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Attentional processes link perception and action
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Behavioural studies on normal and brain-damaged individuals provide convincing evidence that the per-
ception of objects results in the generation of both visual and motor signals in the brain, irrespective of
whether or not there is an intention to act upon the object. In this paper we sought to determine the
basis of the motor signals generated by visual objects. By examining how the properties of an object affect
an observer’s reaction time for judging its orientation, we provide evidence to indicate that directed visual
attention is responsible for the automatic generation of motor signals associated with the spatial character-
istics of perceived objects.

Keywords: vision; attention; action; movement; affordance

1. INTRODUCTION

More than any other sense, vision allows us to navigate
our environment and act upon it. The remarkable
ef� ciency with which we are able to do this can be attri-
buted to the fact that some of our actions, such as reaching
for an object, are based, in part, on a repertoire of poten-
tial movements derived directly from vision (Gibson 1979;
Lhermite 1983; Hommel 1995; Hari et al. 1998; Rumiati &
Humphreys 1998; Craighero et al. 1999; Grezes & Decety
2002). There is convincing evidence that shifts of atten-
tion to the location of visual objects automatically generate
some motor response codes (Simon 1969; Nicoletti &
Umilta 1989, 1994; Stoffer 1991; Tipper et al. 1992,
1998; Proctor & Lu 1994; Rizzolatti et al. 1994; Rubichi
et al. 1997; Sheliga et al. 1997), mimicking the way oculo-
motor systems are recruited (Fischer & Breitmeyer 1987;
Goldberg & Segraves 1987; Rizzolatti et al. 1987;
Schneider & Deubel 1995; Corbetta & Shulman 1998).
Separate motor response codes are believed to be gener-
ated by the object itself, although their basis remains
unclear. There is a long-standing view that perceived
objects automatically generate motor codes based on the
actions most highly associated with them (Craft & Simon
1970; Wallace 1971; Gibson 1979; Michaels 1988;
Tucker & Ellis 1998).

It is axiomatic that the selection of movement plans
from an existing repertoire of signals is advantageous in
terms of both execution time and ef� ciency. These are
crucial factors in making postural adjustments essential for
survival; for example, moving your arm to de� ect an
approaching missile, or regulating your gait while in
motion to avoid an obstacle. While the advantage of gen-
erating motor response codes with respect to the location
of objects is clear, it is not clear why motor codes would
be generated automatically by everyday objects on the
basis of the actions they afford: speed is not essential when
grasping a mug of coffee. With such actions we have the
luxury of evaluating the sensory information at hand,
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allowing the formulation of motor plans on the basis of
need. To determine whether the action-related properties
of an object (or its elements) are responsible for the gener-
ation of motor codes we used, as stimuli, computer-gener-
ated images of everyday objects that either afforded a
grasping action or not. Our measure was the reaction time
for judging the orientation of each stimulus. The rationale
for this experimental approach is well documented
(Proctor & Reeve 1990; Tucker & Ellis 1998). In brief, if
the action-relevant properties of an object are represented
automatically during visual perception, then one would
expect preferential activation of the hand most suited to
perform the action which should, in turn, facilitate
speeded responses by that hand. To determine the role of
directed visual attention in the generation of motor codes,
we used the same experimental paradigm in conjunction
with object and non-object patterns that were either sym-
metrical or asymmetrical about the vertical axis.

2. MATERIAL AND METHODS

(a) Stimuli
White-on-grey images of object and non-object stimuli were

generated using a VSG2/3 graphics board (from Cambridge
Research Systems, Rochester, Kent, UK) and displayed on an
Eizo T662 monitor. Examples of the stimuli are shown in � gure 1.
The stimuli were viewed binocularly at either 50 cm or 4 m in
dim light, using either central or peripheral vision (centred 7.5°
along the horizontal meridian in the left visual � eld). A � xation
target was only employed for eccentric viewing. At 50 cm view-
ing distance, the object stimuli occupied approximately the same
size (10–14°) as they would in life.

(b) Procedure
Separate experiments were run for object and non-object

stimuli. Within each experiment, a stimulus was selected at ran-
dom with equal probability and abruptly presented at the centre
of the monitor. Our measure was reaction time (ms) for judging
whether the stimulus was oriented clockwise or anticlockwise
from its ‘normal’ orientation. The stimulus was presented up to
the reaction key press. Observers were shown each stimulus in
its ‘normal’ orientation prior to any measurement trials (see
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Figure 1. Examples of the stimuli used, as they appeared on the display monitor. Stimuli were either asymmetrical (a–i ) or
symmetrical ( j–l ) about the vertical axis. All stimuli were approximately the same size (10–14° at 50 cm viewing distance).
The panels to the left of the dashed line depict the stimuli in their ‘normal’ orientation, while those to the right of the line
depict how the stimuli would have appeared on the monitor when clockwise-oriented (by 18°). The analogue clock and non-
object patterns were deemed not to afford an action whereas both the scissors and wine glass were. The non-object stimuli
were termed ‘symmetrical’ (1k, side patches of equal size), ‘left-asymmetrical’ (1g, left-side patch larger than right) or ‘right-
asymmetrical’ (1h, right-side patch larger than left).

� gure 1). Response buttons were � xed to a table in front of the
observer, symmetrically displaced about their midline and separ-
ated by 30 cm. Observers were instructed to press the right but-
ton with their right hand if the stimulus was clockwise-oriented
and the left button with their left hand if it was anticlockwise-
oriented. Either the reaction time (ms) for a correct response or
a response error was recorded. The next trial followed automati-
cally after a delay of 2 s. Two of the authors (S.J.A. and V.K.)
plus a total of 33 naive persons acted as observers: all had nor-
mal or corrected-to-normal visual acuity and all were right-
handed.

Object stimuli included scissors with handles to the left or
right, an analogue clock set at 8.45 or at 3.15 and a wine glass.
Each was presented either clockwise- or anticlockwise-oriented
by 18°, resulting in a total of 10 different object stimuli. For
observers S.J.A. and V.K., � ve blocks of 100 trials were com-
pleted within each experiment, yielding approximately 50 trials
per object (minus any response errors made). Reaction time data
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for the naive observers are reported as group means, each
observer having completed one block of 100 trials
(approximately 10 trials per object per observer). The error rate
data for the naive observers are reported as group totals.

Two types of non-object stimuli were used. In one experi-
ment, each stimulus consisted of three white, non-patterned, cir-
cular luminance patches: a large centrally viewed patch with a
small patch either side of it (examples are shown in � gure 1).
The stimuli were termed ‘symmetrical’ (side patches of equal
size), ‘left-asymmetrical’ (left-side patch larger than right) or
‘right-asymmetrical’ (right-side patch larger than left). Each was
presented either clockwise or anticlockwise-oriented, resulting in
a total of six different non-object stimuli. In another experiment,
the asymmetrical patterns were constructed using a single side
patch only. The same symmetrical pattern was used. Again, the
stimuli were termed ‘symmetrical’ (side patches of equal size),
‘left-asymmetrical’ (left-side patch only) or ‘right-asymmetrical’
(right-side patch only). In both experiments with non-object
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Figure 2. Reaction time (a,b) and error rate data (c,d) for judging the orientation of object stimuli when viewed centrally at a
distance of 50 cm, for two experienced observers (S.J.A. (a,c) and V.K. (b,d)). Left-hand reaction times (RT) were subtracted
from right-hand reaction times and plotted along the ordinate for each stimulus type (the small icons depict scissors with
handles to the left or right of � xation, a clock with hands to the left or right of � xation, and a symmetrical wine glass).
Positive values indicate that the left hand was fastest and negative values, that the right hand was fastest. The error bars show
± one standard error. The total number of response errors is plotted for each stimulus type. Note that for some object
patterns, no error was recorded (indicated by a small horizontal dash near the abscissa). Black bars in (c,d) indicate right-hand
errors; cross-hatched bars indicate left-hand errors.

patterns the diameter of the large central patch was 10°, match-
ing that of the clock face (� gure 1a). For S.J.A. and V.K., three
blocks of 120 trials were completed within each experiment,
yielding approximately 60 trials per non-object stimulus (minus
any response errors made). Reaction time data for the naive
observers are reported as group means, each observer having
completed one block of 60 trials (approximately 10 trials per
stimulus per observer). The error rate data for the naive
observers are reported as group totals. Note that different sets
of naive observers were employed in the experiments with object
and non-object stimuli.

3. RESULTS AND DISCUSSION

(a) Object stimuli
(i) Experiment 1

The results for two experienced observers (S.J.A and
V.K., the authors) are shown in � gure 2 for object patterns
viewed centrally at a distance of 50 cm. Observers
reported that the hands of the clock, the handles of the
scissors and the bowl of the wine glass were salient object
features, and that these features were used to judge object
orientation on each presentation. The pattern of results
for both the clock and scissors was near identical: left-
hand responses were fastest when the salient features of
the object were to the left of � xation and vice versa (� gure
2a,b). Response errors usually coincided with the asym-
metry of the object. For example, false right-hand
responses were most frequent when the object’s salient
features were to the right of � xation (� gure 2c,d). A small
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hand-response difference was also evident with the sym-
metrical wine glass (� gure 2): each individual responded
fastest with their right hand (� gure 2). We assume this
re� ects hand dominance, as each individual was right-
handed.

Discussion
The reaction time and error rate data for the scissors are

in agreement with the hypothesis that perceived objects
automatically potentiate components of the actions they
afford. This is so because they were within the reaching
space of the observer (50 cm), and because it is reasonable
to suppose that any grasping action afforded by the scis-
sors would be directed towards the handles and not the
open, pointed ends. However, this model cannot explain
the results for the clock. Although one could grasp the
clock when positioned at 50 cm, it does not afford any left
or right bias for so doing. Our results for the clock show
that any advantage one hand had over the other in making
a response was dependent on the time depicted (� gure 2).
We further observed that the pattern of results for both
the scissors and clock was unaffected by viewing distance
(50 cm versus 4 m). This also runs contrary to the afford-
ance hypothesis that states that visual objects should elicit
automatic motor codes only if the objects are within reach-
ing distance (Tucker & Ellis 1998).

(ii) Experiment 2
This � rst experiment was repeated using a group of 21

naive observers, principally to determine whether practice
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Figure 3. Reported salient feature: handle of scissors.
Reaction time (a) and error rate data (b) for judging the
orientation of object stimuli when viewed centrally at a
distance of 50 cm, for naive observers who reported that the
location of the handles of the scissors was used to judge
orientation. Reaction time data are reported as group means,
and the error rate data are reported as group totals. Data are
plotted using the same format as in � gure 2. Bar shading as
in � gure 2.

and/or familiarity with the stimuli affected the authors’
results. Following completion of the experiment, each
naive observer reported that the hands of the clock, and
the bowl of the wine glass, were conspicuous on each pres-
entation, in agreement with the authors. However, only 10
naive observers agreed with the authors that the handles
of the scissors were their most salient feature. Ten other
observers reported that the open, pointed ends of the scis-
sors attracted their attention on each presentation and
were used to judge orientation, while one observer
reported that the ‘long axis of the scissors’ was used to
judge orientation. The pooled data for the naive observers
showed clear hand-response differences for the clock, in
agreement with the authors, but no hand-response differ-
ences for the scissors. However, dividing the entire dataset
according to which feature of the scissors the observers
reported as most conspicuous revealed differences for both
the clock and scissors. Figure 3 shows the dataset for those
naive observers who reported that the handles of the scis-
sors were used to judge orientation; � gure 4 shows the
results for those who reported that the pointed ends of the
scissors were used to judge orientation. (The data for the
naive observer who based their judgement on ‘the long
axis of the scissors’ were necessarily excluded from this
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Figure 4. Reported salient feature: points of scissors.
Reaction time (a) and error rate data (b) for judging the
orientation of object stimuli when viewed centrally at a
distance of 50 cm, for naive observers who reported that the
location of the pointed ends of the scissors was used to
judge orientation. Reaction time data are reported as group
means, and the error rate data are reported as group totals.
Data are plotted using the same format as in � gure 2. Bar
shading as in � gure 2.

analysis.) The pattern of responses for both the clock and
wine glass was similar for each dataset (compare � gures 3
and 4), and in general agreement with the authors’ data
(� gure 2). However, the two datasets for the scissors were
virtually a mirror image of one another. For example, the
number of response errors was greatest for the right hand
when either the handles of the scissors were conspicuous
and to the right of � xation (� gure 3b), or when the pointed
ends were conspicuous and to the right of � xation
(� gure 4b).

Discussion
Given these results, it appears unlikely that the hand-

response differences for the scissors were based on behav-
iourally relevant actions afforded by them. The critical fac-
tor was the location of the scissors’ conspicuous feature,
as reported by each observer, which we assume induced
a degree of attentional bias within the object.

(iii) Experiment 3
In this experiment the object stimuli were positioned

entirely within the left visual � eld, centred at 7.5° along
the horizontal meridian and viewed at a distance of 50 cm.
The results are shown in � gure 5 for experienced
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Figure 5. Reaction time (a,b) and error rate data (c,d) for judging the orientation of object stimuli when viewed eccentrically
(centred 7.5° along the horizontal meridian in the left visual � eld), for two experienced observers (S.J.A. (a,c) and V.K. (b,d)).
The viewing distance was 50 cm. Data are plotted using the same format as in � gure 2. Bar shading as in � gure 2.

observers S.J.A and V.K. As with central viewing, both
observers reported that the hands of the clock, the handles
of the scissors and the bowl of the wine glass were used
to judge object orientation on each presentation. Note that
the pattern of results was near identical to that for central
viewing (compare � gures 2 and 5). For example, despite
the object being located entirely within the left visual � eld,
right-hand responses remained faster and more error
prone than left-hand responses when the object’s salient
features were to the right.

Discussion
The results of this experiment support the assumption

that it was attentional bias within the object and not hemi-
� eld bias that was responsible for between-hand motor
response differences.

(b) Non-object stimuli
(i) Experiment 1

Each stimulus consisted of a large centrally viewed
patch and two small side patches. The side patches were
either the same size (symmetrical pattern, � gure 1k) or
not (asymmetrical pattern, � gure 1g,h), and were dis-
placed from the horizontal meridian such that the stimulus
appeared clockwise- (� gure 1i) or anticlockwise-oriented.
Reaction time for judging orientation was measured using
the same protocol employed with object stimuli. The
results are shown in � gure 6 for one experienced observer
(S.J.A) and a group of 12 naive observers. For observer
S.J.A (� gure 6a,c), left-hand responses were fastest (and
more error prone) with left-asymmetrical patterns, and
right-hand responses were fastest (and more error prone)
with right-asymmetrical patterns. With symmetrical pat-
terns, the error rate was similar for each hand but reaction
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time was fastest for the right hand. The same pattern of
results was evident for the group of naive observers (� gure
6b,d). These results are in general agreement with those
obtained using object patterns (compare � gures 2 and 6).

Discussion
The degree of asymmetry in the ‘left-asymmetrical’ and

‘right-asymmetrical’ patterns was subtle, one side patch
being only marginally larger than the other (see � gure
1g,h). The task of judging stimulus orientation could have
been completed by locating the position of either side
patch. Nonetheless, a clear hand-response difference was
evident, the hand yielding the fastest and most error prone
response coinciding with the position (left or right) of the
largest side patch. These results are consistent with verbal
reports by observers that the largest side patch was used
to judge the orientation of asymmetrical patterns.

Because of the abstract nature of the non-object pat-
terns, it is unlikely that the hand-response differences
shown in � gure 6 could be explained by the affordance
hypothesis. The pattern of results leads us to assume that
the observer’s attention was biased towards the position
of the largest side patch in the asymmetrical patterns.
Accepting this to be the case, we propose that a motor
response advantage for one hand or the other is a conse-
quence of there being a correspondence between the
direction of the attentional shift and the hand needed to
produce a correct response.

(ii) Experiment 2
The stimuli used in the previous experiment were modi-

� ed such that the asymmetrical patterns contained a single
side patch only. The position (left or right) of the side
patch de� ned whether the pattern was left- or right-asym-
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Figure 6. Reaction time (a,b) and error rate data (c,d) for judging the orientation of non-object stimuli when viewed centrally
at a distance of 50 cm, for one experienced observer (S.J.A. (a,c)) and 12 naive observers (b,d). For naive observers, the
reaction time data are reported as group means, and the error rate data are reported as group totals. Data are plotted using
the same format as in � gure 2. The small icons depict left-asymmetrical, right-asymmetrical and symmetrical patterns. Note
that the asymmetrical patterns were constructed using side patches of unequal size, examples of which are shown in � gure 1.
Bar shading as in � gure 2.

metrical (see small icons in � gure 7). The same symmetri-
cal pattern was used. The results for observers S.J.A. and
V.K. were similar: clear hand-response differences were
evident with asymmetrical patterns but not with sym-
metrical patterns (� gure 7). The fastest and most error
prone hand always coincided with the position of the side
patch in the asymmetrical patterns.

Discussion
Unlike the previous experiment, the degree of asym-

metry in the left-asymmetrical and right-asymmetrical pat-
terns was marked, there being only one side patch. The
task of judging stimulus orientation could only have been
completed by shifting attention to the side patch. The
similarity of results across all experiments leads us to con-
clude that directed visual attention is responsible for the
automatic generation of motor signals associated with the
spatial characteristics of perceived object- and non-
object patterns.

4. GENERAL DISCUSSION

Our results support the hypothesis that some of our
actions are based, in part, on a repertoire of potential
movements derived directly from vision. However, they
do not support the idea that the automatic generation of
motor signals by visual objects is based on the actions they
afford. Previous studies claiming evidence in support of
the affordance hypothesis generally used visually asym-
metrical targets (e.g. Tucker & Ellis 1998; Grezes &

Proc. R. Soc. Lond. B (2002)

Decety 2002). We show that a motor response advantage
for one hand or the other accompanies the perception of
asymmetrical targets, be they object or non-object pat-
terns. The hand with the advantage coincided with the
direction of attentional bias within the target, irrespective
of the target’s location in the visual � eld or the functional
properties of its elements. This indicates that the atten-
tional shift may stem from a coding strategy whereby the
features of the target are labelled as a single entity. Such
a strategy may be crucial for the control of motor actions
but, assuming it takes place in the visuomotor stream
(Milner & Goodale 1995; Sakata et al. 1997), would not
necessarily lead to object recognition. We suggest that
cooperative activity between the visuomotor and percep-
tual streams, as has been postulated for ef� cient and co-
ordinated actions within our environment (Milner &
Goodale 1995), may not be necessary if the encoded fea-
tures of a target were � agged as a single entity within the
visuomotor stream. Such a representation would help
explain the puzzle of why patients with dorsal stream
lesions manifest symptoms of ‘object-based’ neglect,
whereby the contralesional side of an individual object is
ignored regardless of its position in the visual � eld
(Rizzolatti et al. 1994; Walker 1995).

We conclude that visually asymmetrical targets induce
an attentional bias that in turn leads to the generation of
a basis set of motor signals for potential arm or hand
movements. Depending on the nature of the target and
the needs of the observer, the motor signals so generated
may or may not be utilized. If action is required, and the
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Figure 7. Reaction time (a,b) and error rate data (c,d) for judging the orientation of non-object stimuli when viewed centrally
at a distance of 50 cm, for experienced observers S.J.A. (a,c) and V.K. (b,d ). Data are plotted using the same format as in
� gure 2. The small icons depict left-asymmetrical, right-asymmetrical and symmetrical patterns. Note that the asymmetrical
patterns were constructed using a single side patch. Bar shading as in � gure 2.

direction of the attentional shift is also that which effects
the correct motor response, the action will be facilitated.
However, incongruent motor signals could be generated
if the direction of the attentional shift is opposed to that
of the appropriate motor response. Where simultaneous,
contradictory motor signals exist, the frontal cortex may
be important for selecting which signals are needed for
goal-directed movements (Goldberg & Segraves 1987).

The authors thank Robin Walker and Andrew Smith for help-
ful discussions.
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