Current Research in Psychology 1 (2): 102-107, 2010
ISSN 1949-0178
© 2010 Science Publications

Contrasting Three Popular Explanationsfor the Muller-Lyer Illusion
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Abstract: Problem statement: Using the method of adjustment, participants caegbahe line
lengths of ‘dumbbell’ and ‘spectacle’ versions ofilMr-Lyer (circles and ovals at the endpoints in
place of arrowheadsfpproach: Three popular competing explanations for the idingconflicting
cues, misapplied size constancy scaling and caniugiypothesis) make differing predictions
concerning the pattern of change in illusion sttenghen the bounding elements are varkResults:
PSEs were computed for circle and spectacle vessbrMuller-Lyer, in which the end points were
varied in size or orientation. A set of planned pamsons were carried out between the baseline
versions of the illusion (with small endpoints) ahe other configurations where the inner, outer, o
both bounding elements were altered. Increasingittee of the inner bounding circles, as well as the
inner and outer bounding spectacles, gave risgytifisant increases in the illusion size (althouplke
effect was not additive), however increasing thee sif the outer bounding circles resulted in an
unexpected significant decrease in illusion siz¢ m@dicted by any model considered here (all
differences significant at p<0.005). It is possibhat this unusual result is due to the bounding
elements being perceived as separate from thebkirgg boundConclusion/Recommendations: In
summary, Confusion Hypothesis came closest to giiadithe observed pattern of results however a
complete explanation requires a combination of pidi@d Size Constancy Scaling, Confusion
Hypothesis and the Ebbinghaus illusion.

Key words: Muller-Lyer illusion, constancy scaling, confusion hypothesgpectacle stimuli,
dumbbell stimuli, bounding circles, misapplied sigbbinghaus illusion

INTRODUCTION challenged this central assumption of distance
inferences in Misapplied Size Constancy Scaling
The Muller-Lyer illusion, in which two lines are because, for example, observers do not perceiver inn
made to appear to be different lengths by manimglat corners as being further away than outer cornemnwh
the bounding arrowheads at their endpoints (Fig), 1A the stimulus is viewed as a three dimensional model
has received extensive study over the years and/ marfMcGraw and Stanford, 1994; Stacey and Pike, 190),
candidate explanations for it have been proposedomewhat attenuated version of the illusion caruocc
(Robinson, 1998). Three popular accounts, Misagpliewhen dots are employed instead of lines (Greist-
Size Constance Scaling, Conflicting Cues and Camfus Bousquet and Schiffman, 1981; Fig. 1B), when overt
Hypothesis, form the focus of the study presentzd.h three dimensional cues are provided (DelLucia and
According to Misapplied Size Constancy ScalingHochberg, 1991), or even when the stimuli are
(Gregory, 1997) the illusion is due to the percaptu examined haptically. Despite this, Gregory's idea
system misperceiving the lines as being differentcontinues to enjoy popularity in current textboaks
distances from the observer, which in turn, aftbeir  the topic (Goldstein, 2009), likely due to several
relative perceived sizes, due to the boundingeasons. First, it is fairly well established thatceived
arrowheads being interpreted as conveying threedistance can influence the perceived size of aerabbj
dimensional information. Although there is somesuch a mechanism being necessary for size constancy
supportive evidence for this notion (Madden andtBur occur (Holway and Boring, 1941). Second, the
1981), critics point out that the size constancgling examples held up as evidence against Gregory's
model offers no explanation for how, in the oridina mechanism fail to rule out Misapplied Size Consyanc
Muller-Lyer configuration, the two lines are actyal Scaling directly for the original illusion, instead
perceived to be different distances relative to onessuming that because the illusion persists in the
another, as opposed to relative to their own inuyci absence of depth cues (e.g., the dot version)hd=rp
elements (Rock, 1975). Moreover, many studies havenformation is not playing a role in the illusion all.
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For example, there is evidence that the haptidwesf

Muller-Lyer is governed by different mechanismsntha > <
those found in the traditional visual version.

Specifically, when cross-modal versions of Mullgrek H
are created (in which the stimuli are partly hajatic

partly visual), the illusion size is greatly dimshied, Traditional version
implying different mechanisms may be responsible fo @

the haptic and visual versions of the illusion. Rudre
broadly, it is possible that more than one meckmanis
may be playing a role in the illusion dependingtba
type of stimulus employed and a misapplied constanc
scaling mechanism might be one of them. In fact, in . -
favor of this last possibility is recent neurolagic . .
evidence supportive of a misapplied size constancy Dot version
scaling account for the visual version of the Mulle (b)

Lyer (Weidner and Fink, 2007).

Day (1989) ‘Conflicting Cues’ explanation states O—O

that the illusion is a consequence of the oveerdfths

of the two component stimuli being different. 6—6
Specifically, the arrowheads themselves contriliote
the overall perception of length, resulting in an
averaging process, where the perceived length ef th
line is a function of the actual length integratéth the

length of the entire stimulus. In other words, time O O

Dumbbell version

(©

bound by inward-pointing arrowheads is seen asdgng

due to the additional length of the arrowheads @_@

themselves contributing to that length estimate. Spectacle version
The Confusion Hypothesis (Sekuler and ()

Erlebacher, 1971) is somewhat similar to Confligtin

Cues, in that according to this explanation thetlerof Fig. 1:
the line is influenced by the inter-tip distancetvieen

the bounding arrowheads. So, the inward-pointing

ahrrowhead_s r:ja\/lg Iar:ge inrt1er ti%diitances th?ftmr Each of the previously-mentioned explanations makes
the pﬁrc%lveh Ine elrl‘gtt atn dt te outwar 'po'nt'ngdlfferent set of predictions of change in illusismength
arrownh€aas have small Inter-ip distances, COmmgss ;¢ 1o bounding elements are changed in termgharei
the perc.elved line length. This is not the'onlyrsuc their size (in the case of dumbbell stimuli) or
Sé?(l:zg?agn‘sggttc{ﬁ:g’ L(?rthl\(/leuflilltqeg-_li_nytzrnéh%torlnmpl|ee§ orientation (in the case of spectacle stimuli). Wha
of the fins-out (for example, Bulat@t al. (1997) spatial fOIIOVAVEHzfg?OLG;iSSSta"SSinetchl)i?att'r?;‘t Oftrgger’ze.are o

filter model, or Findlay (1982) ‘center of gravityor o
alternatives). The work presented here is not gedrio ~ @Pparent depth cues for the dumbbell stimuli (heree

specifically test between these various alternsfisence associated .di.stance .inference mechani;m should be
for the most part, they will make similar predictiofor ~ €ngaged), it is possible to salvage a size congtanc
the stimulus configurations employed. For the peepof ~ Scaling explanation for this illusion if the cirelavere
brevity, however, Confusion Hypothesis will be used perceived as three-dimensional dumbbells/bowling
denote this class of explanation. balls and the line perceived as a physical bahdf is

This study was designed to test betweerthe case, then the line that overlaps the circleslavbe
competing predictions made by these threeperceived as ‘on top’ of the bowling balls and #fere
perspectives by systematically varying the size orcloser to the observer, than the bar lying betwiben
orientation of two variants of the classic Muller bowling balls. In this way, misapplied size constan
Lyer: the ‘dumbbell’ (Parker and Newbigging, scaling might still be active, since the line op tj the
1963) version, where the bounding elements ardounding elements, if seen by the perceptual sysiem
circles (Fig. 1C) and the ‘spectacle’ versio closer, should be perceived to be smaller tharlitiee
where the bounding elements are ovals (EiD). lying between the bounding elements. Note that this
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O —mekive emed <Riluive timeati— —1o o) Finally, the Confusion Hypothesis would predict
, ‘ that increasing either the inner or outer circléshe
- el B < B dumbbell versions, or rotating either the inneoater
9 - s T |3 ovals of the spectacle stimuli, should result icréases
_ 1 1 ? in illusion strength relative to baseline, since dh
¥ vs cases, the intertype distances of the bounding eiesn
; . 1 0 T 1 would be different.
In summary, all three models vary in terms of the
4 - ) ¢ 1 pattern of outcome that would arise when the baundi
elements are varied. A summary of these predictiass
5 - t 0 well as a summary of the obtained outcomes, can be
found in Fig. 2.
e T
MATERIALSAND METHODS

Fig. 2: Predicted and obtained changes in illusio
strength as a result of change in boundin
element size or orientation (MSCS =
Misapplied Size Constancy Scaling; CC =
Conflicting Cues hypothesis; CH = Confusion
Hypothesis)

r‘iDarticipants: About 50 male and female Psychology
gundergraduates participated in exchange for partial
course credit. The median age for the sample was 19
years old. All participants had normal or correeted
normal eyesight.

prediction remains the same whether or not theetarg Stimuli: All stimuli consisted of either a spectacle or

perceived as being the same size but closer to trNd appearing in random places on the screen dn eac
observer. trial. The two component figures for each instante
The prediction that follows from this according to the illusion were never aligned vertically.

Misapplied Size Constancy Scaling is that incregasin circlgsorvv«tar;: odnuem;r?deltlwztlgxhi,n t(;zmSeTe?” r:snd elglrteil\r/%e
the size of the inner bounding circles should tasuhn ' P

. . . . . ) . By systematically varying the size of the bounding
increase in the size misperception of the line (wuit circles to be either one (small) or two (large)

now being perceived as closer than if small cirolese  centimetres in diameter, the four configurationsthe
employed), while increasing the outer boundinglesc jjlusion were constructed (small outer/small inner,
should not (since, in either case, the line is dyin small outer/large inner, large outer/small innerd an
between the bounding elements). Conversely, whefarge outer/large inner).

spectacle bounding elements are employed, where the For the spectacle stimuli, the oval measured 1 cm
orientation of the oval is varied for inner and esut in width and 2 cm in length. Similar configuratiotes
bounding elements, Misapplied Size Constancy Sgalinthoseé seen in the dumbbell configurations were
would predict no effect on illusion strength duethe =~ €mployed Dby orienting the bounding ovals either

fact that rotating the ovals would not produce ange vertically (corresponding to ‘small’ according to
. . . o Conflicting Cues or Confusion Hypothesis) or
in perceived distance, hence the illusion strength

. %orizontally (corresponding to ‘large’ according to
should be constant across all spectacle trial types Conflicting Cues or Confusion Hypothesis). Examples

According to the Conflicting Cues account, uf 4| eight stimulus types can be seen in FigTBe
increasing the size of the outer bounding circtesull  standard stimulus (always the lower of the twolia t
increase the strength of the illusion (the resgltin display) was set at 9 cm in length. The comparison
stimulus would now be longer overall), whereashwit figure (that participants could adjust) started eitiher
no new length being added to the stimulus, incneasi 4 cm longer or 4 cm shorter than the standardngivi
the size of the inner circles should not signifibtan rise to two adjustments occurring for each stimulus
affect the illusion. Also, Conflicting Cues wouldeglict ~ configuration.
that when spectacle bounding elements are employed,
then rotating the outer, but not the inner, bougdin Procedure: The method of adjustment was employed,
ovals should result in increases in the illusioersgth. with participants controlling the length of the @pp
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most line. Participants sat approximately 57 cmyawa The sole exception, in which the outer bounding
from the Samsung SyncMaster 920BM flat-screerelements for the dumbbell stimuli were increased in
monitor (1 cm = 1° visual angle) and were instrdcte size, resulted in an unexpected significant deeréas
not to move forward or back through the coursehef t illusion strength.

study, which took approximately ten minutes to

complete. Each participant received a random anderi DISCUSSION

of the stimuli for adjustment.

None of the models by themselves is able to fully
RESULTS account for the results obtained in this studystEifor

_ _ _ the most part, the data were not supportive of

For each trial, the difference (in cm) between theyjisapplied Size Constancy Scaling. Re-orienting the
upper and lower line following adjustment for eagdl  poyunding ovals of the spectacle stimuli should reote
type and participant was computed as the measure gfyen rise to any change in perceived distance fioen

illusion strength (lower line Ie_ng_th-upper line &h).  ohserver and Misapplied Size Constancy Scaling
From these, mean PSEs consisting of the averatie of correspondingly would predict that this manipulatio

P(I)Vr?nae(gutsrgr:e‘%se;r ai‘”itgglrjllu;%eef‘(’)vreﬁgorrgzgﬂiseshould not result in any change in illusion strésgt

stimulus type used in subsequent analyses. Figure %econd! Confllctmg _Cue; theory failed to predhm'at

displays the obtained mean illusion strengths an ObUSt. increase in illusion strength when the inner
ounding elements of the dumbbell configurationever

standard errors for each stimulus type. . . i . e
Based on the predicted outcomes depicted ifpcreased in size. Finally, although the prediction

Fig. 2, a set of six planned comparisons was chuoig made by Cpnfusion Hypothesis co_nf(_)rmgd most cl_osely
using a Bonferroni adjustment (each with a twoethil to the obtained pattern of change in illusion gtas, it
criterion of p<0.008), comparing the illusion size Was still the case that increasing the size ofdhter
obtained for each ‘baseline’ stimulus to each a th dumbbell elements gave rise to a significant deserea
other respective configurations for that stimulyset illusion strength, rather than the predicted inseedn
Table 1 shows the outcome of these tests for efich éact, this anomalous result would not be predidigd
the comparisons. In summary, all six obtainedany account for Muller-Lyer that is based on the
differences were significant at p<0.005. A&an outward inducing elements contributing to an
be seen from the last column in Fig. 2, relatie  overestimate of the line length, such as Ginsb£8g§6§)
the baseline configuration, all but one &hon  spatial filter theory, Festingeet al. (1968) visual
on bounding element size or orientation vega scanning-time hypothesis, or Gilster and Kuhtz-
rise to significant increases in illusiostrength. Buschbeck (2010) center of gravity notion.

It would appear, then, that the pattern of resiglts
due to a combination of several mechanisms operatin
simultaneously, that may have varied between splecta
M=1.03 M=071  M=151 M=132 and dumbbell configurations. First, for the dumbbel
SE=0.072 SE =0.085 SE=0.079 SE=0.076 H H i 1 I

stimuli, the act of increasing the bounding elemment
may have resulted in those circles no longer being
perceived as “part of” the entire stimulus and east
M=0.78 M=104 M=118  M=156 were seen as separate entities to the line. Sdebt®f
SE=0093 SE=0082 SES0.087  SEZ0.083 have been previously reported (Fellows, 1967; Restl
and Decker, 1977), however the size of the bounding
Fig. 3: lllusion strength Means and Standard Erfors ~€lements required for such an effect to occur Usual
each stimulus type extend well beyond those used here. It is possible,
though, that the perceptual detachment point is les
Table 1: Pairwise comparisons for each of the sixtrasts found in ~ €xtreme when circles are used as bounding elerasnts

Fig. 2 opposed to when the more common fin configurations
Comparisons from Fig. 2 t Sig. (2-tailed) gre employed. This would result in Confusion
g; 'g-ggé <8-88§ Hypothesis predicting a slight drop in illusionestgth
9 5775 <0.001 relative to the baseline for either the outer arein(or
d) 3.036 0.004 both) bounding elements were increased for the
€) 4.134 <0.001 dumbbell stimuli, because the larger circles wondd
f) 7.749 <0.001 longer be perceptually integrated with the lines.
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Unfortunately, though there was a significant diop the specific configuration (haptic, dot, traditibnaf
illusion strength when increasing the size of tieo  Muller-Lyer employed in the study. If dot or haptic
dumbbells, there was a corresponding significanstimuli are employed, it rules out a Misapplied 5iz
increase in illusion strength when the size ofitirer  Constancy Scaling mechanism operating to produce
bounding dumbbells were increased, contrary tdllusions for those, but not necessarily all, vers of
Confusion Hypothesis’ modified prediction. In other Muller Lyer. Likewise, the existence of the illusio
words, if this perceptual segregation of shaft andunder such a wide variety of conditions virtually
bounding elements for the dumbbell stimuli is tgkin precludes the notion of a single mechanism govgrnin
place, there must be some other mechanism playing al of them, given the wide range of stimuli andsary
role besides that specified by Confusion Hypothesis modalities within which it appears. Researchers,
Conflicting Cues, to fully account for the obtained therefore, might be wise to entertain the possibitiat
pattern. there are multiple means of producing what appears
the surface to be a single illusion, instead oftioing
CONCL USION to pursue a Grand Unifying Theory for Muller-Lyer i
all its various disguises.
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