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It is examined whether and how the perspective of seeing one’s own movements exerted an influence
on action control. Such change in the perspective challenges an information processor, as she or he has
to handle successfully the discrepancies between the tactile/proprioceptive feedback and the visual
feedback on a projection screen. In the experiments participants responded to visual stimuli, but
saw their responses either from the top or with an x-axis reflection, a y-axis reflection, or a reflection
about both axes. The results showed that a change in perspective did not impair performance as long as
the left– right relations corresponded with the body space (e.g., with visual feedback reflected about
the x-axis). By contrast, performance was drastically reduced when visual feedback was reflected
about the y-axis or about both axes, so that performed left-side (right-side) movements were seen
as right-side (left-side) movements. It is concluded that an actor preferably relies on the information
of the visual system, but refers to the tactile/proprioceptive information when it facilitates the task
demands.
Keywords: Sensorimotor transformation; Multimodal processing; Action effect; Imitation; Stimulus–
response compatibility.

The human tendency to mimic actions performed by others is a major precondition for
motor skill learning. For example, in an aerobic
session with a face-to-face formation the imitator easily copies an instructor’s movement of
lifting the right hand by lifting his or her left
hand (spatial congruency between instructor
and imitator). However, difficulties occur when
the imitator mimics the left movement of the
instructor anatomically—that is, by lifting his

or her right hand (anatomic congruency
between instructor and imitator). The ability to
represent objects as they appear from viewpoints
other than one’s own and the coordination
between these perspectives with one’s own
develops in childhood. With increasing age the
children’s ability to imitate a model’s behaviour
changes from simply mirroring to anatomically
correct transposition. However, in adulthood
we still prefer mirroring actions of others
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(e.g., Bekkering, Wohlschläger, & Gattis, 2000;
Wapner & Cirillo, 1968).
Various brain imaging studies have shown that
the observation of another person’s actions can
activate the same motor circuit as that activated
when performing the action by oneself (e.g.,
Buccino et al., 2004; Iacoboni, Woods, Brass,
Bekkering, Mazziotta, & Rizzolatti, 1999; for
overviews see, e.g., Iacoboni & Dapretto, 2006;
Rizzolatti & Craighero, 2004). Koski, Iacoboni,
Dubeau, Woods, and Mazziotta (2003) found in
their study different patterns of activity within
the underlying neural system associated with the
perspective of imitation. Mirroring was found to
engage the mirror system to a greater degree
than anatomic imitation. They concluded that
the mirror system allows a direct match of the representation of observed and executed action and
thus provides a relatively simple neural precursor
mechanism for the human ability to imitate.
Results from brain imaging studies on the mirror
system in humans are consistent with predictions
proposed by common coding theories (for overviews see, e.g., Hommel, Müsseler, Aschersleben,
& Prinz, 2001; Müsseler, 1999). They claim a
common framework for the recognition and planning of motor actions. Perceived events and
actions are represented in commensurable feature
codes, which implies facilitation in performance
when anticipated and performed action effects correspond compared with when they do not.
Several studies have already shown the importance of perspective in action planning (e.g.,
Bertenthal, Longo, & Kosobud, 2006; Brass,
Bekkering, Wohlschläger, & Prinz, 2000;
Bruzzo, Borghi, & Ghirlanda, 2008). For instance,
Craighero and colleagues (Craighero, Bello,
Fadiga, & Rizzolatti, 2002) presented pictures of
the right hand as seen in a mirror. The stimuli represented the hand’s final posture as achieved in
grasping a bar oriented either clockwise or anticlockwise. Participants responded to the stimuli
with their right thumb and index finger, and
grasped a plastic bar oriented either clockwise or
anticlockwise. The authors found faster (slower)
reaction times if the bar orientation between
stimuli and the participant’s hand end position

1758

corresponded (did not correspond). This result
was also found for visual stimulation with an
additional 908 rotation of the mirror image of
the hand. Still, the facilitation in reaction times
was stronger for unrotated stimuli. Obviously,
what counts is the correspondence between presented and to-be-executed hand end positions.
Brass and colleagues (2000) compared the
impact of observing a symbolic, spatial, and imitative cue on movement execution. In their experiments pictures of a hand were presented that
matched the posture of the observer’s own hand
as seen in a mirror. Pictures included an imitative
cue (lifting movement of index or middle finger)
and a symbolic cue (the digits “1” and “2”). The
task was to execute a finger movement to either
the presented finger movement or the symbolic
cue (“1” required a movement of the index
finger, “2” a movement of the middle finger) and
to neglect the other dimension. The authors
assumed—similar to the Simon effect—facilitation of responses in the symbolic cue condition
with the (irrelevant) congruent imitative cue and
an interference effect with the (irrelevant) incongruent imitative cue. If participants were asked
to respond only to the imitative cue congruency
of the (irrelevant) symbolic cue was expected to
have no effect on the response. Results confirmed
these assumptions: Congruency affected reaction
times in the symbolic cue condition but not in
the imitative cue condition. Results also showed
generally faster responses to the imitative cue
than to the symbolic cue.
In further experiments Brass and colleagues
(2000) showed that the strong impact of imitative
cues did not overrule only symbolic but also spatial
cues. In a follow-up study Bertenthal et al. (2006)
discussed two competitive processes in action
planning: automatic imitation and spatial compatibility. If participants responded to a mirrored imitation task (e.g., observing a left finger movement
and responding with a right finger movement), the
same results were observed as in the study of Brass
and colleagues. For the anatomic imitation task
(e.g., observing a right finger movement and
responding with a right finger movement) reaction
times to the moving finger were still distinctly
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faster than those to symbolic cues. However, the
priming effect in the symbolic cue condition was
reversed compared to previous findings: If the irrelevant finger movement was spatially congruent,
responses were facilitated, but no interference
effect occurred if the irrelevant finger movement
was spatially incongruent. The authors assumed
that both factors contribute to priming and,
when placed in opposition, tend to interfere with
each other.
All these studies demonstrated that mirror
imitation is a basic mechanism underlying motor
skill learning. Imagine again the aerobic instructor
performing dance sequences in a face-to-face formation. This type of mirroring supports the
spatial congruency between instructor and imitator, while anatomic imitation necessitates left –
right transformations. What counts seems to be
the similarity between the observed and executed
movement, and obviously in this respect mirror
imitation is advantageous. This finding is consistent with predictions proposed by the ideomotor
principle (Greenwald, 1970; James, 1890; for
recent overviews and empirical evidence see, e.g.,
Hommel et al., 2001; Nattkemper & Ziessler,
2004). It holds that actors select, initiate, and
execute an intended movement by activating the
anticipatory codes of the action’s effects. These
may be representations of body-related effects,
like the anticipated tactile feedback from the
moving hand (proximal action effect) or the anticipated visual postures of the moving hand when the
movement is executed (distal action effect).
Thereby the terms “proximal” and “distal” do not
refer to body-related effects alone (as, e.g., used
in medical context), but include the effects in
distant space. Typically, in everyday-life situations,
tactile feedback and visual feedback correspond,
but they do not correspond any more when the
direct view of one’s own hands is covered, and participants receive a mirrored visual feedback of their
own movement. In a sense, this situation merges
the situation of the aerobic instructor and imitator
in one person.
The present study examined whether and how
seeing mirror images of one’s own movements
affects action control. In three experiments we

systematically varied the similarity and the spatial
stimulus – response (S – R) compatibility between
proximal and distal hand movement by disrupting
the visual feedback. We assumed that the similarity between actual hand movement and the
movement on the screen facilitates action control
(egocentric top-down view), while the discrepancy
between movements interfere performance (e.g.,
through transformation of performed upward
into seen downward movements and/or transformation of performed left-side movements into
seen right-side movements). Further, we
assumed that spatial relationships between performed and seen actions play a prominent role.
With regard to research in S– R compatibility,
responses can be expected to be faster and more
accurate when stimulus and response position do
correspond than when they do not (for a recent
overview see Proctor & Vu, 2006). However,
several studies found that the intended distal
action effects often superpose proximal S– R
relationships (e.g., Hommel, 1993; Kunde,
Müsseler, & Heuer, 2007; Massen & Prinz,
2007; Müsseler, Kunde, Gausepohl, & Heuer,
2008).

General procedure
The perspective of seeing one’s own movements
was manipulated in three experiments.
Participants sat in front of a fibreboard with four
rectangular arranged response buttons and two
green/red light-emitting diodes (LEDs). The
fibreboard was covered by an occluder, and participants observed their own movements on the fibreboard via a projection screen in front of them
(Figure 1). The location of the flashing LED
determined the response finger (left/right LED
meant to move the index finger of the left/right
hand), and its colour indicated to move the
finger to the ipsilateral or contralateral target
button. Two aspects are considered: the perspective of the visual feedback presented on the projection screen and the laterality of the movements
(Figure 2a).
First, we manipulated the similarity between
actual hand movement and the movement on the
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Figure 1. The experimental set-up in the experiments. Participants sat in front of a fibreboard with response buttons and light-emitting
diodes (LEDs, bottom left). An occluder prevented direct vision from top, but visual feedback from different perspectives was presented
via a camcorder and a projector on a screen in front of participants. To view a colour version of this figure, please see the online issue of
the Journal.

screen by using four types of visual feedback: (a) In
the basic condition of all experiments visual feedback was consistent with looking at one’s own
hand from the top (egocentric top-down view;
Figure 2a, lower left). In this condition the
actual hand movement and the movement on the
screen are similar. In the following experimental
conditions they are dissimilar. (b) In Experiment
1 we distorted the original visual feedback by
reflection about the x-axis (Figure 2a, upper left).
This perspective is consistent with observing
one’s own hand in a mirror (nonegocentric view).
That means that performing upward movements
resulted in seen downward movements. (c) In
Experiment 2 we reflected the visual feedback
about the y-axis (Figure 2a, lower right). This
resulted in an egocentric view of the hands but
left – right relations were inverted—that is, performing a left-side movement was seen as a
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right-side movement. (d) Consequently, we
varied both the perspective and the left – right
relations in Experiment 3 by reflecting the original
visual feedback about both the x- and the y-axes
(¼ point reflection; Figure 2a, upper right). This
perspective is consistent with looking at someone
else’s hand copying the same action by anatomic
imitation. In summary, we varied egocentric
(basic condition) and nonegocentric view (experimental condition) in Experiment 1, while we
retained left – right relations in both conditions.
In Experiment 2 the egocentric view was held constant, while we either retained (basic condition) or
reversed (experimental condition) left – right
relations, and in Experiment 3 we varied both.
Secondly, although in all experiments the proximal hand movements—that is, the movements to
the ipsilateral or contralateral response buttons—
were kept constant, distal effects on the projection
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Figure 2. (a) In response to a flashing light-emitting diode (LED), participants performed ipsilateral or contralateral movements with visual
feedback from egocentric or nonegocentric perspectives. (b) The relevant compatibility relationships between distal LED positions and
proximal/distal start or end positions of the hand (see text for further information). To view a colour version of this figure, please see the
online issue of the Journal.

screen varied with the perspective. Focusing the
proximal and distal aspects of ipsilateral und contralateral movements, the following three spatial
stimulus – response relationships were relevant (cf.
Figure 2b): (a) The relationship between stimulus
position and distal end position of the hand is
always compatible for ipsilateral movements and

incompatible for contralateral movements. The
movement is directed either towards the position
of the LED (ipsilateral movements) or away
from it (contralateral movements). These S– R
relations are similar for all experiments. (b) The
relationship between stimulus position and proximal start position of the hand is compatible with
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retained left – right relations in Experiment 1 (left
part of Figure 2), but it is incompatible with the
additional left – right transformation introduced
in the Experiments 2 and 3 (right part of Figure
2). Here, participants responded with their left
hand, but saw a movement of the screen’s right
hand and vice versa. (c) The compatibility relationship between stimulus position and proximal end
position is compatible/incompatible for ipsilateral/contralateral movements in Experiment 1,
but reversed with the additional left – right transformation in Experiments 2 and 3. The proximal
ipsilateral movement is directed to the response
button located contralateral to the stimulus, and
therefore the stimulus – response relationship is
incompatible. In contrast, the proximal contralateral movement is directed toward the stimulus position yielding a compatible stimulus – response
relationship.1

EXPERIMENT 1
Two conditions were compared: the egocentric
perspective with view from top (basic condition)
and the nonegocentric perspective with a mirrored
view (Figure 2a, left part). As mentioned above we
expected superior performance with the egocentric
view than with the nonegocentric view, in which
upward movements resulted in seen downward
movements. Further, ipsilateral movements should
be faster and more accurate than contralateral movements as ipsilateral movements were marked
by approaching the LEDs and contralateral movements by avoiding them (e.g., Lavender &
Hommel, 2007; Müsseler, Aschersleben, Arning,
& Proctor, 2009; Yamaguchi & Proctor, 2006).

Method
Participants
A total of 8 students (7 female) of the RWTH
Aachen University, aged between 19 and 24

years (mean age 23 years) participated in the experiment for credit in a psychology course or for 10 E.
Apparatus and stimuli
The experiment was carried out in a dimly lit room
and was controlled by an Apple Macintosh
computer connected with a multi-I/O USB-Box
(PMD-1208FS,
Measurement
Computing
Corporation). The software was written in
Matlab using the Psychophysics Toolbox extension (Brainard, 1997; Pelli, 1997).
Participants sat at a table in front of a screen (83
 43 cm) with a distance of approximately 80 cm.
A fibreboard (14.5  20 cm) with four buttons
(1.7  1.7 cm) and two green/red LEDs (diameter 0.4 cm) was placed in front of them (Figure
1). The two lower buttons were used as start
keys, the two upper buttons as target keys, and
the green/red flashing LEDs as stimuli. Two
stimulus dimensions were critical: the location of
the flashing stimulus, which determined the
response finger (left LED meant to move the left
finger, and vice versa); and the colour of the stimulus, which determined whether the ipsilateral or
contralateral target button was pressed. An occluder prevented direct vision of fibreboard and
hands. Fibreboard and hands were recorded at
30 Hz with a colour camcorder (Canon MV 901,
placed 128 cm above the fibreboard), which was
hooked directly to the projector (Sanyo Pro
xtraX PLC-XU48, recording at 60 Hz). The
visual feedback was displayed on the projection
screen in front of participants with a minimal
and irreducible delay of approximately 110 ms.
Generally, delays up to 150 ms are noncritical,
since the viewed actions are still perceived as
self-generated (Franck et al., 2001).
Design
Figure 2a (left part) depicted the main conditions
in this experiment. Participants worked through a
block with an egocentric perspective of visual
feedback (basic condition in all experiments)
and through a block with a nonegocentric

1
There is a further, but less informative, compatibility relationship: As the position of the flashing LED determined the response
finger, the relationship between stimulus position and the fingers’ distal start position on the projection screen was always compatible.
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perspective (Experiment 1). The point of view
with the egocentric perspective was as looking
at one’s own movement from top. In the nonegocentric condition of this experiment the visual
feedback was reflected about the x-axis—that is,
stimuli and hand movements were seen as in a
mirror, vis-à-vis of the actual performed hand
movement. The order of blocks was counterbalanced across participants. Each block consisted
of two laterality conditions (ipsilateral vs. contralateral) with 100 repetitions each. Additionally, 40
trials were presented in advance of each block
for training.
Procedure
At the beginning of a trial, participants had their
index fingers on the left and right start buttons
(Figure 1, bottom left). They were instructed to
respond with the left index finger to the left
LED and with the right index finger to the
right LED. A green LED indicated that they
should move the finger to the ipsilateral target
button, and the red LED indicated that they
should move the finger to the contralateral
target button. Colour of LEDs was counterbalanced across participants: Half the participants
were asked to press the ipsilateral target button
to the green LED and the contralateral target
button to the red LED. The colour – target
mapping was reversed for the other half of
participants. After pressing the correct target
button, participants pressed again the start
buttons, and a new trial was initiated. Participants
were instructed to react as fast and accurately
as possible. In total, the experiment lasted about
1 hour.

Results
Mean reaction times (the interval between stimulus onset and the release of the start buttons) and
mean movement times (the interval between
start-button release and target keypress) were calculated for error-free trials. Additionally, mean
error percentages were determined on the basis
of trials with incorrect target keypresses or when
response times exceeded 1,500 ms.

Data were analysed for each of the dependent
variables with 2  2 analyses of variances
(ANOVAs) with the within-subject factors perspective (egocentric vs. nonegocentric perspective)
and laterality (ipsilateral vs. contralateral). The
ANOVAs revealed significant main effects of the
factor laterality in the analyses of reaction times,
F(1, 7) ¼ 14.05, MSE ¼ 3,565.87, p , .01,
movement times, F(1, 7) ¼ 51.21, MSE ¼
823.09, p , .01, and a corresponding trend of
the errors, F(1, 7) ¼ 5.18, MSE ¼ 5.06, p ¼ .06.
Reaction times were 79 ms faster with ipsilateral
movements than with contralateral movements
(592 vs. 671 ms; Figure 3, top). This difference
was also observed in movement times (351 vs.
423 ms). Additionally, participants tended to be
more accurate in the ipsilateral condition than in
the contralateral condition (2.0 vs. 3.8%). Other
effects were not observed (all ps . .15).

Discussion
The experiment revealed two main findings: The
first finding was that—although in the mirrored
view upward movements were transformed into
seen downward movements—the results revealed
no evidence for superior performance of the egocentric view over the nonegocentric view. It
seemed that both conditions were equally simple
to perform. Maybe the equalization of both perspectives originated from the fact that the egocentric view also contained a transformation: the
transformation of the hand movement from the
table plane to the vertical screen plane. Another
possibility is to consider mirroring as a basic
mechanism of imitating behaviour in social
situations, which is important from early childhood (Bekkering et al., 2000; Wapner &
Cirillo, 1968).
The second finding was that action control
was faster and more accurate for ipsilateral movements than for contralateral movements. This
reflects the compatibility relationship between
stimuli and responses: Stimulus position and
hand end position corresponded in the ipsilateral
condition while they did not correspond in the
contralateral condition (cf. Müsseler et al.,
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Figure 3. Mean reaction times and error percentages (grey bars) with standard errors between participants for Experiments 1 to 3 (from top to
bottom).

2009; Yamaguchi & Proctor, 2006). Note,
however, that the stimulus – response relationship
is equal when considering the proximal and distal
hand end positions (Figure 2b). Experiment 2
might deliver clues to what is more important,
the proximal or distal hand end positions. A
problem with this finding is a possible confound
of movement times due to the rectangular
arrangement of response buttons: The required
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ipsilateral hand amplitudes were somewhat
shorter than the contralateral amplitudes (10 vs.
12 cm), which could account for faster movement
times of ipsilateral movements than of contralateral movements. But as this effect was also
present in reaction times and tendentiously in
errors, it is more likely that this result reflects
the compatibility relationship between stimuli
and responses.
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EXPERIMENT 2
In this experiment the basic condition was compared with a perspective in which feedback was
reflected about the y-axis (Figure 2a, bottom
right). This perspective comprised the view from
top, but the distal visual feedback was now left –
right inverted compared to the proximal hand
movement. As a consequence the stimulus–
response mappings established different compatibility relationships (Figure 2b). For instance,
when the right LED flashed red on the projection
screen, participants moved the proximal left hand
to the contralateral right target button (incompatible relationship between LED position and proximal hand start position, but compatible
relationship between LED position and proximal
hand end position), but actually saw their hand
moving from the right start button to the left
target button (incompatible relationship between
LED position and distal hand end position).

Method
Participants
Another 8 students (5 female), aged between 19
and 45 years (mean age 26 years) participated in
the experiment.
Stimuli, procedure, and design
These were the same as those in Experiment
1. The basic condition (Figure 2a, bottom left)
of the previous experiment was now combined
with an egocentric condition in which the y-axis
is the mirroring axis (Figure 2a, bottom right).

Results
The ANOVA of reaction times revealed significant main effects for only perspective, F(1, 7) ¼
48.10, MSE ¼ 3,972.79, p , .01, and laterality,
F(1, 7) ¼ 23.65, MSE ¼ 3,146.35, p , .01.
Reaction times were 154 ms faster in the basic
condition than in the condition with the mirrored
perspective (698 vs. 853 ms). Ipsilateral

movements were initiated 96 ms faster than contralateral movements (727 vs. 824 ms).
Significant main effects were also observed in
the ANOVA of movement times: perspective,
F(1, 7) ¼ 6.65, MSE ¼ 12,648.83, p , .05, and
laterality, F(1, 7) ¼ 33.83, MSE ¼ 2,473.35, p
, .01. Again the interaction was not significant
(p . .40). Ipsilateral movements were executed
102 ms faster than contralateral movements (429
vs. 531 ms; cf. Figure 3, middle). Movement
times were 102 ms faster in the basic condition
than in the condition with the mirrored perspective (429 vs. 531 ms).
The ANOVA on error percentages revealed
also significant main effects of perspective, F(1,
7) ¼ 108.76, MSE ¼ 34.0, p , .01, and laterality,
F(1, 7) ¼ 27.58, MSE ¼ 29.0, p , .01. Error
percentages increased from 7% in the basic condition to 29% in the condition with the mirrored
perspective. The laterality effect was present in
both conditions; however, it was more pronounced
in the mirrored condition, yielding a significant
interaction (5% and 9% for ipsilateral and contralateral movements in the basics condition vs. 20%
and 37% for ipsilateral and contralateral movements in the mirrored condition), F(1, 7) ¼
17.69, MSE ¼ 19.83, p , .01.

Discussion
Three main findings were observed: The first
finding was that the pattern of results in the condition with the egocentric view from the top (basic
condition) replicated successfully the corresponding
pattern of results of the previous experiment. The
second finding was that performance decreased drastically with the left–right reversed egocentric feedback. The decrease was mainly observed in
reaction times and error percentages indicating
that in this condition the selection of the correct
response finger tended to be a source of interference.
The selection might be impaired by the instance that
the proximal movement of the left (right) finger is
presented as a movement of the right (left) finger
on the projection screen. But also movement times
were substantially higher than those observed in
Experiment 1. Obviously, this inversion of the
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left–right dimension hampered both action planning and action control.
The third finding was the presence of the laterality effect in the condition with left – right
reversed feedback. Remember, different S – R
mappings compete in this condition, and compatibility relationships between distal S – R mappings
are contrary to proximal – distal S – R mappings.
However, again ipsilateral movements were faster
and more accurate than contralateral movements.
The distal compatibility effect was even pronounced in the present experiment especially
when taking into account the differences in error
percentages.

EXPERIMENT 3
In this experiment the egocentric perspective
from the top (basic condition in the experiments,
Figure 2a, bottom left) was compared with the
nonegocentric perspective of anatomical mirroring—that is, with the perspective at looking at
someone else’s hand copying the same action by
anatomic imitation (Figure 2a, upper right). This
perspective resulted from point-reflection—that
is, the reflection of the original hand movement
about both axes.
As in Experiment 2, the left – right relations
were inversed. For instance, when the right LED
flashed green on the projection screen, participants
moved the proximal left hand ipsilaterally, but the
movement was presented on the right side of the
projection screen and with a nonegocentric view.

Method
Participants
A total of 8 fresh students (5 female) of the
RWTH Aachen University, aged between 20
and 44 years (mean age 28 years) participated in
the experiment.
Stimuli, procedure, and design
These were essentially the same as those in
Experiment 1. The basic condition was now combined with the nonegocentric condition in which
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the perspective is reflected about both the x- and
y-axes (Figure 2a, upper right).

Results and discussion
The ANOVA of reaction times revealed significant main effects of the factors perspective,
F(1, 7) ¼ 28.13, MSE ¼ 2,271.44, p , .01, and
laterality, F(1, 7) ¼ 9.56, MSE ¼ 1,038.95, p ,
.05. Reaction times were 89 ms faster in the egocentric than in the nonegocentric condition (682
vs. 771 ms), and they were 35 ms faster for ipsilateral than contralateral movements (709 vs. 744 ms;
cf. Figure 3, bottom). However, the laterality effect
was based exclusively on a reaction-time difference
of 67 ms in the egocentric condition and was not
observed in the nonegocentric condition yielding
a significant interaction between the factors,
F(1, 7) ¼ 76.46, MSE ¼ 102.85, p , .01.
The ANOVA of movement times revealed a
significance of the factor laterality, F(1, 7) ¼
33.07, MSE ¼ 1,011.90, p , .01, and a marginal
significance of the factor perspective, F(1, 7) ¼
4.37, MSE ¼ 16,850.59, p ¼ .07, but no interaction (p . .54). Ipsilateral movements were executed 64 ms faster than contralateral movements
(360 vs. 424 ms), and mean movement times
were 344 ms and 440 ms in the egocentric and
nonegocentric conditions.
The ANOVA of the error percentages revealed
a significant main effect of the factor perspective
with F(1, 7) ¼ 21.76, MSE ¼ 106.21, p , .01.
Laterality was marginally significant with F(1, 7)
¼ 4.45, MSE ¼ 13.57, p ¼ .07, but the interaction was not (p . .15). In the egocentric
condition participants responded with a mean
error percentage of 4.3% (4.2% in the ipsilateral
condition and 4.3% in the contralateral condition).
Errors increased drastically to 21.3% in the nonegocentric condition. Here, mean error percentages
were 18.6% and 24.0% for ipsilateral and contralateral movements.
In sum, the present experiment replicated
successfully the previous experiments in two
aspects. First, the pattern of results in the basic condition corresponded with those of Experiments 1
and 2. Second, performance drastically decreased
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with a reversion of the left–right relationship
between stimuli and responses (in Experiment 2
with reflection about the y-axis and in Experiment
3 with reflection about both axes). The third
finding was the absence of the laterality effect in
the condition with anatomical mirroring. It might
be that the laterality effect was cancelled out by
the left–right inversion of the response finger or
simply by a ceiling effect caused by the left–right
inversion. Another possibility was that the absence
of the laterality effect originated from changed
compatibility relationships. We discuss this
finding in detail in the following section.

GENERAL DISCUSSION
The present study examined whether and how the
perspective of seeing one’s own movements exerted
an influence on action control. As outlined in the
introduction, changes in the perspective are often
required when behaviour is imitated. But also
modern technical environments often introduce
changes in perspective, especially when the user
acts by technical equipment in a distant space—
for instance, in laparoscopic surgery, teleoperation,
or virtual reality. When taking the viewpoint of a
robotic avatar with a rotated sight (e.g., in
virtual-reality applications), the actor has to
account for the perspective, which sometimes
even requires incompatible responding (e.g., in a
face-to-face perspective with an avatar, moving
the left hand means that from the viewpoint of
the observer, the avatar moves its right hand).
From a psychological point of view, these situations are challenging as changes in the perspective
lead to discrepancies between the (anticipated)
proximal tactile/proprioceptive feedback and the
distal visual feedback on a projection screen. The
question is whether and how an actor is able to
integrate the different sources of information.
In Experiment 1 the egocentric perspective
with a view from the top (basic condition) was
compared with a perspective similar to seeing
one’s own actions in a mirror (x-axis reflection).
Although in the latter condition upward movements were transformed in seen downward

movements (nonegocentric view but remaining
left – right relations), participants had no difficulties in performing the task, and movement
execution was as fast and accurate as with the
view from top. However, ipsilateral movements
were performed faster and more accurate than contralateral movements. This finding is not unusual
as ipsilateral movements were marked by
approaching the stimuli and contralateral movements by avoiding them (e.g., Lavender &
Hommel, 2007; Müsseler et al., 2009;
Yamaguchi & Proctor, 2006).
In Experiments 2 and 3 performances substantially decreased when visual feedback was reflected
about the y-axis (egocentric view plus left – right
inversion) and about both the x- and y-axes (nonegocentric view plus left – right inversion). Both
conditions were marked by reversed left – right
relations between stimuli and hand movements
on the projection screen and the actual hand movements. Obviously, action control became much
more difficult when the perspective comprehended
reversed left– right relations, and it can be assumed
that the reversion reduced the similarity between
stimuli and movements and thus hampered performance (cf. Hommel et al., 2001). We can summarize that the human preference to imitate
actions of others by mirroring is also observed
when seeing mirror images of one’s own movements. If visual feedback inverted left – right
relations the same difficulties occurred as those
that can be observed with anatomic imitation.
Differences between ipsilateral and contralateral movements appeared in Experiment 2, too,
but not in Experiment 3. To shed light on the
absence of the laterality effect in Experiment 3,
it might be worth analysing the compatibility
relationships between distal stimulus positions
and proximal/distal hand start and end positions
in detail (Figure 2b). At least two explanations
are possible. First, the compatibility relationship
between stimulus position and proximal hand
start position accounts for the disappearance of
the laterality effect. This relationship was incompatible for both ipsilateral and contralateral movements. In other words, performance was equally
bad in both conditions.
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Second, it is also possible that in Experiment 3
two tendencies in the opposite direction cancelled
each other out. The compatibility relationship
between stimulus position and distal hand end position was compatible for the ipsilateral condition,
but incompatible for the contralateral condition,
and, vice versa, the compatibility relationship
between stimulus position and proximal hand end
position was incompatible for the ipsilateral
condition, but compatible for the contralateral condition. If these relationships were equally important
for generating the response, no differences between
conditions should be observed in Experiment 3, and
this is what the results showed.
There is another argument favouring the
second explanation. For example, when the red
LED flashed at the right side, the observers’ left
hand on the fibreboard moved to the right target
button. As a consequence, the perceived position
of the LED corresponded with the proximal
hand end position. Thus, the contralateral movement was not marked any more by avoiding the
stimulus; it was rather marked as an approach behaviour at the proximal plane cancelling out any
differences between ipsilateral and contralateral
movements.
The main difference between the explanations
is that the first explanation emphasizes the proximal hand start position, while the second explanation is goal oriented—that is, the proximal
and/or distal hand end position determined the
response. Theoretical and empirical evidence
favours the latter explanation (e.g., Bekkering
et al., 2000; Hommel, 1993; Kunde et al., 2007;
Müsseler et al., 2008). However, what remains to
be explained is, why the ipsilateral/contralateral
difference was present in all experiments except
in Experiment 3. Most likely is that the actor preferably rely on the distal information of the visual
system, as she or he is sometimes not very aware of
her or his own actions at a proximal level (e.g.,
Knoblich & Kircher, 2004; Mechsner, Kerzel,
Knoblich, & Prinz, 2001; Müsseler & Sutter,
2009; Sülzenbrück & Heuer, 2009). But this
does not exclude reference to the proximal information when it facilitates action execution
(Wohlschläger, Gattis, & Bekkering, 2003). A
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recent study (Longo & Haggard, 2009) suggests
that vision of one’s own hand movements, and
specifically the sense of agency over that hand,
primes motor responses as well. Participants
performed either active or passive hand movements, which they saw with either real-time or
delayed video feedback. Participants responded
fastest with real-time video feedback of one’s
own active hand movements. This facilitation
effect corresponded with the sense of agency over
the seen hand. Results of the present experiments
could also be affected by representations of the
bodily self. This should be addressed in future
experiments.
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