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bstract

Changes in power in the mu frequency band (8–13 Hz) of the electroencephalogram (EEG) is thought to indirectly reflect the activity of
irror neurons in premotor cortex. Activation of these neurons by self-performed, observed or imagined motor actions is assumed to produce

synchronous firing and a reduction in mu rhythm oscillation (referred to as mu suppression) in sensorimotor cortex. A recent fMRI study by
aygin et al. [Saygin AP, Wilson SM, Hagler Jr DJ, Bates E, Sereno MI. Point-light biological motion perception activates human premotor
ortex. J Neurosci 2004;24:6181–8] revealed that the premotor brain regions containing mirror-neurons are also activated in response to point-light
uman motion. The perceived movement of these light cues are integrated into one percept of a complete human action (e.g. jumping jacks),
ather than seen as individual moving lights. The present study examined whether recruitment of the mirror neuron system, as reflected in mu
hythm suppression, mediates recognition of point-light biological motion. Changes in mu power were recorded while subjects viewed point-light

iological motion videos, matched scrambled versions of these animations, and visual white-noise (baseline). The results revealed that point-light
iological animations produced mu suppression relative to baseline, while scrambled versions of these animations did not. This supports the
ypothesis that the mirror neuron system is involved in inferring human actions by recovering object information from sparse input.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The capacity to understand and imitate actions plays a cru-
ial role in the ability of individuals to be integrated effectively
ithin their social milieu, enabling humans to learn to perform

killed actions, use tools, and transmit culture [2,3]. These abili-
ies also help establish normal social interactions by facilitating
he ability to predict the behaviors of others [4]. This is pre-
umably achieved through a variety of mechanisms, but one that
ay be particularly relevant is the mapping of the visual repre-
entation of observed actions onto the observer’s own motor
epresentations of the same action [3,5,6]. Evidence for this
direct-matching” mechanism comes from studies of the mirror
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euron system (MNS)1 in monkeys and humans [7]. These stud-
es suggest that mirror neurons mediate action understanding
r the implicit grasp of others’ actions and feelings by directly
ecreating or matching observed actions onto the observer’s own
otor cortex.
Mirror neurons were originally discovered in area F5 of

he rhesus monkey’s premotor cortex [3,5,8], and later found
n the inferior parietal cortex [9]. These unique visuomotor
eurons discharge in response to self-initiated movements as
ell as to the observation of similar actions by other agents
i.e., a conspecific or human experimenter) [3]. Mirror neu-
ons in monkeys are not activated in response to the visual
mage of the target or object alone, even when the object is

1 MNS (mirror neuron system); IFG (inferior frontal gyrus); TMS (transcranial
agnetic stimulation); MEP (motor evoked potential); MEG (magnetoen-

ephalography); EEG (electroencephalography).

mailto:pineda@cogsci.ucsd.edu
dx.doi.org/10.1016/j.bbr.2007.06.007
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alient, but only to object-directed actions involving grasping,
anipulating, placing, tearing, or holding the object. Hence, an

nteraction between the actor and the object involving the hand
r mouth appears necessary [4]. Audiovisual mirror neurons that
re when animals perform or observe a specific action indepen-
ent of sound or when they hear the related sound (e.g. breaking
eanuts) have also been discovered in the ventral premotor cor-
ex [10]. All these studies are congruent with the idea that mirror
eurons play a critical role in action understanding; and that
artially seen or heard sensory features of actions are essen-
ial to mirror neuron activation insofar as they trigger the motor
epresentation of the same action within the perceiving agent
4].

The existence of such a system in the human brain is
upported by neurophysiological and brain-imaging studies
11–16]. These studies show the existence of cells in the ros-
ral part of the inferior parietal lobule, the caudal sector (pars
percularis) of the inferior frontal gyrus (IFG) [3], and the ven-
ral premotor cortex including Broca’s area [7,11,14]. The latter
ndings are particularly relevant given the proposed homology
f Broca’s area with area F5 in macaque monkeys [17].

The human MNS differs from the macaque system in that
he former is activated in response to a wider range of actions
ncluding the observation of intransitive or non-goal directed

ovements as well as to motor imagery [18,19]. Using transcra-
ial magnetic stimulation (TMS) Fadiga et al. [18] demonstrated
hat motor evoked potentials (MEPs) increased significantly
hen subjects observed movements. Furthermore, the pattern
f firing while observing movement was similar to the pattern
licited during the execution of movement. This added support
o the direct-matching hypothesis, and implied that humans pos-
ess a mirror neuron system that produces similar neuronal firing
atterns for identical gestures, either observed or executed.

The human MNS has been extensively investigated through
nalyses of functional magnetic resonance (fMRI) [3,16]
s well as magnetoencephalography (MEG) [20] and elec-
roencephalography (EEG), in particular mu frequency band
scillations recorded with scalp electrodes over sensorimotor
ortex [21–23]. The mu rhythm is an 8–13 Hz oscillation gener-
ted in sensorimotor cortex [24] that reaches maximal amplitude
hen individuals are at rest. When subjects move, imagine
ovement, or observe movements, neurons in this area fire

synchronously, thus reducing mu amplitudes [23–26].
This mu rhythm suppression has been linked to frontal mirror

euron activity (for a review see [27]). Recently, Muthuku-
araswamy et al. [28] found that mu rhythms are suppressed by

bject-directed actions, and to a lesser extent, during the obser-
ation of flat-hand extensions [21]. These results support the idea
hat mu rhythms reflect downstream premotor cortex modula-
ion of primary sensorimotor areas [21,28]. During self-initiated

ovements, various populations of motor neurons within the
remotor, motor, and sensorimotor regions are activated. There-
ore, mu suppression to self-movement most likely results from

he activation of both motor and visuomotor (mirror) neurons,

aking these neuronal populations indistinguishable. Yet, in the
bsence of overt movement, mirror neurons are selectively acti-
ated in these regions during the imagination and observation of
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ovement [29]. It is therefore hypothesized that mu suppression
o observed biological actions can be exclusively attributed to
he discharge of mirror neurons and may, consequently, provide
selective index of MNS functioning [21].

The use of mu suppression as an index of mirror neuron activ-
ty is also validated by anatomical and physiological evidence
f strong cortico–cortico connections between human and non-
uman primate ventral premotor cortex (including the region
hought to contain mirror neurons) and primary sensorimotor
ortex where the mu rhythm is generated and recorded [30–32].

The role of the mirror neuron system in action comprehen-
ion suggests that it must be engaged by motion perception
ince motion perception is essential for predicting the actions
f others. Johansson [33] deviced point-light biological stim-
li as a way to study motion without interference from shape.
oint-light biological motions are image sequences created by
arking the limb articulations of animate bodies (dressed in

lack against a completely black set) with lights. When these
ctors are in motion, they simulate different behaviors that can
e perceived as biological motion. Even the gender, emotional
tate and the identity of specific individuals can be inferred from
hese displays [34,35]. Saygin et al. [1] recently reported point-
ight activation of the premotor cortex. They measured fMRI
ctivity of subjects who viewed point-light biological motion,
atched scrambled biological motion, and stationary point-light

mages. Results indicate that point-light biological motion acti-
ates the frontal cortex, while scrambled biological motion does
ot. These findings suggest that the motor system of the observer
ay be recruited to “fill in” these simplified displays, in a man-

er similar to the way mirror neurons are activated in order to
ssist in action understanding.

The present study investigated the relationship between mu
hythms and mirror neurons and specifically whether mu rhythm
ctivity is affected by cues in the form of point-light biolog-
cal motion. A positive finding would support the hypotheses
hat mu rhythms are an index of mirror neuron activity. Further-

ore, since point-light biological motion depicts actions, it is an
pen question whether their perception involves recruitment of
he MNS, allowing humans to recover object information from
parse input. We hypothesized that oscillations in the 8–13 Hz
requency band would be suppressed during the observation
f point-light biological motion images; whereas there should
e little or no suppression to scrambled motion. Such results
ould indicate that the MNS is recruited to recover object

nformation from sparse input and, therefore, assist in action
nderstanding.

. Results

.1. Behavioral performance

Subjects responded correctly 94% of the time to a continuous
erformance task (an attention color-monitoring task) during

oth the biological and scrambled motion viewing conditions.
herefore, differences in attentional states during the viewing
f these different movements cannot account for differences in
u suppression.
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Fig. 1. Mu suppression was calculated as the ratio of the power during the
experimental conditions (in the biological and scrambled motions) relative to the
power during the baseline (white noise) condition across central scalp electrodes
(C3, Cz, C4). Since ratio data are inherently non-normal as a result of lower
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ounding, a log transform was used for analysis. A log ratio of less than zero
ndicates suppression whereas a value of zero indicates no suppression and values
reater than zero indicate enhancement.

.2. Electrophysiology

An initial ANOVA on overall mu power showed a statisti-
ally significant main effect of motion, F(2,38) = 4.42, p = 0.028,
ee Fig. 1. A Tukey Honestly Significant Difference post-hoc
nalysis revealed that mu power for biological motion was sig-
ificantly different from baseline (p < 0.05), while the scrambled
o baseline and biological to scrambled were not (p > 1). No main
ffect of movement type was observed and hence no significant
ifference between the two point-light biological movements
“jumping jacks” and “kick”) (p > 0.1). Therefore, data from
hese two movement conditions were collapsed for the analysis
f mu suppression. Finally, there was no main effect of electrode
ite (F < 1) and only a marginally significant motion × electrode
nteraction, F(2,38) = 2.27, p = 0.086. That is, while there was
o significant difference in mu suppression between the right
C4) and left hemispheres (C3) (p > 0.1) nor between the left
C3) and center (Cz) electrode (p > 0.1), there was a trend for
he right (C4) being larger than the center (Cz) (p = 0.037).

For mu suppression values there was a significant suppres-
ion during the viewing of biological motion (p < 0.05), and
marginally significant enhancement for viewing scrambled
otion (p = 0.072).
Step-down analyses for “jumping jacks” and “kick” move-

ent types were analyzed separately to determine differences in
uppression between electrode sites. For the jumping jacks there
ere no significant differences between any of the electrode
ites (p > 0.20). In contrast, for the kick movement there was a
ifference between the right (C4) and center (Cz) electrodes
t(19) = 2.09, p < 0.01), although no differences between the
eft (C3) and right (C4) hemispheres (t(19) = 1.73, p > 0.1), nor
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etween the left (C3) and center (Cz) electrodes (t(19) = 2.09,
> 0.1).

. Discussion

The results of the present study suggest that point-light bio-
ogical motion engages the mirror neuron system as reflected in

u rhythm suppression to biological motion but not to scrambled
otion. This is consistent with fMRI studies showing activa-

ion of mirror neuron regions using point-light displays [1]. The
resent results extend those findings and suggest that activity
n premotor cortex modulates activity in sensorimotor cortex as
art of the circuit to infer human actions by recovering object
nformation from sparse input. Mu suppression appears to be
ndependent of movement type (“jumping jacks” versus “kick”)
nd symmetrical across the left (C3) and right (C4) hemispheres.
ttention differences cannot account for these findings since

ubjects responded correctly approximately 94% of the time
in both the biological and scrambled motion conditions) to an
ttention color-monitoring task. The small difference between
he right (C4) and center (Cz) electrodes that was observed may
e attributed to the inherent differences between the jumping
acks. The jumping jacks exhibit bilateral, symmetrical move-

ents, whereas the kick produces asymmetrical movements
iased towards the left. The kick follows a diagonal trajectory
here the image (located on the left-hand side of the page) takes
“step-kick” to the right. The handedness of the kick anima-

ion may account for the differential, yet subtle, suppression in
he right hemisphere relative to the center electrode. The sup-
ression is “subtle” because it is significantly different from the
uppression across the center electrode, but not the left electrode.
he data support this idea. There were no significant differences
etween electrode sites in the jumping jacks, while perception
f the kick animation produced a small difference between the
enter and right electrodes.

Activity at electrode Cz is thought to correspond to activity
n the supplementary motor area (SMA), which lies anterior to
he primary motor cortex [25]. The SMA generates an intrinsic
u-like rhythm [36] that may lead to wave attenuation across the
idline. Given its role in processing movement complexity [37],

he temporal structuring of movements [38], and in the preparing
nd planning of movements [39] and motor sequences retrieved
rom memory [40], the SMA may be involved in accurately pro-
essing and perceiving biological motion by recovering object
nformation from sparse input.

Studies have shown that the SMA is activated during action
xecution, observation of actions and motor imagery, where
otor acts are internally rehearsed in working memory with-

ut any overt motor output [41]. Likewise, the rostral portion of
he SMA is selectively active when a mental representation of
n action is engaged, in the absence of the overt motor action
42,43]. Researchers have hypothesized a role for SMA in terms
f MNS activity in so far as mediating the processing between

he superior temporal sulcus (STS) and the posterior parietal and
rontal opercular cortices [44]. The idea that the SMA is part of
he MNS is supported by anatomical evidence demonstrating
hat the posterior parietal cortex (areas PC, PE, and PEA), the
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MA (area F3 in monkeys), and STS regions are highly con-
ected in the monkey brain [45]. This information coincides with
ata demonstrating that these same brain areas are activated in
esponse to point-light biological motion, e.g., STS [41,46–48],
arietal cortex [41,49], and frontal cortex [1].

Electrodes C3 and C4 correspond to activity in primary senso-
imotor areas [50]. Mu rhythms in this area are thought to reflect
ownstream premotor cortex modulation of primary sensorimo-
or areas [21,28]. The dense interconnections and functional
inks between the premotor and motor cortex are further sup-
orted by anatomical [51] and electrophysiological experiments
n primates [32,52]. In humans, support for such cortico-cortical
onnections has been provided by functional imaging data [53]
nd rTMS studies [54].

Premotor and sensorimotor areas can be activated by the
bservation of motion [55]. In a neuromagnetic study, Hari et al.
20] demonstrated that precentral motor activity is significantly
odified when a subject observes another individual manipulat-

ng objects, albeit to a lesser extent than during action execution.
hey attribute this motor cortex activation as a residual func-

ion of mirror neuron activity in premotor areas. This finding
uggests that when individuals perceive biological actions, an
nternal replica of that action is created in the premotor cortex
ia an observation–execution matching system (i.e. mirror neu-
ons as simulation devices), which subsequently leads to residual
ctivation of primary motor areas.

The perception of object-related and non-object related
ctions in fMRI studies have revealed that the premotor cor-
ex is activated in a somatotopic manner [11]. This somatotopy
pproximately parallels the homunculus of M1 in monkeys,
lthough with a greater amount of redundancy and overlap.
he current study used point-light stimuli that are object- and
on-objected related and reflect social actions. The kick anima-
ion, for example, is object-related. However, an object (ball) is
ot explicitly displayed but rather implied. The jumping jacks
nimation, on the other hand, is non-object related. The limbs
including legs, arms, and torso) of both motion types are clearly
efined—they are distinctly represented by multiple point-light
ots corresponding to the limb articulations of the actor. The
rominent limb movements exhibited in these animations may
ecruit the limb and torso motor areas to a greater extent than
he perception of scrambled-motion, where the perception of
imbs is distorted. These inherent differences between the ani-

ations may account for the differential suppression exhibited
etween the two conditions, and further supports the existence
f an action observation-execution matching system.

A number of investigators have argued that configural pro-
essing occurs in the perception of apparent biological motion
56,57]. In various masking experiments where point-light ani-
ations (e.g. an upright walker) have been displayed against a

ackground of random moving dot masks and scrambled limb
asks, the perception of the human actor was not impaired

58,59]. Shiffrar and colleagues [60] reported that human

ovement was correctly identified when subjects viewed anima-

ions of walking-stick figures through multiple apertures, while
ubjects were unable to detect non-biological animations of
utomobiles and scissors. Movement was critical for the recog-
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ition of the walker because when static images were utilized,
ubjects were unable to correctly identify the walker, car or scis-
ors. This implies that non-biological and biological motions are
rocessed differently, such that an internal representation may
avor a global interpretation for biological stimuli, even when
hese stimuli are impoverished. In brain imaging studies, scram-
led point-light biological animations do not activate the same
rain areas (or do so to a lesser extent) as normal point-light
nimations [1,47].

Higher level top-down processing may also affect the inter-
retation of point-light stimuli. Research indicates that the
peed at which point-light biological motion is processed is
ction-type dependent [61]. That is, biological actions, such
s walking or climbing stairs, are recognized faster (and
ith more accuracy) than are social actions, such as greet-

ng and dancing [61]. However, given enough time the social
ctions are correctly identified. This information suggests that
umans have a system that stores motor patterns and that
eplicates those patterns in motor areas of the brain, in order
o exert a top-down influence on the recognition of familiar
equences.

The scrambled conditions produced marginally significant
nhancement (relative to baseline). This may be resolved by
onsidering the highly sequenced nature of the motion and the
nherent differences in the baseline and scrambled conditions.
ome have suggested that the human visual system only needs a
mall pattern of familiar motion to recognize the action. These
xperimenters have argued that stored motor patterns may play
role in efficiently predicting, tracking and mentally animating

he motion of familiar objects, such as point-light walkers. Since
crambled biological motion is highly sequenced as well, it may
lso recruit the same motor areas (albeit to a lesser extent) in an
ttempt to recruit stored motor schemas. In scrambled motion,
amiliar limb sequences are harder to identify and, therefore,
imulate. This could explain why the perception of scrambled
otion produced a slight mu enhancement, i.e., an index of

educed or absent mirror neuron engagement.
The movements in the scrambled conditions were not sub-

le in comparison to the white-noise baseline. The pronounced
ovement of dots could have partially activated motor areas but

hey apparently did not specifically activate mirror neuron activ-
ty. Lastly, the baseline condition did not control for attention
hereas an attention task was included in the biological and

crambled-motion conditions. However, the fact that opposite
ffects were seen to biological and scrambled motion suggests
hat attention per se is not responsible for these differences.

The present results support the hypothesis that perception
f point-light biological motion activates mirror neurons while
crambled versions of these same animations do not. This result
s important because it suggests that sparse, familiar motion
ues may be integrated into a complete human action through
process mediated by mirror neuron activity. To the best of

ur knowledge, this is the first study to demonstrate mu rhythm

ctivation in response to point-light motion. Further support
or this interpretation comes from a vast number of studies
ooking at biological motion, mirror neurons, and motor area
onnectivity. These studies support the idea that an action
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bservation-execution matching system exists. Our study further
upports this claim, and illustrates that frontal mirror neurons
ely on motion cues. The point-light displays used did not con-
ain color, texture or form cues. Given the sparse information of
hese movements, connectivity and shape were still inferred from
he coherent motion of neighboring lights. This suggests that a
opulation of mirror-neurons in motor areas may be sensitive to
otion.
This evidence is consistent with the perception-action

ccount of visual stream processing proposed by Milner and
oodale [62,63]. They suggested that the ventral visual stream

s fundamental for perception. In contrast, the dorsal stream pro-
ides high order visual information for the control of action.
his conceptualization is different from the classic characteri-
ation of the functional role of the dorsal visual stream, which
iews it as being involved in space perception Ungerleider and
ishkin [64]. A recent study by Shmuelof and Zohary [65]

oints toward a dissociation between ventral and dorsal stream
ctivation during observation of object manipulation, supporting
he perception–action account. They showed that patients with
amage to the ventral stream, which projects to the inferotempo-
al cortex, are unable to perceive the size, shape, and orientation
f objects. However, some patients continue to show normal pre-
haping and rotation of the hand when they reach out to grasp
he objects whose forms they fail to see. Other patients that have
amage to their dorsal stream, which projects to the posterior
arietal cortex, have difficulty using vision to control object-
irected grasping movements, even though they can describe
he location, size, shape, and orientation of the goal object they
ail to grasp correctly.

. Experimental procedure

.1. Subjects

Subjects were 20 undergraduate students (16 female, 4 male) recruited
hrough the University of California, San Diego Psychology and Cognitive
cience Experiment subject pool. All subjects were at least 18 years old
mean = 19.4 years, S.D. = 1.3; range 18–22 years, with normal or corrected to
ormal vision). Each subject was informed about the experimental procedures
nd signed a consent form. Informed consent and experimental procedures were
n accordance with and approved by the Institutional Review Board of the Uni-
ersity of California, San Diego. Authors are aware of the Code of Ethics of
he World Medical Association (Declaration of Helsinki) printed in the British

edical Journal (18 July 1964).

.2. Experimental design & procedure

Subjects viewed two point-light biological motion animation videos (jump-
ng jacks and kick), two matched scrambled versions of these animations, and
ne visual white noise. The five different videos were presented in randomized
rder across subjects. EEG data were collected during each of these presenta-
ions. Each video was shown for 80 s with a 1 min rest period between videos.
he five videos were presented a second time, in the same order as the first run,
o that a total of 160 s of EEG data were recorded per video.

The point-light biological videos were adapted from those used by other

nvestigators [1]. They were originally created by videotaping an actor perform-
ng specific movements and then encoding the joint positions in the digitized
ideos [66]. Both the biological and scrambled motion sequences were com-
osed of twelve small dots corresponding to the joints of the point-light actor
see Fig. 2). These animations were converted into vectors that were transported

t
m
o
a
m

ig. 2. Sample point-light displays for KICK, JUMPING JACKS, and SCRAM-
LED actions from the motion videos.

nto Matlab so that the videos could be easily modified to create the scrambled
otion controls.

The start positions of the point-light dots and their movement patterns across
ime were conserved in the biological motion animations. In the scrambled ani-

ations, the local motion cues were preserved but the temporal phases were
crambled about a central axis and the initial starting positions of the point-lights
ere randomized. This distorted the global motion so that a defined movement

e.g. jumping jacks) was not detectable. Similar matched scrambled anima-
ions have been used as control stimuli in previous studies of biological motion
rocessing [47,67].

Both the biological and matched scrambled motion sequences were pre-
ented at a rate of 20 frames/s, with 5/100 s between frames using RealPlayer.
ll of the images were 3 in. × 3 in. in size and centered on the screen with a black
ackground. Subjects viewed the stimuli from about 36 in. away. Therefore, the
ots subtended approximately 4.5◦ of visual angle against a uniform black back-
round. All of the animations were continuous and actions were looped. That
s, there were no abrupt changes in the location of the dots in the transition from
he final frame to the first frame of the action and subjects saw the same move-
ent repeated every 2.5 s or approximately 32 times during the 80 s duration
f the video. This allowed the natural flow of movement. The animations were
djusted so that the images appeared to be moving in place, which limited eye
ovements and maintained a central fixation.
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To ensure that subjects attended to the stimuli across the various conditions,
ubjects participated in a continuous performance task. This involved an atten-
ion color-monitoring task in which the point-lights were presented in white but
etween four to six times during the 80-s video all the point-lights turned yellow
or five frames, or one-fourth of a second. Subjects were asked to keep a mental
ote of this number, which they reported at the end of each block.

Following the International 10–20 method of electrode placement, 13 elec-
rodes embedded in a cap were placed in the following scalp positions: F3, Fz, F4,
3, Cz, C4, P3, Pz, P4, T5, T6, O1, O2. Additional electrodes were placed above
nd below the eye to record the electrooculogram (EOG) and monitor eye blinks
nd other eye movements, and behind each ear (mastoids). The mastoid elec-
rodes were used as reference electrodes by digitally linking them. Impedance
as measured before and after testing in order to confirm a 5 k� reading at each

ite. After situating the cap and electrodes, subjects were seated in an acous-
ically and electromagnetically shielded testing chamber. Neuroscan Synamps
bandpass 0.1–30 Hz) were used to record the EEG data.

.3. Data analysis

States of expectancy and awareness influence the EEG oscillations in the
–13 Hz frequency recorded over the occipital cortex [68]. Therefore, the first
nd last 10 s of each block was eliminated from analyses in order to remove
ossible attentional transients associated with initiation and termination of the
timulus. The remaining 1-min segments were combined with data from the
ame conditions resulting in two, 2-min segments of data per condition.

Eye blinks and movement artifacts, identified by abrupt changes in the EOG
aves, were removed manually prior to analyses. The number of such artifacts
aried from individual to individual and from condition to condition but on
verage approximately 15–35 such artifacts were removed per 2 min of video.
he power spectrum for this edited data was calculated by means of 1024-
oint Fast Fourier Transform (FFT). To control for artifacts resulting from data
plicing, a cosine window was used. The data were normalized using a square-
oot transform. Mu suppression was calculated as the ratio of the power during
he experimental conditions (in the biological and scrambled motions) relative
o the power during the baseline (white noise) condition. A ratio was used to
ontrol for variability in absolute mu power as a result of individual differences
uch as scalp thickness and electrode placement and impedance, as opposed to
irror neuron activity. Since ratio data are inherently non-normal as a result of

ower bounding, a log transform was used for analysis. A log ratio of less than
ero indicates suppression whereas a value of zero indicates no suppression and
alues greater than zero indicate enhancement.

Mu power was initially analyzed using a three-way repeated measures analy-
is of variance (ANOVA) with factors of motion (biological/scrambled/baseline),
ovement type (jumping jack, kick), and electrode site (C3, Cz, C4).
reenhouse–Geisser corrections were applied to the degrees of freedom with
nly the corrected probability values reported. Because no differences occurred
or movement type, data were collapsed across the two types of movements
nd mu suppression data analyzed using a two-way repeated measures ANOVA
ith factors of motion (biological, scrambled) and electrode site (C3, Cz, C4).
onferroni corrections were applied to multiple comparisons.
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