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Abstract

The Mduller-Lyer illusion is one of the best-knowndamost
frequently examined optical illusions. After poimdi out that
it is unlikely that any one account would give all fu
explanation for all the features of this illusidrgargue for two
claims. First, | aim to point out that an essent@hponent of
the Miuller-Lyer illusion has something to do witlictpre
perception (just as Gregory initially claimed). 8ed, | give
an account of this essential component of the NHilier
illusion that is not susceptible to the counterepkas and
objections Gregory's inappropriate size constancylisg
theory was susceptible to. The gist of my accosrthat the
Muller-Lyer illusion is explained not by inapproate size
constancy scaling, but by inappropriashape constancy
scaling.
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The Miller-Lyer illusion consists of two lines ofqaal
lengths. We know that they are of equal length, Wat
cannot help perceiving one as longer than the offieere
are several popular and less popular explanationghis
phenomenon, none of them uncontroversial. | arpag i
we modify the most popular account of explainings th
visual illusion, Richard Gregory's ‘inappropriatenstancy
scaling’ theory, we may be able to explain manyt (bot
all) important features of this dimension. But this
modification will be a substantive one:
inappropriate size constancy scaling, the Mduller-Lyer
illusion is (partially) explained by inappropriatshape
constancy scaling.

The inappropriate size constancy scaling
theory

Perhaps the most popular explanation for the Milligr
illusion was given by Richard Gregory (Gregory, 396
1966; 1968). He claims that the two lines of thellbtilLyer
illusion are “flat projections of typical views objects lying
in three dimensional space” (Gregory, 1963, p. 678)
other words, the experience of the Muller-Lyer slbn is
intricately connected to picture perception: thecpption of
three dimensional objects in two dimensional s@$ac

It is not entirely clear what the exact relatiorvibeen the
experience of Mller-Lyer illusion and picture peption is
supposed to be in Gregory’s theory. It seems tadtds two
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logically independent explanations that he ofteresus
interchangeably, without explicitly differentiatingetween
the two. They are the following:

(@) When we experience the Miller-Lyer illusion, we

literally see three dimensional objects (or attleas
three dimensional features) in the two dimensional
surface

When we experience the Miuller-Lyer illusion, we

do not see a three dimensional object in the flat
surface, but we are aware of, and mislead by,
certain cues that are typically associated with the
perception of three dimensional objects.

(b)

Although these two versions of the inappropriatee si
constancy scaling theory seem very different ingeed
Gregory never differentiated them explicitly and digen
wrote as if the two hypotheses were really the safmesion
(@) and (b) are both present in Gregory, 1963, latdr
formulations put the emphasis on (b). Dependingvbith
version we choose, Gregory's appeal to inappropridste
constancy scaling will also be slightly different.

If, as in version (a), we literally see two thremensional
figures when we experience the Miiller-Lyer illusiore see
the convex edge of a three dimensional object @ lithe
with arrow junctions and we see the concave edgetbfee
dimensional object in the line with fork junctiorfsurther,
we perceive the concave edge to be further away tha

instead ofconvex edge. And, as the two edges are perceivéeing

of different distance, their size is also experashc
differently: “The parts of the figures corresporglitio
distant objects are expanded and the parts comdsppto
nearer objects are reduced” (Gregory, 1963, p..678)

If we consider version (b), the explanation will dlghtly
different. We do not see anything three dimensiama¢n
we are looking at the Miller-Lyer illusion, so the
inappropriate size constancy scaling cannot bgerigd by
the perception of objects that are of differentatise from
me. But we do perceive cues that we normally eneun
when we see three dimensional objects and the iexper
of these cues is what triggers the inappropriatee si
constancy scaling. We are used to perceiving three
dimensional objects, among them convex and concave
edges of houses and rooms. When we see the Mijlkar-L
illusion, we are mislead by cues that we normatigainter
when looking at convex and concave edges of hoasds
rooms. And these cues trigger inappropriate sizestamcy
scaling because we are used to certain size caystan



scaling when seeing a concave edge and we aretoszd
different size constancy scaling when seeing a exmdge.

Thus, the inappropriate size constancy scalingiggered

without the experience of anything three dimendiaral

without the experience of distance, purely by dejpibs.

Which of the two versions are more convincing? Afte
initial ambiguity between the two versions, Gregseems
to have settled for (b), and although he neveresidd the
respective advantages of the two versions, an itapbr
consideration for version (b) of the inappropriatestancy
scaling theory is Irwin Rock’s influential critigis of
Gregory's original account (Rock, 1975). Rock arytieat
even if we grant that we perceptually interpret lthe with
arrow junctions as a convex corner and the lindn viork
junctions as a concave corner, there is no reassogpose
that we perceive the convex corner to be closen tha
concave one. But inappropriate constancy scaling
triggered only if these two are perceived to balifferent
distance. Hence, Gregory’s explanatory scheme &sing
an important step. And he concludes accordinglyte “t
Muller-Lyer illusion is generally not seen as three
dimensional” (Rock, 1975, p. 412).

Note that this objection only applies in the cabeession
(a) of the inappropriate constancy scaling thetiris only
version (a) where the Miiller-Lyer illusion is sea® three
dimensional. Thus, if we are moved by Rock’s oliggcbut
want to preserve the spirit of the inappropriateesi
constancy scaling theory, we could dispose of vergg)
and settle for version (b), which is arguably ekaethat
Gregory has done.

It needs to be noted that version (b) is not unigrohtic
either. Rock pointed out in the case of versionta} we
have no reason to suppose that the two edges areiyasl
to be of different distance. But an analogous weoyld be
raised about version (b). What reason do we hageppose

movement (Festinger et al., 1968, but see PritcHEd&8),
tit constancy theory (Prinzmetal et al., 2001, lage
Wenderoth & Burke, 2006) or selective filtering ,(dow
pass spatial filtering, see Ginsburg, 1984, alsoe@oX
Girgus, 1976}.

Irwin Rock’s positive account is known as the ‘inext
comparison theory: when we experience the Miillger.
illusion, what we really compare is not the sizetltd two
vertical lines, but rather the size of the wholgufie (Rock,
1975, p. 313ff, the idea goes back to Woodwortt38]%P.
645). This hypothesis is supported by the obsarmatiat if
the shaft has a different color, the illusion ist rso
pronounced (Coren & Gingus, 1972).

Rock’s account is similar to R. H. Day's very early
alternative to Gregory’s explanation (Day, 197287 2b;
Degoldi & Day, 1992). Day argues that the explaratf
ithe Miller-Lyer illusion is similar to that of tHebbinghaus
illusion (where a circle surrounded by larger @scllooks
smaller than a circle of the same surrounded byllsma
circles), the Deloeuf illusion (where two circleltbe same
size look to be of different size depending on \ukethere
is a circle inside or outside of them) or the siepl
phenomenon that a passage on a large empty pages see
smaller than it would be if the paper were cropped
immediately under and below it. One explanatoryaadage
of Day’s explanatory scheme is that it could expléie
existence of the Miuller-Lyer illusion in the haptiense
modality (Day, 1965), as the haptic sense modaditas
sensitive to the contrast of the surrounding festuas the
visual one. | will return to the discussion of thaptic
Mdiller-Lyer illusion at the end of the paper.

Evaluating all the alternative explanations of Maller-
Lyer illusion would take a book-length study. Fenthwe
have no reason to suppose that the Miller-Lyesitiu can
be fully explained by any one of these accountswuéber

that the two lines are perceived as containing ethreof factors contribute to this illusion and Rockicaunt may

dimensional cues? And even if they are, what reasowe
have to suppose that the two lines are perceived
containing three dimensional cues that trigger pmapriate
constancy scaling? Thus, it seems that neitheriorer®)
nor version (b) can explain those aspects of théeiiiyer
illusion that Gregory set out to explain.

Alternative explanations

Irwin Rock’s criticism of Gregory’s account was ookthe
first objections in a series of objections agairke
inappropriate size constancy scaling theory. Ivirsually
impossible to enumerate all objections, and | véturn to
some of these at the end of the paper. But for itois
enough to note that these objections opened the faray
alternative explanations of the Miller-Lyer illugioWhile
the ‘inappropriate constancy scaling theory’ appéato

well capture one of these factors. The aim of plaiper is to
angle out an important factor that also contrikute the
illusion: the one that Gregory wanted to capture tnat has
something to do with picture perception and to gare
unproblematic account of this one factor only. Tédsount
would not provide a complete explanation for thelllstd

Lyer illusion, but only a partial one.

There are important aspects of the illusion that @ot
explained by any of the existing accounts. For edamit
has been pointed out that the illusion decreases
microgravity, which seems to indicate that thesiiun is not
fully explained in terms of the (mal)functioning a@iur
visual perceptual apparatus only (Villard et abD02). No
existing explanation of the Muller-Lyer illusioncaccount
for this difference. Some other odd features of itlusion
that any account should be able to at least addifeast
fully explain, include (but are not limited to) tfect that the

in

fairly higher order cognitive processes (such ag thMuller-Lyer illusion is experienced in the haptiense

recognition of three dimensional cues or pictureeption),
these alternatives usually aim to explain the Mtllger
illusion in terms of lower order processes, suchegs

1 Other, more ‘higher order explanations include ttatency
correction theory’ (Changizi & Widders, 2002) arukt'figure
ground organization theory’ (Taya & Ohashi, 1992).
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modality and that it is also experienced by some-moman
animals. | will return to these odd features atehd of the
paper.

We have good reason to suppose that there are benum
of factors that contribute to the Mdller-Lyer illas. Hence,
instead of trying to find a monolithic explanatsgheme,
the best we can do is to single out, and expldie, most
important ones of these factors. This is exactlatwtaim to
do here.

Thus, the structure of my argument is the followiRist,
| aim to point out that an essential componenhefiiller-
Lyer illusion has something to do with picture pption
(ust as Gregory initially claimed). Second, | gian
account of this essential component of the Millger
illusion that is not susceptible to the objectidBsegory’s
inappropriate size constancy scaling theory waseqiible
to.

Picture perception and the Miller-Lyer
illusion

My claim is that any explanation of the Muller-Lyi#usion

that ignores the connection between this illusiod picture
perception misses out on an essential componerhisf
illusion. In other words, at least one mechanismt tis

essentially responsible for the Miller-Lyer illusiégs also
the one that helps us to see three dimensionatishie two
dimensional pictures (see also Redding & Hawle®3)9

Some initial support for these claims comes froodigts
of patients who do not experience the illusion. idtds
suffering from visual agnosia, for example do not
experience the illusion (Turnbull et al., 2004). #wese
patients are also notoriously bad at seeing objétts
pictures, this finding is at least indicative o&tbonnection
between the Mduller-Lyer illusion and picture peridep.
Further, it has also been pointed out that thesidin also
breaks down if the superior (and inferior) pariatattex is
damaged, an area usually involved in three dimeasio
objects perception (Weidner & Fink, 2006). As left
visuospatial neglect patients still perceive thiusibn
(although the illusion is somewhat weaker in tlogise, see
Mattingley et al., 1995), this also indicates thiue
experience of the Madaller-Lyer illusion presupposies
ability to perceive three dimensional objects.

However, | only take these findings to be indicatof the
connection between picture perception and the VHijer
illusion. Here is a more direct connection. Ifsttrue that
our experience of the Miller-Lyer illusion is based
seeing a three dimensional figure in the line drasj then
the illusion is bound to diminish if we force ouerpeptual
apparatus to interpret the line drawings adiferentthree
dimensional object. This is what the following niadition
of the illusion is supposed to achieve:
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Figure 1.

Compare the length of the two rectangles. Althotlgé
illusion does not disappear completely (arguably tle
‘incorrect comparison’ reasons noted by Rock, 1976)
diminishes significantly. This phenomenon would \my
difficult to explain without any appeal to pictuperception.
If, however, we assume, like Gregory did, that our
experience of the Miuller-Lyer illusion presupposegr
experience of two different three dimensional fegiin the
two line drawings, we can explain why the illusion
diminishes significantly in this case. Our perceptsystem
is forced to interpret the two original line dragifigures as
part of a different three dimensional object (the three
dimensional walls of a Miller-Lyer illusion shapéfus, it
cannot interpret the two original line drawing figa as a
convex and a concave edge.

These considerations could be used to supportore(s)
of Gregory’s inappropriate size constancy scallmgpty as
this account posits a necessary connection betwken
Mdiller-Lyer illusion and picture perception. But eth

equally support any theory that makes a necessary

connection between the Muller-Lyer illusion and tpie
perception and Gregory’s theory is not the only siue
account (and maybe not even the most plausibleuatto
that does so. | aim to outline an alternative t@ddry’s
inappropriate constancy scaling theory that st#supicture
perception as a starting point.

2|t has been argued that shading that is used phasize the three
dimensional visual interpretation of the two lin@s convex and
concave edges) does not increase the illusion @atkAbdullah,
2004). This finding is inconclusive as, providedttthe perceptual
system already interprets the lines as depictiofis thvee
dimensional figures, we should not expect that rmgldihading
would make the perceptual system interpret theslasmorethree
dimensional. The argument | give in this sectionldde thought
of as following the exact opposite strategy: | arghat adding
three dimensional cues that makes the perceptstdmyinterpret
the lines to be depictions dafifferent three dimensional figures
decreaseshe illusion.



Inappropriate shape constancy scaling

Let us begin with one of the earliest demonstratiof
shape constancy (Thouless, 1931a; 1931b; 193@ lbok
at a coin from an oblique angle, our experiencéso$hape
is an intermediate shape between the shape prdjenteur
retina and the coin’s real (round) shape. As Robkaduless
put it in 1931, “under ordinary conditions of bindar
vision, the actually experienced character of thgat (or
the ‘phenomenal character’) is a compromise betwben
‘real’ character of the object and the characteregiby
peripheral stimulation, [...] the phenomenal chanast®ws
a tendency away from the stimulus character towdnds
‘real’ character of the object” (Thouless, 1931a, B43-
344). Although there have been some worries abloat t

than its retinal projection and their shorter patdine is
experienced as longer than its retinal projecti@ut
remember that the line with arrow junctions corssat two
trapezoid shapes that share their longer parahel &nd
have their shorter parallel line missing. Thus, these
trapezoid shapes are experienced in such a waytleat
longer parallel line is shorter than its retinapjpction, the
line with arrow junctions is experienced as shottemn its
retinal projection. Conversely, remember that the Wwith
fork junctions consists of two trapezoid shapeg stare
their shorter parallel line and have their longargtiel line
missing. Thus, as these trapezoid shapes are erped in
such a way that the shorter parallel line is lontem its
retinal projection, the line with fork junctionsésperienced
as longer than its retinal projection.

methodo'ogy Thouless used and about the scope Df hi In other WOI’dS, the two lines of the MU”er-LyehJﬂion

claims, the general proposal that experienced shape
somewhere between the shape projected on the ratitha
the shape of the object has not been questionedHsstein

& Park, 1963 for a summary). Let us now apply this
observation to rectangles and trapezoids (rattear tircles
and ovals):

Figure 2.

If the shape on the right is projected on our egtithen,
because of shape constancy, the experienced shipmew
somewhere between the shape on the left, the ‘stape
(rectangle) and the shape on the right, the shapeqted
on the retina. It will be something like the shapethe
middle.

Now think of the two lines of the Mdller-Lyer illien as
two figures both consisting of two identical trapel
shapes. The line with arrow junctions consists of two
trapezoid shapes that share their longer paratel &nd
have their shorter parallel line missing. The limigh fork
junctions, in contrast, consists of two trapezdidpes that
share their shorter parallel line and have theigér parallel
line missing.

If it is true that the experienced shape of theapezoid
shapes is corrected by the perceptual system tondre
similar to the ‘real’ rectangular shape, then tloager
parallel line of these trapezoids is experiencedslaster

3 Fisher, 1967 suggested something similar whemdgryd give a
combined explanation for the Ponzo and the Mullgerlillusion.
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are in fact experienced as two dimensional depistiof
three dimensional figures: of a concave and a coedge.
But we do not experience one of these edges tautleef
away than the other. Rock correctly pointed out the
have no reason to suppose that we experience theexo
edge to be closer to us than the concave one. Hevee
have no reason to suppose that our explanationhef t
Mdiller-Lyer illusion is based on inappropriate size
constancy scaling.

But if we explain the Mdller-Lyer illusion with thielp
of inappropriate shape constancy scaling, we ddaeé to
make the dubious assumption that we perceive the tw
edges as being of different distance. Accordingttie
inappropriate shape constancy scaling account, we d
experience the two lines as two dimensional depistiof
three dimensional figures: of a concave and a coedge,
but we do not perceive one of them to be closen tha
other.

It is important to emphasize this point as one nvapder
how different the new shape constancy scaling atcou
really is from Gregory’s original size constancyalsug
account. The answer is that it is very differentcérding to
the size constancy scaling account, we represerddhcave
edge as being further away from us than the cordge.
And Rock powerfully argued against this assumptidine
shape constancy scaling does not entail that weesept
that concave edge as being further away from us tha
convex one. We represent the rectangles as bdiag th
space; we represent them as three dimensionaltepjaat
we do not represent one of them as being furthayahan
the other in order to experience the illusion. Hoeount |
outlined here avoids Rock’s influential objection.

The inappropriate shape constancy scaling accoamt c
also explain, or at least be taken to be consistatht, at
least some of the odd features of the Muller-Lyterision.
The illusion is more pronounced if we increaselémgth of
the arrows at the end of the two lines. It is nieac how
Gregory’s inappropriate size constancy scaling actcan
give a robust, and naad ho¢ explanation for this. The
inappropriate shape constancy scaling accountonirast
has a simple explanation: the longer the arrows thee



longer the non-parallel sides of the two trapezsiidpes
will be. And the longer the non-parallel sides ttveo

‘incorrect comparison theory’ seems to be able xplan
the presence of the illusion in the haptic sensdatity: the

trapezoid shapes are, the more difference the shapmptic sense modality is as sensitive to the cehivé the

constancy scaling makes to the length of the prsilles of
the trapezoids (e.qg., if the non-vertical linesFigure 2 are
longer, the difference between the vertical lirelaiger).
It has been argued as early as Gregory's
explanation that the Muller-Lyer illusion is strargamong
Europeans than among African populations (Segahlet
1963, see also Deregowsky, 1974; Gregory, 196880).
Further, in a later and more comprehensive studyais
argued that within Zambia, people living in citiwere more
susceptible to the Miiller-Lyer illusion than thdaeng in
rural environments (Steward, 1973, see also Letbatial.,
1969). This finding is consistent with the inapmiafe
shape constancy scaling account and, to a cerégjred, it
can even be explained by it. If one of the majetdes that
cause the Mdller-Lyer illusion is the inappropriatkape
constancy scaling of rectangles, then what we shexphect

surrounding features as the visual one (see D&#5 1& a
similar explanatory schem&).
Yet another odd feature of the Muller-Lyer illusimnthat

initialt is also experienced by pigeons (Nakamura et28l06).

Although this finding may sound disquieting for the
advocate of the inappropriate constancy scalingads, as
these accounts use relatively higher order cognitiv
processes for explaining the illusion and one mawnder
whether pigeons are capable of such higher ordgnitee
processes.

But the situation is not so dramatic (interestingiyen
Rock cautions against drawing far reaching conchsi
from these findings, see Rock, 1975, p. 440). & haen
suggested that pigeons are also capable of pipareeption
(Fagot, 2000). If so, however, then pigeons havethe
cognitive apparatus that, according to the accoutiined

is that those people who have been perceptuallg ledere, is needed for the experience of the MiullezrlLy

exposed to rectangles are less susceptible tdlus®n. We
know that the strength of shape constancy varieth wi
exposition to various shapes (Myambo, 1972), iitrue
that one of the major factors that cause the Millier
illusion has to do with shape constancy, we shaxplect
the same in the case of the Miiller-Lyer illusion.

Another odd feature of the Muller-Lyer illusion tisat it
is also experienced in the haptic sense modalityel are
allowed to touch two objects with the shape oftthe lines
of the Miuller-Lyer illusion, without looking at the we
experience the same illusion (Heller et al., 20@e
observation goes back to Revesz, 1934). This fondioes
not falsify the account | outlined here, as we dayppeal to
visualizing on the basis of our tactile experienckthe two
lines when explaining the haptic illusion (FrisbyZavies,
1971, but see also Over, 1967; Suzuki & Arashi®82).

Even more disturbingly, even blind, further, even
congenitally blind people can experience the hagiidler-
Lyer illusion (Heller et al., 2005). Here, the deder of the
explanatory scheme | defended above could stileapjo
visualizing, as there is evidence that at leastesblimd (and

illusion. The seemingly surprising finding that @ans also
experience the Miuller-Lyer illusion indicates théte
inappropriate shape constancy scaling accountendiefd in
this paper is at least on the right track.

References

Aleman, A., L. van Lee, M. H. Mantione, I. G. Veijean &
E. H. de Haan (2001). Visual imagery without visual
experience: evidence from congenitally totally 8lin
people Neuroreport,12, 2601-2604.

Changizi, M. A. & D. M. Widders (2002). Latency
correction explains the classical geometrical itins.
Perception31, 1241-1262.

Coren, S. & J. S. Girgus (1972). Differentiationdan
decrement in the Miuller-Lyer illusiorPerception and
Psychophysicdl 2, 446-470.

Coren, S. & J. S. Girgus (1978eeing is Deceiving: The
Psychology of Visual lllusiondillsdale, NJ: Lawrende
Erlbaum.

Day, R. H. (1965). Inappropriate Constancy Explamabf

even some congenitally blind) people are capable of gpatial DistortionsNature,207, 891-893.

visualizing or at least of having visual imagerggsAleman
et al., 2001; Hollins, 1985). Thus, they are stdpable of
visualizing the illusion on the basis of their thct
experiences.

Some may find the appeal to visualizing on the dasi
haptic experiences slightly problematic it is inpot to
point out that this explanatory scheme does nomfan
essential part of the inappropriate shape constanajing
account. As | emphasized above, the inappropribépes

constancy scaling is not intended to provide a full

explanation for all features of the Muller-Lyergiion. It is
intended to provide an explanation for a major da¢hat
contributes to the illusion, but there may be (ahdre
presumably are) other factors. Irwin Rock’s ‘incmtr
comparison theory’ may capture one of these. AndkRo

583

Day, R. H. (1972a). Visual spatial illusions: A geal
explanationScience;1 75, 1335-1340.

Day, R. H. (1972b). The basis of perceptual comstamd
perceptual illusionlnvestigative Ophthalmology,1, 525-
532.

Degoldi, B., R & R. H. Day (1992). The Mdller-Lyer
illusion Mark Il. Perception21, 269-271.

Deregowsky, J. B. (1974). lllusion and Culture.Gregory,
R. L. & Gombrich, E. H. (Eds.)Jlusion in Nature and
Art. New York: Scribner.

4 Rock’s ‘incorrect comparison theory’ also faresttéxe at
explaining those versions of the illusion wherdaha ends of the
two equal lines the arrows are replaced by cirolesquares (the
examples come from Day 1972a).



Epstein, W. & J. N. Park (1963). Shape constancyPiaget, J., V. Bang & B Matalon (1958). Note on lda of
Functional relationships and theoretical formulasio the temporal maximum of some optico-geometric

Psychological Bulleting0, 265-288. illusions. American Journal of Psychologyl, 277-282.
Fagot, J. (2000)Picture Perception in AnimalsHove, Pollack, R. H. (1970). Muller-Lyer illusion: Effeciof age,
Sussex: Psychology Press. lightness, contrast, and hugciencel70, 93-95.
Fellows, B. J. (1967). Reversal of the Muller-Ly#usion Prinzmetal, W., A. P. Shimamura & M. Mikolinski (@0).
with changes in the inter-fin lineQuarterly Journal of The Ponzo illusion and the perception of orientatio
Experimental Psychology9, 208-214. Perception and Psychophysi&s, 99-114.

Festinger, L., C. W. White & M. R. Allyn (1968). By Pritchard, R. M. (1958). Visual illusions viewed as
movements and decrement in the Muller-Lyer illusion stabilized retinal images. Quarterly Journal of
Perception & Psychophysic3, 376-382. Experimental psycholog{0, 77-81.

Fisher, G. H. (1967). A common principle relatigthe Redding, G. M & E. Hawley (1993). Length illusion i
Miiller-Lyer and the Ponzo illusion8merican Journal of fractional Mduller-Lyer stimuli: an object-perceptio

Psychology80, 626-631. approachPerception22, 819-828.
Frisby, J. P. & Davies, I. R. L. (1971). Is the tiapMller- Revesz G. (1934). System der optischen und haptisch
Lyer a visual phenomenomature,231, 463-465. RaumtauschungeZeitschrift fir Psychologiel31, 296-

Ginsburg, A. P. (1984). Visual form perception lthem 375.
biological filtering. In: Spilman R. & Wooten, G..R Rock, I. (1975)Introduction to perception New York:
(Eds.), Sensory experience, adaptation and perception Macmillan.

Hillsdale: Erlbaum, pp. 53-72. Segall, M. H., D. T. Campbell & M. J. Herskovits9g3).
Ginsburg, A. P. (1986). Spatial filtering and visdarm Cultural differences in the perception of geometric
perception. In: Boff, K. R., Koufman, R. & Thomak,P. illusions.Science 139, 769-771.
(Eds.),Handbook of perception and human performanceSteward, V. M. (1973). Tests of the ‘carpenteredldio
New York: Wiley, pp. 34-41. hypothesis by race and environment in America and
Glennerster, A. & B. J. Rogers (1993). New depththe Zambia.lnternational Journal of Psycholog§, 83-94.
Mdiller-Lyer illusion.Perception22, 691-704. Suzuki, K. & Arashida, R. (1992). Geometrical hapti
Gregory, R. L. (1966)Eye and Brain. The Psychology of illusions revisited: Haptic illusions compared wittsual
SeeingNew York: McGraw-Hill. illusions.Perception and Psychophysié&®, 329-335.
Gregory, R. L. (1968). Perceptual illusions andirbra Taya, R. & Y. Ohashi (1992). The reversed MilleetLy
models.Proceedings of the Royal Society,1B1, 279- illusion and figure — ground organization theory.
296. Perception21, 611-626.

Heller, M. A., D. D. Brackett, K. Wilson, K. Yonegaa, A.  Thouless, R. H. (1931a). Phenomenal regressidmetoeal
Boyer, H. Steffen (2002). The haptic Mller-Lydugion object. Part IBritish. Journal of Psychologgl, 339-
in sighted and blind peoplBerception31, 1263-1274. 359.

Heller, M. A., M. McCarthy, J. Schultz, J. Greend, Thouless, R. H. (1931b). Phenomenal regressiomnetodal
Shanley, A. Clark, S. Skoczylas, J. Prociuk (2009)e object. Part lIBritish Journal of Psychologg?2, 1-30.
influence of exploration mode, orientation, andThouless, R. H. (1933). Phenomenal regression gorehl
configuration on the haptic Miuller-Lyer illusion.  object.Nature,131, 261-263.

Perception 34, 1475-1500. Turnbull, O. H., J. Driver & R. A. McCarthy (20049D but
Hollins, M (1985). Styles of mental imagery in ldiadults. not 3D: Pictorial depth deficits in a case of visagnosia.
Neuropsychologia23, 561-566. Cortex,40, 723-738.
Leibowitz, H., R. Brislin, L. Perlmutter & R. Hensgy Villard, E., F. T. Garcia-Moreno, N. Peter & G. @iént
(1969). Ponzo perspective illusion as a manifestatf (2005). Geometrical visual illusions in microgravit
space perceptiolsciencel66, 1174-1176. during parabolic flight. Cognitive Neuroscience and

Myambo, K. (1972). Shape constancy as influenced by Neuropsychologyl6, 1395-1398.
culture, Western education, and ageurnal of Cross- Weidner, R. & G. R. Fink (in press). The neural

Cultural Psychology3, 221-232. mechanisms underlying the Miiller-Lyer illusion aitsl
Nakamura, N., K. Fujita, T. Ushitani & H. MiyataQ@6). interaction with visuospatial judgmentSerebral Cortex
Perception of the standard and the reversed Mifer- in press.

figures in pigeons (Columbia livia) and humans (kbom Wenderoth, P. & D. Burke (2006). Testing the tiiastancy

Sapiens)Journal of Comparative Psychology20, 252- theory of visual illusionsPerception 35, 201-213.

262. Woodworth, R. S. (1938).Experimental Psychology
Nijhawan, R. (1995). Reversed illusion with three Austin, TX: Holt, Rinehart and Winston.

dimensional Mdiller-Lyer shape®erception,24, 1281- Zanker, J. M. & A. K. Abdullah (2004). Are sizeuflions in

1296. simple line drawings affected by shadirf@rception 33,
Over, R. (1967). Haptic illusions and inappropriate 1475-1482.

constancy scalindNature,214, 629.

584



