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Planning versus Online Control:
Dynamic Illusion Effects in Grasping?

V.H. Franz

Abstract. The planning/control model of action assumes that grasping is sensitive to the context of an object
only in early stages of the movement (planning), but not in later stages (control). In consequence, the effects of
context–induced illusions (as the Ebbinghaus/Titchener illusion) should decrement during a grasping movement.
Here, we tested this claim by reanalysing a large data set (N=26) on grasping in the Ebbinghaus illusion. Contrary
to the predictions of the planning/control model, we found that the effects of the illusion did not decrease over
time. Instead, the illusion effects stayed remarkably constant.

1 Introduction

During the last years there has been a strong discus-
sion on the question whether a certain class of visual
illusions which are believed to depend on higher cog-
nitive functions affect motor actions to the same extent
as perception. An example for such an illusion is the
Ebbinghaus/Titchener illusion (cf. Figure 1a). In this
illusion, the size of context elements affects the per-
ceived size of a central element. A number of stud-
ies suggest that this illusion is partially dependent on
higher cognitive functions as, for example, semantic
similarity between the central element and the context
elements (e.g., Coren & Enns, 1993; Deni & Brigner,
1997; Zanuttini, Zavagno, & Agostini, 1996). The
question whether the Ebbinghaus illusion affects mo-
tor acts in the same way as perception has strong the-
oretical implications. If motor actions are largely re-
fractory to the Ebbinghaus illusion (or to similar illu-
sions), this would provide strong evidence for the no-
tion that there exist two separate visual systems, one
system which processes visual information to guide
actions and a second system which creates a visual
percept of the world (Goodale & Milner, 1992; Milner
& Goodale, 1995). A typical example for such a dis-
sociation between perception and action was reported
by Aglioti, DeSouza, and Goodale (1995), who found
that the Ebbinghaus illusion clearly affected percep-
tion but only marginally grasping. Note, however, that
this finding is still highly controversial (for comments
and reviews see: Bruno, 2001; Carey, 2001; Franz,
2001; Plodowski & Jackson, 2001; Smeets & Brenner,
2001; Snowden, 2000).

Recently, Glover and Dixon (2001a, 2001b, 2002)
suggested a different possibility for the relationship be-
tween the processing of visual information for motor
actions and for perception. They proposed that only

early stages of motor planning are affected by visual il-
lusions, while later stages might be largely unaffected.
This planning/control model of action assumes that the
early stages (planning) operate in a context–depended
way and therefore are likely to be affected by illusion–
inducing context elements as are responsible for the
Ebbinghaus illusion. Glover and Dixon assume that
after the initial planning phase actions are corrected
on–line, using a context–independent representation.
In consequence, this control phase should be largely
immune to contextual illusions as the Ebbinghaus illu-
sion.

The planning/control model of Glover and Dixon
(2001a) is a variant of a set of accounts which go
back as far as to Woodworth (1899). In the version
of Glover and Dixon the planning/control model is not
fully compatible with the perception/action distinction
put forward by Milner and Goodale (1995). This has
several reasons: (a) The planning/control model as-
sumes that actions are always guided by two represen-
tations, in early stages by a context–dependent repre-
sentation, and in late stages by a context–independent
representation. In contrast, the perception/action
model assumes that actions are mainly guided by one
representation which is context–independent. (b) Ac-
cording to the planning/control model, the buildup
of a context–dependent representation in the planning
stage does precede actions. This contradicts the notion
of Milner and Goodale (1995) that the creation of a
context–dependent representation is too slow to guide
immediate actions.

The planning/control model is strongly based on
Glover and Dixon’s finding that early phases of mo-
tor actions (e.g., grasping), are more affected by visual
illusions than later phases (Glover & Dixon, 2001a,
2001b, 2002). However, some authors critizised
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this finding (Danckert, Nadder, Haffenden, Schiff, &
Goodale, 2002) and therefore further investigation of
this topic seems needed. Here, the planning/control
model is tested by reanalysing a large set of data on
grasping in the Ebbinghaus illusion (Franz, Gegenfurt-
ner, B̈ulthoff, & Fahle, 2000).

Franz et al. (2000) replaced the central circle of the
Ebbinghaus illusion by a disc which was grasped by
the participants (cf. Figure 1b). The grasp trajecto-
ries were measured and the effect of the illusion on
grasping was evaluated and compared to the percep-
tual effect of the illusion. Here, we reanalyzed these
data in such a way that the effects of the illusion in
early stages of the grasp movement can be compared
to the effects of the illusion in late stages. For this, the
time course of each grasp was normalized such that a
normalized time of 0% corresponded to movement on-
set and a normalized time of 100% to the time of the
maximum grip aperture (cf. Figure 1c). Five different
time points (0%, 25%, 50%, 75%, 100%) were chosen
for the comparison. If the planning/control model is
correct, then there should be larger illusion effects on
grasping at early time points than at late time points.

2 Methods

This experiment was already described in Franz et al.
(2000). For clarity of presentation, the relevant points
are repeated here and, where necessary, described in
more depth than in Franz et al. (2000).

2.1 Participants

Twenty–six volunteers (14 female, 12 male) partici-
pated in the experiment, ranging in age from 18 to
35 years (mean: 24.7 years, SD: 4.5 years). In re-
turn for their participation, they received a payment of
13 DM per hour (approximately 6.5 US$). Participants
had normal or corrected–to–normal vision (Snellen–
equivalent of20/25 or better; Ferris, Kassoff, Bres-
nick, & Bailey, 1982), normal stereopsis of 60 sec-
onds of arc or better (Stereotest–circles, Stereo Opti-
cal, Chicago), and were right–handed (Oldfield, 1971).

2.2 Stimuli

The stimuli are shown in Figure 1a. The large (small)
context elements were 5 (12) circles, 58 mm (10 mm)
in diameter, the centers of the circles being 118 mm
(60 mm) apart. All context circles were drawn on
a board. The targets were aluminum disc, 28, 31,
34, or 37 mm in diameter (corresponding to 2.4, 2.7,
3.0, and 3.3 degrees of visual angle) and 5 mm in
height. To maximize the similarity between the three–
dimensional target disc and the two–dimensional con-
text circles we minimized shadows and had partici-
pants view the stimuli from above. In the perceptual
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Figure 1: a. The Ebbinghaus / Titchener illusion: A
circle surrounded by larger circles is perceived as be-
ing smaller than if surrounded by smaller circles (and
vice versa). The two Ebbinghaus figures are drawn
approximately to scale to the stimuli used in Franz
et al. (2000). b. Apparatus used by Franz et al.
(2000): Participants viewed a board with the context
circles drawn on it. In the center of the context cir-
cles an aluminum disc was positioned. In the grasp-
ing task, participants grasped the disc. In the percep-
tual task, participants adjusted a comparison circle dis-
played on the monitor to match the size of the disc.c.
A prototypical grasp movement. Before the object is
touched, the aperture between index finger and thumb
reaches a maximum which is larger than the size of
the object. This maximum grip aperture is linearly
related to object size Jeannerod (1981, 1984). In the
present study, the grip aperture was evaluated at differ-
ent time points between movement onset (normalized
time = 0%) and the maximum grip aperture (normal-
ized time= 100%).
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task, an isolated comparison circle was displayed on a
computer monitor at a distance of 155 mm (13.8 de-
grees of visual angle) from the target disc.

2.3 Apparatus

The apparatus is shown in Figure 1b. Participants sat
on a stool and used a chin rest to keep the position of
the head constant. They looked down at a 21 inch mon-
itor (effective screen diagonal of 48.5 cm) as if looking
at the top of a table. The monitor was positioned at a
distance of approximately 65 cm from the eyes. The
screen of the monitor served as table for the presen-
tation of the stimuli. Participants wore liquid-crystal
(LC) shutter glasses (Milgram, 1987) which allow to
efficiently suppress vision. The trajectories of the fin-
ger movements were recorded using an OptotrakTM

system (sampling rate 100 Hz): Six infrared light–
emitting diodes (LEDs) were mounted on two little
flags (three LEDs per flag). The flags were attached
to thumb and index finger. Before start of the experi-
ment, the typical grasp points on the fingers were de-
termined and measured relatively to the markers on the
flags. This enabled us to calculate the trajectories of
the grasp points and to determine the grip aperture as
a function of time.

2.4 Procedure

In the grasping task, each trial was started when the LC
shutter glasses opened such that the participant could
see the stimuli. Between trials, the participants rested
their dominant, right hand at a distance of 27 cm from
the target disc. After the LC shutter glasses opened,
participants grasped the target disc, lifted it, and de-
posited it at a convenient position at the side of the
apparatus. The LC shutter glasses suppressed vision
as soon as the fingers had moved at least 20 mm from
their resting position (on average825 ± 61 msec af-
ter stimulus presentation) such that participants could
neither see their hand nor the stimulus during grasp-
ing. Participants were instructed to grasp as natural
and normal as possible. Participants had 4 sec time
for the grasping movement (from opening of the shut-
ter glasses until having lifted the target disc by at least
20 mm). If this time limit was exceeded, the trial was
repeated at a randomly determined later time. For each
participant, trials were presented in a different, com-
puter generated (pseudo) random order. Each partici-
pants performed 72 grasps (4 sizes of the target disc x
2 illusion conditions x 9 repetitions).

In the perceptual task, participants adjusted an iso-
lated circle which was displayed on the computer mon-
itor until they perceived it to be of the same diameter as
the target disc. The initial diameter of the comparison
circle was set (pseudo) randomly to be in a range of

±10 mm relative to the target disc (step sizes of 1 mm,
uniform distribution). During the adjustments, partic-
ipants had full vision of the stimuli and there was no
time limit for the adjustments. In perceptual control
experiments we had established that this adjustment
method leads to the same measured illusion effects as
a constant stimuli method with 800 msec presentation
time (see also Franz et al., 2000 for further controls
experiments). The adjustment method has the advan-
tage to be more efficient. The LC shutter glasses sup-
pressed vision as soon as the participant had finished
the adjustments and until the next trial was set up by
the experimenter. As in the grasping task, trials were
presented in (pseudo) random order. Each participant
performed 24 adjustments (4 sizes of the central disc x
2 illusion conditions x 3 repetitions).

The tasks were performed in separate blocks, with
the succession of the tasks being counterbalanced be-
tween participants. In both tasks, the LC shutter
glasses were opaque while the experimenter prepared
the trial. When finished, the experimenter pressed a
button to open the LC shutter glasses and to start the
trial.

2.5 Data analysis

For each grasp, time was normalized relative to move-
ment onset (t := 0%) and the time of the maximum
grip aperture (t := 100%). After normalization, the
grip aperture was determined at the normalized times:
0%, 25%, 50%, 75%, 100% (cf. Figure 1c). These
time points are the same as were used by Danckert
et al. (2002). Time pointsafter the maximum grip
aperture were not included in the analysis, because
here the fingers are already very close to the target and
quite often one or the other finger already touches the
target object, which would contaminate the data. To be
maximally comparable to previous studies, the same
criterion for movement onset was used as in the study
of Glover and Dixon (2002): Movement onset was de-
fined as the first time when the velocity of the thumb
exceeded a value of0.1 m/sec. Maximum grip aperture
was defined as the maximum of the aperture values be-
tween onset of the movement and reaching the disc.

For each participants and each time point, the mean
illusion effect (i.e., mean grip aperture in the small
context conditions minus mean grip aperture in the
large context conditions; pooled across all sizes of the
target disc) and the mean slope (relating physical size
to grip aperture) were calculated. Then, for each par-
ticipant and time point, the corrected illusion effect
was calculated by dividing the mean illusion effect by
the mean slope. It is important to perform the correc-
tion for each participant individually, using her/his in-
dividual illusion effectand individual slope. If the cor-
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Figure 2: Grip aperture at different time points of the grasp movement: The mean grip aperture is shown as a
function of the size of the target disc, of the illusion context, and of time. Time is normalized such thatt = 0%
corresponds to the start of the movement andt = 100% corresponds to the time of the maximum grip aperture.
Error bars depict±1 standard error of the mean. Note, that these error bars contain within–subjects as well as
between–subjects variance and therefore do not well reflect the highly significant (within–subjects) effects found
in the ANOVAs. The error bars in Franz et al. (2000) for thet = 100% conditon reflect the significant effects better
because they only contain the within–subjects variance. For statistical reasons, this calculation is not possible if all
time points are compared (cf. Loftus & Masson, 1994).

rection were done using the individual illusion effect,
but theaverageslope (averaged across all participants)
this would result in a wrong estimate, because the vari-
ability of the slope between participants would not be
taken into account. Usually (but not always) this will
result in anunderestimationof the variability for the
corrected illusion effects (and, consequently, in liberal
statistical tests). Unfortunately, this problem is present
in the study of Glover and Dixon (2002). As an ex-
ample, we calculated the corrected illusion effects in
the same way as Glover and Dixon (2002) did. This
results in corrected illusion effects of:1.32± 0.34 for
t = 100%, 1.23 ± 0.34 for t = 75%, 1.27 ± 0.37 for
t = 50%, 1.14± 0.78 for t = 25%, and21.51± 11.44
for t = 0%. Comparing these values to the values
in the column “Corrected effect” of Table 2 shows

that usually the variability is underestimated by this
method.

A significance level ofα = .05 was used for all
statistical analyses. P–values above.001 are given as
exact values. For parameters which are described as
X ± Y ,X denotes the mean andY the standard–error
of the mean.

3 Results

The result–section is divided in two parts: The first
part describes details of the variables which were the
basis for the time normalization. The second parts de-
scribes the illusion effects in normalized time.
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Table 1: ANOVAs for grip aperture at the different time points.
Main effect Main effect Interaction

size of target disc illusion size x illusion
Time GD–Time F p F p F p
100% app. 65% 174.8 <0.001 *** 15.2 0.001 *** 0.6 0.649
75% app. 49% 155.7 <0.001 *** 13.1 0.001 ** 1.0 0.417
50% app. 33% 62.3 <0.001 *** 11.8 0.002 ** 2.1 0.107
25% app. 16% 12.8 <0.001 *** 2.2 0.155 3.8 0.014 *
0% 0% 1.8 0.155 3.5 0.072 3.1 0.031 *

Note. For each normalized time point an individual repeated measures ANOVA was calculated on the grip aperture.
Factors were size of target disc (28, 31, 34, 37 mm) and illusion context (small vs. large context circles). For a
graphic depiction of the corresponding mean values see Figure 2. Time is normalized such that 0% corresponds to
movement onset and 100% to the time of the maximum grip aperture. Glover and Dixon (2002) used a different
end–point for the time normalization. The column GD–Time provides a translation to their time normalization.
*p < .05, ** p < .01, *** p < .001.

3.1 Variables on which time normalization is
based

The normalization is based on movement onset time
and movement duration (i.e., the time from move-
ment onset until maximum grip aperture). The av-
erage movement onset time was782 ± 60 msec, the
average movement duration was679 ± 32 msec. To
test, whether the normalization depended in some
way on the experimental conditions, repeated measure
ANOVAs were calculated for these times. Neither the
factors size of target disc (28, 31, 34, 37 mm) nor
the factor illusion context (small vs. large context cir-
cles), nor the interaction between the two factors af-
fected movement onset time or movement duration (all
p > .27). It was also tested, whether a difference in
movement onset time or movement duration between
participants affected in some way the size of the illu-
sion effect. A correlation analysis indicates that this
was not the case (correlation between movement on-
set time and illusion effect:ρ = 0.30, t(24) = 1.5,
p = .14; correlation between movement duration and
illusion effect:ρ = 0.35, t(24) = 1.8,p = .08).

3.2 Results of time normalization

Figure 2 shows grip aperture as a function of size of
the target disc, illusion context, and normalized time.
Inspection of the figure shows that: (a) The slopes of
the linear functions which relate grip aperture to phys-
ical size are smaller at earlier time points. (b) The ef-
fect of the illusion is also smaller at earlier time points.
Both results are reflected in ANOVAs which were cal-
culated separately for each time point (Table 1) and can
also be seen in the column “Illusion effect” of Table 2
which shows the mean illusion effect (pooled across
disc sizes) for each time point.

It is not surprising that at earlier time points the ef-
fects of physical size and of the illusion on grip aper-
ture are smaller. This is due to the fact that at the
beginning of each trial the fingers are resting and in
consequence the effects on grasping have to build up
over time. In order to assess whether the illusion ef-
fects are larger at early than at late time points, we
have tocorrect the measured illusion effects for the
slope with which grip aperture depends on physical
size. This correction was suggested by Glover and
Dixon (2001a) and also, in a slightly different context,
by Franz, Fahle, B̈ulthoff, and Gegenfurtner (2001).
For details of the correction, see the Method section.

The last columns of Table 2 contain the corrected il-
lusion effects for each time point. The table shows that
the corrected illusion effects are constant over time.
Only at movement onset (t=0%), the corrected illusion
effect seems to be increased. However, the huge stan-
dard error indicates that this is not a substantial effect.
Note, that the large variability of the corrected effect
at early time points is an artefact of the correction: We
divide the illusion effect by the slope, and the slope
gets closer and closer to zero for earlier times. In con-
sequence, even small variations of the slope result in
huge variations of the corrected effect (see also Glover
& Dixon, 2002 for a discussion of this problem).

For comparison with the perceptual effect of the
Ebbinghaus illusion, the same correction as in grasp-
ing was performed on the adjusted sizes obtained in
the perceptual task. The perceptual illusion effect was
1.45 ± 0.12 mm and the corrected illusion effect was
1.32 ± 0.11 mm. Comparing these values to Table 2
shows that the effects of the Ebbinghaus illusion did
not differ between perception and grasping, as was
already discussed by Franz et al. (2000; but see
also Haffenden, Schiff, & Goodale, 2001 and Franz,
Bülthoff, & Fahle, 2002)
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Table 2: Illusion effects and corrected illusion effects.
Illusion effect Corrected effect

Time GD–Time M (SE) M (SE)
100% app. 65% 1.47 (0.38) 1.45 (0.39)
75% app. 49% 1.28 (0.35) 1.48 (0.40)
50% app. 33% 0.97 (0.28) 1.40 (0.41)
25% app. 16% 0.33 (0.23) 1.59 (3.73)
0% 0% 0.23 (0.12) 21.52 (30.83)

Note. Illusion effects are pooled across the different sizes of the target disc. Illusion effects are calculated by
subtracting the mean grip apertures in the large context conditions from the mean grip apertures in the small
context condition. The corrected illusion effects are calculated by dividing the illusion effects by the slope which
relates grip aperture to physical size of the target disc. See method section for details. Time is normalized such
that 0% correspond to movement onset and 100% to the time of the maximum grip aperture. Glover and Dixon
(2002) used a different end–point for the time normalization. The column GD–Time provides a translation to their
time normalization. M is the mean, SE is the standard error of the mean.

4 Discussion

The Ebbinghaus illusion clearly affected grasping, not
only at the time of the maximum grip aperture, but also
as early as 50% of the time between movement on-
set and maximum grip aperture. Also, the corrected
illusion effects (which are corrected for the different
slopes between grip aperture and physical size) are re-
markably constant over time. Most importantly, the
corrected illusion effects are not increased at early time
points (as was suggested by Glover & Dixon, 2002).

How can these findings be related to earlier studies?
Danckert et al. (2002) performed a similar study on
the Ebbinghaus illusion and found a decrease of the
illusion effects at early time points. However, these
results do not contradict our results because Danckert
et al. (2002) did not correct for the decreased slopes
between grip aperture and physical size at earlier time
points. (To be more specific: Danckert et al., 2002 did
correct for the different slopes between grasping and
the perceptual measure att = 100% of their time. But
they did not correct for the different slopes which are
present in grasping across the different time points).
Without this correction we also find a decrease of the
illusion effect at earlier time points (cf. Table 2, col-
umn “Illusion effect”). Note, that the correction is
an integral part of Glover and Dixon’s (2001a, 2002)
argument and therefore it seems difficult to test their
planning/control model based on the raw illusion ef-
fects alone.

Glover and Dixon (2002) found in the Ebbinghaus
illusion a larger corrected illusion effect for early time
points than for late time points. This conforms with
their planning/control model and seems to contradict
our data. However, a closer inspection of their results
shows that this decrease of the illusion effect over time
is partially based on very late time points, well beyond

the time of the maximum grip aperture (which corre-
sponds to 100% in our time and to 65% in Glover and
Dixon’s time). We, as well as Danckert et al. (2002),
did not include these very late time points in our anal-
yses because after the maximum grip aperture the fin-
gers are already in close proximity to the target ob-
ject and therefore will quite often have contact with
the target object. This was almost certainly the case
at t = 100% (Glover and Dixon’s time), because this
was the time when the thumb ceased to move in for-
ward direction. To see this, try it yourself: Place an
object in front of you, grasp it, and determine the time
when the thumb does no longer move in forward direc-
tion. Almost always, you will have touched the object
and quite often you will even have lifted it at this time.

Touching the objects diminishes the measured illu-
sion effect. Note, that thisselectivelydecreases the
measured illusion effect but not the slope with which
grip aperture depends on physical size. Therefore, the
corrected illusion effects (as discussed above) are no
solution to this problem. If, however, we decide to
exclude these late time points (beyond 65% in Glover
and Dixon’s time) from the analysis, then the data of
Glover and Dixon (2002) are less convincing and the
difference to our data is much smaller. (Also note, that
it seems likely that Glover and Dixon underestimated
the variability of the corrected illusion effects; see the
Method section for details).

While the late time points pose serious method-
ological problems, it is not necessary to include these
time points for a test of Glover and Dixon’s plan-
ning/control model. Glover and Dixon assume that
maximum grip aperture is already under strong on–line
control and therefore the major reduction of the illu-
sion effects should already have happened (cf. Glover
& Dixon, 2002). As mentioned above, our data do
not support this prediction: The illusion effect was
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constant for even earlier time points than those anal-
ysed by Glover and Dixon (the earliest time point they
analysed was 62% in our time and 40% in their time).
In consequence, we do not see evidence for the plan-
ning/control model in our data on the Ebbinghaus illu-
sion.

5 Conclusions

Glover and Dixon (2002) found that the effects of the
Ebbinghaus illusion on grasping are largest at early
phases of the grasp movement and then decrease over
time. They interpret this as evidence for two differ-
ent representations of target size which successively
affect the motor system. A reanalysis of a large data
set (Franz et al., 2000) does not support this view. In-
stead, in our data the effects of the Ebbinghaus illusion
on grasping are remarkably constant over time.

This work was supported by the grant FA 119/15–3 from the
Deutsche Forschungsgemeinschaft (DFG) and by the Max–
Planck Society.
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