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Previous studies demonstrate that observing the movements of others can interfere with concurrent
movement execution. This interference effect is attributed to incongruence between the observed
and executed movements. The study presented here examined different aspects of observed and exe-
cuted movement congruency. Participants attempted to trace straight lines in the air using one of
two movement tasks while observing an experimenter perform movements varied by their task and
spatial congruency. The data revealed that kinematic aspects of the observed movements were incorpor-
ated into the observer’s own movements. Observing the same kinematics led to interference or facili-
tation effects depending on whether the direction of the observed movement was congruent or
incongruent with the movement the participant performed. These data suggest that low-level properties
of observed movements can modulate participant performance.
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Found in premotor and parietal areas of the macaque
brain, mirror neurons have firing patterns that are
modulated when a monkey performs an action and
also when the primate observes another agent
(such as a human experimenter) perform a similar
action (for a review see Rizzolatti, Fogassi, &
Gallese, 2001). Data from neuroimaging provides

evidence of a similar action observation network in
the human brain (see, for example, Buccino et al,,
2001). There is considerable evidence that the
human action observation network is involved in
imitation (for a recent meta-analysis see Caspers,
Zilles, Laird, & Eickhoff, 2010). Behavioural
studies demonstrate that viewing the actions of
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others can modulate the observer’s performance of
motor tasks (Edwards, Humphreys, & Castiello,
2003; Hardwick & Edwards, 2011). Such effects
are present in studies examining interference in the
visual coordination of movement (for a review see
Blakemore & Frith, 2005). For instance, Kilner,
Paulignan, and Blakemore (2003) had participants
perform sinusoidal arm movements in either the
horizontal or vertical plane, concurrently observing
the movements of a human experimenter, observing
the movements of a robotic arm, or (in a baseline
condition) observing no movement. In the exper-
imenter and robot conditions, the observed agent
moved in either a congruent or incongruent (orthog-
onal) direction to the participant. While observing
congruent movements had no effect on participant
performance, the spatial error in participants’ move-
ments increased when they observed a human exper-
imenter perform incongruent movements. This
suggested that observing the incongruent move-
ments of the experimenter interfered with partici-
pants’ movements. Conversely, the observation of
incongruent robotic movements had no effect on
participant performance. This suggested that the
interference that occurred when observing the
incongruent movements of the experimenter was
not simply due to increased demands on attention
due to observing incongruently directed movement.
Instead, it was proposed that the effect may have
been due to shared conspecific processes, or the
observation of biological motion—due to its
inherent variability in contrast to the fixed, repetitive
movements of the robotic arm.

Stanley, Gowen, and Miall (2007) examined the
effect of manipulating the attributed agency of
observed movement kinematics. Participants per-
formed sinusoidal arm movements while observing
a moving dot projected on a screen. Dot stimuli
depicted either prerecorded (biologically valid) kin-
ematics of a human experimenter, or computer-
generated (biologically invalid) movements. Two
groups of participants completed the experiment;
each group saw both the biologically valid and the
biologically invalid stimuli. However, the first
group was informed that all the dot stimuli rep-
resented prerecorded human movements, while
the second group were told that all the dot
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stimuli depicted computer-generated movements.
The results revealed that the dot motion stimuli
only interfered with performance when participants
believed the kinematics they observed depicted
human movements; observing the same stimuli
had no effect on participants who believed they
depicted computer-generated movement kin-
ematics. Additionally, participant movement varia-
bility was greater when they observed human (high
variability) movement kinematics than when they
observed computer-generated (low variability)
movement kinematics. This modulation was,
however, present regardless of congruency and
agency beliefs and was therefore attributed to a
bottom-up effect due to the naturally greater
levels of error-plane variability present in the bio-
logical movement kinematics (see also Gowen,
Stanley, & Miall, 2008).

These studies demonstrate that the observation
of movement kinematics can interfere with concur-
rent action execution. This effect relies on observ-
ing movement kinematics that can be attributed
to another person (even if they are not biologically
plausible) that are incongruous with the movement
the participant performs. They also demonstrate
that low-level properties of observed movement
kinematics (i.e., greater levels of movement in the
error plane) can exert bottom-up effects on per-
formance. While these interference effects are
clearly due to incongruence between observed and
executed movements, it has not been established
whether they are driven by processes involved in
the representation of observed and executed
actions, or are due to spatial compatibility effects
(Heyes, 2011). For example, the effect may be
due to the incongruence between the manner in
which the movements were produced (task con-
gruency), incongruence between the relative
spatial directions of observed and executed move-
ments (direction congruency), or a combination
of these factors (though it should be noted that
Brass, Bekkering & Prinz, 2001, have demon-
strated effects of task congruency and direction
congruency without any interaction in a simple
reaction time task). The study presented here
examines these issues; varying the task performed
by the experimenter and participant allowed the
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manipulation of task congruency, while varying the
position of the experimenter in relation to the par-
ticipant also allowed manipulation of the relative
spatial direction congruency of observed and exe-
cuted movements. It was hypothesized that observ-
ing movements being performed using an
incongruent movement task or incongruent move-
ment direction to those being executed would
interfere with participant movement performance.

Method

Participants

Twelve participants (seven female) aged 23-35
years participated in the study. All were right-
handed with normal or corrected-to-normal
vision. The study was approved by the Local
Ethics Board, and participants gave informed
consent prior to their participation.

Movement tasks and motion capture
During the experiment, participants attempted to
trace straight lines in the air with the tip of their
right index finger. Participants performed either
“anterior” or “lateral” movements in each trial.
Anterior movements were performed by moving
the arm at both the shoulder and elbow, keeping
the index finger in line with the sagittal plane of
the body (see Figure 1A). Lateral movements
were performed by making sinusoidal movements
at the shoulder while keeping the elbow in a fixed
position (see Figure 1B). While performing these
movements, participants attempted to minimize
any movement in the “error direction” (the y-
plane during anterior movements, the x-plane
during lateral movements). A reflective marker
was attached to the tip of the index finger of the
participant and experimenter. The position of the
markers was recorded at 120 Hz with 0.1-mm
spatial resolution using an 8 camera Vicon MX
system and was stored for offline analysis.
Following data acquisition, movements from
each trial were split into segments (e.g., lateral-
movement segments consisted of the fingertip
moving from left to right or the fingertip returning

from right to left). The standard deviation of the
fingertip position in the error direction was calcu-
lated for each movement segment, and the mean
average of these values was calculated for each
trial type (see Stanley et al., 2007).

Design and procedure

In each trial, participants were instructed to perform
either anterior or lateral movements. Following
familiarization with the movement tasks, partici-
pants completed baseline trials in which they per-
formed movement tasks while observing the index
finger of a 22-year-old male experimenter who
kept his hand in a fixed posi’cion.1 After this, partici-
pants completed a series of experimental trials in
which the experimenter also performed one of the
two movement tasks. Tusk congruency was manipu-
lated by having the experimenter perform either
the same or the opposite type of movement to the
participant. Direction congruency was manipulated
by varying the position of the experimenter relative
to the participant (see insets in Figures 1C-1D).
The experimenter stood either directly opposite
the participant at a distance of 2.00 m or to the
right of the participant at a distance of 1.75 m
(ensuring the approximate midpoint of the exper-
imenter’s movements remained at a consistent dis-
tance from the participant). During baseline trials,
participants performed movements in time with a
1-Hz auditory metronome. In experimental trials,
the 1-Hz metronome was played to the exper-
imenter alone through headphones, requiring the
participant to pace their movements according to
the movements of the experimenter. The exper-
imenter kept their eyes closed in all conditions in
order to avoid being influenced by the movements
of the participant.

Participants completed 36 movement segments
in each trial. Of these, 30 segments were used in
the analysis; five initial segments were discarded to
allow the participant to establish consistent timing
with the experimenter, and the final segment was
discarded as some participants ended the movement
prematurely. Each condition was repeated twice in a

L Post hoc analysis revealed that the average movement of the experimenter’s finger during the baseline conditions was 2 mm.
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Figure 1. Movement tasks and experimental results. (4) illustrates the manner in which anterior movements were performed, while (B) shows
how lateral movements were made. Each illustrates the starting position and direction of movement for one movement segment. When performing
anterior movements, participants moved in the X direction while attempting to minimize movement in the Y direction, and vice versa for lateral
movements. (C) Depicts participant performance when performing anterior movements, while (D) presents participant performance when
performing lateral movements. Insets under each bar illustrate the position and movement task performed by the participant (filled circles
containing the letter “P") and experimenter (open circles with the letter “E”). For data collection in the baseline condition, one trial was
completed with the experimenter in each position, with their hand held in a fixed position (open, dashed circles containing the letter E”).
Error bars present the average within participant standard ervor for each movement type. *Indicates significant difference from repeated
measures analysis of variance (ANOVA; p <.05). ™ Indicates significant difference from post hoc t test (p <.05). Indicates significant
difference from post hoc t zest (p < .025). To view a colour version of this figure, please see the online issue of the Journal.

pseudorandom order, resulting in a total of 60

movement segments per condition.

Data analysis

The dependent variable of spatial error (mean stan-
dard deviation of movements in the error direction,

in mm) was calculated using the mean average for
each condition. A 2 x 2 x 2 repeated measures
analysis of variance (ANOVA) compared exper-
imental conditions, examining the independent
variables of participant movement type (anterior
or lateral), task congruency (task congruent or
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task incongruent), and direction congruency (direc-
tion congruent or direction incongruent).

Results

Movements performed using the lateral-movement
type were affected by action observation.
Interference or facilitation effects arose when par-
ticipants observed the experimenter perform
anterior, task-incongruent movements. These
modulations of performance depended on the
direction congruency of the observed movements.

Figures 1C-1D present the analysis of partici-
pant movement error (see Table 1 for detailed
results of each condition). Only effects that
achieved statistical significance are reported. The
analysis revealed significant main effects for move-
ment congruency, F(1, 11) =24.12, » <.001, and
direction congruency, F(1, 11)=18.70, p <.01.
This showed that participants performed anterior
movements with less spatial error than they did
lateral movements (means: anterior movements
15.0 mm, lateral movements, 41.0 mm, SEM: 2.7
vs. 4.1) and that participants performed movements
with less spatial error when they observed the
experimenter perform congruently directed move-
ments than when they observed the experimenter
perform  incongruently directed movements
(means: congruent direction 26.0 mm, incongruent
direction 30.2 mm, SEM: 2.1 vs. 2.5). The analysis
also revealed several significant interactions:
between movement type and direction congruency,
F(1, 11)=20.63, p < .001, between task con-
gruency and direction congruency, F(1, 11)=
7.83, p<<.05, and a three-way interaction
between movement type, task congruency, and

Table 1.  Mean spatial error for each condition

direction congruency, F(1, 11)=6.31, p<.05.
The two-factor interactions were analysed using
separate ANOVAs, and the three-factor inter-
action was analysed using separate # tests.

The two-factor interaction between movement
type and direction congruency was analysed by
comparing direction congruency (direction congru-
ent or direction incongruent) for each movement
type (anterior or lateral). Only the analysis of
lateral movements revealed a significant effect of
direction congruency, F(1, 11) =31.27, p < .001,
with lateral, congruently directed movements
showing less error than lateral, incongruently
directed movements (means: lateral, congruent
direction 37.0 mm, lateral, incongruent direction
45.0 mm, SEM 2.2 vs. 2.5). The two-factor inter-
action between task congruency and direction con-
gruency was also analysed by comparing direction
congruency (direction congruent or direction
incongruent) for each type of task congruency
(task congruent or task incongruent). This revealed
no significant differences.

The three-way interaction between all factors
was analysed using separate # tests. Only the tests
for lateral, task-incongruent conditions showed a
significant direction congruency effect, #11)=
7.47, p<.0001, revealing that participants per-
formed movements with less error when moving
in a congruent direction than when moving in an
incongruent direction (means: lateral, task incon-
gruent, direction congruent=35.0 mm, lateral,
task incongruent, direction incongruent=47.4
mm, SEM 3.8 vs. 4.0).

As these analyses revealed direction congruency
effects in lateral, task-incongruent conditions, post
hoc analysis was conducted to compare these data

Task congruent

Task incongruent

Movement Direction Direction Direction Direction

type congruent incongruent congruent incongruent Baseline
Anterior 134+ 19 142 + 2.6 16.0 £ 2.7 16.4 + 3.4 17.7 + 43
Lateral 38.8 + 4.6 42.7+47 350+38 474 + 40 423 +40

Note: Mean values in mm + standard error of the mean (SEM).
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with their respective baseline condition. Holm—
Bonferroni-corrected # tests revealed that lateral-
movement, task-incongruent, direction-congruent
movements were performed with significantly less
error than in the lateral baseline condition, #
(11) = 2.612, p < .025 (means: lateral, task incon-
gruent, direction congruent=235.0 mm, lateral
baseline condition =42.3 mm, SEM 3.78 vs.
3.95). The lateral-movement, task-incongruent,
direction-incongruent condition was revealed to
be performed with greater error than the lateral
baseline condition, #11)=2.21, p<.05 (means:
lateral, task incongruent, direction incongruent =
47.4 mm, lateral baseline condition =42.3 mm,
SEM 4.0 vs. 4.0).

Discussion

This study examined the effects of observing simple
movements on the execution of similar actions.
Using two distinct types of movement (anterior
and lateral movements), we modulated observed
task congruency and direction congruency in
order to examine the effects these factors had on
movement execution. The data revealed that move-
ments performed using the lateral-movement task
were affected by action observation, with interfer-
ence or facilitation effects arising when participants
observed the experimenter perform the incongru-
ent, anterior-movement task.

The significant main effect of movement type
revealed that participants made less error when per-
forming anterior movements than when perform-
ing lateral movements. The level of error when
participants performed anterior movements was
similar across all conditions, suggesting that a
ceiling level of performance was achieved, prevent-
ing action observation from modulating their
movements. This can be attributed to the greater
level of control allowed when articulating using
two joints (anterior movements) as opposed to
only one (lateral movements).

When participants were performing lateral
movements, the observation of anterior (task-
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incongruent) movements interfered with partici-
pant performance. The increase in error (compared
to baseline) when participants performed lateral
movements and observed task-incongruent, direc-
tion-incongruent movements was in accordance
with that in previous studies (Blakemore & Frith,
2005). When participants performed lateral move-
ments, the observation of task-incongruent, direc-
tion-congruent movements led to a significant
decrease in error compared to baseline. Such facili-
tation effects have not previously been revealed
using this paradigm; the effect examined has
often been labelled “the interference -effect”
(Gowen et al., 2008; Stanley et al, 2007).
Furthermore, no performance modulation effects
occurred when participants observed the corre-
sponding lateral-movement conditions during
their own performance of lateral movements (i.e.,
lateral-movement, task-congruent conditions).
This indicates that the effects revealed in the
lateral, task-incongruent conditions were not
simply due to disparities between arm and eye
movements, or because participants were able to
monitor their movements to different extents in
different conditions; had this been the case, corre-
sponding effects would have been expected in the
lateral, task-congruent conditions. This indicates
that the effects revealed here were due to specific
attributes of the anterior-movement type.
Previous studies demonstrate that increasing the
variability of observed movement stimuli can lead
to increased error in participant performance due
to bottom-up effects of stimulus content (see
Gowen et al., 2008; Stanley et al., 2007). A post
hoc analysis was conducted examining the move-
ments of the experimenter, revealing that their
anterior movements showed significantly lower
levels of spatial error than their lateral movements.”
This explains why effects were only revealed during
the observation of anterior movements; they
showed less movement in the error direction, pro-
viding a more compelling stimulus than lateral
movements, and thus modulated participant
performance.

2 The experimenter’s anterior movements (M =9 mm, SD = 3.27 mm) showed significantly less spatial error than their lateral
movements (M =28 mm, §D = 5.13 mm) when analysed using a paired-samples 7 test, (11) = 28.23, p < .001.

THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2012, 65 (5) 845



Downloaded by [University of Birmingham] at 02:03 11 May 2012

HARDWICK AND EDWARDS

Heyes (2011) has previously noted that the
“Interference effect” may arise due to motor simu-
lation effects, or could derive from spatial compat-
ibility effects. Results from the present study seem
to support only the latter suggestion; no task con-
gruency effects were found, and the three-way
interaction revealed that the spatial direction con-
gruency of observed movements was a critical
factor that determined whether interference or
facilitation effects occurred. It is of note that par-
ticipants in the presented study were instructed to
observe the fingertip of the experimenter through-
out their performed movement; an instruction to
observe the movement of the hand has been pro-
vided in studies using similar experimental tasks
(see, for example, Kilner et al., 2003). It is likely
that maintaining fixation on the experimenter’s fin-
gertip may have been a key factor in driving the
effects revealed, as previous data suggest that
spatial attention is required for action observation
effects to occur (Bach, Peatfield, & Tipper,
2007). Therefore, in the study presented here it
can be assumed that focusing attention on the
manner in which the observed movement was per-
formed (movement type, task congruency) was
deemed to be of lower priority than focusing atten-
tion on the observation of the trajectory and relative
spatial direction of the observed finger (direction
congruency), explaining why no significant effects
of task congruency were apparent in the analysis.
This would also explain the apparent contradiction
between our results and the results of a previous
study (Brass et al., 2001) that found that both
movement congruency and movement direction
modulated simple reaction time when participants
observed finger movements. It is, however, impor-
tant to consider that observers naturally tend to
focus on the movement of the hand during the
observation of arm movements (Mataric &
Pomplun, 1998). This suggests that our exper-
imental instruction would only serve to reinforce
the natural behaviour of the participant, and that
direction congruency effects would therefore be
the primary source of modulations of performance
when observing arm movements.

Schmidt, Carello, and Turvey (1990) provided
evidence that the relative phase in which

movements were performed can lead to interference
effects due to phase transitions. Using cyclic leg
movements, they demonstrated that interference
effects occurred when participants attempted to
perform cyclic antiphase movements (i.e., when
movements were performed with directly opposing
patterns of agonist/antagonist activity, such as
when one participant extends their leg while watch-
ing the other flex their leg), leading participants to
switch to performing more stable, in-phase move-
ments (i.e., participants switched to performing
the task using matching patterns of agonist/antag-
onist activity). The study here did not attempt to
examine the effects of congruency relative to the
muscles used to perform the different tasks, and
the exact phases of the motor programmes used
to execute actions were not matched. However, in
Kilner et al. (2003), a comparison of horizontal
movements (effectively performed out of phase)
and vertical movements (performed in phase)
revealed no differences when movements were per-
formed in and out of phase. Previous studies also
suggest that effects are more reliable when observed
actions are presented out of phase than when they
are presented in phase; only observing horizontal
(out of phase) movements revealed interference
effects in Stanley et al. (2007). A final point is
that Schmidt et al. (1990) found that such interfer-
ence effects only occurred when participants per-
formed movements at relatively high movement
frequencies (between 1.4 and 2.2 Hz), while par-
ticipants in the study presented here moved only
at a frequency of 1 Hz. This relatively low fre-
quency of movement would therefore make it unli-
kely that phase transition effects would have
contributed to the interference effects during the
present study.

In conclusion, the study here revealed that
observing an experimenter perform the same move-
ment in different directions modulated concurrent
movement execution. This was driven by the
spatial direction and kinematics of the movement,
as opposed to the manner in which the movement
was performed (movement type) or the congruency
between the observed and executed movement
tasks (task congruency). Observing the same move-
ment being performed in different directions led to
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either facilitation or interference of performance,
depending on the direction congruency of the
observed movement.
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