. These violations of coherence have a negative adaptive vaue
This is confirmed both by studies on the violation of expectationsbased on past bdiefs
and by studies on intersensory discrepandes. The maintaining of cohaence which is
prope of certain intersensory illusionsseems thusto present a postive adgptive value In
the mean time, the awareness of being victim of an illuson entails the awareness that
something is wrong with the experience: the subject is thusalerted of the presence of an
error.

In paticular the effect of surprise related to illusons would present an epistemic
valuein that it reveals the presence of an error. This fact represents an epistemic value
especialy for illusonswe are immediately aware of because the discovery of there being
some error iscompletely internd to theexperience.

Since violations of coheaence seem to have a negative effect on adaptive behaviors
and the identification of violations of coheence seems to present a postive adgptive
value, surprise raised by illusonswe are immediately aware of has a positive adaptive
valuetoo, in that surprise assodated with illusonsalerts the subject aboutthe presence of

aviolation of cohaence.

Findly, in the Condusons the oppotunity of keeping the noton of illuson is

reaffirmed in reason of the pragmatic, heuristic value of the study of illusonsfor the
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investigation of different processes in perception and cogntion (such as the role of
coheence, the role of movement, the role of implicit expectationg and in reason of the
possibility of providing a characterization of the notion of illuson which is neutra with
respect to the different approaches to perception and which pemits us to assign to

illusonsafundiond rolein the cogntive fundioning.

55



56



Chapter 1. A case study illustrates some theoretical

problems about illusions

The present chgpter adopts a bottom-up approach, in the sense that it illudrates the
way the notion of illuson is employed in the psychological literature by describing the
debate about the explanation and the nature of a well-known hagptic phenomenon called
the (ize-Weight Illusond The philosophical analysis of the notion of illuson and of
related concepts starts from Chapter 2 with a proposal of characterization of illusonsand
continues in Chapters 3 and 4 with the discussion aboutthe heuristic value of the notion
of illuson which is so characterized and with the investigaion of the role of illusonsin
cognitive fundioning.

In this way | intend to show how the philosophical andysis can contribute to the
debate about the nature of illusons and the present the oppotunity of preserving the

notion of illugon.

A conaept, which by virtue of being a component of the characterization of illusionis
closly related to it, is the concept of error. The study of the Size-Weightilluson and
theandysis of the psychological literature show tha the characterization of the notion of
error which is adopted in this context (for indance as departure from facts) is a heritage
from the common senscal use of the term @rror® An attempt a a philosophical

clarification of these conaepts might be ussful 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 objects of equal

weight is judged to be heavier when lift ed

Haptic illusonshave traditiondly received less attention than visud illusons One of
the best known and more powerful haptic illusonsis the so-called Gize-Weight illusonO
(SWI) or @harpentier® illusond since this phenomenon was first described in 1891 by
Charpentier as an effect of volume on the perception of weight. Briefly, the SWI
congsts in thefact tha the smaller of two objects of equd weightis judgel to be heavier
when lifted. It isarobug illuson tha is resilient to the observer@® prior knowledgeof the
actud relative weight of the objects.

Charpentier performed his experiment with two sphees of equd weight and of 40
and 100 mm of diameter respectively; the observers were allowed to look at the sphaes
and were asked to lift each sphae with the pdm of thar hand. The larger sphee was
congstently reported as lighter [Charpentier, 1891] Theexperiment demondrates tha the
perceived weight of an object, its heaviness, does not depend only onits physcal weight

In 1894, Floumoy extendal the experience to a large nunber of subjects and to
different sorts of objects of equd mass tha were to be ranked according to ther
perceived weight he demondrated tha the SWI was resilient to the prior knowedge of
the ob=erver that the objects weighed the same [Floumoy, 1894] Prior knowedge 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 conditionsexplored by Floumoy). This resilience is considered
a peculiarity of illusory phenomena and is often cited in order to demongdrate the non

permeability, hence theindgpendence, of perception from cognition.
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Figure 2. The Size-Weight Illusion

Device for testing the SWI when two objects of different dimension and same weight are lifted in
alternation. This device also allows measuring the grip forces exerted 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 nunmber of studies have since then followed aimed at investigating the role of mass,
volume, densty, gravitationd cuesin the perception of weight'®. In paticular, therole of
movement in weight perception had been highlighted since the 19th century: [Weber,
1978.Origind work published in 1934 had noticed tha weight discriminaion is more
reliable when obijects are wielded (thus actively moved). The ability of discriminaing
weights of different masses by voluntary muscular exertion was termed Gense of forceQ
a component of the Onuscular sensed*. The problem was then posed of the respective
role of toudh and of the muscular sense (which is today indicated as kinesthesis) in the
evauaion of weight The improvement in weight evaluaion with active lifting seems to
indicate tha receptors with sengtivity for dynamic events in the muscular appaatus are
involved in weight perception™.

Almog immediately following Charpentier@ description, the SWI was mosly

explained in terms of Qlisapponted expectationgd[Murray, et al., 1999] Expectation

3 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].

4 Bell, 1834].

1> 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 judgnents of weight cogntive
expectations based on previoudy acquired knowledge about the relationship between
weight and volume in nomal conditions (the bigger object is nomally heavier than the
smaller one affect the perception of the actua weight of the object.

In connection with the expectation theories different hypoheses about the role of
movement and force in the SWI have been put forward™®. This fact leads to the
identification of at least three possible variationswithin the expectation theories.

In thefirst variation, theilludon originates from the conseequences of the expectation
uponthe characteristics of the peformed movement, such as the consequent lifting force
and lifting rate of the object. The motor consequences of the cognitive expectation are
thusresponsble for the SWI.

Following the second variation of the expectations theories, it is possible tha the
information abouttheforce exerted in muscular contraction, asin thelifting of the object,
arises from at least two sources: an internd neural correlate or @orollary dischargeOof
the motor signd sent to the motoneauron pool, which is then sent to the sensory centers;
and afferent discharges originaing periphaaly in various sensory receptors of the
muscles, tendors, spindles, joints. Hence, when proving therole of movement and of the
exertion of force in weight discrimination, the respective roles of sensory information
geneated centrally and of sensory information generated peipheaally in the produdion
of the SWI should be determined. In fact, the mismatch between the two sources of

sensory information could beindividuaed as the prope source of theillugon.

16 For a detailed presentation see [Jones, 1986].
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The hypothesis of the mismatch is strongly criticized in the formulation of the third
variation of the expectation theories, which proposs to restore a purely cogntive
explanation of the SWI, with no recourse to erroneous motor commands and eventud
corollary discharges of the motor commands

A congant for all the variationsof the expectation theories proposd is represented by
the cognitive nature of the expectation. In spite of the differences between the specific
mechanisms that cause theillugon, the remote cause is individuaed in the existence of
an explicit knowledge about the relationship between the weight and volume of objects.
This knowledge creates expectations about the perceptud consquences of certain

movements, such as thelifting of an object.

The cognitive-motor variant of the expectation theory

The cognttive-motor variant of the expectation theory [Ross & Gregory, 1970]
affirms tha the SWI is aleged to the wrong application of knowledge abou objects
[Gregory, 1997] In Gregory@ view illusons are the produd of a mafundioning in
perception. According to Gregary [see Gregory, 1968, 1973 1997 1999, two main
categories of malfundioning can be distinguished: thos located at the mechanical or
physcal level of the sensory signds and sensory organs (optical or sensory illusong, and
those that arise from the misinterpretation by the brain of sensory information (perceptud

or cogntiveillusons.

QPerceptions 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.O[ Gregory, 1973, p. 69]
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In the case of the SWI the mechanical and physcal processes are not significant, but the
assumptionsregarding the relation of size to weight, and the inferences which are based
on these assumptions are miseading. Thisis why the SWI is consdered by Gregory asa

perceptud or cognitiveilluson.

Cemall 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.O[Gregory, 1997, p. 1124]

As for the mechanism which is specifically responsble for the SWI, [Ross, 1969]
suggests that the illuson 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 objectsOshapes 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 tha the
observer applies when lifting the object, a bigga motor command beng tranamitted to
themuscles involved in lifting alarger object. [Ross, 1969]used a matching procedure to
investigate the SWI: subjects were asked to match viathe hgptic moddity the weight of a
visible object to that of an unseen object whose weight remained condant. Asthe volume
of the viewed object increased its weight too had to be increased ini order to keep the
heaviness of thetwo objects the same.

Suppot for the expectation hypothesis and for the role of the characteristics of the
lifting movement comes for indance from a study of [Davis & Robets, 1976]in which

subjects were asked to lift in turn a large can and a small can placed on ther pdm, and
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then to report which felt heavier. The authors examined the movement profiles as the
observers lifted the objects. In individuds who undego theilluson, initial acceleration
and haght are reliably greater for the large object which is experienced to be lighter.
Reliable differences in pesk lifting acceleration or height are not observed in those few
individuds who do not experience the illuson. Since it is assumed tha subjects would
attempt to lift al objects at the same rate, the greater velodty, acceleration and
deceleration foundby [Davis & Robets, 1976]during thelift phase probably reflects the
fact that observers expected the larger objects to weigh more, and therefore applied a
greater lifting force, thusproduang a faster lifting movement. As a consequence of the
unexpected speed, the rapid adjusment in the force exerted by the muscles leads to the
perception that the object weighsless than a smaller object of identical mass'’. Lifting
rate and lifting force would thus be related and could be placed at the origin of the
illuson.

Andogousy, [Gordon, et al., 1991] have foundtha the grip forces employed by the
subjectsto lift large objects are greater than those used to lift smaller objects of the same
weight The forces employed can be consdered 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 proposd the cognitive-motor variation have
developal ther explanaion and have hypohesized that the SWI originaes from the

discrepancy between the periphaa sensory input (a decrease in the discharge rate of the

" See also [Davis & Brickett, 1977]; [Davis, Taylor & Brickett, 1977].
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spindles receptors, dueto the unexpected rapidity of the shortening of the muscles) and
the expected sensory inflow™. The SWI may result from the interaction between central
discharges and peripheaa afferent signds, which are nomally matched for the weight of
an obiject.

In sensorimotor terms the process of generation of the SWI can thusbe described as
follows. during the lifting task, the central nervous system generates a prediction of
sensory feedback based on an internd forward modd 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 acopy of the elaborated centrally motor commandstha are
esteemed to be necessary and adequée for the lifting of the object is sent to the sensory
areas. In the sensory areas the corollary discharge and the actud sensory feedback that
originates from the lifting of the object can be compared. Expected weight and actudly
perceived weight are thuscompared. In case of discrepancy between the two magnitudes,
theerror signd from this comparison would then feed into neural circuits responsble for
produang weight judgments. In the case of the SWI, hence, the comparison produces an
error signd, since a mismatch occurs between expected and actud sensory feedback. The
mismatch originates in the erroneousforward modd of the object because of mideading
knowledge and mideading visud cues. The remote cause of the illuson is thus ill
alleged to the erroneous application of knowledge and to the existence of cognitive

expectationsaboutobjects 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] tha expectations about object weight
are observable in the motor output during theinitial load phase of the lifting movement
(the sensorimotor component of the expectation theory). Before lift-off the vertical load
force is inareased (if the object is lifted with the index finge and thunb tips the
horizonta grip force is increased to prevent dip). 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 anticipaion of lift-off, as an effect of feed-forward control processes.
This is why they can be consdeed indexes of the predictions of object weight If
predictionsof object weight are faulty there would be perturbaionsin thelift-off phase.

Neverthdess, according to [Flanagan & Beltzner, 2000] the motor system reacts
rapidly to these perturbationsand changes in the force output soonfollow. According to
the authors, this fact leads to therejection of the hypothesis tha the SWI originaesin a
mismatch between the expected sensory feedback and the actud sensory feedback about
the weight of the object and aso tha the illuson originaes in erroneous motor
commandsaboutthe characteristics of thelifting movement.

[Flanagan & Beltzner, 2000]have conduded the following experiment: subjects were
asked to repeatedly lift objects (20 lifting trials) of equd weight and different sizes in
alterndion; subjects were also asked to visudly examine the object before lifting and to
express a prediction about the weight Subjects unanimoudy expressed the expectation
that the larger object would be heavier. After the set of trials, al paticipants still
undewent 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 andysis of the forces
deployed during the trials shows adgptation: the force and force rate fundionsfor the
smaller and the bigge object become very similar. Then, the subjects still undego the
SWI even if they make correct predictionsaboutthe fingertip forces tha are required for
lifting the objects. Following the authars, it is posible tha the forward modds are
updaed on the basis of the errors in sensory predictions Anyway, onee adapted, the
forward modds make correct sensory predictions in tha they correctly estimate the
forcestha are necessary to lift the objects. Thefact tha theilluson has the same strength
at the beginning and at the end of the trials confirms tha the SWI is indgpendent of the
errors in sensory prediction and consequent motor commands

After having discarded the mismatch modd, [Flanagan & Beltzner, 2000] propos an
entirely cognitive explandion of the SWI. Even if the sensorimotor component of the
expectation theory is invaidaed by the results of thar experiments, in fact, the same
cannot be claimed for the cognitive component of the theory. Therefore, the authors
arguefor the separation of sensorimotor (motor programs and corollary discharges) and
perceptud or cogntive expectations of object weight Expectations are relevant for the
SWI to occur, but not unde the form of sensorimotor expectations erroneous motor
commandsand conequent mismatch between corollary discharges and actud perception.

The SWI would then originae in a mismatch or discrepancy, but in this case the
discrepancy does not concern sensorimotor predictionsand actud sensory feedback, but
only perceptud predictionsand actud sensory feedback.

In other words since themotor component involved in thelifting of the object can be

correct without annihilating the illuson, the illuson mug be alleged to the sensory and
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cognitive components of the task (actud perception of the object weight and cogntive
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.

Therole of knowledge or top-down processes at the origin of the SWI seems in fact
to be confirmed by a paticular ingance of theilluson: the so-called @olf-bdl illusond
In an experiment conduded by [Ellis & Lederman, 1998,2000] two types of subjects are
presented with special golf bdls: hdf of the subjects are expert golf-players, who have
used both real and practice bdls; the other hdf have no knowledge of golf, nor of
practice bdls. Real golf bdls weigh 45 g, while practice bdls are 7 g.; golf and practice
bdlsare very nearly identical in ther features, but expert players can distinguish them by
small differences. Golfers should have developeal expectationsrelative to the weight of
real and practice bdls depending onther features. Materials of theexperiment induded a
set of real golf bals and a set of practice golf balls, with their normal externd aspect.
Neverthdess, the weight of the golf and practice bdls is modified dueto the insertion of
different fillingsin the bdls: al the bdls were made to weigh the same. Subjects are
asked to provide magnitude estimates of the balsOweight, presented one after the other.
As a result, experienced golfers report real bdls (which they expect to weigh more than
practice bdls) to weigh less than practice bdls of the same weight Non-golfers (who
don® expect the bdls to weigh differently) report no weight differences between them,
and they expeience no illugon. It seems clear tha top-down processes cannot be

discarded in the explanaion of this illuson: previousexpeience with the object and the
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related knowledge which is acquired play a cruda role in deermining whethe the

illusonisexperienced or not

The occurrence of the golf-bdl illuson suggests that cognitive components have the
possibility of influendng the occurrence of weight estimates. Nondhdess, the role of
previousknowledgein thegolf-bal illuson does not per se demonstrate that the SWI isa
cognitive illuson. Factors other than expectations (both in thdar cogntive and
sensorimotor formulationg have in fact been enumerated for explaining the SWI of

purely sensory naure.

1.2.2 Perceptual theories: the SWI is not a cognitive illusion, and not
even an illusion at all (critici sm of the cognitive compon ent of the

expectation theory)

[Ellis & Lederman, 1998] consder the imperviousess of the SWI to knowledgeas a
goodreason for questioning the cognitive modd, even if the golf-bdl illuson provides
evidence agang purely sensory hypohesis.

Attempts at giving purely sensory explanaions of the SWI (with no role for
cognition) dae back to the dendty modd by [Thouless, 1931] who suggested tha it is

the object@ dendty which is directly perceived rather than its weight

More recently, [Masin & Crestoni, 1988] have argual agang the role of cognitive
expectationsin the SWI by suggesting tha only actud sensory informationisrelevant 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 consder that, when a
subject lifts an object after the object has been hidden, a motor set or a cogntive or
perceptud expectancy still persist during lifting. The results of the experiment show no
SWI illugon. In another experiment the subjects lifted the object before seeing it, but
they rated its heaviness only after the object was exposd to view. In the control
expeiments, subjects lifted weights without being able to see the objects lifted or they
lifted a weight while seeing it. The SWI illuson occurred in the situaion of the
smultaneousexpostion (vison and lifting) only.

Theauthors have used these results to refute the notion of cognitive expectation as the
mechanism undelying the SWI, and they have proposd tha the SWI has direct sensory

origins

The hypohesis of [Masin & Crestoni, 1988] is based on the Onformation
integrationOmodd proposd by [Andason, 1970 1972] and [Cross & Rotkin, 1975]
Following the information-integration modd, heaviness should be consdered as a
fundion of both weight and size or volume. That is, in noma weight perception, the
estimation of heaviness is a complex peceptud 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 isnotan illuson at all. The so-
caled SWI isjud adramatic demongration tha perceived heavinessis afundion of both
weight and size or volume. The interaction between (visudly 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 hgptic system. The case of
weight perception by the haptic system is analogousto the perception of loudness in
audition, which isinfluenced both by frequency and soundpressure, and to the perception
of huein vison, which is aprodud of both spectral wavelength and intengty. In the same
manne, size is to be consdered as a propety of the object tha contributes to its

perceived heaviness.

In the frame-work of the informationintegration modd 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 illuson in genega terms. This is

what the ecological theories Dat least on some readings do.

1.2.3 The ecologi cal view: illusions do not exist

The perceptud modd and the cognitive (non-sensorimotor) modd point out the role
of visonin the SWI : either visud cues are at the origin of the erroneousevaluaion, or

they accompany hgptic cues and provoketheilluson.

In the cited work by [Masin & Crestoni, 1988] one of the experiments is performed
by eliminaing 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

visionwas alowed. Thisresult indicates tha 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 tha information about object volume is extracted by exploratory
procedures called GendosureO and Qunsuppated holding®Q Both procedures involve
lifting movements of the object, the traditiond method for extracting weight information
about objects. Hence, the observers of the experiment on the SWI obtained volume

information aboutthe objects both visudly and haptically, when lifting the objects.

[Ellis & Lederman, 19933 investigation of the relative contribution of haptic and
visud cues in the SWI demondrates tha a significant SWI can be obtained also in the
haptic-only condition. In the hgptic-only condition, observers were blindfolded and asked
to express weight estimations about the objects. The visonony and hgptic-only
conditions were plotted against vison+haptic conditions in which the observers were
allowed to see the object while simultaneoudly lifting it. The illuson producd in the
vison-only is less subgantial than the illuson produed in the haptic-only and in the
haptictvision conditions This indicates tha, even if visud cues are effective in

originaing the SWI, afull strength illusonrather dependson haptic cues.

The nature of dynamic touch is at the origin of the SWI

Once the haptic naure of the SWI is established, it is possible to put forward a purely
perceptud explanaory modd of the SWI based on the characteristics of the hagptic
system.

The modd is based on an ecological description of the hgptic system, and in

paticular of the so-called @ynamic touchQGibson, 1962,1966; [Turvey, 1994. Thisis
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thekind of toudh tha occurs when an object, such as abook,is grasped and lifted, turned,
carried and so on. The perception of object propeaties by wielding is a prominent
example of dynamic toudh. The haptic propeaties tha are thus perceived are those
regading the macro-geometry and volume of the objects, as the extenson, shgpe
orientation, weight distribution; at the same time propeties of thelimb holding the object
are distinguished. Dynamic toud is aso involved in the manipulation of ingruments,
such as forks, hammers, etc.

In other words dynamic touch is closly related to wha [Bell, 1934] has called
(nuscle senseQ 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
([Fitzparick, Carello & Turvey, 1994)). Being related to wielding and lifting movements
[Lederman & Klatsky, 1987] the SWI and the perception of object weightin genera isa

matter of dynamic touch andits propeties.

Weight perception dependson theinertia tensor

The genead strategy adopied by Turvey and colleagues in the andysis of dynamic
touch congst in theidentification of theinvariances™ (time-independent quantities) of the
relevant dynamics of different tasks™, such as exteroceptior” and exproprioception in

generd®, the perception of object weight®, extensor®, length®®, width®, shgpe?,

19 [Solomon, 1988].

2 Carello & Turvey, 2000]; [Turvey, et al., 1981]; [Turvey, 1992, 1996, 1998]; [Turvey & Carello, 1995];
[Turvey, et al., 1996].

2! [Fitzpatrick, Carello & Turvey, 1994].

2 Pagano, Carello & Turvey, 1996].
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orientation®®, distance®, selective touch®, postion of grasping®™ and the perception of
limb postion™ and orientation relatively to the object®. During wielding, lifting and so
on, these invariances determine the degormation of muscles and tendons and the
activation of the correspondng receptorsin atime-invariant manne'.

An object which is held and wielded in the hand has a motion patern which can be
suitably described as arotation in three-dimensond space aboutafixed 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 condant, while the distance beween the joints at the elbow and shoulder
and the center of mass varies during wielding movements. The relevant quantities are

then indude in the quantities of therotationd motion aboutafixed point.

% Burton & Turvey, 1990b].

24 Pagano, Fitzpatrick & Turvey 1993]; [Solomon, Turvey & Burton, 1989a, 1989b].

% [Burton & Turvey, 1990a]; [Carello, Fitzpatrick & Turvey, 1992]; [Chan, 1994, 1995].
% [Chan, Carello & Turvey, 1990]; [Turvey, et al., 1998].

2" [Burton, Turvey & Solomon, 1990].

% Pagano & Turvey, 1992]; [Turvey, etal., 1992].

% [Chan & Turvey, 1991]; [Pagano & Turvey, 1993]; [Solomon & Turvey, 1988].

% [Carello, Santana & Burton, 1996].

3 [Pagano, et al.,1994].

% Pagano & Turvey, 1996].

% Pagano & Turvey, 1995].
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Thehypohesis putforward by [Amazeen & Turvey, 1996]istha in the course of the
rotation movement, the object presents a resistance to beng moved. The patern of
resistances to rotationd acceleration in different directionsis expressed by the inertia
tensor**,

An object® rotationd inertiaisin fact represented by a quantity constituted of many
number's (in other terms, it is quantified by a hypenumber), since the object offers
different resistances to rotationd acceleration in different directions The different
resistances are fundion of the object@ 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
object@ masses are distributed from the axis, the greater becomes its resistance to
rotationd accel eration aboutthe axis.

The turning force about each of the three axis of the three space factors into two
forces: aforce which is radia to therotationd motion and a force which is nommal to the
rotationd motion; theefore, there are inertial forces opposng both. For an arbitrary
coordinae system Oxyz, the hypenumbe representing the inetia to rotationd
acceleration about O is a tensor congsting of 9 numbers: three quantifying the moments
of inertia (theforces opposng thetangential components for each axis) and 6 quantifying
the produds of inertia (the forces opposng the radial components, thus the centrifugd
moments). It is possible to individuae a non-arbitrary system of coordinaes a O. The
axes of the non-arbitrary system of coordinaes are the prindpd axes or eigenvectors. In
this configuration, there are no produds of inertia, but only prindpad moments of inertia

or eigenvdues, thelargest, intermediate and smallest respectively, referred to as 1, |2, 3.

3 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
condrained in a time-independent way by all three eigenvdues [Fitzpatrick, et al.,

1994).

Some expeiments have highlighted therole of the eigenvdues of theinertiatensor in
weight perception®™. In a first experiment, the mass and volume of the object are
maintained as condant, while the rotationd inetia of the object is manipulated by
modifying the distribution of the masses of the object. In a second experiment the
rotationd inertia is suitably manipulated in order to simulate variationsin the volume,
while the volume and mass are maintained as condant. In a third experiment rotationd
inertiais suitably manipulated in order to simulate mass variations while the volume and
mass are maintained as condant. The results indicate that weight perception varies with
variationsin the distributon of the masses, independently of the mass and volume of the
obiject.

Specia objects are designal in order to manipulate the eigenvdues of the inetia
tensor without modifying the mass or the volume of the objects (@ensor objectsQ: the
objects are condituted of two rods connected in the center forming an angle of 90;j
between them and with a third rod which is used as handle. Metal ringscan be placed in
different postionsalong the three rodsin order to modify the distribution of the masses
of the objects without modifying its overall volume and mass. The ringpostion is

occludead from sight

% [Amazeen, 1995, 1997a, 1997b, 1999]; [Amazeen & Turvey, 1996]; [Amazeen & Woodrow, 2003];
[Burke & Amazeen, 1997].
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The results indicate tha, independently of the mass and volume of the oljects,
perceived weight varies with I3, tha is, with the smallest of the eigenvadues of theinertia
tensor represented by the object: perceived weight decreases with the decreasing of Is.
Since variationsin the mass and volume provokevariationsof the eigenvaues, even the
dependency of the perceived weight on the volume and mass of the object can be
explained in terms of the variationsof the eigenvdues of the inertia tensor. For indance,
for an inaease in object mass, the three eigenvadues uniformly increase; another
expeaiment shows tha increasing all the three eigenvdues results in an increase in the

perceived weight
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Box 1. The inertia tensor

The inertia tensor quantifies different resistances to rotation in different directions. It is
constituted of a matrix with moments of inertia on the diagonal and products of the inertia out of the

diagonal.

The axes of rotation can be oriented in such a way so as to eliminate the components outside the
diagonal. This is the only non-arbitrary position of the axes. In this position, the axes are called
eigenvectors or principal directions; their length is indicated as eigenvalues or the principal moments
of the inertia. Eigenvalues and eigenvectors are sufficient to describe the magnitudes (such as length,
width, weight, etc) and directions (orientation, etc.) of the wielded object. The magnitudes match into

the eigenvalues and the directions into the eigenvectors.

A geometric representation of the object can be drawn on the basis the eigenvalues and
eigenvectors. The inertia ellipsoid constitutes a graphical description of the essence of the mass

distribution of the object.
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Figure 3. The inertia tensor

a. The matrix of the inertia tensor [Carello, 200 4]

Hand-held object with relative axes of rotation [Carello, 200 4]

c. Geometric representation of the mass distribution of the hand-held object (inertia ellipsoid)

[Carello, 200 4]

d. Tensor objects [Carello, 200 4]
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The SWI isan effect of the propeties of the dynamic touch, and isnotan illusion

"Et he possibility now exists for atheory in which the size-weight illusion is grounded in

the same principles as norma weight perception." [Amazeen & Turvey, 1996, p. 222]

Within the modd of theinertia tensor, the effects of size or volume on object weight
perception are interpreted as consequences of the variationsin the paterns of resistance
of the object when thelatter is bang moved, tha is, as effects of variationsof theinertia
tensor. Weight perceptionis truly dependent onthe inertia tensor, and phenomenasuch as
the SWI are nomal consequences of the prope fundioning of dynamic toudh. Since
perceived weight is not a fundion of the mass of the object but of the inertia tensor, no
cognitive hypotesis, no mismatch (nether sensorimotor non perceptud or cognitive), no
sensory integrationisto beinvoked in order to explain the variationsin weight perception
for objects of the same mass. One and the same prindple, the inetia tensor, and
specificaly its eigenvaues, is sufficient for accouning for both @ormalO weight
perception (when perceived weight is in accord with the actud mass of the object) and
GllusoryOweight perception (when weight is not in accord with the actud mass of the

obiject).

For this reason, [Amazeen & Turvey, 199%] claim tha the SWI cannot redly be
congdered as an illuson. In the opinion of the authors, the situaion only appearsillusory
when the phenomena are wrongly described by the experimenter; in the case of the SWI,
describing object weight perception as degpendent on the mass of the object is misleading,
since the hgptic system (dynamic toud) in fact is not assessing weight, butis sengtive to

adifferent quantity: theinertiatensor.
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[llusonsdo not exist

Following the ecological approach [Turvey, et al, 1981] therecognition of the prope
guantities a perceptud system is sengtive to is interpreted as leading to the dissolution of
the notion of illuson.

The approach claims tha phenomenasuch as the SWI are useful in order to guidethe
search for therea quantities the perceptud systems are sengtive to. The SWI isthen used
as a modd situaion for investigaing the perception of object length, width, shape,
orientation with dynamic touch [Turvey, 1996] For ingance, in a series of experiments,
the effects of the eigenvaues and eigenvectors of theinertia tensor on different perceived
qudities of objects that are held and wielded by the hand are evaluaed. Apparently
illusory phenomena are produced, in tha the manipulation of the eigenvdues or
eigenvectors provokes variationsin the perception of the object qudities tha are notin
accord with the actud, measured qualities of the object. [Solomon & Turvey, 1988]show
tha haptically perceived object length does not depend on the actud Iength of the object,
but varies in correlation with variationsof the eigenvaues: it increases at the increase of
the largest eigenvdue and decreases at the decrease of the smallest eigenvdue On the
contrary, perceived object width increases with increased smallest eigenvdue and
decreases with increased largest eigenvalue

For al thecited cases, the perceptud experience is manipulated in such away so asto
produe phenomenatha are andogousto the SWI for different perceptud qudities, such
as length or width. Neverthdess, the results of such modificationsare not considered as

illusory effects in that the perceptud systems is not committing any error butit is smply

82



sengtive to certain qudities (invariances) tha the suitable modification of the experience

hdpsto highlight
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Chapter 1. Summary and conclusions.

We have seen tha the explanation of the SWI is controversial. Thereasonsof the
controversy aren® limited to the empirical discovery of explanaory causes for the SWI,
but are extended to the question of the prope nature of the SWI and to the nature of
illugons is the SWI an illuson?If not, is its treatment as an illuson an artefact of the
description of the experimental setting? These are specific questions limited to the
explanaion of the SWI and eventudly to the naure of the SWI. But more generd
guestions arise from the discussion about the SWI relative to the nature of illusory
phenomena

The mismatch or discrepancy between cognitive expectations and actud
perception in the SWI have been oppo®d to the integration of multiple, actud, sensory
Cues.

Advoaites of the latter approach refuse to condde the SWI as an illuson. The
argument suggests the necessity of a degper andysis of the relationship between illusons
andconflicts or discrepandes between multiple sensory cues.

Advocates of the former approach are divided in ther opinionswith regard to the
naure of the expectations On one side the hypothesis is condructed tha cognitive
expectations have sensory consequences, or at least motor consequences on the motor
planning and tha the sensory and motor consequences of expectationshave a direct role
in the occurrence of the SWI. On the other side, cognitive expectationsdirectly play ther
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 ther action
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upon perception is mediated by ther sensory and motor conequences, the naure of
expectationsis aways connected with some form of symbolic knowiedge and with some
form of internd representation regarding the objectsOweight and size. The question arises
aboutthe nature of expectationsandther rolein illusory phenonmena.

Findly, the abandoring of the notion of illugon for wha regards the SWI has
been extended to all perceptud phenomena that have been described as illusory. In
paticular, the concept of cognitive or peceptud error, based on knowledge and
expectations has been oppo®d to the concept of a direct picking-up of relevant ambient
guantities. According to the advocates of the ecological approach, when information is
directly picked-up from the ambient array, the notion of illuson itself is deflated. The
discussion about the SWI thusraises a more general question about the real nature of
illusory phenomena and about the possibility of maintaining the notion of @luson®
within the frame-work of a psychological theory of perception It is a fact tha the
cognitive approach expressed in the context of the expectation theory and the ecological
approach related to the inertia tensor modd conditute two opposte views aboutthe SWI
and aboutthe notion of illugon itself and represent two theoreticaly antipodd postions
aboutperceptionin gened.

Hence, the examinaion of the literature regarding the SWI reveals the existence of a
conceptud problem regarding the definition of illusory phenomena and the status of
illugonsin relationship with other perceptud phenomena normal perception, perceptual
errors and discrepandes or conflicts between multiple information; and also a problem
regarding therole of knowledgeand expectationsin illusory phenomena

Thefollowing chagpters aim at anayzing these issues.
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Table 1. The different positions about the SWI and illusions

General Different positions | Specific explanation of the | Different

approach toward the SWI SWI positions toward
the SWI and
illusions in
general

Expectation The occurrence of the SWI | The SWI is a

theories depends on the existence of | cognitive illusion

expectations based on

knowledge (general or specific)

Cognitive-motor theory Expectations generate erroneous | The SWI is a
lifting movements which provoke | cognitive illusion;
erroneous weight evaluation knowledge

influences motor
actions

Cognitive-sensorimotor The expected weight generates | The SWI is a

theory motor actions and relative | cognitive illusion;
corollary discharges, that is | knowledge
previsions about the sensory | influences motor
inflow in response to the motor | actions and
action. The SWI is generated by | expected sensory
the discrepancy between the | feedback
actual sensory inflow and the
expected sensory feedback

Purely cognitive theory The discrepancy between the | The SWI is a

expected weight and the actual
sensory inflow generates the
illusion. No role for motor errors
and corollary discharges

cognitive illusion

Perceptual theories

Information-integration
model

Weight perception in general
depends on multiple factors,
including weight and volume or
size; the SWI serves as an
illustration of this fact, but is
cannot be set apart from non-
illusory weight perception

The SWI
illusion

is not an

Ecological view

Weight perception in general
depends on the resistance
offered by the object to the fact
of being moved; the resistance
depends both on the mass and
on the mass distribution of the
object. The SWI serves as an
illustration of this fact, but is
cannot be set apart from non-
illusory weight perception

The SWI is not an
illusion and
illusions in general
do not exist: the
only problem is to
find the real
quantities the
perceptual systems
are sensitive to
(such as the
rotational inertia
for the haptic touch
and weight
perception)

86



Chapter 2. Characterization of illusory phenomena

This chgpter 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 physological approach to perception concerning the definition of wha illusonsare,
and even as to whether the characterization of the class of illusory phenomenais useful
and judified. In fact, in its GechnicalOuse, the notion of illuson is strongly dependent

uponthetheoretical approach adopied.

For this reason, before a characterization of illusory phenomena is provided, it is
important to anayze how the notion of illuson is made opeationd by the different
theoretical approaches to perception that make use of it and also wha arguments are
given when the notion of illuson is discarded by the theoretical approaches tha avoid
making use of it. In particular the so-called direct approad and indirect approach to
perception present significant postions about the concept of illuson. For both
approaches, the acceptance or refusal of the notion of illuson is strongly motivated by
the genera approach to perception and the arguments in favour or agang illusonsare
representative of the judificationsfor adoping a direct rather than an indirect view of

perception.
It will beshown tha oneof the main difficulties arises because of the characterization
of illugonsas errors. The notion of error will be hence discussed before approaching the

other characteristics of illusory phenomena
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2.1 Theoretical difficulties with the notion of error affect the

characterization of illusions

Illusons are characterized as departures from reality or as errors both by common
sense and by the psychologica literature.

Such acharacterization of illusory phenomenaas errorsis not unproblematic.

First of al, asit is shown by the arguments of the direct approach, the notion of error
which is employed for the characterization of illusory phenomena is theoreticaly
entangled with theindirect vision of perception.

Secondly, some of the phenomena that even the indirect approach characterizes as
illusons are not errors in the sene of depatures from redity; they are rather
discrepandes from physcal facts or discrepandes beween the redity as it appears to
perception and redlity as it appears when measured with precision ingruments (thisis the
classic definition of illusonsprovided by Gregory which matches the common sense use
of theterm QllusonQ)

These two congderationslead to the necessity of revising the characterization of the
conaept of illuson, or of revising the noton of error as it has been used in order to

characterize the conacept of illugon.
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2.1.1 Uses of the term @lusio nOby common sense and psychological

literature : illusions are errors in the sen se of departures f rom facts

The term @lusonOis commonly used in ordinary language to indicate a variety of
situaions not necessarily boundto perceptud phenomena Theterm @lusonQin fact can
be assignal different meanings and can be used in a variety of situaions The term
@lluson(s sometimes used as a synonymfor GdludnaionQin addition to Gemblanced
@eceptionQ(both in the sense of creating expectationsthat are then deceived and in the
sene of a magician trick) and Gnisconception®. In any of these examples two
components are placed in relation: something as it is (the facts) and some perception,
conaeption, bdief about the facts, the two components are, in a sense tha mus be
propaly qudified, at odds. In genera it is assumed tha the appearance, bdief or
conaeption is false with regard to the facts. That is, illusonsare departures from facts.

Here are some paradigmatic examples:

% As an example of existing classification of the variety of uses of the term QllusionOone can see
the The WordNet lexical database.
CBensel:
[llusion, semblance (an erroneous mental representation)=> appearance (a mental represe
ntation; "I tried to describe his appearance to the police")
Sense 2:
illusion, fantasy, phantasy, fancy (something many people believe that isfalse; "they have
theillusion that | 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, dissmulation (the act of deceiving)
Sense 4:
magic trick, conjuring trick, trick, magic, legerdemain, conjuration, illusion, deception (a
nillusory feat; considered magical by naive observers)
=> performance (the act of presenting aplay 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")O
[Fellbaum, 1998; The WordNet lexica 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 OQe seen something that resembled, that had the aspect of a cat, but as a matter
of fact it wasa shadow | hadtheilluson of seeing a catO

o My friendstake me for someonerich, butin fact 1@n not they hawe theilluson
|®n rich because | spend so muchQ Orou illude yourself aboutthe future of your
county: it isdecliningd

o (rhemagician gawe ustheilluson thatthe woman was split into two partsO

Theresearch onillusonsin the psychological literature: illusionsaserrors

In addition to the common sense use, the term @llusonOis in use in the psychological
literature in order to isolate a specific class of perceptud phenomenaas, for indance, the
Size-Weight illuson, the Horizontal-Vertical illuson, Aristotle@ illuson, etc., and also
other illusonstha are suitably created in laboratory conditionsfor investigaing specific
phenomena Research on illusons has in fact become a fundanental component of

psychological research aboutperception.

The common sense use of theterm @lusonCes departure from facts is reflected in the

psychological literature by the characterization provided by Gregoty:

Errorsareillusions. Certain situations present special difficulty, giving rise to systematic
errors [E] O[Gregory, 1968, p. 179; my italic]

Gregoty gives the term @llusonOthe meaning of a special type of error in perception:
illusons are systematic errors, as related to especidly difficult and typical problems

during the process of information extraction and interpretation which is prope to
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perception. Gregory also recognizes the difficulty of consdering illusons as departures
from reality, in virtue of thedifficulty of defining what redlity is, or of therisk of turning
al perception into a massive illuson. He thuslimits his déefinition to the departure from

facts as physcally measured or physcal facts.

Ot is extraordinarily hard to give a satisfactory definition of an GllusionQ It may be the
departure from redity, or from truth; but how are these to be defined? As science®
accounts of reality ever more different from appearances, to say that this separation is
OllusionOwould have the absurd consequence of implying that almost all perceptions are
illusory. It seems better to limit OllusionO to systematic visual and other sensed
discrepancies from simple measurements with rulers, photometers, clocks and so on.O
[Gregory, 1997, p. 1122]

In addition to the notion of error the notion of systematicity is recalled to defineillusons

as

CBystematic deviations from physical facts.O[Gregory, 1973, p. 49]

Errors pe se do not provide an interesting scientific category, as they are hogage to
contingendes. Errors tha are committed systematically, on the other hand, ddineate an
interesting category, amenable to scientific investigation.

Systematic errors can be of two sorts.

As we have seen, there are a numbe of perceptuad phenomena tha are explicitly
labdled @luson( and tha have received, in the course of time, standad 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, illusons can be provokel by manipuating the stimulus situation in the
controlled environment of the laboratory. These illusons do not necessarily receive a
name, or a standad description. They are used in order to highlight some specific
mechanism; they can be reproducd at will by recreating the same situaions with any

subject at any moment, and thisisamark of ther systematicity.

Both sorts of systematic errors or illusons will beillugrated during the discussion
about the characterization of illusons. In fact, the indirect account of perception
explicitly makes use of standad illusons 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 illusons neverthdess, phenomena described in the classic literature as
SWI are investigated in order to individuae specific perceptud invariances. Also, as we
have seen, phenomena andogousto wha the SWI represents for weight perception are
provoked for the perception of other different qudities (such as the hgptic extenson,
orientation and postion of objects) by suitably manipulating the masses distribution of
hand-hdd objects. These phenomena too are systematic and have the propety of

revealing theinvariances assodated with dynamic toudh.
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Box 2. GregoryQ® classification of illusory phenomena

In the use made for instance by [Gregory, 1997] @lusionOis an umbrella-term which
includes a great variety of phenomena. Illusory phenomena are classified as such:

o] ambiguities (as the Necker cube, the visual effects provoked by mist or
retinal rivalry)

o] distortions (as the SWI or other classic geometric illusions, such as the
Horizontal-Vertical illusion, but also mirages)

o] paradoxes (as the impossible triangle of L. S. Penrose and R. Penrose of
1958, which cannot be seen as a sensible three-dimensional figure, the so-called
impossible figures and impossible objects in general. The mirror represented in
Magritte @ Q.a reproduction interditeO is equally considered a visual paradox,
since it reproduces an impossible situation)

0 fictions (as the rainbow, the faces one can GeeQin the fire, galleons in the

clouds and so on, the after-images and figures such as the Kanisza triangle).

The number of phenomena that are described as illusions has greatly grown during the last two
centuries. If some perceptual illusions were just known to the ancient Greeks (for instance, the so-
called Aristotle® illusion), it is in the XIX century that the first scientific description of illusions were

given.

[Gregory, 1968] describes the following steps in the study of illusions.

In 1832 L. A. Necker illustrated how a rhomboid reverses in depth, sometimes one face appearing
the nearer, sometimes the other (perceptual reversal or alternation); W. Wundt described the
Horizontal-Vertical illusion: a vertical line looks longer than the horizontal line of equal length that it
encounters (distortion illusion); interest in illusions grew higher suite to the publication of some figures
showing distortions which could affect the use of optical instruments, thus producing errors: the
Poggendorff figure of 1860 (a straight line crossing a rectangle appears displaced), the Hering illusion
of 1861 and the Wundt of 1896 (straight parallel lines look bowed outwards or inwards), the Mueller-
Lyer arrow figure of 1889 (the outward-going arrow heads produce expansion of the shaft, and the
inward-going heads contraction).

Distortion phenomena were then explained with reference to the stimulus pattern, (for example,
in the case of the Mueller-Lyer figure that the acute angles tend to be overestimated and the obtuse
angles to be underestimated).
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Box 3. Experimental research on dynamic touch

Research on dynamic touch conducted in the context of the ecological view of perception uses the
modification of the distribution of masses of hand-held objects as a privileged instrument for the
identification of the invariances the dynamic system is sensitive to. Invariances proper to dynamic
touch are in fact identified with quantities that are related to the rotational inertia of the hand-held
object, that is to the resistance the object offers to being moved (movements performed with the
arms are rotation, in virtue of the anatomical structure of the joints). The relevance of rotational
inertia for the haptic perception of object properties is demonstrated in several experiments using an
experimental setting of this kind: one or more rods connected one with the others with attached
masses. The masses can be displayed in different positions so as to change the masses distribution
without modifying the shape or the weight of the so-composed object.

In experiments about length perception, for instance, it is shown that a rod with a mass attached
near the hand which holds the rod feels shorter than the same rod with the mass atta ched at the end
far from the hand. The described phenomenon is systematic and is used to reveal the functioning
conditions of the haptic dynamic system. Nevertheless, the phenomena that are provoked in this way
are not considered as illusions by the experimented they are performed by.

As we have seen, in addition to the investigation of weight and length perception, other experiments

of this kind regard:

o width,

o shape,

o0 orientation,

o0 grasping position of hand-held objects (exteroceptive properties)

o position of the hand and limb relatively to the hand-held object (exproprioception, or

proprioception via exteroception).
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2.1.2 The opposition of indirect and direct 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, ove and above loca
objections raised about the SWI beng or not being an illuson, genera theoretical
objections are addressed by the ecological account of perception agang the notion of
illuson congdered in itself.

The general objectionsare connected with the characterization of illusonsas errors.
The notion of error which is used to chaacterize 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, eventudly
involving theintervention of representationd knowledge

A characterization of illusory phenomenawhich is based uponthese arguments would
thusbe 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 illugon (as the ecological approach does) and suggests a possibility for
disentangling the notion of illuson 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.

Findly, another difficulty aboutthe characterization of illusonsas errors is discussed
which isrelated to theindudon of ambiguities and paradoxes within the class of illusory
phenomena If errors are characterized as departures or deviationsfromfacts, the problem

arises concerning those illusory phenomenawhere there is no departure from facts, even
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physcal, measured facts, but indead peceived facts are themselves ambiguous or

paradoxical.
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Box 4. Direct and indirect approaches to perception

The claim that perception is direct consists in the argument that perception is a form of non-
inferential awareness of the things we normally take ourselves to be aware of when we perceive [No*,
In press]. Mental intermediaries such as sense data, impressions, appearances are thus refused to be
the things we are directly aware of in perception. The perceiver is instead directly aware of the world
itself, and the world is accordingly very similar to what it seems like in perception (nase or direct
realism is connected to the direct approach to perception). There are a certain number of direct
approaches to perception, including views propounded by psychologists and philosophers.

Among philosophers, [Austin, 1962 ] adopts a direct approach in that he refuses the notion of
sense data and of a general object of perception which would be common to illusory and non-illusory
experiences. The same line of argument is adopted by [Snowdon, 1980-81] and [McDowell, 1982,
1986] ; in particular Snowdon and McDowell adopt an externalist view of perception according to which
perceptual experiences are constituted by the relation betwe en the perceiver and an external object.
[Sellars, 1956] and [Strawson, 1979] too refuse the idea that perception might regard our sensory
impressions: perception consists in the intentional experience of the world as being in this way or that.

In the domain of psychology, two main approaches to perception represent the direct view: the
ecological approach introduced by [Gibson, 1966] and [Turvey, et al., 1981] and the sensorimotor
approach of [O®egan & No', 2001] .

One of the arguments against the direct approach to perception is the so-called @rgument from
illusionO[ Ayer, 1955 ]. Following the argument, the experience of seeing a really existing object and
the experience of seeing an object that does not exist but is merely hallucinated are indistinguishable.
Thus, a common entity must exist which is the object of perception in both cases: a sense datum. The
real object enters the perceptual experience only as a more or less far cause of the perceptual
process.

In the same vein, indirect perception approaches assert that when a round form is perceived form
a generic viewpoint, an elliptical scheme is directly accessed by the visual system, so that the round
shape of the object must be inferred as a result of conjecture and speculation.

In general, the problem of perceptual science committed with the indirect view is to explain how
do we perceive what we do (i.e. a three-dimensional world) given the patte rns of stimulation of the
sensory organs (see for instance [Marr, 1982]).

[Fodor, 198 1] asserts that the brain actively constructs the perceptual experience through the
intervention of inferential processes, thus reaffirming the paradigm proposed by Helmholtz of

perception as unconscious inference.
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Box 5. Indirect approaches to perception: the inferential approach

The position expressed by Gregory can be traced back to H. von Helmholtz® notion of perception
as a process involving unconscious inferences: perception is only indirectly related to objects in the
world; data signalled by the senses are fragmentary and often hardly relevant, so that perception
requires inferences from knowledge to make sense of the sensory data. Indirect approaches to
perception affirm that it is not directly the objects that we perceive, but intermediates. The inferential

approach is a variation of the indirect approach:

(rollowing von Helmholtz® lead we may say that knowledge is necessary for vision
because retinal images are inherently ambiguous (for example for size, shape and
distance of objects), and because many properties that are vital for behaviour cannot be
signalled by the eyes, such as hardness and weight, hot or cold, edible or poisonous. For
von Helmholtz, ambiguities are usually resolved, and non-visual object properties
inferred, from knowledge by unconscious inductive inference from what is signalled and

from knowledge of the object world.O [Gregory, 1997, p. 1121]

One of the most important applications of knowledge to perception regards the vision of scenes
and object in a three-dimensional way. In the indirect perspective, in fact, three-dimensional vision is
not straightforward, even if we normally perceive a three-dimensional world because the botto m-up
information the visual system disposes of is just Glat ghostly images in the eyesO[Gregory, 1997 , p.
1122]

To read reality from images is to solve a problem. And when the problem is quite difficult errors

are to happen. Marr@® researches about vision go into this same direction [Marr, 1982]

We can reconstruct the main argument for this position as follows:

1. stimuli are ambiguous (such as visual size) or insufficient for specifying object properties (such as
for weight by sight)

2. nevertheless, the final percept is unambiguous and specified

3. some process must have taken place which has solved the ambiguity and allowed specification of
object properties

4. in addition to present information, the subject disposes of previously acquired knowledge about
objects of the world

5. knowledge can be used to disambiguate present stimuli and to specify incomplete information
through a process of inference

6. inference is a mechanism that allows the use of past knowledge for producing new knowledge,
thus the final percept is the result of an inference based on the content of actual experience and
the content of past knowledge.

As a consequence, errors might arise at different moments in the course of the inferential process.

98



The argument of the inferential approach has been contested at different levels.

As we will better see in what follows, the type of direct perception approach represented by
Gibson and others (ecological approach) contests the first point, that is, the assumption that
information is ambiguous or insufficient. As a consequence there is no need for additional, cognitive
processes as stated at point three in order to obtain a coherent, informative final percept.

Points two and three are discarded by [O'Regan & NO', 2001] , who endorses another type of
direct approach to perception and sustains that there is no need for internal mechanisms because the
final percept is not complete and the coherence of the final percept is simply warranted by the unity of
the motor-perceptual experience.

Finally, point five of the argument can be contested because inference is not considered as the

proper process at stake (as in the case of the application of Bayesian inference).
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Box 6. Direct approaches to perception: the ecological approach

The ecological approach to perception and action originated in the work of J. J. Gibson (see
[Gibson, 1966] ), who claimed that the perceiving organism and its environment form a system, and
that perception is an achievement of the system; thus, the input is defined by the overall system,
notably including the motor activities through which the organism enters in contact with the
surrounds. No intermediary steps or representations are necessary in order to achieve perception.

To this effect the theory introduces the notion of @mbient array® Ambient arrays are structured
by specific animal-environment settings and constitute what is directly perceived. Ambient arrays are
higher order properties, as the changing patte rns of light that are ty pical of an animal approaching to
an object or, vice-versa, of an object approaching to the animal: for instance, a global change in the
patte rn of light is specific of self-motion, local change against a stationary background is specific to
object motion. The specific patte rns of optic flow (the patte rns of light structured by particular animal-
environment settings, available to a point of observation) that are identified as relevant in guiding
activity are called OnvariantsQ Invariants are what organisms directly perceive.

There is no space for knowledge in the direct picking-up of invariants.

The invariants an organism is sensitive to are not necessarily the ones the experimenter is
expecting, the ones that are named in the linguistic description of the task (as the measurable weight
and length of an object). As such, they must be discovered empirically. The muscular system for
instance is sensitive to variations in the resistance an object opposes to being moved, and the
invariant quantities (the inertia tensor) that can be individuated for describing this resistance appear
to be well suited to explain all the phenomena of the dynamic perception of object, included the so-

called illusions.
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Box 7. Direct approaches to perception: the sensorimotor approach

[O'Regan & No', 200 1] and [No‘, 2001, 2003, Forthcoming, Commissioned] raise the problem of
the recourse to internal mechanisms and representations as the problem of the consciousness of the
perceptual object as a whole. As a matter of fact, the authors explain, when grasping an object or
looking at it only a part of the object enters in direct contact with our sensors. Despite this limitation
of the stimulus condition, we normally perceive (haptically or visually) the entire object and not an
object with only its frontal part or its grasped part.

The problem of the presence or wholeness of the perceptual content also arises from the
observation that the content of the perceptual experience is not given all at once. This is well shown
by change blindness phenomena [O'Regan & NO', 2001] : an observer is presented with a very
detailed scene, say, a picture of Notre Dame de Paris; the vision is interrupted by a slight flicker and
immediately reappears; even if a major change is made in the picture, the observer ty pically misses it,
even if he can be looking directly to the change area. Thus, not all the components of a picture are
directly and synchronously perceived. Nonetheless, the perceiver has a complete experience.

The authors refuse two main strategies for solving the problem of the consciousness of the
perceptual experience as complete: on one side the suggestion that filling-in mechanisms are active in
completing the partial experience with details that are added from the brain; on the other side, the
suggestion that internal representations of the objects constitute the relevant knowledge which is
recalled in order to complete partial impressions of the object and to experience the object as a whole.
The second suggestion is strictly connected with the image of the perceptual system as based on
inferential processes based on representational knowledge, that is, with the indirect inferential
approach.

As an ability of exploration, perception does not happen instantaneously, but develops in time.
This is the reason why, according to the authors, even if the perceiver does not see all the details of a
scene simultaneously, they can be present for him (be part of his perceptual experience) as details
that one has the possibility of discovering during the scan of the image. Touching a part of the object
is making the experience of the object as a whole because a simple shift of the hand allows the
perceiver to enter in contact with the other parts of the object. The other parts are thus present to the
perceiver as the necessary consequences of possible exploratory actions, given a certain group of
sensorimotor contingencies.

The perceptual sense of presence of an object as a whole arises because the parts that are
presently unsensed are nevertheless within reach, in ways that are known by the perceiver [No‘,

Forthcoming].
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Box 8. Perception as Bayesian Inference

The Bayesian frame-work is a general formalism for specifying the information available to
perceivers and for modeling perceptual inference [Knill & Richards, 199 6]. The information about the
world contained in a percept (for instance in an image) is characterized as a probability distribution.
This approach is based on the Bayes formula for calculating the posterior probability :
p(SIN) =p (1IS)p(S)/p ()

In the domain of visual perception, for instance,
- S represents the visual scene, such as the shape and location of the viewed objects;
- | represents the retinal image;
- p (I]S) represents the likelihood function for the scene: it specifies the probability of obtaining the
image | given a scene S. The likelihood function incorporates a model of image formation and also of
noise;
- p (S) is the prior distribution: it specifies the probability of different scenes occurring in the world,
thus it formally expresses the prior assumptions about the scene structure;
- p (I) is a normalization constant derived from p (S) and p (I|S) and represents the probability of
occurrence of an image.

The posterior distribution p (S|l) is thus the probability of the scene S given the image |
expressed as the product of the probability of the image | given the scene S time the a priori
probability p (S) of the scene, divided by the normalization constant p (I). The Bayesian frame-work
thus suggests that the posterior probability distribution is determined in part by the image formation
processes, that include the noise added to the image coding process and the statistical structure of the
world. The likelihood function in fact reflects the noisiness of the data and distortions such as the
optical distortion in the passage from 3D objects to 2D images. Noise has the effect of making the
information provided by an image about a scene more unreliable and spreads the likelihood function
over a wide range of possible scenes. The prior distribution expresses the prior distribution of different
collections of scene properties actually occurring, thus it embodies previous knowledge of the structure

of the environment that constrains the perceptual estimate of scene properties.
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Thenotion of error asa failure during an inferential process

Gregory@ view is that illusons can be generated in two main ways. through the
malfundioning of the physologica mechanisms for perception or through the
ingppropriateness of the strategies carried out by the mechanisms [Gregory, 1973] These
two causes give rise to two different types of errors. sensory illusons and cognitive or
perceptud illusons The first type of error has a physological or physcal chaacter. It
can be caused by disturbances between the sensory organs and the object (such as the
presence of mist) or by perturbed neural sensory signds, as in the case of the effects of
retind 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 daa that the perceptud 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 peceptud
process: the misapplication to the actudly perceived situaion of general rules nomally
applied to al the objects and scenes and the misapplication to the actudly perceived
object of specific knowedge about specific objects. The SWI is an example of the

misapplication of knowledgeregarding therelationship between size and weight

Csmall 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 illusonsas errors, and in particular the introdudion of a cognitive
or perceptud accountof 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 daa to the attribuion of meaning to the daa on the basis of previous
expeiences and previoudy acquired knowledge In this view, each stage of theinferential
process can fail in some way and give rise to an ingppropriate 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 Gregoty, illusons depend on the organism@

perceptud mechanisms and noton howtheworld is structured.

QWe 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.O[Gregory, 1998, p.
1693
Illusons dueto the disturbance of light between the objects and the eyes (as in the
case of errors provoked by the presence of mist) and illusonsdueto disturbances in the
sensory signds of the eyes (as in the case of retind rivalry) involve the first part of the
process, tha of acquiring data, and are caused by physical causes [Gregotry, 1997] The
other causes of error intervene in the process of making sense of the daa, tha isin the

inferential process and for this reason are considered as cognitive or perceptual causes

[Gregory, 1997]
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The ecological approad rejects the notion of perceptual error asfailed inference

The ecological approach to perception Ba variety of direct perception approach - has
strongly criticized the notion of perceptud hypothesis and the introdudion of cognitive
processing in perceptud tasks, and has hence refused to consider illusonsas perceptud
errors. Senory stimulation is sufficient for accurate perception, or, perception based on
sensory stimulation is always accurate withoutthe addition of information beyondwhat is

available to sensory stimulation [Stoffregen & Bardy, 2007. In Turvey@ words

Orhere is perhaps no topic more representative of the superficiality of established thinking
about perception as the topic of error. The much-worked claim that QllusionsO and
Qailures of perceptionO are instances of faled inference [E] has about as much

intellectual force as a cough in the night.O[ Turvey, et al., 1981, p. 275]

For indance, if a straight stick patialy immersed in water appears bent this is not
because the nervoussystem has drawn the wronginferences from the play of lightin the
eyes, even if the stick isreally straight, the situation of straight-stick-immersed-in-water
structures thelightin away that is different from the situation of a straight-stick-outside-
thewater. Since the two situdions structure the light in different manneas, both the
perceptions can be consdered as veridical. When the stick is grasped and withdrawn
from the water, hdd up and returned to the water, its appearance changes from bent to
straight to bent, and the different appearances are linked by the trandormation which

consstsin displacing the stick from onemedium to the other.

CBtates of affairs appear to organisms as they ought to appear, and it is because they do
that successful acting and knowing are possible.O[Turvey, et al., 1981, p. 276]
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The same prindple (clarifying the physcal grourdsfor the appearance of perceptud
phenomeng, indead of ddving in inferential issues) is applied to the dissolution of
classical geometric illusons: in the context of attached angles (the Mudler-Lyer figure)
or T- and L-shgped lines, there are no reasons for the two lines to appear othe than

unequd in length, once the physcal groundsfor this appearance are explained.

Ohe 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 asit 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 perceptua errorQ[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
ingrument, such as a ruler) is not an error, according to [Turvey, et al., 1981. In
paticular, the ecological approach refuses to conform to a conventiond standad of
measure as a reference for distinguishing beween truth and perceptud error. The
ecological theory of perception or direct perception approach has as a consequence an
eimindaivigt attitudetowardsillusons when illusonsare consdered as depatures from

facts, physcal facts or even measurements.

Since there is no need for specia epistemic interventions (cognitive inferences), the

scope of the research on the so-called illusons is rethoughtas the need to explain the

106



difference in appearance given the difference in the context, rather than the need to
explain the failure tha has given rise to the error in perception. Let us discuss this in
some detail.

In the case of geometric illusons ecologists propose to individuae the bases upon
which the measurement of extensonfor biological systems (such as the human perceiver)
is groundeal. The basis of measurement oughtto be, according to the prinaples of the
ecological approach, common to both the environment and the organism, since the
synergy or mutudity of the organism and its environment is assumed. In the case of
extenson, the adopion of chord geometry (geometry based on the measurement of
chords of thedifferences in distance between two pointsin afigure) as oppased to point
geometry alows usto explain the appearance of the Mudler-Lyer figure: in fact, angles
tha open outwardly have chord distributons with centers furthe out, approximately
where thephyscal vertices are.

[Turvey, et al., 1987 claim tha, whenever biological systems basis for measuring are
fourd in chord geometry rather than in conventiona physcs, then the appearance of the
Mudler-Lyer figure is exactly as it oughtto be and the perplexities of geometric illusons
are solved. Two tenets summarize this view. First, a measurement by a biological system
can sometimes be discrepant with a measurement by a nontbiological system because the
two do not share the same measurement basis; second, a structure embedded in a context
(the Mudler-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 Mudler-Lyer figure and of other phenomenatha are described as
geometric illusons the strategy adopted by the ecological approach is dightly different
fromthe strategies adopied in the case of the SWI or even of the stick which looksbentin
water. In fact, in the case of the Mudler-Lyer figure no claim is advanced tha a different
propety is perceived (as it is the case for the SWI) or tha a propety of the mediumis
perceived (as it is the case for the stick which looks bent in water); in the case of the
Mudler-Lyer figure the main strategy consists in changing the system of measurement
and in showing tha when a different system of measurement is adopted the illuson
vanishes and the perceptud result correspondsto the measured redlity.

Whaever be the specific strategy adoped (a different propety is perceived or the
propeties of the medium are perceived or no particular propaty is perceived but the
perceived propeaty is mis-measured), the general explandion of theimpression tha the
subject undegoes an illusion is attributed to a linguistic mistake or a mistake in the
description of the conditionsof the perceptud experience on the side of the experimenter.
When the conditions of perception are correctly described by the experimenter: the
propeties the peceptud system is sendtive to are individuaed, the modifications
imposed by the medium are taken into accountand the perceived stimuli are evaluated on
the basis of the ecological measurement systems of the subject of perception, no
departure from facts can be individuaed, since the perceptud systems exactly responds
to the GactsO(the ambient energies, modified or non modified by the presence of a
medium) onthebasis of the propaties of the organism.

In cases such asthe SWI, thefact tha invariants used by the cognitive system are not

thoe tha are linguisticaly accessed by the expeimenter or by common sensica
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languaye, creates the wrong impression (in the experimenter) that there is something
wrong with perception, an illuson, concelved of as some error or inadeguecy in the
acquantance to redlity. It isin fact alinguistic error to describe weight perception as a
matter of weight For the perceptud system wha is at stake is the evauation of the
masses and masses distribution of the hand-hdd object and not a matter of weight, the
haptic system is not sensitive to the object@ weight as the experimenter@ and the
common language are: the haptic system is sengtive to resistant forces tha stimulate the

kinesthetic receptors.

The sensorimotor approad rejects the recourse to internal representations

Theinferential view of perception, and the consequent explanation of illusons isalso
criticized by other approaches to perception which do not share the tends of the
ecological vision.

The sensorimotor approach, for indance, denies the necessity of taking recourse to
internd mechanisms and internd representations in order to explain the aspect of the
find percept. For this reason, the postion expressed by the sensorimotor approach
agang the appedl to internd representations or representationd knowledge can be
consdered as an objection agang the notion of error which is expressed by the indirect,
inferential view of perception, thus agand the characterization of illusons which is
based uponthat notion of error.

Neverthdess, the notion of illuson is not necessarily discarded within this kind of

direct approach.
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A shift in the approach to perception is proposd by the sensorimotor approach:
perception does not consist in the constitution of internd representationsof the externd
world, butin an exploratory activity [O'Regan & No‘, 2001} In fact, theworld becomes
available to the perceiver only throughaction and exploration of the environrment [No*,
2004] Being a perceiver is thusan ability tha condstsin being able to keep track of the
interdependence of perception and action; this ability comprises the capacity of keeping
track of how wha one does affects what one perceives. Hence, perception is based on
skillstha are both motor and perceptud and are called sensorimotor contingendes by the

authors because perception is contingent to the exertion of motor explorations

A special form of knowledgeis introduced by the sensorimotor view which congsts
in the mastery of certain rules that connect moveament and perception. The rules govean
the sensory changes produced by variousmotor actions[O'Regan & No*, 2001]]. For this
reason, they are rules of sensorimotor contingency.

Not only perceptud activity is in fact inextricably assodated with paterns of
movement. Blinking while looking a an object provokes an interruption of its sight;
moving the head or the eyes a modification of its aspect and of the pats that are actudly
expoxd to visud judgment; the movement of the object introduces variants in visud
perception. All these modificationsingantiate some rules of visuo-motor contingendaes,
tha is, of interrelations between the motor and the sensory activity of the visud system.
The knowledge involved in all the described tasks is an implicit, practical knowedge

which is acquired throughthe experience of exploring and sensng objects.
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Sensorimotor knowledgeand the notion of sensorimotor contingency mightplay a
role in the characterization of illusonsin the context of a sensorimotor approach. In the
opinion of [O'Regan & No‘, 2001] and [No‘, 2000, 2003, deviationsfrom the laws of

sensorimotor contingency extracted by the brain can cause modificationsin the resulting

percept.

Nevertheless, our brains have extracted such laws, and any deviation from the laws will
cause the percept of the surface® shape to be modified. 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 unusua 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.O[O'Regan & No', 2001, pp. 944-945]

Even if the term QllusonQs not explicitly recalled, it seems that illusonscan find thar
place within the sensorimotor approach at thelevel of the modificationsof the perceptud
aspect of the objects following some deviations from the laws of sensorimotor
coningency and causng the impresson tha something unusud is happening in
perception. Hence, illusonsare not necessarily discarded by direct approaches, but ther
characterization on the basis of concepts tha are prope of the indirect, inferentia
approech is questionead. In particular, the recourse to representationd knowledgeis not
congdered as necessary to explain illusory phenomenaand a different kind of knowedge

isintroducd which is condituted of practical rulesingead of representations
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Since the rules tha are indantiated in sensorimotor knowledge are of a practical
naure, perceivers do not have propostiond or representationd knowledge about
sensorimotor rules. For ingance, perceivers would not be able to describe the changes in
perception produced by the hand moving upon a surface, but the brain has neverthdess
extracted some regularity in sensorimotor experience tha conditute laws of sensorimotor
contingency and tha, for thisreason, allows the perceiver to nurture more or less implicit

expectations

O'o 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).O[No' , 2004]

Thus even if the content of experience is not represented anyway the perceiver does

bring into play aform of knowledge

Qhe content is given only thanks to the perceiver@ exercise of knowledge of sensorimotor

contingenciesO[No' , 2003, p. 6]

CConsider, first, that our perceptual lives are structured by Gsensorimotor contingenciesO
When you move toward an object, it looms in your visual field. 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.O[No', 2003, p. 5]
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Sensorimotor knowledge is thus defined as an implicit, practical form of knowledge

which is of theform of mastery or of practica grasp

of the way sensory stimulation varies as the perceiver moves.O[No' , 2004]

A skilled perceiver G&nowsQ in an implicit and practical manner, wha will hgopen when

hewill turn his head while looking at an object.

In this sense, even if based on knowledge, the sensorimotor approach to perceptionis
notindirect and does not need to fall back uponinference, because action and perception

are directly connected within the mastery of the skill or ability.

The notion of illusion asfailure during an inferential process cannot be accepted

Thenotion of illusonsas error or failure during an inferential process is very patial,
since it is strongly committed to a specific theoretical approach: the indirect, inferential
vison of perception. In order to provide a characterization of illusons tha can be
accepted by a wider audience in the psychological research on perception, a revision of

thenotion of illusonisto beenvisaged.

It does not seem to be necessary to abandon the notion of illusons as errors in
gened.
In fact, what the ecological vision objects in the adopion of the notion of illuson by

apsychologica theory isthecharacterization of error as an error in an inferential process.
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But, as the sensorimotor approach indcates, distortions and deviationsfrom nomal
perception that are consdered as unusud by the perceiver can be explained without
taking recourse to internal mechanisms, representationd knowledge and cogntive
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 distortionsanddeviations
fromnormal perception that strike the perceiver asunusial.

A furthe reason for enlarging the notion of error is the existence of perceptud
phenomenatha are consdered as illusonsbut are not deviationsfrom facts, even from

measured, physcal facts.

2.1.3 Other difficulties with the notion of error as applied to the

characterization o fillusions : errors as @epartures from f acts O

Another difficulty in the characterization of illusons as errors arises from the very
core of the classic classification of illusory phenomena which is provided by [Gregoty,
1997] Theclass of illusory phenomenais in fact as wide as to indude ambiguities and
paadoxes, such as the ones provokel 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 arguad (and as a matter of fact it has been arguel for ingance by
[Gregory, 1997) tha even the experience with paadoxes presents the subject with a
form of depature from facts. Paradoxica figures, unlike nommal figures, are impossible

because they cannotbe used to describethefacts, whatever they are. Asin the other cases
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of illuson, hence, the facts are fasely described and theilluson is a departure from the
facts of theworld.

Neverthdess, the experience with paradoxical figures and objects cannot strictly be
congdered as departure from facts, at least notin the same sense in which thisis affirmed
for other illusory figures, such as the Mudler-Lyer patern. In fact, when the Mueller-
Lyer illusonisdescribed in terms of departure from facts, thefacts refer to the patern of
lines tha conditute the Mudler-Lyer figure: thelines are perceived as being of different
length while they can be measured to be of the same length. No reference is madeto the
facts of the world outside the figure, or of some physcal fact tha the figure could be
suppo=d to represent.

On the other hand, in the case of the perception of paradoxical figures, the perception
of the figure is correct: the patern of lines that compo the figure, the peceived fads,
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, ther correspondence to physca facts (in terms of

externd representation or of resemblance) is not at stake.

Two possible options are present: considering tha paradoxes such as impossible
figures and ambiguousfigures are notillusons because thereisno error in thesense of a
departure from facts; or congdering tha paadoxes are illusons but the notion of error

tha characterizesillusonsmug berevised in orde to indudeothe forms of error.
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The second option is justified by the presence of many andogies between the
expeience of paradoxes and the experience of other illusons like the SWI or the
Mudler-Lyer illuson, such as thar systematic character, ther resilience to knowedge
and the reaction of surprise which accompanies the experience and which seems to be
connected with its wrongness. Another andogy 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 Mudler-Lyer figure or the SWI, the subject
experiences aviolation of coheence, linked to thepresence of a discrepancy.

In the case of the Mudler-Lyer illuson, the discrepancy stands between the
expeience of the subject who explores the patern of lines with his eyes or hisfingasand
afurther roundof exploration in different conditions, for ingance with the use of aruler.
The subject obrves that the course of his experience is no more cohaent and is
disposd to consder one of the two experiences as false. His globd experience and
knowledgemighttell him which onehas to be held as true, butthisis not necessarily so.

In the case of paradoxes and other illusons the subject is immediately aware tha
something is wrong because, even if thefigure is correctly perceived, the experience of
perceptud paadoxes is immediately detected as bizarre, and eventudly as impossible.
The percelver does not really trug his experience, since it appears wrongin some way,

and hereacts with surprise.

Two types of paadoxical expeiences are described (the perception of ambiguous

figures and the perception of impossible figures) that differently ingantiate the possibility
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for a perceptud experience to feel bizarre, wrong and even impossible. Ther discussion
isintroducd here in order to illudrate the possibility of enlarging thenotion of error. .

The case of ambiguousfigures in particular suggests tha the sense of wrongness
which is assodated with these experiences is connected with the presence of
discrepandes tha constitute violations of coherence. The notion of error which is
implicated in illusory phenomena should thusbe enlarged in order to indudeviolations
of coheence.

If a broader notion of error is adopied, experiences with paadoxes and classica
illusons can be considered as belonging to the same class of phenomena (even taking
into account some differences related to the immediateness or nonimmediateness 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.

Anothe argument againg theredudion of illusonsto departures from facts purports
that the notion of error as departure from facts is not sufficient in order to distinguish
veridical perception from illusons or hdludnaions This line of argument has been

defended by D. Lewisin hisdiscussion aboutveridical hdludnaions

The case of veridical hallucinations

[Lewis, 1980] proposs the following example: let usimaginetha | am thevictim of
awizard® spdl; his spdl causes me to hdludnate at random but, for a lucky accident,

thehdludnation so caused hgppensto 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 hdludanaions Veridical hdludnaions are defined as a specia class of
hdludnaion tha present the following paticularity: they match the scene before the
eyes of the perceiver, asit hgppensin cases of genuine seeing.

In virtue of the example presented by veridical hdluanaions the characterization of
authentic seeing (of authentic perception) can neither be boundto the existence of a
match between the scene which is in front of the percelver and the experience of the
perceiver, nor to the existence of conditionstha cause the matching conditions (in the
example of veridical hdludnation reported, the wizard actudly causes the matching
expeience). Thisline of reasoning induces Lewis to propo% counterfactud dependence
as the essential condition of seeing: one sees only when there are suitable conditions of
counterfactud dependence of the visud experience on the scene before the eyes; the
counerfactud dependence establishes tha different scenes would have producd
different visud experiences. In the case of veridical hdludnaions since the matching of
the experience to the sceneis just the effect of a lucky accident, if the scene had been
different the visud experience wouldn®necessarily have been different in such away so
as to match thedifferent scene

In the context of the characterization of illusons the example of veridica
hdluanaions illudrates the fact tha the condition of adequacy or matching is not
sufficient to pick genuine perception. The noton of departure from facts can be
consdeed as synonynous with the notion of falure in the adequacy or matching of
perceptud experience to the scene which is present in front of the perceiver or to the

object with which he is in toudh. Hence, the notion of depature from facts is not
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sufficient to define erronepus cases of perception, at least when they have the aspect of

veridical hdludnaions

The case of impossible figures

In the same way, the perception of the Penrose two-pronged triangle (both in the two-
dimensond and in the three-dimengond versiong 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 assodated with a sense of imposibility. Other
examples of this kind of paradox are illugrated by the impossible staircase again
described by Penrose and the impossible trident. In al these cases the perceptud
expeiencesisimmediately characterized as impossible.

According to Gregory [Gregoty, 1973 1997 impassible figures make use of pictorial
rulesin order to create theimpression of thethird dimenson, butthen some of these rules
are broken by other cuesin the figure, so as to make the object impossible to construdct.
Theilluson of an impossible figure is thusexplained as the application of opposte rules
for one and the same depiction. The two-pronged triangle, for ingance, is a posible
drawing following the rules of two-dimensond depiction, but becomes an impossible
object when therules of three-dimengond depiction are applied. Gregory consdes 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 conaeived in this way, the class of illusory phenomena represented by
paradoxes becomes too wide since it becomes to indudeall pictures of three-dimensond

objects. According to [Gregoty, 1969,

On a sensg, al pictures are impossible: they have a double reality. They are seen both as
patterns of lines, lying on a flat background and aso as objects depicted in a quite
different, three-dimensiona space. All pictures depicting depth are paradoxical, for we
both see them as flat (which they really are) and in akind of suggested depth which is not
quite right.O[ 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

perceptud experience of theobserver in the sense of adeparture fromfacts.

The case of ambiguousfigures

In the case of the Necker cubeg the oberver is not able to judgethe orientation of the
cube since the cube alterndively appears to have two different orientations A similar
phenomenonis ingantiated by the figure of the Woman of Boring, thefigure of the Vase
of Rubin and the dudk-rabbit figure, jud for citing some well-known paradoxical figures.
In al these cases, the perceptud experience is ambiguousy doubke: for ingance, the
same figure can be interpreted as a dudk and as a rabbit. The two interpretations cannot
be synchronic: the visud system seems to have no choice but to access one aspect a a
time. Even if the subject has experienced both the interpretations and thus knows tha

two interpretationsare possible, he cannotpeaceive them smultaneoudy.
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We have in fact a special attitude through stimuli that can be GnterpretedOas being
two different entities or figures at the same time: we separate their descriptions saying
tha we see, now, the stimulus as oneobject, and, then, as another, and we call this act an
OnterpretationO and not a Qlirect perceptionO (this is in pat the difference between
GeeingOand Geeing akdas described by [Wittgenstein, 1959).

Ambiguousfigures can thusbe defined as figures tha suppot two or more different
interpretations In addition to ambiguousfigures, ambiguous objects have aso been

producd.

In the case of the perception of ambiguousfigures, there seems to be no error, in the
sense of adeparture fromthereality of the patern of lineswhich is perceived. In fact, the
subject correctly perceives al the features of the figure. The fact tha two possible
interpretations are both present in the one and the same perceptud 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 indecison beween the two interpretations As when an error is
committed, the subject cannot act propealy, since perception cannot guide his action

toward a non-ambiguouswell identified target.

These examples indicate the possibility for a different interpretation of the notion of

error tha tha of eror as depature from facts. Errors can aso be condituted by the

presence of discrepanades between some of the contents of the experience.
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The discrepancy between the contents of the experiences can be an incongstency
(technically, consstency is consdered as the attribute of a logical system that is so
condituted tha none of the propostions deducible from the axioms contradict one
another).

Hence, the situaion which is produced by the presence of inconsistent contents is a
violation of coheaence (technically, cohaence is defined as a consistent relation of
members of a set of contents and a set is coheent if and only if each member of theset is
congstent with the other members and each membe is implied by the others; and
violations of cohaence are consdered the incongstendes between experiences tha are

pat of oneand the same set of experiences tha are in some way boundtogeher).

Illusions can be characterized aserrorsonly if awider notion of error isadoped

Some difficulties have been highlighted with the characterization of illusonsas 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 hdludnaions from veridical perception and too narow to give a
satisfactory characterization of perceptud paradoxes. Additiondly, if thefactsto betaken
into accountare not the directly perceived facts, but the facts tha are represented by the
paadoxical figures and objects, nomal pictures and the representation of three-
dimensond objects as also fall in the category of illusons

From the andysis of the experience with ambiguousfigures it can be suggested tha
the notion of error also indudes violations of coherence of the perceptud experience.

When coheaence 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 tha something is

going wrongwith his perception.

Thedifficulties with the characterization of the notion of illusonsand of thenotion of
error which is connected to illusonsdo not conditute a sufficient reason for abandoning
thenotionof illuson

The criticism of illusons is in fact a criticism of two specific notons that of
inferential error andthat of representationd knowledge

It seems plausible to revise the notion of error in order to enlargethis concept so asto
embrace errors that are notfailuresin inferential processes and also situaionswhere the
coheence of the perceptud 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 broade notion of error which indudes

violationsof cohaence.

Hence, it seems possible to provide a characterization of illusory phenomenaas errors
in perception without embracing a particular theoretical approach to perception such as
theindirect, inferential view. As a matter of fact, some features have emerged during the
discussion aboutthe SWI and the andysis of the difficulties with the notion of error tha
are suitable to provide a more neutral characterization of illusory phenomena (without

assuming tha illusons ae 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

andyzed.

In spite of the difficulties with the notion of error, | will maintain that, if thendion
of error is suitably enlarged as | have suggested, the term @rrorOshould be preserved in
the characterization of illusory phenomena,

Although it could be arguad tha we should abandon the notion of error in the
characterization of thenotion of illuson (for ingance in favor of amore general notion of
coheence), rather than enlarging the notion of error so as to indude violations of
coheence, | will show tha atypical characteristic of illusory phenomenais represented
by the fact that the subject who is victim of an illuson can immediately or later become
aware that something is wrong with his experience, in a broad sense (the two cases are
distinguished as illusons we are immediately aware of and illusons we are not
immediately aware of).

In the case in which the subject is immediately aware of theilluson, the experience
seems or feels impossible to him, he congders some of the components of his experience
aswrong.

Thisfact has a great importance for characterizing therole tha illusonsmightplay in
the cognitive fundioning. In fact, the awareness tha something is wrong represents an
epistemological judgment about one® own experience. In the case of illusons the

judgment tha something is wrong, that is, tha there is an error, is internd to the
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expeiences of the subject. Illusons could thus play an epistemological role in the
cognitive fundioning.

Neverthdess, the awareness tha something is wrong depends on the detection of a
discrepancy. The presence of the discrepancy conditutes a violation of coheence and
consequently the subject who becomes aware of beng victim of an illuson becomes
aware of a violation of cohaence. The judgnent about the presence of an error is not
directly a judgnent about the existence of a specific departure from facts. When
coheence is violated the subject is alerted tha there mug be an error somewhere in his
expeience butheis notnecessarily in a condition of bang able to individuae the error.

For this reason, the notion of error still seems to be ussful in order to characterize
illusons As we have seen both in the case of the SWI and the perception of paradoxical

pictures, in fact, when an illuson occurs, something is going wrong with perception.

The suggested, wider notion of error, is completely internd to the course of
experiences of the subject, and can hence be placed at the oppasite end of the notion of
departure from facts which requires the subject to step out from his experience in order to

compare perception with thefacts.

Then other characteristics are introduced tha are suitable for distinguishing illusons

from other kindsof errors in perception. These characteristics have jus emerged during

the previousdiscussion.
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Illusonsare 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

bereproduced at will.

The SWI also shows tha illusonsare resilient to knowedge onemight know thereal
weight of thetwo bdls of the SWI experiment withoutbeng able to resist the perception
tha the bdls weigh differently. Systematicity and resilience to knowledge characterize
illusonsas robug phenomena and hdp distinguish them from hdludnaions and loca

errors.

Findly, illusons provoke a reaction of surprise. The reaction of surprise hdps
distinguish illusonsfrom typical errors that are not surprising. The reaction of surprise
can be of two types, direct and indirect, in accordance with the subdiision of illusory
phenomena into illusons we are immediately aware of and illusons 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 consdered by different authors as a consequence of the
frudration of an expectation. As some illusonsshow, expectationstha provoke surprise
are not necessarily linguistically expressed or even of a representationd kind, but can

originate, for ingance, from motor habits.

The andysis of some illusonsand paradoxes illudrates the possibility of illusonsof

occurring in the absence of the violation of expectations and in the presence of
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discrepandes between different sources of information at a synchronic level. The two
cases are distinguished as diachronic and synchronic violations of coheence. The
reaction of surprise could neverthdess be connected with the violation of some genera
expectations such as the expectation tha perceptud experience is correct, also in the

presence of synchronic violationsof cohaence.

These consderations suggest the possibility of individuaing illusonsas phenomena
where the awareness of the violation of cohaence aerts the subject to the possibility of

error and as phenomenatha present arobug character and a typical reaction of surprise.

The present characterization is neutral in respect with theindirect inferential approach
to perception andis addressed to alarger audience in psychologica studies.

No reference to cognitive inferences and relative falures is made in order to
characterize illusons Illusons as errors are attributed to individuds at their persond
levels, and the possibility of the perceptud system beang wrong is excluded, in
accordance with the ecological approach to perception and its criticism toward illusory
phenomena

Moreover, the characterization of illusonsas violationsof coheaence, hdps solve the
problem represented by paradoxes in relationdhip 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 aleged to the identification of a violation of coherence or to the

violation of agenera expectation of coheence of the perceptud experience.
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Findly, the posibility is hinted at tha in some cases the expectations involved in
diachronic violations of cohaence are of a special type in that they are not necessarily
based on representationd knowledge but on motor skills and direct, specific connections
between action and perception tha recall the sensorimotor contingendes described by the

sensorimotor approach to perception.

The present characterization of illusory phenomena also indicates the heuristic value
represented by illusonsfor the undestanding of the role of expectations movement and
cohaence in perception. Therobug character of illusonscongitutes an added value for
consdeing them as a suitable ingrument for the investigaion of the fundioning of

perception.

It could be objected tha a characterization like the onepresented, in which thenotion
of illusonisimmanent to the characteristics of illusory phenomena, such as the presence
of adiscrepancy (with no recourse to a more essentia definition, for ingance in terms of
departure from facts), might run the risk of logng the power of distinguishing illusons
from true perception. For ingance, it would make it impossible to distinguish between
cases of illuson, where incohaence signds tha 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. Illusons with synchronic violations of
cohaence and illusons with diachronic violations of cohaence present the following

asymmetry: in theformer case, two aspects of an experience are in conflict, but ndther is

128



domnant. The subject isjugd aware tha something iswrongand heis merely alerted tha
there mug be an error. This is a case of internd incohaence. In contrast, in the latter

case, the experience is the culprit.

| would reply to these objections by recalling tha the immanent characterization of
illusonsis not based on the notion of error only, but on robugness and surprise, too.
Illusonswe are aware of and illusonswe are nat aware of bdong to the same class of
illusory phenomena because, in spite of ther differences, both phenomena present the
same group of characteristics. Robugness in particular might hdp distinguish illusory
phenomena from cases where there is no perceptud error but only false testimony, and
the perceptud experience is correct. False knowledgein fact can berevised, at the other
end of false perception in the case of illusons which isrobug. It is truetha, as long as
false knowledge or false testimony is not revised the presence of a discrepancy might
indue oneto think tha there is a perceptud illusion. But the difference between false
testimony and illusons cannot be obliterated, because false knowledge can be revised
and illusory perception cannot be revised. One cannot but feel two bdls of different size
and equd dimendon as weighting differently.

It is true that all that we have in cases of synchronic violations of cohaence is a
discrepancy, oneexperience does not necessarily dominae over the others. One can only
be aware that something is going wrong. The case of diachronic violationsof cohaence
seems to bevery different because one tendsto choo<e to consider the present experience
as wrong and the knowledge or past experiences as correct. But, as the example of false

testimony shows, knowledgemight beincorrect. Even in the case of diachronic violations
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of coheence, asin the case of synchronic violationsof cohaence, all wha we haveisthe
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
theresult of a secondroundof exploration or between an experience and knowledge. The
choice of generaly consdering a long run of experiences as true, or of truging the
experimenter@ knowedge and in genera relying more on specialized knowledge rather
upon direct perception, is a chaacteristic of our perceptud fundioning which is not

directly related to the problem of illusons

2.2.1 lllusions ar e errors as violations of coherence

When an illuson occurs the subject is not always immediately able to recognize his
error.

In the case of the SWI, for ingance, the subject becomes aware of having committed
an error only when theilluson is revealed by another subject or by further exploration.
Some other illusons on the contrary, provoke a sense of wrongness, bizarreness or
impossibility which immediately makes the subject recognize them as wrong. Thisis the
case of proprioceptive illusons of impossible movement and postion provoked by

muscle vibration.

A gpecific terminology is introdued in order to distinguish the two cases: illusons

we are immediately aware of and illusonswe are notimmediately aware of.
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In illusonswe are immediately aware of the subject is directly aware tha something
is going wrong with his experience even if he cannot necessarily indicate wha 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
bdief. In the case of an illuson oneis notimmediately aware of, the subject is not aware
that something is wrongin its experience untl he is informed or untl 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 ingdance between the content of the illusory

experience and the content of the successively acquired information.

Both in the case of illusons we are immediately aware of and in the case of illusons
we are notimmediately aware of, illusonsare errors onecan be aware of.

For thisreason, only the entities that can be aware of committing an error are suitable
candidaes for having illusons This limitation suggests tha illusons can be attributed
only to individuds at thar persond level, and not, for indance, to the perceptud system.
Aswe have shown, thedenia tha the perceptud system can commit errorsis pat of the

argument of the ecological approach to perceptionagang the existence of illusons

The case of proprioceptive illusions produced by vibration

Two kindsof illusons of movement and postion can be produed by vibrating the
muscles of the limbs illusons of possible movement, of which the blindfolded subject

can only be aware when alowed to look at his vibrated limb, and illusonsof impossible
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