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The effect of action goal hierarchy on the coding of object
orientation in imitation tasks: Evidence from patients

with parietal lobe damage

Claudia Chiavarino
Behavioural Brain Sciences Centre, University of Birmingham, Birmingham, UK, and Center for Cognitive Science,

University of Turin, Turin, Italy

Ian A. Apperly and Glyn W. Humphreys
Behavioural Brain Sciences Centre, University of Birmingham, Birmingham, UK

In order to explore parietal patients’ difficulties in the processing of orientation information, we asked
parietal patients (N ¼ 8) and healthy and brain-damaged controls to imitate multicomponent actions
where object orientation was one component. In Experiment 1 orientation was not the most relevant
aspect of the action to be imitated, and the parietal group showed significant difficulties in processing
object orientation. However, in Experiment 2, where orientation was placed at the top end of the goal
hierarchy, the parietal group were able to process stimulus orientation sufficiently to place it within the
goal hierarchy of the action and to reproduce it accurately. We conclude that patients with parietal
lesions might be able to include object orientation in a goal hierarchy, but if their processing of
orientation information is impaired they might be disproportionately prone to errors when object
orientation is lower in the goal hierarchy and so not prioritized for processing resources.

Keywords: Imitation; Parietal cortex; Action understanding; Orientation; Goal.

The parietal lobes play a crucial role in a variety of
cognitive processes, from the visual analysis of
objects to the execution of skilled movements
(for a review see Culham & Kanwisher, 2001).
Some regions of the parietal lobe, in particular,
are thought to be part of the view-dependent
“dorsal stream” (Ungerleider & Mishkin, 1982),
which plays a crucial role in mediating the visual
control of objects for the guidance of action
(Milner & Goodale, 1995). There is also evidence

that the left parietal cortex is critically involved in
action imitation (De Renzi, Faglioni, Lodesani, &
Vecchi, 1983; Kolb & Milner, 1981; Liepmann,
1900). In the current studies we use an imitation
paradigm as a novel means of investigating the
nature of parietal patients’ difficulties with proces-
sing the orientation of objects.

Neuropsychological studies have provided evi-
dence in favour of the existence of two functionally
and anatomically separate cortical systems for
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processing information about objects. For
example, patients with optic ataxia (Balint,
1909), following parietal damage, can be impaired
in orienting their hand with respect to target
objects and in adjusting their grip while reaching
for them, while they may retain the ability to
recognize and describe the identity, orientation,
and location of these same objects (Jeannerod,
1986; Perenin & Vighetto, 1988). In contrast,
damage to the ventral visual areas can cause
visual form agnosia (Benson & Greenberg,
1969), a condition whereby patients are unable
to name objects and to discriminate shapes and
orientations, but are accurate when the task
requires them to orient their hands in order to
grasp an object (Milner, 1997; Milner et al.,
1991). These contrasting profiles support the
existence of a view-dependent “dorsal stream”
involved in the spatial coding of objects for the
guidance of action and a view-invariant “ventral
stream” that is more involved in perceptual recog-
nition (Milner & Goodale, 1995).

Consistent with the view that regions of parie-
tal cortex are critically involved in processing
object-directed actions, patients with parietal
lesions often have an impaired ability to imitate
actions, especially if the parietal damage is loca-
lized in the left hemisphere (De Renzi et al.,
1983; Kolb & Milner, 1981; Liepmann, 1900).
This impairment has been often studied in relation
to meaningless intransitive actions (e.g.,
Goldenberg, 1995), but it is now recognized that
it causes marked difficulties in the imitation of
transitive (both meaningful and meaningless)
actions as well (Buxbaum, Kyle, Grossman, &
Coslett, 2007; Sunderland, 2007). Ideomotor
apraxia is a disorder of skilled movement that is
not caused by general weakness or by motor dis-
orders, and it is manifested in spatial, temporal,
and postural errors in response to the instruction
to imitate gestures, pantomime tool use, or
execute gestures in response to verbal commands
(De Renzi, Faglioni, & Sorgato, 1982; Heilman &
Rothi, 1993). Spatial errors include difficulties in
orienting the hand to objects and in orienting
objects in space (Rothi, Raymer, & Heilman,
1997). Recent views on ideomotor apraxia claim

that this disorder affects the conceptual represen-
tation of the observed gestures (i.e., Goldenberg,
1995; Sunderland, 2007), rather than the motor
programming process only (i.e., Rothi, Ochipa, &
Heilman, 1991).

In addition to problems in using orientation
information for action, there is also evidence indi-
cating that parietal patients can have problems in
using orientation information for perceptual jud-
gements. For example, right parietal lesions can
be associated with orientation agnosia (Cooper &
Humphreys, 2000; Turnbull, Laws, & McCarthy,
1995), whereby deficits in the perception of orien-
tation extend to visual recognition tasks with
patients showing poor knowledge of the correct
orientation of objects (Darling, Pizzimenti, &
Rizzo, 2003; Harris, Harris, & Caine, 2001). In
other cases, parietal patients can show deficits at
localizing simple visual elements defined by
orientation differences relative to their context
(Riddoch et al., 2004).

However, there is also evidence to suggest a
more complex relationship between neuroanatomy
and the processing of object orientation in action.
For instance, Goodale, Jakobson, and Keillor
(1994) found that a patient with visual form
agnosia following a ventral visual lesion was also
impaired in precise adjustment of grip if she had
to wait more than 2 seconds before reaching for
an object. Hence there is evidence for a ventral
contribution to orientation processing at least
under some conditions. Consistent with this, the
difficulties that many parietal patients have with
visually guided action towards objects may be alle-
viated when there is a delay between target presen-
tation and movement execution, presumably due
to the contribution from ventral visual processes
under these conditions (Himmelbach & Karnath,
2005; Milner, Paulignan, Dijkerman, Michel, &
Jeannerod, 1999). Moreover, Jeannerod, Decety,
and Michel (1994) found that, for a patient with
parietal damage, grip formation during object pre-
hension became more accurate when familiar
objects were used. Again we may presume
ventral mediation of this effect.

This variability in the deficits shown by parietal
patients has been attributed to several factors: the
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size and exact location of the brain lesion within the
parietal lobe (Goodale & Humphrey, 1998; Milner
& Goodale, 1995), including the fact that the
ventral and the dorsal streams functionally interact
more closely in the visual control of movements
than it was initially thought (Himmelbach &
Karnath, 2005; Rossetti & Pisella, 2002); the pre-
sence of visual feedback (Haaland et al., 1999); or
the necessity to use an object-centred perspective
rather than a viewer-centred one when orientation
judgements are made (Cooper & Humphreys,
2000). In the present study we kept these factors
as constant as possible and used imitation tasks as
a novel means of examining the way in which parie-
tal patients process information about object orien-
tation and the conditions under which such
information is processed incorrectly. In particular,
we assessed whether the coding of orientation infor-
mation may be impaired following parietal damage
particularly when orientation information was not
strongly “weighted” for the task. The “weighting”
of the information here was manipulated by
varying the position of object orientation infor-
mation in the goal structure of an imitation task.

Bekkering and colleagues (Bekkering,
Wohlschläger, & Gattis, 2000; Wohlschläger,
Gattis, & Bekkering, 2003) have argued that imi-
tative actions can reflect the goals of the actor, with
different components of the actions being orga-
nized according to a hierarchy of importance.
According to this view, processing resources are
allocated as a function of the position of the
action in the goal hierarchy. Consequently, an
action at the top of the hierarchy should be repro-
duced most accurately, with a progressive decrease
in accuracy for actions lower down (Avikainen,
Wohlschläger, Liuhanen, Hänninen, & Hari,
2003; Bekkering et al., 2000; Gleissner,
Meltzoff, & Bekkering, 2000; Wohlschläger &
Bekkering, 2002; Wohlschläger et al., 2003).
This has been tested by asking patients with ideo-
motor apraxia to imitate finger movements, where
it has been observed that the correct finger was
selected for action when it was at the top of the
goal hierarchy—that is, when participants
were exclusively required to imitate finger
configurations—but not when it occupied a

lower position—that is, when, in addition to the
finger used by the model, participants had to pay
attention to which ear the movement was directed
to and to whether the action ended at the ear or
10 cm from it. The same results were replicated
when the action was directed towards an external
object rather than towards a body part
(Bekkering, Brass, Woschina, & Jacobs, 2005).

An increasing number of studies have used imi-
tation paradigms in order to investigate the prin-
ciples that guide humans in the organization of
goals into hierarchies of importance. Their
results suggest that children as much as adults
are sensitive to the hierarchical structure of
observed actions (Cuijpers, van Schie, Koppen,
Erlhagen, & Bekkering, 2006; Whiten, Flynn,
Brown, & Lee, 2006) and that objects and—a
little less—their treatments (such as their orien-
tation) are generally prioritized for processing
resources compared to the choice of the effector
(such as the fingers used to grasp them), or the
movement path (such as the direction in which
the objects move), or the movement end-state
(such as the location where the objects end up;
Wohlschläger et al., 2003). According to the
GOADI (goal-directed imitation) theory pro-
posed by Wohlschläger et al. (2003), this
happens because of the ideomotor principle, fol-
lowing which during imitation it is the motor pro-
gramme more strongly associated with the
achievement of the action goal that is normally
executed. It also appears that immediate and
final action goals are underpinned by different
brain circuits (Hamilton & Grafton, 2006; van
Schie & Bekkering, 2007). It follows that, in a
three-component task with object, object orien-
tation, and final location of the object as goals
(see Experiment 1), the predicted action hierarchy
would be object . orientation . location.
Similarly, in a three-component task with object
orientation, object’s direction of movement, and
finger used to grasp the object as goals (see
Experiment 2), the prediction is that object orien-
tation should be placed at the top end of the goal
hierarchy.

On the basis of this literature, we used an
approach similar to that of Bekkering et al. (2005)
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in order to examine the nature of parietal patients’
difficulty processing object orientation. From the
GOADI theory (Wohlschläger et al., 2003) it
follows that, if preserving the orientation of an
object is one of a task’s main goals, the object orien-
tation should be preserved during imitation.
However, this may be less likely if object orientation
falls lower down on a goal hierarchy and if patients
have some difficulty in coding object orientation
when orientation coding is assigned little atten-
tional weight (cf. Duncan & Humphreys, 1989).

We manipulated the availability of resources for
processing object orientation in two ways. First, we
manipulated the characteristics of the three-
component action that participants were required
to imitate so that object orientation was an inter-
mediate goal in the hierarchy in Experiment 1 and
the main goal of the hierarchy in Experiment
2. Second, we added a fourth goal to the target
action. In Experiment 1 the fourth goal came
above object orientation in the action hierarchy, so
would be expected to put pressure on the resources
available for imitating object orientation. In
Experiment 2 the imitation was altered so that
object orientation would be represented at a
higher level in the action hierarchy of typical imita-
tors. Therefore, provided object orientation was cor-
rectly prioritized by parietal patients, the additional
goal in Experiment 2 should not have a severe effect
on imitation of object orientation. The performance
of the parietal patients was contrasted with that of
both normal control participants and a “control”
group of patients with frontal and fronto-temporal
lesions, who should not have difficulty in coding
object orientation in imitation tasks.

EXPERIMENT 1

Method

Participants
A total of 8 patients with parietal lesions (6 with
left, 2 with right parietal lesions; 2 females, 6
males; mean age 65.6 years, range 51–83 years),
6 patients with frontal and/or fronto-temporal
lesions (2 with left, 2 with right, and 2 with

bilateral lesions; all males; mean age 56.5 years,
range 32–74 years), and 8 healthy controls (2
females, 6 males; mean age 66.0 years, range 49–
77 years) took part in this study (see Appendix).
All the participants gave their informed consent
prior to the inclusion in this study, which has
been performed in accordance with the ethical
standards of the 1964 Declaration of Helsinki.
Prior to taking part in the study, basic judgements
of line orientation were measured using the
Birmingham Object Recognition Battery
(BORB; Riddoch & Humphreys, 1993). No
patient had a clinical deficit at the time of testing
(see Appendix). The parietal and frontal groups
did not differ in performance, t(14) ¼ –1.18;
p ¼ .258. In addition to this, measures of general
intellect (IQ equivalent on the National Adult
Reading Test, NART; Nelson & Willison, 1991)
and of executive function were taken (the
Brixton text; Burgess & Shallice, 1997). The par-
ietal and frontal groups did not differ on either the
NART or the Brixton test (both t , 1.0).

Apparatus
The experimenter and the participant sat face to
face at opposite sides of a table. They each had
in front of them a pink and a yellow object
(created by covering four identical oblong erasers
with coloured paper) and an A4 sheet of paper
looking like the example shown in Figure 1 (1a
and 1b). In the three-goal condition, the partici-
pant was asked to imitate the experimenter while
she put one of the two objects (goal object) onto
one of the two crosses drawn on the sheet of
paper (goal location) in one of the two possible
orientations (goal orientation)—that is, following
the horizontal or the vertical line of the cross.
We carried out a pilot study on a sample of under-
graduate students (N ¼ 15), and we used error
rates as a measure of goal importance (i.e., the
lowest error rate corresponded to the highest pos-
ition within the action goal hierarchy).

Results confirmed our predictions by indicating
that the goal hierarchy for this action was object .
orientation . location (all p , .05, Friedman and
Wilcoxon tests). In the four-goal condition, a
circle was added on the sheet of paper, and the
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object was tapped once or twice on it before reaching
the cross (goal movement). Pilot data indicated that
the four-goal hierarchy was object . movement .
orientation . location (all p , .05, Friedman and
Wilcoxon tests). Introducing an additional goal
added a cognitive load in the four-goal condition,
which was hypothesized to make the goal hierarchy
more evident, by affecting the low-end goal(s) more
than the top-end goal(s). This goal was not included
in the analyses. The experimenter’s and the partici-
pant’s movements were recorded by a digital video
camera positioned 1 m away.

Procedure
Where possible, participants were asked to use
their right hand to make mirror-image imitative
responses (i.e., the experimenter’s right side corre-
sponding to the participant’s left side) to the move-
ments performed by the experimenter with her left
hand. Two patients with left parietal damage and
two with left frontal/fronto-temporal lesions
were hemiplegic for their right upper limb and
used their left arm for imitation. In these cases,

the experimenter used her right hand to demon-
strate the action. In face-to-face imitation, imitat-
ing the mirror-image hand is known to be easier
than imitating the anatomically corresponding
hand (Avikainen et al., 2003; Ishikura &
Inomata, 1995). Each of the eight different move-
ments resulting from the combination of the three
target goals (object, orientation, location) was
repeated 10 times, for a total of 80 trials. Each par-
ticipant was given all the trials in the same random
order during four sessions, according to the
sequence A–B–B–A: 20 three-goal movements
in the first session; 20 four-goal movements in
the second session; 20 four-goal movements in
the third session; 20 three-goal movements in the
fourth session. In each session, participants were
explicitly instructed about what the goals of the
action were, and they were asked to wait until
the experimenter put her object back into the
initial position before starting their own action
(no indications about speed of execution were
given). In addition, they were given eight practice
trials (one for each of the eight different move-
ments resulting from the combination of the
three target goals), which—if necessary—were
repeated until all of them were performed
correctly.

Performance evaluation
The number of correct responses in reproducing
each of the three target goals was measured. For
each goal, an error was counted every time the par-
ticipant chose the other category (i.e., horizontal
instead of vertical orientation). A second rater,
blind to the purpose of the study, scored a
sample of the data (N ¼ 3). Interrater agreement
was 99.7%. Data were analysed with the analysis
of variance (ANOVA), and least significant differ-
ence (LSD) post hoc tests were used to investigate
the significant effects. Table 1 reports the confi-
dence intervals for each group mean.

Results and discussion

An ANOVA with condition (three-goal, four-
goal) and goal (object, orientation, location) as
within-subject factors and group (parietal,

Figure 1. Apparatus used in the mirror-image imitation tasks of

Experiments 1 and 2. (a) In the three-goal condition of

Experiment 1 participants imitated the experimenter while she

positioned a pink or a yellow object on the horizontal or on the

vertical line of the left- or the right-sided cross. (b) In the four-

goal condition of Experiment 1 participants additionally had to

tap the object on the circle the same number of times as the

experimenter (one, two) before putting it on the cross. (c) In

Experiment 2 the task required to grasp a highlighter using one of

two possible finger configurations (thumb–index finger, thumb–

middle finger), to tap its yellow or black end on the circle (in the

three-goal condition there was always a single bounce; in the

four-goal condition there could be one or two bounces) and to

position it on the horizontal or on the vertical line of the cross.
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frontal, control) as a between-subjects factor
revealed a significant main effect of condition,
goal, and group and significant Condition �

Group, Goal � Group, Condition � Goal, and
Condition � Goal � Group interactions.
Overall, the parietal group was more impaired
than both the frontal and the control groups,
who did not differ from each other: main effect
of group, F(2, 19) ¼ 5.6, p ¼ .012; parietal
versus control, p ¼ .005; parietal versus frontal,
p¼ .025. Performance for each group was analysed
separately (see Figure 2).

For the control group, there was only a signifi-
cant main effect of goal, with the goal object being

imitated significantly more accurately than the
goal location: main effect of goal, F(2, 14) ¼ 3.8,
p ¼ .049; object versus location, p ¼ .047. The
absence of any interaction between condition and
goal indicated that the presence of the fourth
goal (movement) made no difference to the hierar-
chy for the other goals, and from Figure 3 it
appears that movement is higher in the goal hier-
archy than is orientation or location.

For the parietal group, there was a significant
main effect of condition and of goal, and a signifi-
cant Condition � Goal interaction. The goal
orientation was imitated significantly less accu-
rately than the object and location goals: main

Figure 2. Experiment 1: Percentage of errors made by each group of participants (parietal, frontal, control) for every target goal (object,

orientation, location). Error bars represent standard deviations. The sum of the scores for the three-goal and four-goal conditions is shown

(see Figure 3).

Table 1. Confidence intervals for each of the group means, Experiment 1

Goal

Object Orientation Location

Condition Group Lower bound Upper bound Lower bound Upper bound Lower bound Upper bound

3-goal Parietal 39.7 40.0 34.9 38.4 38.0 40.3

Frontal 39.8 40.2 37.6 41.7 38.4 41.0

Control 39.8 40.2 37.4 40.9 37.4 39.6

4-goal Parietal 39.2 40.1 28.4 34.1 32.6 37.2

Frontal 38.8 39.9 35.9 42.4 32.8 38.2

Control 39.5 40.5 36.5 42.2 36.4 41.1
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effect of goal, F(2, 14) ¼ 12.1, p ¼ .001; orien-
tation versus object, p ¼ .007; orientation versus
location, p ¼ .015. It is notable that orientation
was imitated with lowest accuracy, despite the
fact that this goal appeared in the middle of the
hierarchy. As expected, the presence of an extra
goal (in the four-goal condition) exacerbated the
tendency for errors on goals lower in the hierarchy
(orientation and location), but did not affect the
error rate on the main goal (object).

For the frontal group, there was a significant
main effect of condition and of goal and a signifi-
cant Condition � Goal interaction. The goal
location was reproduced significantly less accu-
rately than the object and orientation goals:
main effect of goal, F(2, 10) ¼ 9.7, p ¼ .004;
location versus object, p ¼ .026; location versus
orientation, p ¼ .022. Thus, unlike the parietal
patients, the frontal patients had little difficulty
imitating object orientation. This pattern was
exacerbated in the four-goal condition, with sig-
nificantly poorer performance only on object
location.

Given that six of the patients in our parietal
sample had left-side lesions we checked that the
errors of the parietal group were not merely the
result of ideomotor apraxia, which would cause
them difficulties in the imitation of body postures

(i.e., in reproducing the finger configuration
necessary to “orient” the object in a particular
way). Therefore, we administered to all our par-
ticipants the 24-items test ideated by De Renzi,
Motti, and Nichelli (1980) to assess the presence
of ideomotor apraxia. We compared the scores
obtained by our two groups of patients (frontal,
parietal) with an independent samples t test.
Results show that there was no difference
between the two groups in their ability to imitate
gestures, t(12) ¼ 1.5, p ¼ .169. A differential
level of clinical apraxia was not responsible for
the pattern of performance in the parietal patients.
The data also remained the same when the one
parietal patient who showed some deficit on orien-
tation judgements when initially tested was
removed.

These data suggest that the parietal patients of
our sample were impaired in the imitation of
orientation, and this was not due to a difficulty
in effecting motor responses, a problem due to
ideomotor apraxia, or to a problem in perceptual
judgements of orientation when that was the
main task (e.g., on the BORB test). The aim of
Experiment 2 was to investigate whether these
same patients can imitate orientation if the task
is set up in such a way that orientation occupies
the main goal of the action’s goal hierarchy.

Figure 3. Experiment 1. Percentage of errors made by each group of participants for every goal (object, orientation, location, movement) in the
three-goal condition and in the four-goal condition. Error bars represent standard deviations.
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EXPERIMENT 2

Method

Participants
A total of 8 patients with parietal lesions (5 with
left, 3 with right lesions; 1 female, 6 males; mean
age 66.3 years, range 51–85 years), 5 patients
with frontal and/or fronto-temporal lesions (1
with left, 2 with right, and 2 with bilateral
lesions; all males; mean age 57.4 years, range
32–74 years), and 8 healthy controls (5 females,
3 males; mean age 56.5 years, range 52–61
years) took part in this study (see Appendix).

Apparatus
The experimenter and the participant sat face to
face at opposite sides of a table. They each had
in front of them a yellow pen with a black cap
and an A4 sheet of paper looking like the
example shown in Figure 1c. In the three-goal
condition, the participant was asked to imitate
the experimenter while she took the highlighter
with her thumb and either her index finger or
middle finger (goal finger) and, after bumping
once its yellow or black end (goal direction) on
the circle drawn on the sheet of paper, put it
onto the cross following the horizontal or the
vertical orientation (goal orientation). As in
Experiment 1, orientation was the last goal of
the action to be performed by the experimenter.
We carried out a pilot study on a sample of
undergraduate students (N ¼ 15), and we used

error rates as a measure of goal importance
(i.e., the lowest error rate corresponded to the
highest position within the action goal hierar-
chy). Results confirmed our predictions by indi-
cating that the hierarchy for this action was
orientation . direction . finger (all p , .05,
Friedman and Wilcoxon tests). In the four-goal
condition, the object had to bounce once or
twice on the circle before reaching the cross
(goal movement). Pilot data suggested that the
hierarchy for this action was orientation .

movement . direction . finger (all p , .05,
Friedman and Wilcoxon tests). The exper-
imenter’s and the participant’s movements were
recorded by a digital video camera positioned
1 m away.

Procedure
Where possible, participants were asked to use
their right hand to make mirror-image imitative
responses to the movements performed by the
experimenter (i.e., the experimenter’s right side
corresponding to the participant’s left side). One
patient with left parietal damage and two with
left frontal/fronto-temporal lesions were hemiple-
gic for their right upper limb and used their left
arm for imitation. Each of the eight different
movements resulting from the combination of
the three target goals (orientation, direction,
finger) was repeated 10 times, for a total of
80 trials. Each participant was given all the
trials in the same random order during two ses-
sions, according to the sequence AB–BA: 20

Table 2. Confidence intervals for each of the group means, Experiment 2

Goal

Orientation Direction Finger

Condition Group Lower bound Upper bound Lower bound Upper bound Lower bound Upper bound

3-goal Parietal 33.0 38.0 35.4 39.1 22.7 31.1

Frontal 30.9 37.1 34.6 39.4 23.5 34.1

Control 33.0 38.0 35.4 39.1 22.7 31.1

4-goal Parietal 36.7 39.3 30.7 38.3 22.0 32.1

Frontal 32.9 36.3 30.4 40.0 19.6 32.4

Control 36.7 39.3 30.7 38.3 22.0 32.1
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three-goal movements followed by 20 four-goal
movements in the first session; 20 four-goal move-
ments followed by 20 three-goal movements in the
second session. In each session, participants were
explicitly instructed about what the goals of the
action were, and they were asked to wait until
the experimenter put her object back into the
initial position before starting their own action
(no indications about speed of execution were
given). In addition, they were given eight practice
trials (one for each of the eight different move-
ments resulting from the combination of the
three target goals), which—if necessary—were
repeated until all of them were performed
correctly.

Performance evaluation
The number of correct responses in reproducing
each of the three target goals was measured. For
each goal, an error was counted every time the par-
ticipant chose the other category (i.e., horizontal
instead of vertical orientation). A second rater,
blind to the purpose of the study, scored a
sample of the data (N ¼ 3). Interrater agreement
was 98.8%. Data were analysed with the
ANOVA, and LSD post hoc tests were used to
investigate the significant effects. Table 2 reports
the confidence intervals for each group mean.

Results and discussion

An ANOVA with condition (three-goal, four-
goal) and goal (orientation, direction, finger) as
within-subjects factors and group (parietal,
frontal, control) as a between-subjects factor
revealed a significant main effect of goal and of
group and significant Goal � Group and
Condition � Goal interactions. Overall, the
control group performed more accurately than
both the frontal and the parietal groups, who did
not differ from each other: main effect of group,
F(2, 18) ¼ 8.0, p ¼ .003; parietal versus control,
p ¼ .003; frontal versus control, p ¼ .003.
Performance for the two patient groups was ana-
lysed separately (see Figure 4).

For the control group, there were no significant
effects. Although not statistically reliable, the
direction of the data was that, in this task, orien-
tation was the main goal of the hierarchy, direction
the middle goal, and finger the lowest goal.
Figure 5 shows that, in the four-goal condition,
the additional goal (movement) occupied the
second highest position in the goal hierarchy.
These results are consistent with the goal hierar-
chy observed in the pilot study.

For the parietal group, there was a significant
main effect of goal, with the goal finger being
imitated significantly less accurately than the

Figure 4. Experiment 2. Percentage of errors made by each group of participants (parietal, frontal, control) for every target goal (orientation,

direction, finger). Error bars represent standard deviations. The sum of the scores for the three-goal and four-goal conditions is shown (see

Figure 5).
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orientation and the direction goals, which tended
to occupy higher positions in the hierarchy: main
effect of goal, F(2, 14) ¼ 18.8; finger versus orien-
tation, p , .001; finger versus direction, p ¼ .004.

For the frontal group, again, there were no sig-
nificant effects.

Performance was worse and less consistent in
Experiment 2 than in Experiment 1 for each of
the groups. This might be because there was
only one object and one location in Experiment
2 (as opposed to two objects and two locations in
Experiment 1). This might have made the goals
more easily confusable in Experiment
2. Furthermore, selection of the finger was rela-
tively difficult for most patients irrespective of
the location of their brain lesion, and it was conse-
quently often ignored. Most importantly,
however, these results clearly show that parietal
patients were no more impaired than frontal
patients at imitating orientation when orientation
was the main goal of the action. Also, this success-
ful imitation of orientation excludes the possibility
that the impairment of the same patients in
Experiment 1 was due to a difficulty in reprodu-
cing the finger configuration required to orient
objects in the appropriate way, nor could the diffi-
culty in Experiment 1 be attributed to a core
impairment in coding object orientation per se.
The parietal patients have difficulty in reproducing

object orientation in imitative action only when
orientation in represented at a low level in a goal
hierarchy.

GENERAL DISCUSSION

We asked participants to imitate actions where
object orientation was one of the action goals,
and, in two experiments, we differentially manipu-
lated the position of orientation coding in an
action goal hierarchy. In Experiment 1 orientation
was the intermediate goal in the hierarchy, and
parietal patients were selectively impaired in
reproducing it compared to healthy and brain-
damaged control groups. Moreover, for the parie-
tal group only, the number of correct responses for
object orientation significantly worsened from the
three-goal to the four-goal condition—that is,
when an extra goal (higher than orientation in
the goal hierarchy) was introduced in the action
to be imitated. These results confirm that patients
with parietal lesions are vulnerable to deficits in
orientation processing (Darling et al., 2003;
Harris et al., 2001; Jeannerod, 1986; Perenin &
Vighetto, 1988; Turnbull et al., 1995), while
further suggesting that such deficits in action can
be determined by the position of orientation-
dependent actions in a goal hierarchy. Indeed,

Figure 5. Experiment 2. Percentage of errors made by each group of participants for every goal (orientation, direction, finger, movement) in
the three-goal condition and in the four-goal condition. Error bars represent standard deviations.
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Experiment 2 showed that, when object orien-
tation was the main goal of the action’s goal hier-
archy, the parietal patients were able to reproduce
orientation-dependent actions at the same level as
were the brain-damaged control participants (if
anything, frontal patients’ performance was slightly
worse). Thus the results cannot be accounted for by
a deficit in low-level processes concerned with
orientation perception (see also Appendix for con-
firmatory data). Also, our screening data (NART
and Brixton) indicated that the groups did not
differ in general intellectual or executive function,
suggesting that the deficit for the parietal patients
in Experiment 1 was linked to the representation
of orientation in a goal hierarchy.

We propose that this difference in imitative
performance between Experiments 1 and 2 was a
consequence of our manipulation of the cognitive
load placed on orientation in the two tasks, reflect-
ing the different position that orientation held in
the goal hierarchy across the studies: In
Experiment 2 orientation occupied the top-end
position of the hierarchy, while in Experiment 1
it occupied an intermediate position. When orien-
tation was represented at a low level in an action
hierarchy, we suggest that there is reduced atten-
tional weight allocated to actions (cf. Duncan &
Humphreys, 1989), and for patients with parietal
lesions the reduction in attentional weight is par-
ticularly pronounced on reproducing object orien-
tation. This was not due to a basic problem in
orientation perception at the time of testing (see
Appendix), but reflects the vulnerability to parietal
damage for representations of object orientation
for action, when there is reduced attention.

It should be noted that some of the tasks used
previously to examine orientation processing in
parietal patients involved perception only or
action only. In contrast, the current task required
visual perception while observing the exper-
imenter, remembering the actions performed,
and then imitation of those actions. Within the
imitation paradigm, results similar to those
reported here were observed by Bekkering and col-
leagues (Bekkering et al., 2005) in a group of ideo-
motor apraxic patients, who could imitate finger
movements only when they constituted the main

goal of the action. Because their study focused
on ideomotor apraxia, patients were divided into
groups according to the presence of a left- or
right-sided lesion and of ideomotor apraxia. In
contrast to this, our patients had specific parietal
lesions, and they did not suffer from ideomotor
apraxia. Also, in the Bekkering et al. (2005)
study, the task in which finger selection was the
main goal and the task where it was a secondary
goal were not carefully matched for the number
of action goals, and, in addition, the exact position
of the target goal within the goal hierarchy of the
action was not specified. Our study takes into
account these variables and clearly shows that the
parietal patients were able to process orientation
sufficiently to place it within the goal hierarchy
of an action and to reproduce it accurately when
it was at the top-end of the goal hierarchy. Their
difficulties in processing object orientation
showed only when orientation was not the most
relevant aspect of the action to be imitated. In
such cases there is not an absolute deficit in
basing actions on object orientation; rather the
deficit is contingent on the location of orientation
in the hierarchy of action. This in turn may reflect
the allocation of attentional resources during imi-
tation, with fewer resources being allocated to
actions further down the goal hierarchy. Parietal
patients’ deficit in processing object orientation
emerges when relatively few resources are allocated
to this attribute of objects.

First published online 21 February 2008
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APPENDIX

Details of the patients who took part in Experiment 1 and in Experiment 2

Lesions have been drawn onto standard slices from Gado, Hanaway, and Frank (1979). The bottom figure shows the 10 slices used. Only Slices 3 to 8 are depicted here. The left of each slide

represents the left hemisphere. For the Birmingham Object Recognition Battery (BORB) test, the control mean ¼ 24.8/30, SD ¼ 2.6.

Group Patient Sex Agea Handedness

Main lesion site (aetiology,

years post lesion)

BORB orientation

perception scored Brixton Test NART Lesion reconstruction from MRI scan

Parietal D.B. M 69 R Left angular gyrus, left

superior and middle

temporal gyri (stroke,

7)

26 20 95

F.L. M 68 R Left intraparietal sulcus,

bilateral occipital gyrus,

lenticular nuclei

(carbon monoxide

poisoning, 8)

23 25 90

J.B.b F 69 R Right angular and

supramarginal gyri,

right inferior frontal

and postcentral gyri

(stroke, 4)

6 20 105

M.H. M 51 R Left angular and

supramarginal gyri,

lentiform nucleus

(anoxia, 8)

23 34 104

M.P. M 58 R Right angular and

supramarginal gyri,

right superior

temporal, inferior

frontal and postcentral

gyri (stroke, 8)

24 21 108
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P.F. F 56 R Left angular and

supramarginal gyri, left

superior temporal gyrus

(stroke, 6)

25 31 110

R.H. M 71 L Left angular and

supramarginal gyri, left

superior temporal gyrus

(stroke, 6)

24 32 85

S.B.c M 85 R Left temporo-parietal

region (stroke, 2)

25 Not tested 90 Scan not available

T.P.b M 83 R Left medial occipital,

posterior parietal and

medial temporal

regions (stroke, 5)

27 26 Not tested

W.W.c M 72 R Right posterior and

inferior parietal cortex

including the angular

gyrus (stroke, 3)

28 12 110

Frontal D.S. M 68 R Left inferior, middle and

superior frontal gyri

(stroke, 6)

25 20 105

G.A. M 50 R Bilateral medial and

anterior temporal

lobes, extending into

the left medial frontal

region (herpes simplex

encephalitis, 10)

25 20 103

(Continued overleaf )
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Appendix (Continued)

Group Patient Sex Agea Handedness

Main lesion site (aetiology,

years post lesion)

BORB orientation

perception scored Brixton Test NART Lesion reconstruction from MRI scan

P.H. M 32 R Left medial and superior

temporal gyri, left

inferior and middle

frontal gyri (stroke, 4)

28 12 80

P.W. M 73 R Right inferior and middle

frontal gyri, right

superior temporal gyrus

(stroke, 1)

26 30 92

S.P.b M 51 R Left medial frontal

region, bilateral medial

and anterior temporal

lobes (herpes simplex

encephalitis, 4)

27 20 110

W.B.A. M 59 R Right inferior and middle

frontal gyri, right

superior temporal gyrus

(stroke, 2)

26 26 115

Note: M ¼ male. F ¼ female. R ¼ right. L ¼ left.
a In years. b Patients J.B., T.P., and S.P. took part only in Experiment 1. c Patients S.B. and W.W. took part only in Experiment 2. dN ¼ 30.
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