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Abstract To measure dynamic visuo-motor coupling
within the two hemispheres, we showed observers an
animation of a rotating cup. They indicated with left or
right buttons when a Wxation dot in the center of the
animation changed color. For either hand, response
times changed continuously with the irrelevant posi-
tion of the cup’s handle, even when the perceptual
asymmetry of the handle was controlled. This sponta-
neous lateralized motor preparation showed both top-
down and bottom-up components and was more pro-
nounced for the right than the left hand. The dynamic
aVordance method will help understand perception–
action coupling in the brain.
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Measuring the time course of visuo-motor aVordances

Visual information processing continuously updates
our knowledge of the world to help us behave eVec-
tively in a constantly changing environment (Wood-
worth 1899; Milner and Goodale 1995; Goodale and

Milner 2004; Handy et al. 2003, 2005). This action-ori-
entation of visual perception has been widely docu-
mented with behavioral studies in healthy participants
(Tucker and Ellis 1998, 2001, 2004; Craighero et al.
1999; Phillips and Ward 2002) as well as in neuropsy-
chological patients (Humphreys and Riddoch 2001;
Riddoch et al. 2003). Typically, such studies show a
visual object or its picture and record response tenden-
cies of the observer. For example, when healthy
observers classify object pictures as either upright or
inverted with left or right hand button responses, the
image of a frying pan leads to faster right (left) hand
responses when its handle protrudes to the right (left)
side (Tucker and Ellis 1998). Such manual response
biases from graspable objects are called “aVordances”,
in accord with Gibson’s (1979) proposal of direct
perception of action options.

AVordance eVects also occur when the observer’s
decisions are not based on object attributes. For exam-
ple, Phillips and Ward (2002) superimposed one of two
patterns over the picture of a frying pan to elicit left and
right button responses and found a similar response
bias toward the side with the protruding pan handle. By
manipulating the time between picture and pattern
onset they showed that this bias increased slowly over
more than a second. This observation is surprising if the
purpose of visually guided action planning is to facili-
tate responses to unexpected events. Their result may,
in part, reXect the rather artiWcial task and a need to
process the appearing object. Regarding aVordance
research more generally, it is hard to know to what
extent the sudden onsets of object pictures inXuence
normal visuo-motor couplings.

Another problem with the typical approach to study
visuo-motor aVordances is its confounding of the
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motor aVordance with a perceptual asymmetry: If the
object is centered in front of the observers and their
hands are symmetrically placed, the handle is closer to
one of the observer’s hands than is the rest of the
object. This leaves open a perceptual interpretation of
the observed response bias. SpeciWcally, the bias could
be due to the perceived proximity of the object’s bor-
ders to one but not the other hand (Meegan and Tipper
1998). Finally, the typical approach to study visuo-
motor aVordances does not usually encompass diVer-
ences between processes in the left and right brain
hemispheres. From neuropsychological case studies it
is known that the left hemisphere guides the prepara-
tion of purposeful actions (Roy 1985) but less is known
about the lateralization of on-line visuo-motor control.
For example, dissociations between perception and
action may only occur in the right hand and might not
be obtained with the left hand, even in left-handers
(Gonzalez et al. 2006), thus pointing to diVerent visuo-
motor coordination processes in the two hemispheres.

In summary, much previous research on visually
perceivable aVordances has relied on showing suddenly
appearing images of objects, has accepted the possibil-
ity that perceptual asymmetries contribute to any
response biases, and has ignored diVerences in the
hemispheric lateralization of on-line visuo-motor coor-
dination. Such methodological problems limit the con-
clusions we can draw about visuo-motor couplings in
real life when both hands are available to engage in
motor responses towards continuously visible objects.
Here we describe a novel behavioral method that
avoids these drawbacks and reveals the time course of
spontaneous visuo-motor coupling in a continuous
task.

Our method requires participants to indicate with
left or right buttons whenever a Wxation point changes
color. In the background of this simple discrimination
task we show a task-irrelevant rotating cup, such that
its handle continuously and predictably changes posi-
tion. The aVordance hypothesis predicts that color
decision times will be systematically inXuenced by the
position of the task-irrelevant handle at the time of
responding, for both the left and the right hand. Find-
ing that a permanently visible but task-irrelevant
object continuously changes the response tendencies of
its observer would be in line with the idea that vision
for action is rapidly updated (Desmurget et al. 1998;
Goodale and Milner 2004) and would allow us to com-
pare the time course of this visuo-motor coupling
between the two hemispheres.

With the cup centered in the image, its protruding
handle induces a perceptual asymmetry around Wxa-
tion that may contribute to any observed response

biases if participants simply respond to the larger or
closer part of the object. To determine whether visuo-
motor coupling results from a mere perceptual asym-
metry or from aVordance-based action planning, we
compare this asymmetric condition with a symmetric
condition where the cup horizontally translates by an
amount that is equal and opposite to the extent of the
handle during rotation. Note that, in this latter condi-
tion, the cup always moves to the side opposite from
the handle, i.e. toward the hand that should not be
spontaneously activated from an aVordance viewpoint.
An object moving toward an observer’s hand might
well induce response priming (Graziano and Gross
1998). Our control condition thus provides a strong test
of the aVordance hypothesis. It was conducted with a
separate group of participants to rule out any transfer
between conditions.

Method

Participants

Twenty right-handed members of the Institute for
Neuroinformatics at the University of Z:rich volun-
teered their time after providing informed consent.
They were between 22 and 45-years old (average:
28 years) and had normal or corrected to normal
vision. They were not familiar with the hypotheses
under investigation.

Apparatus

Stimuli were presented on a Sony Multiscan E400
monitor with 1,024 £ 768 pixels resolution and 100 Hz
refresh rate. The display was controlled with MAT-
LAB Version 6.1, Release 12.1 software using Psych-
Toolbox (Brainard 1997) Win 2.50 and running on a
Dual-Intel-Xeon processor based PC with an ATI
OpenGLX2 graphics card. Responses were collected
to the nearest ms with custom-built response boxes
positioned 30 mm in front and 132 mm to the left and
right of the display center. A headrest was positioned
500 mm from the display to control viewing distance.

Stimuli

A total of 120 images of a light grey tea cup with
golden rim and a handle were generated with 3dsMax
5.0 software (see Fig. 1). At the viewing distance of
500 mm the cup measured 5.3 £ 5.3° and the handle
2.3 £ 3.0°. All images were shown in a 9.7 £ 9.7° win-
dow that was either centered on the screen (Wxed cup
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condition), or shifted so that the outer rim of the han-
dle and the opposite edge of the cup were an equal and
opposite amount of pixels away from Wxation (translat-
ing cup condition). Image sequences resulted in
smooth cup rotations within either 1,000 ms (fast
speed) or 2,000 ms (slow speed). A dark grey Wxation
dot (12 by 12 pixels) was centered on top of each
window. A color change of the dot occurred randomly
during the second, third or fourth full rotation of the
cup, i.e. well after the participants had perceived a
direction change.

Task and procedure

The study was approved by the appropriate ethics com-
mittee and was carried out according to the principles
laid down in the Declaration of Helsinki. Participants
gave informed consent and were randomly allocated to
either the Wxed cup (asymmetric handle) or translating
cup (symmetric handle) condition. They then saw a
random sequence of cup rotations, comprising of two
rotation directions (clockwise vs. counterclockwise),
two rotation speeds (180 vs. 360°/s) and 12 critical

Fig. 1 Average RT and error 
rate of left and right hand re-
sponses as a function of han-
dle orientation (canonical 
display examples are plotted 
below the axis). a Main results 
(error bars 1 SEM). b EVect of 
rotation direction (left panel 
CW clockwise; right panel 
CCW counter-clockwise). 
c EVect of rotation speed (left 
panel slow; right panel fast)
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handle orientations (from 0° to 330° in steps of 30°)
embedded in a single continuous image stream. In each
of the 48 experimental conditions, the Wxation dot
changed equally often from grey to red or to green (96
trials per block). Participants’ task was to report this
color change with a button response. The instructions
(red/left button and green/right button, or vice versa)
were changed half the way through the experiment for
each participant and the order of instructions was
counterbalanced across participants. Reaction time
(RT) was the time from color change onset to response
registration. The data were collected in two 25 min ses-
sions with a 5 min break.

Results

A Wrst set of analyses established the presence of an
aVordance eVect and ruled out an alternative percep-
tual interpretation. Mixed-factors analyses of variance
(ANOVAs) evaluated eVects of cup type (Wxed vs.
translating; between subjects), handle orientation (12
levels, within subjects) and response button (left vs.
right side, within subjects) on correct RT and percent
errors1. Figure 1a shows the main results.

RT analysis showed a reliable eVect of response but-
ton, F(1, 18) = 40.00, P < 0.001, MSE = 0.0034,
eta2 = 0.69, due to faster overall RT’s for the right com-
pared to the left button (459 and 493 ms, respectively).
There was also a signiWcant interaction between
response button and handle orientation, F(11, 198) =
33.89, P < 0.001, MSE = 0.0029, eta2 = 0.65, indicating a
strong aVordance eVect. When the handle was in the
right canonical position (i.e., the 270° cup orientation),
right responses were faster than left responses (right:
415 ms and left: 558 ms, t(19) = 6.75, P < 0.001), and
the opposite pattern held when the handle was in the
left canonical position (i.e., the 90° cup orientation;
left: 414 ms and right: 532 ms, t(19) = 4.52, P < 0.001).

This aVordance eVect was further modulated by cup
type, F(11, 198) = 14.44, P < 0.001, MSE = 0.0029,
eta2 = .45, because of a stronger congruency eVect with
translating compared to Wxed cups. For example, with
the handle in the left canonical position the aVordance
eVect in favor of left responses was 213 ms for translat-
ing cups but only 23 ms for Wxed cups, a signiWcant
diVerence, t(18) = 6.44, P < 0.001. Similarly, with the

handle in the right canonical position (270° cup orien-
tation) the congruency eVect in favor of right responses
was 205 ms for translating cups but only 83 ms for Wxed
cups, t(18) = 3.68, P < 0.01. This result clearly supports
the interpretation of the present results in terms of
aVordance-based action preparation, as opposed to a
mere perceptual eVect. No other eVects were reliable,
all P > 0.40.

There were slightly more errors for right compared
to left responses (3.5 vs. 2.5%), F(1, 18) = 6.00,
P < 0.05, MSE = 18.50, eta2 = 0.25, indicating a more
lenient response criterion for the right compared to the
left hand. The reliable eVect of handle orientation on
errors, F(11, 198) = 2.57, P < 0.01, MSE = 31.39,
eta2 = 0.13, was modulated by an interaction with
response button, F(11, 198) = 3.17, P < 0.001,
MSE = 26.90, eta2 = 0.15. This result did not reXect a
trade-oV but a bias toward responding with the hand
near the handle, as predicted by the spontaneous per-
ception of aVordances. No other eVects were reliable,
all P > 0.14.

To address the dynamics of visuo-motor coupling in
the two hemispheres, a supplementary analysis evalu-
ated to what extent the aVordance eVect was modu-
lated by the cup’s direction and speed of rotation. To
capture the aVordance eVect as a simple main eVect of
handle orientation, we calculated diVerence values
(right minus left hand RT) for each combination of
rotation speed, rotation direction and handle orienta-
tion. Repeated-measures ANOVA across these factors
showed a signiWcant interaction of rotation direction
with handle orientation (F(11, 209) = 1.86, P < 0.05,
MSE = 0.019, eta2 = 0.87), due to a left-bias for clock-
wise versus a right-bias for counter-clockwise rota-
tions. This is reXected in the late cross-over at around
170° in the left vs. earlier cross-over at around 100° in
the right panel of Fig. 1b. This asymmetry reXects the
longer visibility of the handle whenever it moves in
front of, as opposed to behind, the cup and supports
the notion of on-line visuo-motor mapping. There was
also a signiWcant interaction of rotation speed with
handle orientation (F(11, 209) = 5.76, P < 0.001,
MSE = 0.021, eta2 = 1), due to a larger bias with slow
compared to fast rotating cups. This is seen in the
larger area between curves in the left versus right panel
of Fig. 1c and probably reXects the longer visual avail-
ability of the handle with slow rotations.

Discussion

This study introduced a novel method for the simulta-
neous study of bimanual visuo-motor couplings.

1 We averaged across cup rotations as this factor did not reliably
interact with the other factors in RT, all P > 0.18. The only reli-
able interaction for cup rotation was with response buttons in the
error rates, F(2, 38) = 3.48, P < 0.05, MSE = 127.56, eta2 = 0.16,
due to a transition from more left to more right errors with later
rotations.
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Healthy participants responded with left and right
hand button presses to color changes of a Wxation spot,
while a task-irrelevant cup rotated in the background,
such that the cup’s handle was in diVerent positions rel-
ative to the responding hand. This manipulation sys-
tematically modulated the participants’ performance,
indicating that the handle activated the responding
hand to the extent that it was graspable. We interpret
this result as evidence for direct perception of aVor-
dances, i.e., potential responses the observer could
have made toward the cup.

A control condition ruled out that this aVordance
eVect merely reXected a perceptual asymmetry, a possi-
bility that was left open in previous studies of visuo-
motor aVordances. By moving the cup in the direction
away from the handle’s current position we kept the
cup’s outline perceptually symmetrical under the Wxa-
tion point. Responses on the side of the handle were
facilitated even more eVectively in this condition. This
may reXect a perceptual advantage for the more fov-
eally centered object, or could indicate a general
advantage of moving over static objects for action
control.

Our dynamic aVordance paradigm clearly cap-
tured the real-time computation of visuo-motor
couplings, including both top-down prediction of
forthcoming handle positions and a bottom-up
dependency on the visibility of the handle. These
components diVer across participants as a function of
their perceptual and motor processes, but obtaining
suYciently many observations to Wt individual per-
formance with a sine function could estimate the
time course of these two components of visuo-motor
coordination (cf. Pellizzer and Georgopoulos 1993;
Fischer et al. 1999).

The new paradigm also revealed diVerences in the
time course and persistence of response biases in the
two hemispheres. Consistent with recent research into
the lateralization of on-line visuo-motor coordination
(Gonzalez et al. 2006), right-hand responses showed a
faster emerging and longer-lasting visually driven bias
than left-hand responses. The results suggest that the
left hemisphere, which controls the right hand, is better
than the right hemisphere at real-time updating for
visuo-motor coordination. The laterality of visuo-
motor couplings is currently a hotly debated topic
because it might require an augmentation of the inXu-
ential two-visual pathways hypothesis of visuo-motor
coordination (Milner and Goodale 1995; Goodale and
Milner 2004; Aziz-Zadeh et al. 2006; Gonzalez et al.
2006).

Finally, we think that the dynamic aVordance para-
digm has a number of promising features. First, it is an

intuitive and realistic task for measuring in a short time
the extent to which objects bias an observer’s visuo-
motor coordination. The large eVect sizes obtained
with it should be valuable for the assessment of visuo-
motor couplings in brain imaging studies, but also in
neurological patients with severe movement-related
disorders but who can still make simple button
responses, such as apraxic patients (Roy 1985). Our
method can also be used to compare the ease of use for
various design alternatives of novel products, as the
most user friendly design should show the strongest
aVordance eVect.
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