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Abstract—These studies examined the role of spatial encodin

inducing perception-action dissociations in visual illusions. ParticiMilner, Jakobson, & Carey, 1991; Milner & Goodale, 1995). In cqg

pants were shown a large-scale’N&u-Lyer configuration with hoop
as its tails. In Experiment 1, participants either made verbal estim
of the extent of the Mier-Lyer shaft (verbal task) or walked th
extent without vision, in an offset path (blind-walking task). For b
tasks, participants stood a small distance away from the config
tion, to elicit object-relative encoding of the shaft with respect to
hoops. A similar illusion bias was found in the verbal and motg
tasks. In Experiment 2, participants stood at one endpoint of the 3
in order to elicit egocentric encoding of extent. Verbal judgme
continued to exhibit the illusion bias, whereas blind-walking jug
ments did not. These findings underscore the importance of egoce
encoding in motor tasks for producing perception-action dissociati

A growing body of empirical evidence suggests that the hun
visual system comprises two separate but interacting proces
streams (e.g., Held, 1968; Milner & Goodale, 1995; Schneider, 1
Ungerleider & Mishkin, 1982). Initial accounts proposed a divisi

visuomotor control is spared (Goodale, Meenan, et al., 1994; Goo

trast, patients with damage to the parietal lobe usually show defici
tesually guided actions such as reaching toward and grasping obj
e but show normal object recognition performance (Jakobson, Ar
pthald, Carey, & Goodale, 1991; Jeannerod, Decety, & Michel, 19
ra- For normal observers, the perception-action dissociation is der
itstrable when a mismatch occurs between perceptual and motoric
riments about some dimension of the environment. For examn
haftomis, Da Silva, Fujita, and Fukusima (1992) found that observi
nigerbal judgments of perceived distance were foreshortened in d
gn contrast, when the observers blind-walked (i.e., walked with

dale,
n_
fsin
ects,
chi-
D4).
non-
udg-
ple,
ers’
epth.
out

nigion) to the targets, the foreshortening bias disappeared. Similar

ndissociations have been found with verbal and pointing discrim
tions of target movement (Bridgeman, Lewis, Heit, & Nagle, 19
Goodale, Pelisson, & Prablanc, 1986) and with verbal and hg
nastimations of geographical slant (Creem & Proffitt, 1998; Proff
sBigalla, Gossweiler, & Midgett, 1996).
D69; Another perception-action paradigm that has been used with
oparent success involves visual illusions (e.g., Aglioti, DeSouza

between the processes of object recognition and spatial localiz
(e.g., Ungerleider & Mishkin, 1982). More recently, Milner a

atlenodale, 1995; Gentilucci, Chieffi, Daprati, Saetti, & Toni, 199
Haffenden & Goodale, 1998; cf. Franz, Gegenfurtnef|tiff, &

Goodale (1995) have posited a division between phenomerkahle, 2000; Pavani, Boscagli, Benvenuti, Rabuffetti, & Farne, 19
awareness, or perception, and visually guided action. The propps$tticipants typically view two-dimensional depictions of an illusg
segregation between streams is not only functional, but also neufigure and make verbal and motor responses to some characteris
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anatomical. Visual information for perceptual processing runs veit- For example, Aglioti et al. (1995) found that participants’ verbal

trally from the primary visual cortex to the inferior temporal cortexgstimations of the width of the inner circle of an Ebbinghaus fig
whereas information for visuomotor control runs dorsally to the posere biased by its surrounding circles in a predictable mahmer
terior parietal cortex. Moreover, the two streams are thought to praantrast, grasps made toward the same inner circle were unaffect
cess visual information differently (Haffenden & Goodale, 199&he illusion. Similar dissociations have been demonstrated with
Milner & Goodale, 1995). The ventral stream encodes the relatidller-Lyer illusion (Gentilucci et al., 1996), the Roelofs effe
sizes and distances among features of an object or groups of objéBridgeman, Gemmer, Forsman, & Huemer, 1998; Bridgeman, Pe
using various reference frames, including environmental or obje&-Anand, 1997), and illusions of induced motion (Abrams & Lan
relative frames. For example, the object-relative encoding of |tlggaf, 1990; Bridgeman, Kirch, & Sperling, 1981).

handle of a cup with respect to its base allows its identification as a The illusion paradigm has recently come under some critici
coffee cup. In contrast, the dorsal stream must encode informatioowever. In particular, three issues have been raised. One poin
with respect to the appropriate egocentric reference frame for a giviains to whether the perception and motor tasks used in some of
action. In order for someone to pick up the coffee cup, it must studies address the same physical characteristics of the illusory fi

encoded with respect to the coordinate system of the person’s
The goal of this article is to highlight the importance of appropri
encoding strategies in assessing perception-action dissociations
illustrate that egocentric encoding is a necessary component f¢
action response to be dissociated from perception.

The perception-action dissociation has been demonstrated
clearly with neurological patients. Patients with damage to the t
poral lobe usually exhibit impairment in object recognition, wher
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ameing tested (e.g., Gillam, 1998; Gillam & Chambers, 1985; M4d
atileuer, Villardi, & Chambers, 1985; Post & Welch, 1996; Welq
.Ret, Lum, & Cohen, 1996). For example, Mack et al. (1985) d¢
ranstrated that pointing to the vertices of & IMuLyer shaft (motor

task) involves the perceived location of the shaft’'s endpoints, whe
guieebal estimations of the same shaft’s length (perception task) inv

pasl characteristic under examination (e.g., extent) could be

1. The Ebbinghaus figure consists of two target circles of equal size,
Hswfrounded by a ring of smaller circles and the other surrounded by a ri
pilarger circles. People typically report seeing the target circle in the for
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scenario as larger than the target circle in the latter.
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founded with another characteristic (e.g., location). For example, @mcoding (i.e., encoding of the lines’ endpoints with respect to €
testing perception-action dissociations of the extent of déviLyer | other and possibly to the hoops). In Experiment 2, we altered
shaft, Welch et al. (1996) used a finger-span response for a motor|tddk/ler-Lyer configuration so that it would elicit egocentric encodi
in which observers matched the distance between thumb and forefire., encoding of the lines’ endpoints with respect to the participg
ger to the shaft length. So that the measure of shaft extent would\We predicted that the former scenario would result in an illus
dissociated from the fingers’ location relative to the shaft’s endpoingffect in both perception and action tasks. However, we predicted
performance of the finger-span task was physically offset from |thatter task would show a perception-action dissociation.

location of the figure. This manipulation, however, leads to concerns

about a necessary egocentric component of visually guided respgnses,

an issue to which we return soon. A final issue is that motor tasks must

be performed open loop (i.e., without visual feedback) so that place-

ment of the limbs is not aided by visual matchup with the stimulus. Method
Indeed, when Welch et al. (1996) took these issues into account, theParticipants
judged extent of the Mier-Lyer shaft showed a similar bias in both

EXPERIMENT 1

Twenty-four undergraduate students (12 female, 12 male) pa

motor and perception tasks. Welch et al. concluded that controlling ﬁéted in the experiment as part of a research-credit requiremen

these three factors was necessary for accurate tests of perception-
action dissociations.

More recent studies suggest that additional methodological is|
should be considered. Although a task may be motoric in nature,
not always the case that the action is driven purely by the vis

guidance system. Motoric responses often do not remain indepe {&Ie. The hoops were either turned in toward a line (hoops-in g

: . Wi
from perceptlor_L For example,. the perceptual encoding syste %Jration) or turned out from its ends (hoops-out configuration).
been shown to influence motor judgments after a temporal delay (e.d.,

Creem & Proffitt, 1998; Gentilucci et al., 1996; Goodale, Jakobso
Keillor, 1994).

As mentioned earlier, an important factor in distinguishing
perception and action processing streams is the way each en
information. In particular, for a dissociation to occur, the action ta
must rely on egocentric encoding. Haffenden and Goodale (19
have used this criterion to demonstrate a dissociation within two
tor tasks: open-loop finger-span adjustments of the inner disk o
Ebbinghaus figure and open-loop grasps directed toward the i M&nter recorded responses.

disk. Grasping the disk was found to be unaffected by the surrounding, - “1ha blind-walking task, participants viewed the configurati

circles of the Ebbinghaus figure, whereas finger matching exhiit?&ned 90° to their left, and were fitted with a blindfold. They th
the usual illusion bias. Haffenden and Goodale argued that the latter

motor task was informed by object-relative encoding from the p
ceptual system. Support for this claim can be found in a study on a
patient with an impaired perceptual system, who was able to perform
accurate grasps toward blocks but had difficulty indicating widths
the same objects via finger-span adjustment (Goodale, Meenan,
1994). These findings collectively suggest that the manner in whigc
the visual system encodes a given action task is an important co|
eration for accurate tests of the perception-action dissociation.
The present studies examined these issues further by compa
perception and action judgments of a walkablélleluLyer configu-
ration. We used a dumbbell version of the'IMu-Lyer (Delboeuf,
1892), which was constructed of ribbon lines of varying lengths
placed on the ground and surrounded by hoops. The tasks werg
signed to take into account all of the issues for testing percepti
action dissociations previously raised by illusion researchers.
tasks involved judgments of extent, the measure of extent was pot a a
confounded with location, and the motor task was open loop. In[the
perception task, participants made verbal estimates of the extent ¢f|the
Muiller-Lyer shaft. In the motor task, they walked the extent of the Hoops-Out Hoops-In
shaft without vision, in a path offset from the configuration itself.
test effects of encoding on perception and motor judgments, we c@flg. 1. Overhead view of the hoops-out and hoops-irilletuLyer
structed two variations of the Mer-Lyer configuration. In Experi-| configurations used in Experiment 1. The dotted lines represen

e Materials

it sThe Muller-Lyer configurations were constructed of ribbon lin
sjwafts) surrounded by two hoops (tails) 71 cm in diameter (see

';b. The ribbon lines were 175, 225, 275, and 325 cm long and 1.6

& Procedure
h The Mtuler-Lyer configurations were presented on the floor, w|
Og’]gshoops-in and hoops-out configurations appearing in random o
articipants stood 1.5 m away from the endpoint of the line close
35 m. Participants performed either a verbal or a blind-walking
sponse task.
" For the verbal task, participants estimated the length of the lin
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ment 1, the configuration was designed to elicit object-relativebject-relative encoding of distance between line endpoints.
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walked the extent of the line while using their left hand to hold o
a guide rope held taut by two experimenters. This measure eng
that participants walked in a straight line down the hallway. Ong
participant had walked the line’s extent, he or she stopped and g
in place. The experimenters then used a tape to measure the he
heel distance from the start to endpoint of the walk. The particig
was then led back to the test site, where the blindfold was remo

Between judgments, participants were instructed to look a
from the test site so they could not see the experimenters arrangin
next stimulus configuration.

The verbal and blind-walking tasks were analyzed as betwg
subjects variables, whereas the hoops-in and hoops-out configurg
were analyzed within subjects.

Results and Discussion

The principal finding was that the illusion bias was present in
verbal and blind-walking tasks: In both, participants gave gre
estimations of line extent with the hoops-out configuration than v
the hoops-in configurationA 2 (configuration) x 2 (task x 4 (line
length) analysis of variance revealed a main effect of configurat
F(1, 22) = 25.21,p<.0001, but no Configuration x Task interactio|
p = .56 (see Fig. 2). There was also a significant effect of line len
F(3, 66) = 378.37,p < .0001, indicating that both verbal and blin
walking estimations increased linearly with line length.

To measure the magnitude of the illusion bias, we calculated
mean proportion of overestimation between the hoops-out and hd
in conditions (i.e., [out — in]/out) for each subject. The mean diff
ence in percentage of overestimation between verbal (9.6%)
blind-walking (5.6%) judgments was not significapt,= .18.

We propose that the apparent perception-action association f

in Experiment 1 was due to the type of encoding afforded by
400
T. 7
Walk Out
350 T
*,Walk In
R Verbal Out
300+ v
H Verbal In
Estimated
Line Extent 2507
(cm)
2004
150+ W
1004+—— , . ; ;
100 150 200 250 300 350 400
Actual Line Extent (cm)

Fig. 2. Mean estimations of line extent and standard errors as a fi
tion of actual line extent, for the blind-walking and verbal tasks|
Experiment 1. “In” and “out” refer to the hoops-in and hoops-(
Muller-Lyer configurations, respectively. The dotted line represe

htexperimental setup. The fact that participants were spatially sepa
elime extent with respect to the hoops rather than to the particip

tabemselves, regardless of task. Object-relative encoding is thoug

vedlleagues, such a strategy can also lead to illusion effects in n
vegsks (Goodale, Meenan, et al., 1994; Haffenden & Goodale, 19
gAlmealternate interpretation is that the perception-action dissociatid

cepossibility in Experiment 2.
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uirean the Muler-Lyer configuration may have induced encoding

eldalerlie the typical illusion bias found with perception tasks (Mil
aft Goodale, 1995). As evidenced in the findings of Goodale &

illusions may be spurious (Welch et al., 1996). We examined

itions

EXPERIMENT 2

Experiment 2 was designed to make egocentric encoding of
Muller-Lyer configuration a more efficient strategy in the blin
alking task. We accomplished this by altering two aspects of
.experimental setup. First, we eliminated one hoop (the one neare
participant) from the configuratioh.Second, participants stood d
0rnectly at the near (i.e., hoopless) endpoint of the line. The resu
setup afforded encoding of the line’s extent with respect to the
icipant in a straightforward manner. As in the previous experim
participants judged the line’s extent by either verbal estimatior]
blind-walking. We predicted that if egocentric encoding is a neces
tﬁreiterion for accurate movement, judgments in the blind-walking t
wg_uld show no effect of the Mler-Lyer illusion. In contrast, becaus
erceptual size estimations typically elicit object-relative encod
(Haffenden & Goodale, 1998), we still expected to find an illusi
1as in verbal judgments.
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Method

Participants

Thirty-three undergraduate students (20 female, 13 male) pa
pated in the experiment as part of a research-credit requirement
data of 1 additional participant (from the verbal task) were exclu
when the difference between values for the hoop-in and hoop
configurations was found to be more than three times the stan
deviation of the mean difference.

Materials
The Muler-Lyer configurations differed from those of Experime
1 in that the ribbon lines were affixed to only one hoop, which v
placed at the end farthest from the participant (see Fig. 3).

Procedure

The procedure was identical to that of Experiment 1, except th
both the verbal and the blind-walking tasks, participants initig
viewed the stimuli by standing with their toes directly on the ribbo
near endpoint.
unc-
in
ut 2. Previous research has shown that thdléftLyer illusion effect can be
nédicited from single-tail configurations (Greene & Nelson, 1997; Taug

perfect accuracy.
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A

Hoop-In

i

Hoop-Out

Fig. 3. Overhead view of the hoop-out and hoop-iri IMt-Lyer con-
figurations used in Experiment 2. The dotted lines represent the
centric encoding of distance from the observer to the line’s
endpoint.

Results and Discussion

The principal finding was a difference in the illusion’s effe
across tasks. Participants in the verbal task gave greater estimati
line length in the hoop-out configuration compared with the hooy
configuration. In contrast, participants in the blind-walking tg
showed no difference between hoop-in and hoop-out estimations|
Fig. 4). A 2 (configuration) x 2 (tasR x 4 (line length) mixed design
analysis of variance revealed significant effects of configurafigh,
32) = 6.03,p < .02, and line length=(3, 96) = 260.04,p < .0001.
Most important to our hypothesis, a significant Task x Configurat
interaction was foundi(1, 32) = 4.96,p < .034. Post hoc analyse
revealed that in the verbal task, estimations for the hoop-out con

400
Walk Quif
Walk-In
350+ Hi Verbal Out
" Verbal In
300+
Estimated
Line Extent 250+
(cm)
200+
1504
100 o T T T T T
100 150 200 250 300 350 400
Actual Line Extent (cm)

Fig. 4. Mean estimations of line extent and standard errors as a fi
tion of actual line extent, for the blind-walking and verbal tasks|
Experiment 2. “In” and “out” refer to the hoop-in and hoop-o
Muller-Lyer configurations, respectively. The dotted line represe

ration were greater than estimations for the hoop-in configura]
F(1, 16) = 14.54,p < .002; in the blind-walking task, this comparisd
yielded no differencep = .88.

To measure the magnitude of the illusion bias, we calculated
mean proportion of overestimation between the hoop-out and hoq
conditions for each subject. The mean difference in the percenta
overestimation was significantly greater in the verbal task (3.7%) 1
in the blind-walking task (0.15%)F(1, 32) = 4.28,p < .05. A
between-experiment analysis revealed a reduced overestimation
from Experiment 1 to 2, for both the verbal and the blind-walki
conditions,F(1, 54) = 12.86,p < .001.

In contrast to Experiment 1, Experiment 2 demonstrated a di
ciation between verbal and blind-walking judgments of line ext]
using a setup conducive to egocentric encoding. When particip
were positioned in such a way as to encode thdlélLyer configu-
ration with respect to themselves, their blind-walking performa
showed no effect of the illusion. However, their perceptual judgmg
e@entinued to be biased, albeit to a lesser degree than with a two-
fabnfiguration. The latter result is consistent with the notion that

Muiller-Lyer illusion bias decreases proportionately with eliminati
of the number of angles intersecting the line (Tausch, 1962). T4
together, the present findings suggest that egocentric encodin
ctmotor tasks is a necessary criterion for eliciting perception-ac
rdisgociations.
-in An alternative explanation for the differences found between
skal and blind-walking judgments might be differential effects of
(ttional distribution across configurations in each task (e.g., Pre
& Pressey, 1992). For example, it might be the case that blind-wal
judgments of extent generally involved a field of attention conc
trated on the hoopless center of the configuration, whereas vg
o@stimations of extent did not. However, this argument cannot acc|
sfor the change in blind-walking illusion biases found across exp|
ignents. A more tenable explanation is that the presence and abse
the bias in blind-walking judgments was driven by differences|
encoding.
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GENERAL DISCUSSION

The present research supports the existence of perception-gction
dissociations in visual illusions. More important, it underscores [the
necessity of egocentric encoding in motor tasks if they are to prodluce
such dissociations. Altering the ‘Mer-Lyer setup from a configura
tion that was physically separate from the observer to a configuration
that could be efficiently encoded with respect to the observer resulted
in elimination of the illusion bias in the blind-walking task. In con
trast, verbal judgments showed an illusion effect regardless of| the
configural setup. These findings support the idea of distinctive pro-
cessing mechanisms for perception and action (Milner & Goodale,
1995).

One implication of our results, however, is that there is sgme
flexibility in the way spatial information is processed by the human
visual system. Although the mechanism providing cross talk between
systems is presently not known, a number of circumstances in which

Jr%:_tion tasks are influenced by the perceptual system have been|iden-
ifified (e.g., Creem & Proffitt, 1998; Gentilucci et al., 1996; Goodale,
utakobson, & Keillor, 1994; Haffenden & Goodale, 1998). The resjilts
n@$ the present study indicate that action tasks can be influenced by

=

perfect accuracy.
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object-relative encoding as a result of environmental factors, sudh as
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the position of the observer with respect to the configuration.

illustrated that identical blind-walking actions can produce different

results depending on the processing systems involved. The critigghdale, M.A., Milner, A.D., Jakobson, L.S., & Carey, D.P. (1991). A neurologi
e thedissociation between perceiving objects and grasping therture 349 154-156.

variable appears to be the spatial reference frame used to enco
scene.
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