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The finding that the Ebbinghaus/Titchener illusion deceives perception but not grasping is usually seen
as strong evidence for Goodale and Milner’s (1992) notion of two parallel visual systems, one being
conscious and deceived by the illusion (vision-for-perception) and the other being unconscious and
not deceived (vision-for-action). However, this finding is controversial and led to studies with seemingly
contradictory results. We argue that these results are not as contradictory as it might seem. Instead,
studies consistently show similar effects of the illusion on grasping. The perceptual effects are strongly
dependent on the specific perceptual measure employed. If, however, some methodological precautions
are used, then these diverse perceptual results can be reconciled and point to a single internal size esti-
mate that is used for perception and for grasping. This suggests that the Ebbinghaus illusion deceives a
common representation of object size that is used by perception and action.
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The question whether visual awareness (or “per-
ception”) is generated by similar processes and
brain areas to those for visually guided motor
behaviour is not settled. According to the
perception-versus-action hypothesis of Goodale
and Milner (1992; A. D. Milner & Goodale,
1995), two different systems generate visual per-
ception and visually guided actions. This notion
was derived from a wide variety of arguments,
most notably from studies on neuropsychological
patients showing, for example, a double dis-
sociation between grasping an object and perceiv-
ing its shape (Goodale et al., 1994; Goodale,
Milner, Jakobson, & Carey, 1991).

Later evidence from healthy humans seemed to
strongly support this view. One very prominent
line of evidence was the finding that contextual
visual illusions, such as the Ebbinghaus/
Titchener illusion (Figure 1), affect perception to
a much larger extent than grasping (Aglioti,
DeSouza, & Goodale, 1995). In the framework
of the perception-versus-action hypothesis we
could interpret this surprising finding in the fol-
lowing way: Milner and Goodale (1995) assume
that the vision-for-perception system is based on
allocentric coding. That is, an object is coded rela-
tive to neighbouring objects. The vision-for-action
system on the other hand is assumed to code
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Figure 1. Ebbinghaus illusion and sample studies. (a) The Ebbinghaus (or Titchener) illusion (Ebbinghaus, 1902; Titchener, 1901; Wundt,
1898) as used in almost identical form in all example studies. The central circle is perceived as being smaller if surrounded by large context
circles than if surrounded by small context circles. The illusion is strongest if the large context circles are relatively far from the central circle
(large—far condition) and the small context circles are near (small—near condition). In all example studies, the central circle was replaced by a
disc that could be grasped. (b) A participant grasping in the setup of Franz et al. (2000). (c) A participant grasping in the set-up of Aglioti
et al. (1995). From “Size Contrast Illusions Deceive the Eye but Not the Hand”, by S. Aglioti, J. F. X. DeSouza, & M. A. Goodale, 1995,
Current Biology, 5, pp. 679—685. Copyright 1995 by Elsevier. Reprinted with permission. (d) When grasping, index finger and thumb
open to a maximum grip aperture (MGA) before touching the target object. The MGA is linearly related to the size of the target object.
(e) Illusion effects in the example studies. (f) Results of Haffenden et al. (2001) after correcting for the different slopes of the linear
Sfunctions relating physical size to the dependent measure. Illusion effects are shown for the following dependent variables: “Grasp”: MGA
when grasping. “Perc: direct” and “Perc: separate’: classic perceptual measures for direct and separate comparisons, respectively. “Man Est’:
manual estimation. Data are from: Aglioti et al. (1995, Fig. 5); Haffenden and Goodale (1998, personal communication, June 26,
1998); Haffenden et al. (2001, Fig. 1; conditions: “traditional small/large” and pp. 177—178); Pavani et al. (1999, p. 99, and personal
communication, October 4, 1999); Franz et al. (2000), and Franz et al. (2003), own records. All error bars depict + 1 SEM. In (e)
the SEMs were estimated using the delta method (i.e., a linear Taylor approximation, of. Buonaccorsi, 2001, Franz, 2007). Because this
method needs the correlation between dependent measure and slope (which were not reported), two error bars are depicted for p = —.50
(larger SEM) and p = + .50 (smaller SEM). The “true” SEM will probably be between these values. (Figure can be seen in colour online.)

objects in egocentric coordinates, relative to the
effector used to interact with the object. Because
the Ebbinghaus illusion is induced by the neigh-
bouring context circles, it should only affect the
allocentric coding in the vision-for-perception
system. And because our conscious awareness is
assumed to have access only to the vision-for-

perception system, it cannot use the veridical size
estimate in the action system, and therefore the
hand should “know” sometimes the true, metrical
size of objects better than does our conscious
awareness. In short, “what we think we see may
not always be what guides our actions” (Aglioti
et al., 1995, p. 684). This surprising finding
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seemed to clearly corroborate the perception-
versus-action hypothesis suggested earlier by
Goodale and Milner (1992).

However, this finding is highly controversial
(Bruno, 2001; Carey, 2001; Franz, 2001; Franz,
Gegenfurtner, Biilthoft, & Fahle, 2000; Glover,
2002, 2004; D. Milner & Dyde, 2003; Pavani,
Boscagli, Benvenuti, Rabuffetti, & Farne, 1999;
Smeets & Brenner, 2001), such that one might
get the impression that the data in this research
area were simply messy. To the contrary, we
argue that the data are surprisingly consistent
and that they point to a simple, parsimonious
explanation—namely, that both perception and
action are deceived by contextual illusions in a
similar way. This implies that we cannot count
contextual illusions as evidence for the percep-
tion-versus-action hypothesis.

To make our argument, we concentrate on the
Ebbinghaus illusion. The reason is that this illu-
sion has been investigated most thoroughly and
systematically and that it has “captured most of
the limelight” (Carey, 2001, p. 109). The original
interpretation that this illusion deceives conscious
perception but not actions (Aglioti et al., 1995) has
been for a long time the standard example in
healthy observers for the dissociation between per-
ception and action as proposed by Goodale and
Milner (1992; Milner & Goodale, 1995).

We show that quite simple, but sometimes
subtle, methodological aspects can lead to the
impression of a dissociation between perception
and action that is, in our view, not warranted by
the data. Of course, the question arises how our
arguments can be generalized to other illusions
and other actions. Given the huge literature on
this topic, it is not possible to discuss all existing
studies in detail. We do, however, discuss some
of the most prominent issues in the second part
of this article. Also we added an Appendix, dis-
cussing some more technical aspects that are rel-
evant if one wanted to conduct a study on this
topic.

The basic results and sources of controversy are
shown in Figure le. The figure summarizes the
results of six example studies that used similar illu-
sion configurations, so that we can roughly

922 COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (7-8)

compare the results. In the remainder of this
article, we refer to these studies as the “example
studies”. Inspecting the figure, we can see two
things: First, there are illusion effects on grasping,
and these effects are quite similar across the difter-
ent studies. This leads to our first question: If we
assume that Goodale and Milner (1992;
Milner & Goodale, 1995) are correct, then why
is there an illusion effect on grasping at all?
Second, the different perceptual measures deviate
substantially (compare the values for “Perc:
direct”, “Perc: separate”, and “Man Est”). This
leads to the second question: Which perceptual
illusion should be compared to grasping? And
why are the results of the perceptual measures so
different? Before discussing these questions, we
first need to give a little more technical detail on
how the illusion effects are measured in this area
of research.

How were the illusion effects measured?

Figure 1a shows the Ebbinghaus illusion as was
used in almost identical form in all of the
example studies. The central circle is perceived as
being smaller if surrounded by large context
circles than if surrounded by small context
circles. The illusion is strongest (Girgus, Coren,
& Agdern, 1972) if the large context circles are
relatively far from the central circle (large—far con-
dition), and the small context circles are near
(small-near condition). Further studies varied
the distances of the context circles to investigate
potential influences of obstacle avoidance mechan-
isms (Franz, Biilthoff, & Fahle, 2003; Haffenden,
Schiff, & Goodale, 2001). These are discussed
later.

To measure the effects of the Ebbinghaus illu-
sion on grasping, researchers replaced the central
circles of the Ebbinghaus figures with discs that
could be grasped in a precision grip with index
finger and thumb (Figure 1b, 1c). The grasping
movements were recorded using optoelectronic
systems (in most cases an OptotrakTM): Little
infrared markers were attached to index fingers
and thumb and allowed via special video cameras
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to determine the trajectories of the grasping
movements.

When grasping, index finger and thumb open
to a maximum grip aperture (MGA) before touch-
ing the grasp object (Figure 1d). The MGA is lin-
early related to the size of the target object
(Jeannerod, 1981, 1984) and is therefore inter-
preted as an index of the size information in the
action system. The MGA was the dependent vari-
able in all example studies discussed in this article.
The advantage of using the MGA is that it is
formed before the hand has any contact with the
target object. Therefore, it is not contaminated
by mechanical interactions of the fingers with the
object. The MGA probably has the function of
providing a “safety margin” when moving the
fingers into an optimal position to close down
around the target object, and it therefore is
always larger than the actual size of the target
object (this is relevant if we wanted to calculate
percentages, see: “Appendix A: Why do research-
ers report illusion effects in millimetres instead of
percentages?”). Effects of the Ebbinghaus illusion
on grasping, as shown in Figure le, were calculated
as the difference: MGA in small—near condition
minus MGA in large—far condition.

In most example studies, grasping was per-
formed open loop. That is, as soon as the fingers
started the reach-to-grasp movements, goggles
prevented vision of hand and stimuli during the
movement. This was done to prevent the partici-
pants from performing online corrections during
the movements, which might be based on visual
feedback and therefore might contaminate the
data (Post & Welch, 1996). It turned out,
however, that the two studies that used closed-
loop grasping (Aglioti et al., 1995, and Pavani
et al., 1999) came to very similar results as the
studies that used open-loop grasping. Therefore,
the issue of visual feedback does not seem very
critical for the Ebbinghaus illusion and is not dis-
cussed in further detail here (for further discus-
sions see Franz, Scharnowski, & Gegenfurtner,
2005, and Haffenden & Goodale, 1998). Note,
however, that this is only true for the
Ebbinghaus illusion. For example, when grasping
the Miiller-Lyer illusion (Figure 2d) there are
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Figure 2. Some illusions used in perception—action studies. (a)
Horizontal—vertical illusion (Fick, 1851). The horizontal line
and the vertical line have the same length, but the vertical line
appears longer. (b) Ponzo illusion (Titchener, 1901). The circles
have the same diameter, but the circle that is closer to the
(theoretical) apex appears larger. (c) Delboeuf illusion (Delboeuf,
1865; Nicolas, 1995). The upper central circle surrounded by a
relatively small concentric circle appears larger than the lower
central circle surrounded by a larger concentric circle. (d) Miiller-
Lyer illusion (Miiller-Lyer, 1889). The shafts have the same
length, but the shaft with the outward pointing fins appears
larger. (e) Induced Roelofs effect (Bridgeman et al., 1997; Roelofs,

1935). The crosses are vertically aligned, but the frame offset to
the left makes the cross appear farther to the right.

big differences between open- and closed-loop
grasping (e.g., Franz, Hesse, & Kollath, 2007,
Westwood, Heath, & Roy, 2000c; Westwood,
McEachern, & Roy, 2001). In this case, the
“better” condition for a comparison between per-
ception and action is the open-loop condition
(Post & Welch, 1996).

To measure the effects of the Ebbinghaus illu-
sion on perception, researchers used different types
of measure. Most of the example studies used
“classic” perceptual measures (Aglioti et al,
1995; Franz et al., 2003; Franz et al., 2000;
Pavani et al, 1999): A comparison object is
adjusted or selected to match the size of the
target object. There are subtle differences
between the classic perceptual measures: Aglioti
et al. (1995) used what we call a “direct” compari-
son (and which is denoted as “Perc: direct” in the

COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (7-8) 923
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figures); participants directly matched two discs,
one placed in the large—far configuration and the
other in the small—near configuration. The differ-
ence between the matched discs was used as the
measure of the illusion effect. Pavani et al.
(1999), Franz et al., 2003, and Franz et al., 2000,
used “separate” comparisons (denoted as “Perc:
separate” in the figures): They placed a neutral
comparison object outside either the large—far or
the small-near configurations, and participants
matched this comparison object to the size of the
central disc. The illusion effect was determined
(as in grasping) by calculating the difference:
matched size in small-near condition minus
matched size in large—far condition. The distinc-
tion between “direct” and “separate” comparisons
has important consequences for the interpretation
of the illusion effects. These are discussed below.

Two of the example studies (Haffenden &
Goodale, 1998; Haffenden et al.,, 2001) used
another ~ measure to  assess  perception:
Participants used index finger and thumb to indi-
cate the size of the central disc without seeing their
fingers. The illusion effect was then determined (as
in grasping) by calculating the difference: esti-
mated size in small—near condition minus esti-
mated size in large—far condition. This measure
is often called “manual estimation” (denoted as
“Man Est” in the figures) and assumed by
Goodale, Haffenden, and colleagues to be a kind
of manual “read-out” of what the participants per-
ceive (Haffenden & Goodale, 1998, p. 125).
Manual estimation is therefore assumed to tap
the vision-for-perception system but not the
vision-for-action system. Here, we do not need
to discuss whether this is a plausible assumption
(we tend to be sceptical), because we argue that
all measures, manual estimation, classic perceptual
measures, and grasping are affected in a similar
way by the Ebbinghaus illusion, such that this
question is not very relevant. Note, that manual
estimation has been used by a large number of
studies that found a dissociation between percep-
tion and action also in other visual illusions and
is therefore an important measure to be discussed
here (e.g., Bartelt & Darling, 2002; Daprati &
Gentilucci, 1997; Otto-de Haart, Carey, &

924 COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (7-8)

Milne, 1999, Westwood, Chapman, & Roy,
2000a; Westwood, Dubrowski, Carnahan, &
Roy, 2000b; Westwood et al., 2001).

Having described how illusion effects were
measured, we can now proceed to answer our
two questions: (a) If we assume that the percep-
tion-versus-action hypothesis is correct, then
why is there an illusion effect on grasping at all?
(b) Which measure of the perceptual illusion
should be compared to grasping? We discuss
these questions successively.

Why is there an effect of the illusion on
grasping at all?

To reconcile the finding of illusion effects in
grasping (Figure 1le) with the perception-versus-
action hypothesis, Haffenden, Goodale, and col-
leagues suggested that the illusion effects on grasp-
ing are generated in the vision-for-action system
by different mechanisms from those for the per-
ceptual effects (Haffenden & Goodale, 2000;
Haffenden et al., 2001; Plodowski & Jackson,
2001). They argued that the context circles of
the Ebbinghaus illusion are treated as obstacles
for the fingers and therefore affect the trajectories
of the grasp movements. Because the eccentricity
of the context circles was not equated in the
Ebbinghaus figures of the example studies
(Figure 1a), the effects on grasping would be arte-
facts, and what might look like an illusion in the
action system might be due to different mechan-
isms from those for the perceptual illusion.
Therefore, this explanation could reconcile the
effects of the Ebbinghaus illusion on grasping
even with a strict perception-versus-action frame-
work in which grasping is not deceived by the
Ebbinghaus illusion at all. This notion bears,
however, two problems:

First, Haffenden et al. proposed an implausible
obstacle avoidance mechanism. To see this, con-
sider the Figures 3a and 3d, which show the stan-
dard versions of the Ebbinghaus illusion as were
used in the example studies. In the large—far con-
dition the central disc is perceived as being smaller
than that in the small—near condition. Haffenden
et al. (Haffenden & Goodale, 2000; Haffenden
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Figure 3. Testing for obstacle avoidance mechanisms. Franz et al. (2003) tested the obstacle avoidance mechanism proposed by Haffenden et al.
(2001), which states that a large gap between central disc and context circles leads to smaller grip apertures than does a small gap (large-gap—
small-grasp mechanism ). Post hoc, this mechanism can explain the results of the sample studies that we also replicated in this study, as shown in the
grey shaded areas (a) and (d); these results are also shown in Figure 1e as: “Franz 03”. However, if we vary the distances of the context circles,
then the large-gap—small-grasp mechanism leads to predictions for grasping that are opposite to the measured grasp effects (b) and (c). Therefore,
the large-gap—small-grasp mechanism fails to explain the grasp effects of the Ebbinghaus illusion. Instead, grasping follows nicely the illusion
Sfound in perception. As in Figure 1, the illusion effects are calculated as the mean differences relative to the large—far condition (. g in the
small—far condition, the illusion effect is the measured value in the small—far condition minus the measured value in the large—far
condition). All error bars depict + 1 SEM. From “Grasp Effects of the Ebbinghaus Illusion: Obstacle-Avoidance is Not the Explanation’,
by V. H. Franz, H. H. Biilthoff, and M. Fahle, 2003, Experimental Brain Research, 149, pp. 470-477, Figure 5. Copyright 2003 by
Springer Science and Business Media. Adapted with permission. (Figure can be seen in colour online.)

et al., 2001) proposed that this effect is solely due ~ dimensional, such that there was no physical
to obstacle avoidance relative to the context circles. need to perform obstacle avoidance; for simplicity,
How could such a mechanism work? (Note, that  let us assume that the action system nevertheless
the context circles were always only two  performs obstacle avoidance relative to the

COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (7-8) 925
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context circles.) Simple, straightforward obstacle
avoidance mechanisms would predict that either
participants grasp larger in the overall larger con-
figuration or in the configuration with a greater
gap between central disc and context circles. In
both cases this would be the large—far condition.
However, we already know from the example
studies that participants do not do this, but grasp
smaller in this configuration. To explain this,
Haffenden et al. needed to assume an inverse
relationship for obstacle avoidance: In the large—
far condition participants are assumed to fit their
fingers in the greater gap between central disc
and context circles (like in a hole) and conse-
quently are assumed to grasp smaller, while in
the small—near condition, this is assumed to be
not possible because the gap is too slim, and there-
fore participants grasp larger (around the whole
small—near figure). Only this inverse relationship
(large gap leads to smaller grasp) could explain
the data of the example studies. Therefore, this
“large-gap—small-grasp mechanism” relies on
quite specific assumptions, which are not sup-
ported by the visuomotor literature on obstacle
avoidance  (e.g., Mon-Williams, Tresilian,
Coppard, & Carson, 2001; Schindler et al,
2004; Tresilian, 1998).

Second, we tested the large-gap—small-grasp
mechanism and found clear evidence against it
(Franz et al., 2003). For this, we created two
new conditions by varying the gap sizes such that
the predictions of the large-gap—small-grasp
mechanism were opposite to the perceptual
effects of the illusion (Figures 3b and 3c): We
created the large—near condition by placing the
large context circles nearer to the central disc and
the small-far condition by placing the small
context circles further away. According to the
large-gap—small-grasp mechanism this should
lead to an inversion of the obstacle avoidance
effects on grasping: Now participants should
grasp larger in the large—near condition than in
the small—far condition (see the predictions for
grasping in the second row of Figure 3). For the
perceptual illusion, however, we expect no such
inversion, but only a slight attenuation of the illu-
sion effect (Girgus et al., 1972). Our results clearly
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show that grasping closely follows perception and
not the prediction of the large-gap—small-grasp
mechanism (see the third row of Figure 3).
These results provide strong evidence against the
large-gap—small-grasp mechanism.

The earlier study of Pavani et al. (1999) can also
be seen as an incidental test of the large-gap—small-
grasp mechanism: They compared a condition with
large context elements to a neutral condition with
context elements of equal size as the central
element. The gaps were relatively large in both con-
ditions (28 ... 32 mm), larger than the critical gap
size (3...11mm, see below) proposed by
Haffenden et al. (Haffenden & Goodale, 2000;
Haffenden et al., 2001) , such that the large-gap—
small-grasp mechanism should not produce any
effect. But even if we assume that the large-gap—
small-grasp mechanism is activated by these
stimuli, then it should have produced smaller grasp-
ing in the neutral condition, because here the gaps
were by 2...5 mm larger than those in the con-
dition with large context elements. But this was
not the case: Participants grasped larger in the
neutral condition, and this effect was very similar
to the perceptual effect produced by these stimuli.
This also constitutes evidence against the large-
gap—small-grasp mechanism.

Haffenden et al. also tested the large-gap—
small-grasp mechanism in two studies. We
think, however, that these studies do not provide
strong evidence for the large-gap—small-grasp
mechanism: In the first study Haffenden and
Goodale (2000) reanalysed their data of
Haffenden and Goodale (1998) and derived from
this the large-gap—small-grasp hypothesis. They
suggested that with a relatively large gap of
11 mm between central disc and context circles,
participants should grasp small, while with a
small gap of 3mm they should grasp large.
Based on this idea, they flanked a disc with rec-
tangles at different distances in order to “directly
test whether the flanking objects alone could
produce an effect on grasp analogous to that seen
with the Ebbinghaus display” (p. 1601). In a
“horizontal” condition, the flanking rectangles
were adjacent to the contact points for the
grasp and therefore were assumed to activate the
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large-gap—small-grasp mechanism. In a “vertical”
condition, the flanking rectangles were rotated by
90 degrees, such that they should not interfere
with the grasp. Haffenden and Goodale (2000)
interpreted their results as supporting the large-
gap—small-grasp hypothesis: “As we had pre-
dicted, there was a small reduction in grip aperture
when flankers were placed adjacent to contact
points but with a finger—sized gap between the
target and the flanking elements. Thus for the
11 mm flanker distance, grip scaling was reduced
for the horizontally oriented flankers relative to
the vertically oriented flankers” (p. 1604).
However, none of the critical effects on grasp-
ing were statistically significant: The predicted
interaction between distance of the flankers and
the vertical/horizontal flanker orientation was
not significant, F(3, 33) = 139, p = .26
(p. 1603). Next, Haffenden and Goodale (2000)
performed more specific analyses and concentrated
only on the flanker distances they had identified as
being critical (3 mm and 11 mm) and excluded the
other flanker distances they had used (21 mm and
31 mm). But again, the predicted interaction
between distance of the flankers and the vertical/
horizontal flanker orientation was not significant,
F(1,11) = 3.71, p = .08 (p. 1604). Finally, they
focused only on the 11-mm flanker distance. But
again, they only found a trend in the predicted
direction, which was clearly not significant, A11)
= 1.34, p = 21 (Fig. 6, p. 1603). To support
their conclusions, Haffenden and Goodale
(2000) also referred to a replication of this exper-
iment, which was presented at a conference
(Haffenden, Zavitz, & Goodale, 2000), but
admit that here the critical effect was also not sig-
nificant: “And again, at the critical 11 mm flanker
distance, a small, non-significant, effect was seen
on grasp—consistent with the idea that subjects
were paring down their fingers to avoid the flan-
kers placed adjacent to contact points” (p. 1605).
Now, one might argue that Haffenden and
Goodale (2000) also measured perception using
manual estimation. The main difference they
found between grasping and manual estimation
was that the flanker distance had a significant
effect on manual estimation, while the effect on

GRASPING VISUAL ILLUSIONS

grasping was not significant (but they did not
compare these effects, see “Appendix B: The sig-
nificant/not-significant-as-difference fallacy” for
why we should not infer a difference from a non-
significant effect on grasping and a significant
effect on manual estimation). However, for a dem-
onstration of the large-gap—small-grasp mechan-
ism, perceptual measures are of minor
importance because by definition the large-gap—
small-grasp mechanism should be independent of
perception. Given that all the effects predicted by
the large-gap—small-grasp mechanism for grasp-
ing were not significant, we think that this study
does not provide evidence for the proposed
large-gap—small-grasp mechanism.

In the second study, Haffenden et al. (2001) per-
formed a similar test to that in Franz et al. (2003).
However, they included only the small—far
condition and not the large—near condition.
According to the large-gap—small-grasp mechan-
ism participants should grasp similarly in the
small—far and the large—far conditions—and this
is what Haffenden et al. (2001) found. However,
this experimental design is based on a null effect
and is therefore not as strong as our design,
which predicts opposite effects for the competing
hypotheses (for a power analysis showing that
Haffenden et al., 2001, might have missed the
effect due to insufficient power see Franz et al,,
2003). Our interpretation is supported by the fact
that Franz et al. (2003) found in grasping a
highly significant illusion effect between the
small—far and the large—far conditions, which we
also replicated in Franz et al. (2005). Similarly,
we also found a highly significant illusion effect
between the large—near and small-near con-
ditions, which we also replicated in Franz (2003a;
these results are also shown in Figure 5). These
results cannot be explain with the large-gap—
small-grasp mechanism.

In summary, it is unlikely that the large-gap—
small-grasp mechanism proposed by Haffenden
et al. (Haffenden & Goodale, 2000; Haffenden
et al., 2001) does account for the effects of the
Ebbinghaus illusion on grasping. Instead, grasping
seems to respond in a similar way to small vari-
ations of the illusion as perception.
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Which perceptual measure should be
compared to grasping?

In the last section we have argued that effects on
grasping are probably “true” illusion effects; at
least we did not find evidence that other mechan-
isms have created these effects in the vision-for-
action system independent of perception. This
rules out the strong version of the perception-
versus-action hypothesis, which assumes that
there is no effect of the Ebbinghaus illusion on
grasping at all. But, nevertheless, we might opt
for a weak version of the hypothesis, claiming
that grasping is less affected by the illusion than
is perception. To test such a hypothesis, we have
to compare the sizes of the illusion in perception
and in grasping. This leads to the problem that
three different measures were used for perception,
each generating a different estimate for the percep-
tual illusion. Which of these perceptual measures
should be compared to grasping? We first discuss
the two classic perceptual measures (which
employed either direct or separate comparisons)
and argue that the separate comparisons are
better suited to be compared to grasping. Then,
we discuss manual estimation and argue that
manual estimation, the classic perceptual measures
with separate comparisons, and grasping are all
similarly affected by the Ebbinghaus illusion,
such that there is indeed no dissociation between
perception and grasping in this illusion.

Classic perception: Direct comparison or
separate comparisons?

Pavani et al. (1999) and we (Franz et al., 2003;
Franz et al., 2000) used separate comparisons to
asses the perceptual effects of the illusion, while
Aglioti et al. (1995) used a direct comparison.
For the separate comparisons, participants always
operated on only one Ebbinghaus figure at a time
and either grasped the central disc or adjusted a
neutral comparison circle to match the size of the
central disc (Figure 4b). In contrast, Aglioti et al.
(1995) presented a composite version of the illu-
sion, consisting of two Ebbinghaus figures
(Figure 4a). In grasping, participants successively
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operated on only one of the Ebbinghaus figures
and grasped one of the central discs. In perception,
however, they performed a direct comparison
between the two central discs, both being subjected
to the illusion at the same time. Therefore, there is
a mismatch in task demands between grasping and
perceptual task in the Aglioti et al. study.

It turned out that this mismatch is critical
(Franz et al., 2000). In a first step, we showed
that we could replicate the difference in the per-
ceptual measures between our studies and the
Aglioti study (Figure 4c): The direct comparison
leads to an approximate 50% increase of the illu-
sion compared to the sum of the separate compari-
sons. That is, the Ebbinghaus illusion is
overadditive: The measured illusion effect in the
direct comparison is more than the sum of the illu-
sion effects in the two separate comparisons. This
is not surprising given that the attentional
demands are quite different in these tasks. It
seems likely that the increased illusion effect is
caused by an interaction of the context elements
of the illusion in the direct comparison (i.e., the
large context elements might appear as even
larger if they are contrasted directly with the
small context elements; see also Pavani et al,,
1999, for a discussion of this issue).

In a second step, we mimicked the procedure of
Aglioti et al. (1995) in which participants always
first compared the two central discs and then
grasped one of the discs. But, instead of grasping,
we had participants perform a perceptual task
with similar task demands to those in grasping: In
a constant stimuli procedure participants viewed
two Ebbinghaus figures and first compared the
two central circles (as they did in Aglioti’s percep-
tual task) and then compared one of the central
circles to a neutral circle, positioned outside the
two Ebbinghaus figures (this mimicked Aglioti’s
grasping task, because participants operated on
only one of the central circles at a time). Both
tasks were performed in rapid succession within
1's. As can be seen in Figure 4d, even this rapid suc-
cession of the tasks leads to the 50% increase of the
illusion in the direct comparison. This shows that
the difference that Aglioti et al. found between per-
ception and grasping can be replicated in purely
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Figure 4. Task demands in perceptual and grasping tasks. Comparison of the task demands in Aglioti et al. (1995), Pavani et al. (1999),
Franz et al. (2003), and Franz et al. (2000). (a) In the Aglioti study, two Ebbinghaus figures were shown. In the perceptual task participants
compared the two central discs directly, both being subjected to the illusion at the same time. In the grasping task, however, they grasped one or
the other of the discs, thereby needing to calculate only the size of one of the central discs. Note the asymmetry in this procedure. (b) In Pavani’s
and our studies, participants always operated on only one Ebbinghaus figure at a time in grasping as well as in perception (separate
comparisons). Therefore, the tasks were better matched than in the Aglioti et al. study. (c) Franz et al. (2000) showed that the different
task demands in the Aglioti study led to larger illusion effects even in perceptual tasks: The direct comparison increases the measured
illusion effect by approximately 50% as compared to the sum of the illusion effects in the separate comparisons. This is the difference that
Aglioti et al. found between perception and grasping. (d) The difference between direct and separate comparisons persists even if
participants always see both illusion figures and perform direct and separate comparison in rapid succession (Franz et al., 2000): In a
constant stimuli procedure, participants first compared the two central circles and then compared one or the other of the central circles to a
neutral circle outside the display (both comparisons were performed together within 15). The direct comparison closely mimics the
perceptual task in the Aglioti et al. study and the separate comparisons the grasping task. Again, we find the approximately 50% increase
of the illusion effect in the direct comparison relative to the sum of the illusion effects in the separate comparisons. This suggests that the
differences that Aglioti et al. found between perception and grasping (Figure le) are due to the different task demands and not to a
dissociation between perception and action. “Perc: direct” and “Perc: separate’: Classic perceptual measures for direct and separate
comparisons, respectively. Data in (c) are from Franz et al. (2000, Exp. 2; conditions “sum of single” and “direct”), and data in (d) are
from Franz et al. (2000, Exp. 3). All error bars depict + 1 SEM. From “Grasping Visual Illusions: No Evidence for a Dissociation
Between Perception and Action”, by V. H. Franz, K. R. Gegenfurtner, H. H. Biilthoff, and M. Fahle, 2000, Psychological Science,
11, pp. 2025, Figure 5. Copyright 2000 by Blackwell Publishing. Adapted with permission. (Figure can be seen in colour online.)
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perceptual tasks and is therefore probably due to the
different task demands and not to a difference
between perception and action.

These experiments also show that requiring a
perceptual judgement first and then the grasp
immediately after (as suggested by Carey, 2001)
cannot be expected to increase the illusion effect
in grasping to the level of the direct comparison
in perception. This is so, because even in purely
perceptual tasks a rapid succession of direct com-
parison and separate comparison does not increase
the illusion effect in the separate comparison to the
level of the direct comparison. Therefore, there is
no reason to expect this to happen in grasping.

The distinction between direct and separate
comparisons is also relevant for studies on other
visual illusions. For example, Vishton, Pea,
Cutting, and Nunez (1999) investigated the hori-
zontal—vertical illusion (Figure 2a). They demon-
strated a much larger illusion effect if the
horizontal—vertical illusion was measured with a
direct comparison than if it was measured with sep-
arate comparisons (which they called relative and
absolute measures, respectively). This was true,
independent of whether the task was perceptual or
an action. Vishton et al. (1999) therefore came to
the same conclusion for the horizontal—vertical illu-
sion as we did for the Ebbinghaus illusion: It is the
task demands and not the response mode that leads
to a larger illusion effect in the direct comparison.
Further studies for which this distinction is import-
ant are the studies by Brenner and Smeets (1996)
and Jackson and Shaw (2000) on the Ponzo illusion
(Figure 2b). These are discussed below.

In summary, classic perceptual measures that
are based on a direct comparison between two
stimuli that are both subjected to the illusion are
not well matched to grasping because grasping
typically operates successively on only one of the
two stimuli. In the Ebbinghaus illusion, the
direct comparison leads to an approximately 50%
increase of the illusion, which corresponds well
to the difference that Aglioti et al. (1995) found
between perception and grasping (Figure le).
Therefore, this difference is better explained by a
mismatch in tasks demands than by a dissociation
between perception and action.
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Classic perception or manual estimation?

Haffenden and Goodale (1998) suggested manual
estimation as another measure to determine the
perceptual illusion: Participants indicated the size
of the central disc of the Ebbinghaus figure by
using index finger and thumb (without seeing
the hand). This measure is based on neuropsycho-
logical considerations and has been used very often
in studies on perception—action dissociations. As
mentioned above, Haffenden and Goodale
(1998) interpret manual estimation as a purely per-
ceptual measure, which provides a manual read-
out of the vision-for-perception system. Given
its wide use it seems quite surprising that the
measure had not been tested against classic percep-
tual measures as, for example, adjustment pro-
cedures in which participants adjust the size of a
neutral comparison to match the size of the
target object. Therefore, it was not clear whether
manual estimation would yield similar results to
those for classic perceptual measures. Franz
(2003a) performed such a validation study measur-
ing the illusion effects for manual estimation,
classic perceptual measures, and grasping. The
study roughly replicated the differences found
between the example studies (compare Figure 5a
and Figure le). Most importantly, manual esti-
mation showed again the largest illusion effects.

Interestingly, an analysis of the response func-
tions revealed that manual estimation reacted to
any change of object size stronger than the other
measures. We found that if the physical size of
the target was increased by 1 mm, then manual
estimation reacted by an increase of 1.6 mm.
That is, the slope of the linear function relating
physical size to manual estimation was 1.6. This
is consistent with other studies. For example,
Haffenden et al. (2001) reported an even larger
slope of 1.85 for manual estimation. Classic per-
ceptual measures, however, typically have a slope
of approximately 1, while the MGA in grasping
has a slope of approximately 0.82 (Smeets &
Brenner, 1999).

Accordingly, we expect that an illusory change
of object size will also affect manual estimation
more than the other measures. To see this,
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Figure 5. Manual estimation and response functions. (a) Franz (2003a) replicated the differences found in the example studies between
grasping, manual estimation, and classic perceptual measures. (b) However, an investigation of the response functions, relating physical
size to the dependent measures, shows that manual estimation depends on physical size with a higher slope. Therefore, we have to correct
Jfor these different slopes. This is done by dividing each illusion effect by the slope of the corresponding response function. After correction,
the differences between the illusion effects get much smaller. “Grasp” MGA when grasping. “Perc: separate’: classic perceptual measure for
separate comparisons. ‘Man Est”: manual estimation. All error bars depict + 1 SEM. From “Manual Size Estimation: A
Neuropsychological Measure of Perception?”, by V. H. Franz, 2003, Experimental Brain Research, 151, pp. 471-477, Figure 3.
Copyright 2003 by Springer Science and Business Media. Adapted with permission. (Figure can be seen in colour online.)

consider the case that we introduced an illusion of,
say, 2 mm. This should lead in manual estimation
to a change of 2 x 1.6 mm = 3.2 mm, but in classic
perception only to a change of 2 X 1 mm = 2 mm
and in grasping to a change of 2 x 0.82 mm =
1.64 mm. Consequently, we have to correct for
the different slopes of the response functions.
The correction is done by dividing the measured
illusion effect by the slope (cf., Franz, 2003a;
Franz, 2007; Franz, Fahle, Biilthoff, &
Gegenfurtner, 2001; Franz et al., 2005; Glover
& Dixon, 2002). If we do this, the differences
between manual estimation, classic perceptual
measures, and grasping disappear (Figure 5b).
We can also perform the correction for the data
of Haffenden et al. (2001) as shown in Figure 1le.
If we perform the correction, this again leads to

similar illusion effects for manual estimation and
grasping (Figure 1f).

It is interesting to speculate why manual esti-
mation is so responsive to a (physical or illusion-
ary) variation of size. Because no visual feedback
of the hand is allowed during performance of the
task, participants have to rely exclusively on pro-
prioceptive feedback. It is likely that propriocep-
tive information is not as accurate as visual
information, and therefore participants might
exaggerate their response (Franz, 2003a). This
reasoning also shows that the interpretation of
manual estimation as a purely perceptual measure
is not as obvious as has often been assumed:
While indicating the size of an object with index
finger and thumb (without seeing the hand), par-
ticipants must use proprioceptive cues and employ
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a number of motor processes. It is not clear why
these motor processes should not affect the
outcome of the measure (cf. Pavani et al., 1999,
for a similar argumentation). In fact, some
authors used responses similar to manual esti-
mation to assess motor effects of visual illusions
(e.g., Vishton et al., 1999), or to investigate
more general aspects of the visuomotor transform-
ation (Jeannerod & Decety, 1990). This interpret-
ation is consistent with the finding that the slope
of manual estimation seems to be closer to 1 if
full vision of the hand is allowed during manual
estimation (Dewar & Carey, 2006; Otto-de
Haart et al., 1999; Radoeva, Cohen, Corballis,
Lukovits, & Koleva, 2005).

In summary, manual estimation turned out to
be roughly twice as responsive to a change of phys-
ical object size as was grasping (slopes of 1.6 or
1.85 vs. slopes of 0.82). Therefore it is no surprise
that manual estimation also responded to an illu-
sionary change of object size much more than
did grasping. If we correct for the different
slopes, we obtain similar illusion effects in
manual estimation, grasping, and classic percep-
tual measures.

Preliminary summary

We argued that the grasp data on the Ebbinghaus
illusion are surprisingly consistent. The perceptual
data are not as consistent. However, if we use such
methodological precautions as taking into account
the slope of the measures’ response functions and
making sure that all tasks are appropriately
matched, then we can explain the differences
between classic perceptual measures, manual esti-
mation, and grasping. In consequence, we find
that all these measures are similarly affected by
the Ebbinghaus illusion.

But, how general and valid is this result? In the
following sections, we discuss issues raised in the
literature and by reviewers. First we discuss some
direct critique that has been raised against our
arguments (“More detail 1: Critique of our argu-
ments”), then the question of which mechanisms
lead to the Ebbinghaus illusion (“More detail 2:
How is the Ebbinghaus illusion generated?”),
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then alternative experimental paradigms and illu-
sions (“More detail 3: Other paradigms and illu-
sions”), and finally other theoretical accounts
(“More detail 4: Alternative theoretical accounts”).
All these issues require that we go into more detail,
such that a reader not interested in these more in-
depth discussions might want to jump to the
“General Discussion” to get an impression of the
main thrust of our argument. We also added an
Appendix in which we discuss more technical
issues that might help a researcher to conduct
studies in this field but that might distract the
reader if included in the main text.

More detail: 1. Critique of our arguments

In this section we discuss specific critique that has
been raised against the validity of our conclusions.

You failed to replicate the Aglioti study

Goodale, Kroliczak, and Westwood (2005; p. 278)
and Goodale and Westwood (2004; p. 206) argued
that we failed to replicate the original study of
Aglioti et al. (1995), thereby implying that we
might have missed an existing effect. But, this is
not the case: In Franz et al. (2000) we replicated
Aglioti et als effects of the Ebbinghaus illusion
on grasping (cf. Figure 1), as well as their effects
on perception (cf. Figure 4). However, we
showed that the differences they found between
grasping and perception are probably due to differ-
ent task demands and not to a dissociation
between action and perception.

You concentrate on only half of the trials in the
Aglioti study and ignore the other half

Goodale (2006) argued that we use only half of the
trials of the Aglioti et al. (1995) study for our com-
parison. This is indeed the case: The illusion
effects shown for perception and grasping in
Figure le for Aglioti et al. (1995) are based on
only half of the trials. They correspond to the
values of the Figure 5 of Aglioti et al. (1995), for
which the figure legend says that it shows “the
effect of the illusion on grip size”. Due to the exper-
imental design of Aglioti et al. (1995), it is not
possible to quantitatively estimate the illusion
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effects from the other half of the trials without
additional assumptions (because in these trials the
sizes of context elements and of central disc were
confounded). Therefore, Aglioti et al. (1995)
used only half of the trials to calculate a quantitat-
ive measure of the illusion effect and did not give
any numbers for the illusion effect in the other
half of the trials that we could use. Note,
however, that this is not very critical, because (a)
there is no reason why the illusion effects should
be different in the other half of the trials (the
only difference was that the central discs had
slightly different sizes), and (b) the later studies
found similar effects of the illusion on grasping
without having these problems (cf. Figure 1e).

Separate comparisons reduce the illusion too much

Some researchers expressed concern that using
separate comparisons (i.c., only one Ebbinghaus
figure at a time) reduces the illusion too much.
Jacob and Jeannerod (1999) argued that we “used
a display in which the perceptual illusion does
not properly arise . ... So when ... a stimulus is
not a suitable basis for producing the perceptual
illusion, it should not be surprising to find that
the motor response is not influenced by the illusion
either. Nor should it be surprising to find that the
perceptual response and the motor response to the
non-illusory stimulus do not really differ. In fact, if
a stimulus does not give rise to a perceptual illu-
sion, it does not provide an adequate basis for
drawing any conclusion upon Goodale and
Milner’s hypothesis” (p. 9; see also Carey, 2001,
p. 109). We think, however, that this argument
is not valid because we and other researchers
found perceptual and motor illusions of approxi-
mately 4-5% (cf. Figure le and “Appendix A:
Why do researchers report illusion effects in milli-
metres instead of percentages?”). This is in agree-
ment with the effects found in the perceptual
literature (although, of course, a composite
version of two Ebbinghaus figures and a direct
comparison between these figures would lead to
a larger illusion, as we have shown in Franz
et al., 2000). We even can discriminate very
small variations of the illusion in perception and
grasping by varying the distance of the context
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elements slightly (cf. Figure 3 and Franz et al,,
2003). Also note that it is standard procedure in
perceptual research to use only one Ebbinghaus
figure at a time—as we did in our separate com-
parisons (e.g., Choplin & Medin, 1999; Coren
& Enns, 1993; Coren & Girgus, 1972; Coren &
Miller, 1974; Girgus et al., 1972; Jaeger, 1978,;
Jaeger & Pollack, 1977; Massaro & Anderson,
1971; Pavlova & Sokolov, 2000; Pressey, 1977;
Roberts, Harris, & Yates, 2005; Weintraub,
1979; Weintraub & Schneck, 1986). This standard
procedure leads to a better control of the stimuli—
an advantage we certainly also want to exploit in
studies on perception and action.

You measured vision-for-perception but not vision-
for-action in grasping

Goodale (2006) suggested that—due to some spe-
cifics of our grasping task—we erroneously
measured vision-for-perception with our grasping
task but not vision-for-action. Consequently, it
would be no surprise that we found similar effects
of visual illusions on grasping and on perception.

This argument is based on the fact that we
used a different method to attach the infrared
markers to the fingers from that used in the
studies of Aglioti and Haffenden (Aglioti et al,,
1995; Haffenden & Goodale, 1998; Haffenden
et al., 2001). The idea is that our method let to
awkward grasping, which might make the right
hand behave like an unskilled left hand.
Because Gonzalez, Ganel, and Goodale (2006a)
argued that the left hand is controlled by the
vision-for-perception system (see the discussion
below), this would mean that we never measured
vision-for-action with our grasping task, but
always vision-for-perception. In consequence, it
would be no surprise that we found illusion
effects in our grasping task.

An example of our method can be seen in
Figure 1b: We attached to the finger—nails of
index finger and thumb small, lightweight alu-
minium flags, each with three infrared markers.
Aglioti and Haffenden on the other side, attached
only one marker to each finger (Figure 1c). Our
method has two advantages: (a) Employing math-
ematical rigid-body transformations on the three
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markers, we determined the trajectories of the grasp
points for each finger. This is not possible with the
methods of Aglioti and Haffenden. Therefore they
always had an additional measurement error,
depending on the thickness and orientation of the
fingers. (b) With our method the finger tip is com-
pletely free, allowing for full tactile feedback. This is
not guaranteed with the method of Aglioti and
Haffenden because the tape they used to attach
the single marker could cover parts of the finger
tip (as can be seen in Figure 1c¢).

But, what about the awkwardness? Of course,
when running the experiment we tried to make
sure that the markers (and cables) did not interfere
with the natural grasping movement. But, maybe
this was not sufficient to ensure natural grasping?
There are two reasons why we think the conjecture
of Goodale (2006) is not valid: (a) If it were correct,
then our results should be “atypical”. That is, we
should obtain larger illusion effects for grasping
than those in other studies. But this is not the
case (Figure 1e). In fact, the grasping data are sur-
prisingly consistent across all laboratories (this is
one of the main messages of this review). (b) In a
recent study, we tested the conjecture directly.
We split our 40 participants in two groups using
the two different methods to attach the markers
and had them perform an identical experiment on
the Miiller-Lyer illusion. We did not find any
difference of the illusion effects (Franz et al.,
2007). This was the first direct empirical test of

the conjecture—and the results refute it.

More detail: 2. How is the Ebbinghaus
illusion generated?

Given the controversy on the dissociation between
perception and action in the Ebbinghaus illusion it
would be beneficial to know where exactly the illu-
sion is generated. For example, we could ask
whether the Ebbinghaus illusion is indeed gener-
ated in the ventral stream, as assumed by Aglioti
et al. (1995) and Milner and Goodale (1995).
Unfortunately, not much is known on the exact
neuronal sources of the illusion. Roberts et al.
(2005) conclude that since the late 1970s not

much progress has been made on explaining the
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Ebbinghaus illusion and that since then it has
been mainly used as a research tool. In fact, research-
ers often took the Aglioti et al. (1995) result as an
indication that the illusion might be created in
ventral areas (Eagleman, 2001; Wade, 1998).
Nevertheless, we give a short overview of the
research on the sources of the Ebbinghaus illusion
and show that some (but not all) of the research
might be consistent with an early source of the
illusion.

To explain the Ebbinghaus illusion, there are
three main lines of argument in the literature:
size contrast, other figural factors, and size—
distance arguments. We discuss these (not
mutually exclusive) arguments successively.

Size contrast

Most theories describe the Ebbinghaus illusion as
a size contrast effect: The size of an object that is
surrounded by similar objects will be judged rela-
tive to the size of these objects. If the context
elements are smaller, the central object will
appear relatively large—and vice versa (Massaro
& Anderson, 1971; Restle & Merryman, 1968).
Critical for this effect is that the context elements
are perceived as being similar to the central
element (Coren & Miller, 1974). While this
mechanisms could in principle happen relatively
early in the visual system, there was one study
that suggested high-level contributions: Coren
and Enns (1993) argued that a semantic shift
between central element and context elements
reduces the illusion—even if the low-level features
of all objects are identical. Choplin and Medin
(1999) however, criticized this finding and
argued that Coren and Enns (1993) had con-
tounded low-level features, as the similarity of
the perimeters of the elements, with the semantic
category. They argued, therefore, for an earlier
source of the illusion.

Other figural factors

Other researchers stressed the fact that size con-
trast alone cannot explain all effects of the
Ebbinghaus illusion—and might not even be the
most important factor. One striking example is
the finding that small context elements quite
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often reduce the size of the central element in
comparison to a central element without any
context elements (Girgus et al., 1972; Roberts
et al., 2005). Therefore, other factors had to be
taken into account. For example, Weintraub and
Schneck (1986) suggested four further factors in
addition to size contrast: (a) contour attraction:
If the context elements are close to the central
element this will lead to an attraction effect,
thereby leading to an increase of the perceived
size of the central element; with increasing dis-
tance, this will revert to a decrease of perceived
size (even for smaller context elements); this
mechanism is typically assumed to relate the
Delboeuf (Figure 2¢) and the Ebbinghaus illusions
(Girgus et al, 1972; Roberts et al., 2005;
Weintraub & Schneck, 1986); (b) the orientation
effect: Rotating the Ebbinghaus figure by 45°
can change the perceived size of the central
element; (c) cardinal-axes framing effect: The
larger the overall extent of the Ebbinghaus figure
in horizontal or vertical direction the smaller the
judged size of the central element; (d) figural after-
effect: Aftereffects of the central elements can
change the perceived size of the central element
if eye movements are allowed. We do not want
to discuss these factors in more detail here. For
our purpose it is only important that all these
factors are based on relatively basic object features
and therefore could operate on a relatively early
level of the visual system.

Size—distance arguments

The third approach to an explanation of the
Ebbinghaus illusion is based on the idea of size
constancy (Day, 1972; Gregory, 1963; Thiéry,
1896; but see Coren & Girgus, 1973, and
McCready, 1985, for a critiques of this view). In
its simplest form, the idea is that the small
context elements are perceived as being relatively
far away (because objects further away look
smaller). This induces the corresponding central
element to be perceived as being further away
than if surrounded by large context elements.
Because the central elements have the same
retinal size the central element surrounded by
small context elements is perceived as being larger
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than if surrounded by large context elements (this
is Emmert’s law; Emmert, 1881; Holway &
Boring, 1941). A similar explanation has been pro-
posed for the Ponzo illusion: Here linear perspec-
tive leads to a difference in perceived distance and
to the size illusion. Interestingly, Murray, Boyaci,
and Kersten (2006) have shown that the effects of
the Ponzo illusion seem to operate at a very early
level. Using functional magnetic resonance
imaging (fMRI) they showed that activity in the
primary visual cortex (V1) is already dependent on
perceived size of the object (and not on physical
size), thereby opting for a very early generation of
the Ponzo illusion. Further research might clarify
whether this is also true for the Ebbinghaus
illusion.

In summary, surprisingly little is known about
the exact mechanisms and sources of the
Ebbinghaus illusion. Some authors opt for a rela-
tively early source of the illusion, while others
suggest higher level contributions, partly based on
the notion that only perception is affected by the
illusion (which we are scrutinizing in this review).
Note, also, that for our main argument (that grasp-
ing the Ebbinghaus illusion does not provide posi-
tive evidence for the perception-versus-action
hypothesis) the exact source of the illusion is not
as critical as for the argument of Milner and
Goodale (1995). They have to assume that the illu-
sion is generated in ventral areas, while all we are
saying is that perception and grasping are similarly
affected by the illusion—independent of where
exactly the illusion is generated.

More detail: 3. Other paradigms and

illusions

Up to now, we kept our discussion as close as poss-
ible to the original reasoning and paradigm used by
Aglioti et al. (1995). In this section we try to gain a
wider perspective by taking into account studies
using alternative experimental paradigms or
other visual illusions.

One-handed versus two-handed grasping
We have argued that for a “fair” comparison
between perception and grasping we should use
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separate comparisons in the Ebbinghaus illusion—
because the perceptual illusion effect in the direct
comparison is selectively enlarged (section
“Classic perception: Direct comparison or separate
comparisons?”). Two studies (Dewar & Carey,
2006; Vishton & Fabre, 2003) tried to solve this
problem by using an alternative paradigm: They
used bimanual grasping, in an attempt to match
the task demands of grasping to the direct com-
parison in perception (and thereby employing the
larger illusion also for the test of grasping). We
think that this is an interesting approach.
However, we see conceptual as well as empirical
problems, such that we think that currently no
strong conclusion can be based on these studies.
Future research might help to come to a clearer
picture here.

Let us first sketch our conceptual caveats: (a) It
is not clear that bimanual grasping really intro-
duces task demands similar to the direct compari-
son in perception. In bimanual grasping
participants might very well be judging the absol-
ute sizes of the two central discs independently
(such that we would be at the level of two separate
comparison again—with the corresponding
smaller illusion effect). This could, for example,
be the case if participants sequentially programme
left and right hand independently (and thereby
always attending to only one of the elements at a
time, see also the discussion in Carey, 2001;
Dewar & Carey, 2006). (b) It should be ensured
that the MGA of one hand responds to a variation
of object size independently of the object size pre-
sented to the other hand. If, for example, due to
computational limitations a “compromise” MGA
were used for both hands, this might reduce an
existing illusion effect. It might be possible to
overcome this problem, though, because recent
research on bimanual grasping has shown that it
is possible to create conditions under which the
MGAs of both hands respond quite independently
to object size (Dohle, Ostermann, Hefter, &
Freund, 2000; Jackson, Jackson, & Kritikos,
1999). This is, however, not always the case. If
the two target object are perceptually unified to
be part of a single object, then the MGAs

become more similar across hands (Jackson,
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German, & Peacock, 2002), such that some
caution is necessary here.

Now, let us describe our empirical caveats,
which led us to argue that currently we cannot
draw strong conclusions from these two studies:
Vishton and Fabre (2003) used bimanual grasping
in the Ebbinghaus illusion. However, they got
quite mixed results, which are very hard to inter-
pret. In Experiment 1 they found the largest illu-
sion effects on one-handed and two-handed
grasping (significantly larger than the effect on
all their perceptual measures). They did not find
significant illusion effect in one-handed and two-
handed manual estimation and also not in one of
their classic perceptual tasks (metric judgement:
Participants verbally judged the size of the
central discs in millimetres). Only in the compara-
tive judgement task (participants verbally judged
the size of one disc relative to the other) did they
find a significant illusion effect. This result
(largest illusion effect in grasping, hardly any illu-
sion effect in perception) is highly unusual and
runs counter to all the other results that were
reported in the literature. In Experiment 2, they
hypothesized that grasping of the discs was too
difficult (because they might have been too thin)
and placed the central discs on little posts (4 mm
high). Now, the illusion effect on grasping disap-
peared. In Experiment 3, they measured one-
handed manual estimation with full vision of the
hand during the task (while in Experiment 1
vision of the hand had been occluded during
manual estimation). Now they obtained a similar
illusion effect to that for grasping in Experiment 1.
The authors interpret their data such that grasping
is only affected by visual illusions if grasping is easy
(as in Experiment 2 with the posts) and that there
is only an illusion effect on manual estimation if
vision of the hand is allowed (as in their
Experiment 3). Both conclusions, however, con-
tradict the existing literature: The difficulty of
grasping in their Experiment 1 was comparable
to that in all the other studies (they had used
discs of 5-mm thickness, while, for example,
Aglioti et al., 1995, Haffenden & Goodale,
1998, and Haffenden et al., 2001, had used discs

of 3-mm thickness). Therefore, if their conclusion
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were correct, all these other studies should have
measured larger illusion effects on grasping than
on their perceptual measures. This is clearly not
the case. The second conclusion is also proble-
matic, because manual estimation is typically per-
formed without vision of the hand. For example,
Haffenden and Goodale (1998) and Haffenden
et al. (2001) did not allow vision of the hand
during manual estimation. If their conclusions
were correct, then all these studies should not
have measured an effect of the illusion on
manual estimation. Again, this is not the case.
We therefore think that this study is inconclu-
sive and needs replication before we can draw
strong conclusions from it. Reasons for the difhi-
cult-to-interpret results might be that all compari-
sons were performed between groups (for each task
another group of participants was used), that a
quite small number of repetitions were used per
subjects (from each participant only 32 trials
were analysed; Vishton & Fabre, p. 382), and
that given this design the sample sizes were rela-
tively low (for grasping and manual estimation,
N =10...16). All this might lead to quite vari-
able results in grasping and manual estimation,
which are difficult to interpret. Also, note that
there is another problem with this study: Vishton
and Fabre (2003) calculated the illusion effects in
percentages in such a way that the illusion effect
in grasping is systematically underestimated. We
discuss this problem and possible remedies in
“Appendix A: Why do researchers report illusion
effects in millimetres instead of percentages?”.
The second study on bimanual grasping is by
Dewar and Carey (2006). The authors presented
the fin-out and fin-in variants of the Miiller-Lyer
illusion concurrently and had participants either
grasp with both hands or perform the manual esti-
mation task. They found illusion effects on manual
estimation but not on grasping. This was true even
after they calculated corrected illusion effects (as
suggested by us, cf. “Classic perception or manual
estimation?”). This result would be in line with
the perception-versus-action hypothesis.
However, this study has a serious limitation:
Grasping is performed under full vision of
stimuli and hand. This makes a big difference for

GRASPING VISUAL ILLUSIONS

the Miiller-Lyer illusion: If participants see their
hand during grasping, the illusion is largely
reduced. This might be due to visual feedback
mechanisms. In a recent study (Franz et al,
2007), we tested this in detail: We had participants
grasp the Miiller-Lyer figure and varied the
amount of visual feedback. The illusion effect on
grasping strongly depended on the availability of
visual feedback: With full vision of the hand
during grasping, the motor illusion was very
small. If vision was available for one third and
two thirds of the grasping movement the illusion
increased. If grasping was performed open loop
(i.e., vision was available only until movement
initiation), then the motor illusion was of the
same size as the perceptual illusion. This replicated
and extended earlier studies. For example,
Westwood et al. (2001) also found a relatively
small motor illusion under full-vision conditions,
but a much larger in an open-loop condition.

Already Post and Welch (1996) have argued
that a dissociation between perception and action
can only be convincingly shown under open-loop
conditions, because the availability of visual feed-
back can lead to online corrections (Woodworth,
1899). These online corrections will selectively
reduce the measured illusion in grasping, but not
in perception. Note, that proponents of the per-
ception-versus-action hypothesis also agree with
this analysis (e.g., Haffenden & Goodale, 1998).
Therefore, the study of Dewar and Carey (2006)
is not conclusive as evidence for a perception-
versus-action dissociation. The same is true for
an earlier study by Otto-de Haart et al. (1999)—
who used a similar design with unimanual grasp-
ing in the Miiller-Lyer illusion and found larger
illusion effects on perception than on grasping
under full-vision conditions.

In short, bimanual grasping poses methodologi-
cal and conceptual problems. While it might be
possible to overcome these problems, the two exist-
ing studies on bimanual grasping are inconclusive:
Vishton and Fabre (2003) obtained highly
unusual results that are very difficult to interpret,
and Dewar and Carey (2006) used a full-vision
condition that selectively reduces the Miiller-Lyer
illusion in grasping (probably due to feedback).
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Left-handed versus right-handed grasping

A recent study (Gonzalez et al., 2006a) compared
left-handed grasping with right-handed grasping
in the Ebbinghaus and Ponzo illusions. The
authors found strong illusion effects if participants
used their left hand for grasping, while the effects
on right-handed grasping were smaller and in
most conditions not significant. This was true
independent of whether participants were right-
or left-handers. The authors conclude from this
that the dorsal vision-for-action system is located
in the left hemisphere and that therefore only
the right hand has access to the veridical size esti-
mate in the vision-for-action system, while the left
hand has to rely on ventral information.

The finding that the left hand is so much more
susceptible to the illusions is, of course, quite sur-
prising and interesting." At the moment we do not
have a good explanation for this and therefore are
eager to see whether this finding can be replicated.
Note, however, that other studies do not give indi-
cations for such a dissociation between left and
right hand: The bimanual study of Dewar and
Carey (2006), which we discussed above, did not
find any difference in the illusion effects between
left and right hand (they even pooled the data of
left and right hand because they were so similar,
p. 1505). A study by Radoeva et al. (2005),
which also investigated the Miiller-Lyer illusion
in patients, did also find no difference between
left- and right-hand illusion effects in grasping
in their healthy control group (only this group per-
formed both types of grasp). So, we tend to wait
for further empirical evidence of this effect
before drawing strong conclusions from it. Note
also that the conclusion, that the dorsal vision-
for-action system is located in the left hemisphere
(independent of whether the person is left or
right—handed), has been criticized as being
implausible on other grounds (Derakhshan,
2006; see also the reply by Gonzalez, Goodale,
and Ganel, 2006b, in which they state that their

proposal is an “admittedly tentative idea”,
p- 3557). If the proposal is correct then the left
hand would not be able to benefit from all the
evolutionary advantages of the dorsal vision-for-
action system (fast, accurate, metrically accurate)
that have been proposed by Milner and Goodale
(1995). This serious disadvantage of the left
hand would even affect the dominant left hand
of left-handers.

Otbher illusions

A number of studies on other illusions (Franz
et al., 2001; Vishton et al., 1999) and other
motor responses (Mon-Williams & Bull, 2000;
Post & Welch, 1996; van Donkelaar, 1999) also
came to the conclusion that perception and
action are affected in a similar way. As can be
expected, other authors came to different con-
clusions (e.g., Brenner & Smeets, 1996; Hu &
Goodale, 2000; Jackson & Shaw, 2000;
Stottinger & Perner, 2006; Westwood &
Goodale, 2003), some of which support the per-
ception-versus-action hypothesis and others of
which do not and suggest different interpretations.
However, all these other illusions were not as sys-
tematically investigated as the Ebbinghaus illu-
sion. Therefore, we concentrated in our review
on the Ebbinghaus illusion—as the standard
example for such a dissociation. We showed in
our review that there are some methodological
subtleties involved when performing a comparison
between perception and action and think that it
would be beneficial to transform our arguments
also to the evaluation of other studies. For
example, studies using manual estimation as a per-
ceptual measure for the illusion typically did not
correct for the different slopes of the response
functions. Without this correction, however, the
comparison between manual estimation and
grasping or other dependent measures is not
meaningful. Similarly, our argument regarding

! The other finding—namely that the influences of the illusion on the right hand were not significant in most of the illusion
conditions—does not seem very surprising to us, given that for grasping a relatively small number of repetitions were run (each par-

ticipant performed only 16 illusion grasps with each hand), and that this was not compensated by a large sample size (in each group

there were 13 participants).
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direct and separate comparisons are relevant for
the evaluation of studies on other illusions.

For example, the study of Brenner and Smeets
(1996) used the Aglioti paradigm with a direct
comparison to investigate the Ponzo illusion.
They found a smaller influence of the illusion on
MGA in grasping (0.3 mm) than on perception
(0.8 mm,; although they did not test whether this
difference is significant, see also “Appendix B: The
significant/not-significant-as-difference ~ fallacy”).
However, this difference could be due to the
same mismatch in task demands that we found
for the Ebbinghaus illusion: Brenner and Smeets
(1996) measured perception using a direct com-
parison where participants compared two objects
both being subjected to the illusion at the same
time, while participants successively grasped
always only one or the other of the objects.
Therefore, their estimate for the perceptual illusion
was probably an overestimate. This could also
explain why the influence on grasping was not sig-
nificant in this study—the sample size of 8 partici-
pants was very small to capture an effect on MGA
smaller than 0.8 mm. This criticism also applies to
the replication of Jackson and Shaw (2000).

Note that this criticism is, however, not a
serious problem for the main conclusion of these
studies. Their focus was not on a comparison of
the illusion effects on perception and MGA (this
can be seen by the fact that Jackson and Shaw,
2000, did not even report the size of the perceptual
illusion, and Brenner and Smeets, 1996, only
reported details of the perceptual task in a foot-
note). The main focus of these studies was on
the question whether grip force was affected by
the illusion at all—which it was. Brenner and
Smeets (1996) count this as evidence against the
perception-versus-action hypothesis because it
shows an effect of the illusion on action (and
explain the supposed lack of illusion effects on
MGA with their grasp model which assumes
that MGA does not respond to object size, but
to the position of grasp points (see our discussion
below). Jackson and Shaw (2000) interpret the
illusion effects on grip force as an indication of
crosstalk between the vision-for-action and
vision-for-perception systems.

GRASPING VISUAL ILLUSIONS

The effects of temporal delay on the motor illusion
It has been reported repeatedly that the effects of
visual illusions on motor behaviour increase if a
delay is introduced between stimulus presentation
and execution of the movement (e.g., Bridgeman,
Peery, & Anand, 1997; Gentilucci, Chieffi,
Daprati, Saetti, & Toni, 1996; Hu & Goodale,
2000; Westwood & Goodale, 2003; Westwood
et al., 2001). In Milner and Goodale’s (1995) fra-
mework this is interpreted as an increasing influ-
ence of the vision-for-perception system (because
the vision-for-action system is assumed to have
too short a memory).

However, recently it has been shown that for
one classic example, the induced Roelofs effect
with  pointing movements and  saccades
(Figure 2e; Bridgeman et al., 1997), this increase
can be better explained by a common represen-
tation model (Dassonville & Bala, 2004b;
Dassonville, Bridgeman, Bala, Thiem, &
Sampanes, 2004; see also the discussion below in
the section “Bridgeman: Cognitive versus sensori-
motor maps”). Therefore, it will be an interesting
question whether an explanation based on a
common representation of object size in percep-
tion and action can also be found for reports of
increasing illusion effects after a delay in grasping.
A full discussion of this topic would go beyond the
scope of this article (in fact, it would require
another review of similar length as this review).
However, we want to sketch some thoughts on
this topic here.

For grasping, a first and very prominent study
was conducted by Hu and Goodale (2000).
Participants grasped a block, which was
accompanied by a second block that was either
smaller or larger than the target block. This
second block induced a size contrast effect (as
measured by manual estimation in their
Experiment 3). Hu and Goodale found in two
experiments that the illusion effects on grasping
in the no-delay condition (grasping was performed
open loop immediately after presentation of the
stimuli) were not different from zero, while after
a 5-s delay the illusion effects were significantly
different from zero. Hu and Goodale concluded
from this pattern of results that the illusion effect
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in grasping increased due to the delay. However,
this inference is not correct. T'o come to this con-
clusion, they would have to test the difference
between the illusion effects in the no-delay and
the delay conditions. We calculated this test
from their published data and found that the
difference was not significant in both experiments
(p = 42 and p = .10 for Experiments 1 and 2,
respectively; see “Appendix B: The significant/
not-significant-as-difference fallacy”). In conse-
quence, we see a serious problem for the interpret-
ation of this study and think that it cannot be
counted as strong evidence for an increasing
illusion effect after a delay.

We recently also started to conduct experiments
on this topic (Franz et al., 2007), employing grasp-
ing and the Miiller-Lyer illusion (which is the
“typical” illusion in research on temporal delay;
e.g., Gentilucci et al,, 1996; Westwood et al,,
2001). We were able to replicate the basic effect:
The illusion exerted a larger effect on grasping if
adelay of 5 s was introduced as compared to grasp-
ing under full vision. However, we showed that
this increase was due to the availability of visual
feedback: When we successively reduced the
amount of visual feedback available during
execution of the movement, the motor illusion
increased until in the open-loop condition
(vision of hand and stimuli was suppressed as
soon as the movement had started) the illusion
was at the level of the perceptual illusion.
Introducing an additional delay of 5s did not
change the illusion any more, thereby providing
evidence against the notions that the illusion
does not affect open-loop grasping and that there
is a increase of the illusion after a delay due to a
shift from dorsal to ventral control of the move-
ment. Interestingly, our findings fit very well to
the results of Westwood et al. (2001): They also
found an increase of the Miiller-Lyer illusion in
grasping between their full-vision and open-loop
conditions. Introducing an additional delay of up
to 2 s did not change the motor illusion any more.

In short, we did not intend to exhaustively
discuss the issue of temporal delay and motor
effects of visual illusions here. However, we hope
to have shown that the issue of temporal delay is
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not settled yet. It might well be that further research
shows that for the effects of temporal delay on
motor illusions similar, simple explanations can be
found, as we proposed above for the case of the

Miiller-Lyer illusion (Franz et al., 2007).

More detail: 4. Alternative theoretical
accounts

In this section we sketch some alternative theoreti-
cal accounts (other than the perception-versus-
action hypothesis) that have been proposed.

Bridgeman: Cognitive versus sensorimotor maps
The perception-versus-action  distinction  of
Goodale and Milner (1992; Milner & Goodale,
1995) is similar to Bridgeman’s earlier distinction
of  cognitive versus  sensorimotor  maps
(Bridgeman, Kirch, & Sperling, 1981; Bridgeman
et al., 1997). For a long time, the evidence for
this model seemed quite unequivocal: Certain
visual illusions that affected the perceived position
of an object did not affect pointing movements to
these same locations. The strongest findings were
obtained with the induced Roelofs effect
(Figure 2¢; Bridgeman et al., 1997): While percep-
tion of the target object is deceived by a surrounding
frame that is offset to one side, pointing movements
to the same target were accurate. Therefore,
Bridgeman suggested that there are two separate
spatial maps, one for perception and one for
action, thereby also suggesting that perception is
prone to the illusion while actions seemed immune.
However, recent evidence by Dassonville,
Bridgeman, and coworkers (Dassonville & Bala,
2004a, 2004b; Dassonville et al., 2004) suggests
that these findings are caused by a frame-induced
distortion of the observers’ apparent midline.
They showed that actions guided to targets
within the distorted reference frame are accurate
because errors of target localization cancel the
errors of motor guidance. For perception, on the
other side, these errors will not cancel such that
the illusion only seems to affect perception and
not action. These findings therefore provide a
simple explanation for the apparent dissociation
between perception and action without having to
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assume separate neural systems for perception and
action. Instead, their explanation also assumes a
common representation of space, thereby corrobor-
ating our results regarding the Ebbinghaus illusion
(see also the discussion in Smeets & Brenner,

2006).

Glover and Dixon: Planning-control model
Glover and Dixon (2002; see also Glover, 2002,
2004) argued that it is possible to find dis-
sociations between perception and action over
the time course of grasp movements. They
suggested that early parts of a movement are con-
trolled by the ventral cortical stream (and are
therefore deceived by contextual illusions) while
late parts are controlled by the dorsal stream
(and are therefore not deceived by contextual illu-
sions). We (Franz, 2003b, 2004; Franz et al,,
2005) replicated one of their studies (Glover &
Dixon, 2002) on the Ebbinghaus illusion and
showed that these dynamic illusion effects are
likely due to artefacts that were caused by inclusion
in the analysis of data points at which the hand
already touched the target object. This reduced
the illusion effect in late phases of the movements.
After exclusion of these contaminated parts of the
trajectories we found that the illusion effects were
remarkably constant over time.

This is consistent with a number of other studies
that also came to similar negative evaluation of
Glover and Dixon’s (2002) model, using a
number of different paradigms (Handlovsky,
Hansen, Lee, & Elliott, 2004; Heath, Rival, &
Binsted, 2004; Heath, Rival, Neely, & Krigolson,
2006; Heath, Rival, Westwood, & Neely, 2005;
Mendoza, Elliott, Meegan, Lyons, & Welsh,
2006; Mendoza, Hansen, Glazebrook, Keetch, &
Elliott, 2005). Note that Glover and Dixon’s
model is also at odds with the perception-versus-
action model of Milner and Goodale (Goodale &
Milner, 2004), such that, logically, at least one of
the models must be wrong.

Brenner and Smeets: Grasping is not guided by
object size

Some researchers questioned whether the Aglioti
paradigm could be used at all as positive evidence

GRASPING VISUAL ILLUSIONS

for the perception-versus-action hypothesis—
even if a clear dissociation between perception
and action were found in this paradigm.

Smeets and Brenner (2006) argue that the
Aglioti et al. (1995) study and its interpretation
in terms of the perception-versus-action hypoth-
esis rest on the assumption that the perceptual
measure and MGA in grasping are both measures
of object size. Otherwise it would not make sense
to compare these measures. Smeets, Brenner, and
colleagues raised concerns against this assump-
tion—and therefore questioned whether studies
on visual illusion that use the MGA can tell us
anything about a potential perception—action dis-
sociation at all. Consequently, they argue that
“whether an illusion influences the execution of a
task will therefore depend on which spatial attri-
butes are used rather than on whether the task is
perceptual or motor” (Smeets, Brenner, Grave, &
Cuyjpers, 2002; p. 135).

In general, we agree with their main conclusion
that the task demands affect which spatial attri-
butes are used. However, we differ with respect
to the interpretation of the MGA: We think
that even if the basic assumption of Aglioti et al.
(1995) is correct—namely that MGA is a
measure of object size—the empirical evidence
votes against a perception—action dissociation.

Let us sketch why Smeets, Brenner, and col-
leagues argue against the use of MGA as a
measure of object size: Smeets et al. (2002) argue
that attributes of objects, such as colour, shape,
size, or orientation are often physically related,
but do not need to be always perceived consist-
ently. For example, the perceived orientation of a
bar might be inconsistent with the perceived
location of its end-points. A classic example is
the Miiller-Lyer illusion in which the fins
change the perceived length of the shaft, but not
the perceived position of the end-points of the
shaft (Gillam & Chambers, 1985; Mack, Heuer,
Villardi, & Chambers, 1985). In addition,
Smeets and Brenner (1999) proposed a new
model for grasping that is different from earlier
models (e.g., Jeannerod, 1981) and assumes that
in grasping we move index finger and thumb inde-
pendently to different positions. In consequence,
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they interpret the fact that MGA depends linearly
on object size (Jeannerod, 1986) as not indicating
that MGA is determined by object size, but by
the position of the grasp points. Now, if we
assume that the Ebbinghaus illusion changes
only the size estimate of the object (but not the
positions of the grasp points), then it would be
no surprise if grasping were less affected by this
illusion than was perception.

Smeets, Brenner, and colleagues performed a
number of studies to test this notion. For
example, Brenner and Smeets (1996) measured
lift force in the Ponzo illusion as a dependent
measure that might be better suited to measure
size information in grasping than MGA—and
indeed found illusion effects on lift force. In con-
sequence, they conclude that Aglioti et al. (1995)
simply used with MGA the wrong measure. Had
they used a motor measure that takes into
account the size of the object appropriately, they
would have found illusion effects on the motor
system (see also the discussion of this study above).

Inanother study, de Grave, Biegstraaten, Smeets,
and Brenner (2005) used the Ebbinghaus illusion
with four context elements and rotated the context
elements by 45 degrees. For both orientations of
the context elements they found similar, significant
effects of the illusion on MGA. In addition they
found a small but significant effect on the orientation
of the hand: The hand orientation at MGA changed
by approximately 1 degree in response to the
45-degree rotation of the context elements. They
conclude that the Ebbinghaus illusion can influence
grasping parameters that are not related to size
perception. Since the MGA is not necessarily inde-
pendent of such influences, the magnitude of the
illusory effects on perception and MGA need not
be identical—and we should be cautious in attribut-
ing apparent differences (or similarities) between
perception and grasping to a perception—action
dissociation (p. 64).

However, we are not convinced by the argu-
ment of de Grave et al. (2005), because it is well
known that MGA depends not only on object
size alone. For example, if we changed the speed
of the movement or the distance between grasp
object and participant or a lot of other parameters,
all this will affect MGA. Therefore it seems not
very surprising that rotating the context elements
has some effect on the grasp trajectory. (Note,
however, that rotating the context elements did
not even affect the MGA; cf. Figure 5c of de
Grave et al., 2005. There was only a small effect
on the orientation of the hand at the time of
MGA.) The critical question is what happens if
we keep all these other parameters constant,
whether then MGA responds to object size. And
this seems to be the case.

Another, recent study (Gilster, Kuhtz-
Buschbeck, Wiesner, & Ferstl, 2006) came to a
similar view as Brenner, Smeets, and colleagues
on the appropriateness of comparisons between
the effects of the Ebbinghaus illusion on percep-
tion and on MGA in grasping. Gilster et al.
(2006) investigated the Ebbinghaus illusion in
grasping in a similar way as the example
studies, but added a neutral condition without
context elements. Again, they found effects of
the illusion on grasping: MGA was larger with
small context elements than with large context
elements. However, in the neutral condition
MGA was larger than in the condition with
small context elements. Gilster et al. (2006) con-
cluded from this that the presence of the context
elements leads to a general reduction in MGA
and that this “reduction-effect” might also
reduce potential effects of visual illusions on
grasping. Therefore, they argue that larger
effects of the Ebbinghaus illusion on perception
than on grasping cannot be unambiguously inter-
preted in favour of the perception-versus-action
hypothesis.”

2 One might be tempted to interpret the results of Gilster et al. (2006) as evidence for the large-gap—small-grasp mechanism
(Haffenden & Goodale, 2000; Haffenden et al., 2001). However, Haffenden and Goodale assume that participants grasp relatively
large in the small—near figure because they somehow embrace the entire Ebbinghaus figure. But if that is the case, then they should

grasp smaller in the neutral condition because the context elements are removed. This is the opposite of the reduction effect reported

by Gilster et al. (2006).
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We think, however, that this conclusion might
be premature. Even in perception the neutral con-
dition without context circles can lead to a larger
perceived size than does the condition with small
context circles (e.g., Girgus et al., 1972; Roberts
et al., 2005). Unfortunately, a quantitative com-
parison between perceptual and motor effects of
the illusion is missing in the study of Gilster
et al. (2006), such that we do not know whether
there are really important differences between the
perceptual and motor effects of the illusion in
this study. Also, Pavani et al. (1999) used
another neutral condition in which context
elements of equal size as the central element
were used and showed that relative to this
neutral condition, the effects of the illusion on per-
ception and grasping were again very similar.

In short, we think the notion that we have to
consider carefully which spatial attributes are used
during the perceptual or motor tasks is very import-
ant and worthwhile. Smeets, Brenner, and col-
leagues use this idea together with their specific
grasp model to argue that even if certain visual illu-
sion affected MGA less than perception this would
not constitute evidence for the perception—action
model. We took a different research strategy: We
first wanted to clarify whether certain visual illu-
sions (such as the Ebbinghaus illusion) do indeed
affect MGA less than perception. And, in our
view, this does not seem to be the case.

GENERAL DISCUSSION

We argued that the grasp data on the Ebbinghaus
illusion are surprisingly consistent. The perceptual
data are not as consistent. However, if we use such
standard precautions as taking into account the
slope of the measures’ response functions and
making sure that all tasks are appropriately
matched, then we can explain the differences
between classic perceptual measures, manual esti-
mation, and grasping. In consequence, we find
that all these measures are similarly affected by
the Ebbinghaus illusion.

This leads to a simple, parsimonious
interpretation of the data: The Ebbinghaus illusion

GRASPING VISUAL ILLUSIONS

deceives a common representation of object size.
This representation is used by perception and by
the action system. For wus, as scientists, this
should be good news: We have consistent data,
and we have a simple, parsimonious interpretation.

However, this conclusion is at odds with the
notion that grasping visual illusions provides
strong, positive evidence for the perception-
versus-action hypothesis of Goodale and Milner
(1992; Milner & Goodale, 1995). Let us first illus-
trate that these findings have indeed been counted
as strong, positive evidence for the theory: For
example, Haffenden and Goodale (1998) wrote
with respect to their findings on the Ebbinghaus
illusion: “The results of the present experiment
provide strong support for the idea that the visual
mechanisms underlying perception are distinct
from those underlying the control of skilled
actions” (p. 129). Similarly, Plodowski and
Jackson (2001) judged with respect to the
Haffenden et al. (2001) study on the Ebbinghaus
illusion: “Goodale and colleagues have obtained
compelling new evidence in support of their pro-
posed dichotomy between visual processing for
perception and motor control” (p. R304). Clearly,
if strong, compelling evidence for a theory turns
out to be problematic, then our believe in this
theory should somehow be affected.

We are not claiming that our findings necess-
arily ~ disprove the perception-versus-action
hypothesis. In fact, we could easily reconcile the
perception-versus-action hypothesis with our
findings in three simple ways (cf. Franz et al,
2001): (a) The Ebbinghaus illusion could be
created in each of the systems redundantly—and
happen to be of exactly the same size in the two
systems. We call this the “redundant illusion
hypothesis” in the following. (b) We could
assume that there is strong crosstalk between the
two systems, which contaminates the veridical
size estimate in the action system so strongly
that grasping is as much deceived by the illusion
as is perception. We call this the “strong crosstalk
hypothesis”. (c) We could assume that the
Ebbinghaus illusion is created relatively early,
before the dorsal and ventral streams separate.
We call this the “early illusion hypothesis”.

COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (7-8) 943
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How plausible are these hypotheses? The
redundant illusion hypothesis and the strong
crosstalk hypothesis both are scientifically proble-
matic because they simply increase the number of
entities and are therefore not parsimonious. As
long as we do not have other, independent evi-
dence that indicates that such entities exist (i.e.,
that the illusion is created twice in parallel, or
that the action system calculates the veridical size
but that this is then overwritten by crosstalk
from the perceptual system), these hypotheses are
simply post hoc explanations, and we do not see
much value in them. Note, however, that this
does not mean that these hypotheses are necess-
arily wrong or worthless. It could well be that
some new findings indicate that indeed one of
these two hypotheses is close to the truth.

The early illusion hypothesis, on the other side,
could be an interesting possibility, and it is quite
surprising that the proponents of the perception-
versus-action hypothesis seem to be opposing
this possibility. Milner and Dyde (2003) discuss
this possibility for other visual illusions, but
dismiss it for the Ebbinghaus illusion. Our discus-
sion above on the mechanisms of the Ebbinghaus
illusion (see: “More detail: 2. How is the
Ebbinghaus illusion generated?”) shows that cur-
rently not much is know on the exact sources of
the Ebbinghaus illusion. Clarifying this question
will be a task for future research.

However, all three hypotheses can only recon-
cile the perception-versus-action hypothesis with
our finding of similar illusion effects for percep-
tion and action. If we accept one of these
hypotheses, then grasping visual illusions
cannot provide strong, positive evidence for the
perception-versus-action hypothesis any more.
In consequence, it is also possible that the per-
ception-versus-action  hypothesis is  simply
wrong and should be rejected. This will depend
on the strength of the other, independent
evidence that has been put forward in support
of the perception-versus-action hypothesis. A
full evaluation would go far beyond the scope
of this article. Note, however, that other evi-
dence that has traditionally been counted as
strongly supporting the perception-versus-action

944 COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (7-8)

hypothesis also turned out to be problematic.
For example, the classic distinction of cognitive
versus sensorimotor maps (Bridgeman et al.,
1981, 1997) has been challenged (see our discus-
sion above). Similarly, Schenk (2006) questioned
whether the dissociation in the famous patient
D.F. is really between perception and action as
suggested by Goodale and Milner (1992) or
maybe between different task demands. Other
researchers raised further concerns against
Goodale and Milner’s interpretation of the
patient data (e.g., Pisella, Binkofski, Lasek,
Toni, & Rossetti, 2006). Taken together, all
this criticism might lead us to the conclusion
that the brain is not subdivided in two parallel
systems, which perform certain calculations
twice. Specifically, the notion that object size is
calculated twice, once in the ventral stream for
perception (deceived by visual illusions and con-
scious) and once in the dorsal stream for action
(veridical and unconscious), loses much of its
strength if one follows our arguments on visual
illusions and grasping.

First published online 13 June 2008
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APPENDIX A

Why do researchers report illusion effects in
millimetres instead of percentages?

In perceptual research, illusion effects are sometimes reported
in percentages. If, for example, a disc of a physical diameter
of 30 mm is treated as if it had a diameter of 33 mm, then we
could describe this as a [(33 — 30)/30] x 100 = 10% illusion
effect. This can be useful because we can expect that if we
scaled up the whole stimulus configuration such that the diam-
eter of the disc were 40 mm, then there should still be a 10%
illusion effect, and the disc should be treated as if it had a diam-
eter of 44 mm. Researchers on the effects of visual illusions on
grasping did not, however, choose this option but preferred to
work with absolute sizes—as did many researchers in perceptual
research. One reason for this in perceptual research is that the
illusion effect can depend on additional factors that might be
obscured if we worked in percentages (e.g., Restle &
Merryman, 1968, p. 230). Therefore, we also report illusion
effects in millimetres in this review. If we estimate the percen-
tages for the illusion effects shown in Figure 1 for grasping and
classic perceptual measures, then they are roughly between 4%
and 5%. However, presenting all the data in percentages would
be difficult given that these values and the corresponding stan-
dard errors are often not reported in sufficient detail. This does
not, however, pose any problems for our comparison because
the stimuli were similar enough in the example studies such
that there is no necessity to correct for scaling.

One important reason why researchers worked in absolute
sizes lies in the fact that the MGA is more complicated than
classic perceptual measures: It depends linearly on object size,
but with a nonzero intercept and a slope that sometimes devi-
ates from unity. To illustrate the problem, consider the case
that for MGA the intercept is 20 mm, and the slope is 0.8.
When grasping a disc of 30-mm diameter, this will result in a
MGA of: 20 mm + (0.8 x 30) mm = 44 mm. Now, assume
we introduce a 10% illusion, such that the disc is treated as if
it were 33 mm in diameter. This will result in a MGA of:
20mm + (0.8 x 33) mm = 46.4 mm. If we now calculated
a percentage for the illusion effect in the same way as for
classic perceptual measures, we would calculate: [(46.4 — 44)/
44] x 100 = 5.5%. This would be erroneous (because we con-
structed our example such that the illusion effect is 10%). This
problem is, for example, present in the study of Vishton and
Fabre (2003). The problem arises because the nonzero intercept
is not taken adequately into account.

Instead, we have to calculate the physical size that corre-
sponds to a MGA of 46.4 mm (in our example we know that
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this is 33 mm, but this would not be known in a real-world situ-
ation). For this, we have to invert the linear function and calcu-
late: (46.4 mm — 20 mm)/0.8 = 33 mm. This physical size,
corresponding to a MGA of 46.4 mm, can now be used to cal-
culate the percentage in the traditional way: [(33—30)/30] x
100 = 10%. More abstractly, if MGA is related to physical
size (x) as: MGA = a + bx, then we need to calculate the
specific physical size (xp) that corresponds to a specific
MGA, as: xgp = (MGA, — a)/b. Only with this value is it
correct to calculate a percentage. Note, that this value is
closely related to the corrected illusion effects, as are shown
in the Figures 1f and 5. For more details and discussions of
the corrected illusion effects see Franz (2003a), Franz et al.
(2001), and Dewar and Carey (2006).

A final note of caution: In some of these calculations we
divide by the slope b, which is prone to measurement error.
Confidence intervals and statistical tests for such a ratio need
special statistical methods. They can be calculated using
“Fieller’s theorem” or, if b is clearly significantly different
from zero, by the delta method (i.e., a linear Taylor approxi-
mation). For further details see Buonaccorsi (2001), Franz
et al. (2005), and Franz (2007).

APPENDIX B

The significant/not-significant-as-
difference fallacy

In this appendix we want to describe a statistical inference that
was used in quite a few studies on the perception-versus-action
topic and which is very problematic. The problem is the follow-
ing: Quite often, researchers find in one condition a significant
illusion effect, while in the other condition the illusion effect is
not significantly different from zero. From this pattern of
results they conclude that the illusion affected the two con-
ditions differently. However, this is a highly problematic infer-
ence. For example, the same pattern of results could be obtained
if the illusion affected both conditions to exactly the same
degree, but in one condition the variability would be larger,
such that only in this condition the illusion effect would not
be significantly different from zero.

To come to the conclusion that the two conditions are
affected differently by the illusion we would have to test the
difference of the illusion effects. Of course, this is a general stat-
istical issue if we compare two or more conditions and is not
limited to illusion effects. A similar argument has already
been raised earlier by Cantor (1956).3

? There is another issue here, if the comparison is between different measures—for example, between perceptual measure and
motor measure. In this case the additional question arises of whether we can compare the perceptual measure and the motor
measure at all. We cannot discuss this issue here and refer to the Appendix A of Franz et al. (2001), where we present a mathematical

model that shows the assumptions necessary for this comparison.
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As an illustrative example, we chose the study of Hu and
Goodale (2000), because this study provides enough statistical
detail to be able to demonstrate the problem by recalculation
of the data. In their Experiment 1, Hu and Goodale (2000)
measured illusion effects on grasping in a no-delay condition
and in a 5-s delay condition. The illusion effect in the no-
delay condition was not significantly different from zero,
while it was significantly different from zero in the delay con-
dition (cf. Figure 4 of Hu and Goodale, 2000). From this,
the authors concluded that the illusion affects the two con-
ditions differently: “The fact that grip scaling becomes sensitive
to the relative size of an object after a delay reflects a shift in
motor programming from absolute to relative metrics” (p. 861).

However, to come to this conclusion, the authors would
have to test the difference of the illusion effects between no-
delay and delay conditions. If we perform these calculations
(see the next section), we find that the illusion effects were
not significantly different (p = .42). The same problem is
present in their second experiment, although here the
problem is not as pronounced (p = .10). In consequence, the
experiments do not provide convincing evidence for the main
conclusion of this study—namely, that grasping after a delay
is differently affected by the illusion than is immediate grasping.

In summary, not all studies that found differences between
perception and action performed the adequate tests. In our
main text, this problem is mentioned where appropriate.
Ameliorating this problem will have the positive side-effect
that larger sample sizes will be used, which might be beneficial
for psychology as a cumulative science (Maxwell, 2004).

Tests for the differences in Hu and Goodale
(2000)

Consider Experiment 1 of Hu and Goodale (2000): Delay and
no-delay conditions were performed in two groups, each with N
= 13 participants. The mean illusion effects were (cf. Figure 4
of Hu and Goodale, 2000):

no-delay condition: IE o delay = 65.14 — 64.38 = 0.76
delay condition: 1Ege10y = 68.40 — 66.61 = 1.79

The illusion effect in the no-delay condition was not signifi-
cantly different from zero, F(1, 12) = 0.535, ns, while it was sig-
nificantly different from zero in the delay condition, (1, 12) =
6.060, p < .05.
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Using these data of Hu and Goodale (2000), we can calcu-
late an independent samples 7 test for the difference of the illu-
sion effects between the no-delay and delay conditions. For this,
we need to calculate the standard error of the mean (SEM) for
each condition. This is possible using the two F-values given
above, which are the results of two separate repeated measures
analyses of variance (ANOVAs). For the main effect of the
factor illusion these ANOVAs are equivalent to paired # tests.
This is so, because: (a) each ANOVA contains only within-sub-
jects factors, (b) the design is balanced, and (c) the factor illu-
sion has only two levels. The # statistics of these # tests
calculate as:

no-delay condition: #(12) = \/[F (1, 12)]
= /(0.535) = 0.731437

delay condition: #(12) = /[F(1, 12)]

= /(6.060) = 2.461707

From these # values and from the mean illusion effects, we can
calculate the SEMs. This is so because the 7 statistics are: /=
mean/SEM, such that SEM = mean/#. This results in:

no-delay condition:

SEMo-delay = 0.76/0.731437 = 1.039051

delay condition:  SEMyery = 1.79/2.461707 = 0.7271377

Now we can calculate an independent samples # test on the
difference between the no-delay and delay illusion effects.
Because the groups have the same sample size, the # statistics
calculate as:

IEdelay - IEnn-delay
\/ SEMZ,,, + SEM?,

#H24) =

no-delay
B 1.79 — 0.76 B
~ J0.72713772 + 1.0390512

That is, the difference of the illusion effects in the no-delay and
delay conditions of Experiment 1 is not significant, #(24) =
0.81; p = .42. The same calculation for Experiment 2 also
results in a not-significant difference, #26) = 1.68, p = .10.



