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Abstract

How do people learn to perform new actions throolgbervation? Does it involve
the immediate formation of a new motor represeomatif the action, or is more abstract
thought, such as mentally rehearsing spoken ingnsg; involved in learning the new
action? This study aims to answer these questignsxahmining how the rolandic Mu
rhythm (8-14 Hz), found in the human electro-en@pgram, is influenced by action
sequence learning by observation. The Mu rhythmndoover the human motor cortex,
is known to be suppressed by arm and hand movepantgell as by the observation of
others performing similar movements. Electro-enedgdrams were measured to
determine Mu rhythm power in two conditions. Durirgn imitation condition
participants observed sequences of button pressssmied on a computer, with each
sequence presented four times. Participants weyaresel to reproduce each sequence
immediately after the fourth presentation. Durirng tdetection condition participants
observed action sequences similar to the ones disedg the imitation condition, but
only had to detect rare deviant button pressesrenmgttons on screen were pressed with
a thumb instead of an index finger. The detectiomdition served as a control condition
where the Mu rhythm might already have been someiwmhéited by action observation,
which allowed the full effect of learning by obsatien from the imitation condition to
be examined. Relative to the observation of seceeemt the detection condition, Mu
power was reduced during the observation of secagemt the imitation condition,
indicating an increased processing load in the mototex. This suggests that action
sequence learning by observation involves the ftonaf new motor representations of
such action sequences. Furthermore, Mu power veheeel the most during observation
of the second, third and fourth presentations ehesequence in the imitation condition,
with a stronger Mu rhythm visible during the initipresentation. This indicates an
additional processing load in the motor cortexratte initial presentation, which could
mean that motor representations are rehearsedfadtaritial formation, suggesting that a
certain amount of abstract thought might also l@sgmt while learning to perform new
actions.

1. Introduction

The learning of action sequences by observatioa isell-studied subject in
cognitive psychology. It has been used in a widgets of fields, including the study of
amnesia (Adlam, Vargha-Khadem, Mishkin, & De Haa2005), schizophrenia
(Delevoye-Turrell, Giersch, Wing, & Danion, 200The development of motor skills
such as tool use (Jarvelainen, Schirmann, & H8fi4Pand theories about the evolution
of language (Molnar-Szakacs, Kaplan, Greenfield, &acoboni, 2006;
Muthukumaraswamy, Johnson, & McNair, 2004). Howeweginions are still divided on
the exact way in which action sequence learningbservation works.

Baddeley’'s (2003) model of working memory statest ttihe working memory
consists of four components: a visuospatial sketdhpsed for storing visual imagery; a
phonological loop, which is a short-term storageeoaon sound and language; an
episodic buffer which binds together informationdeated integrated episodes; and a
central executive which divides attention betwekthase components, and can not only
recall old memories, but can turn the informatioontained within into new
representations. Applied to learning a new actiequence by observation, this model
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would suggest a rather abstract way of learning.oBserved action sequence could be
stored in the visuospatial sketchpad, perhaps ctadleinto language using the

phonological loop, before being recombined inteepisodic representation which can be
rehearsed in order to learn how to perform the metion sequence. As an example, a
sequence of button presses could first be obserwstth each button press being

converted into mentally spoken text, before thesenaentally combined (“first press the

middle button, then the right, then the left”) irder to learn how to perform the complete
action sequence. This type of abstract thought dvaydnerally be accompanied by

increased activity in the frontal cortex of theibrge.g. Miller & Cohen, 2001).

Another possibility is that observed action seqesnare more directly mapped
onto motor representations of those sequencesy asiailable pathways in the motor
areas of the brain. In their magnetoencephalogrdiyG) experiment, Van Schie,
Koelewijn, Jensen, Oostenveld, Maris and Bekkerf2§07) found near immediate
activation of the motor cortex after observationaohand pushing a button from an
egocentric perspective. Their findings suggestettistence of a process linking observed
hand movements directly to the motor cortex. Thie process could possibly be further
facilitated through the use of mirror neurons, whare neurons which fire both when
people observe an action being carried out by ana@thd when they carry out the action
themselves (Cochin, Barthelemy, Roux, Martineau99]9lacoboni, Woods, Brass,
Bekkering, Mazziotta, & Rizzolatti, 1999; Falck-¥tf Gredeback, & Von Hofsten,
2006). It is possible that learning how to repradaa action sequence after observing it
works in a similar way, evoking increased activityareas such as the motor cortex as
well. Activity in this area can be indexed by measy the amplitude of th#u rhythm,
present in the human scalp electro-encephalogr&®)EThe present study will attempt
to reveal the mechanisms behind action sequenaairigaby observation through
analyzing this Mu rhythm.

The rolandic Mu rhythm, usually encompassed inAlmha and low Beta ranges
(8-14 Hz), originates from the human sensorimotmtex. Originally thought to occur
infrequently, more recent studies have shown thatpresent in the scalp EEG of most
adults (Makeig, Westerfield, Jung, Enghoff, TowrgseBourchesne, & Sejnowski, 2002).
It is typically observed when the motor cortexnsai state of rest. If the motor cortex
becomes desynchronized, such as when hand or au@nments are made, or even just
imagined (Nair, Purcott, Fuchs, Steinberg, & Kels003), the typical result is
diminished power along the Mu rhythm band (Pfurgdieln, Neuper, Andrew, &
Edlinger, 1997; Pfurtscheller, Neuper, & Krausz0@Q

The motor cortex is also known to be engaged byadiheervation of actions
performed by others (Hari, Forss, Avikainen, Kikas, Salenius, & Rizzolatti, 1998).
This in turn results in a decrease in Mu rhythm powsimilar to, but to a lesser degree
than actual movement execution (MuthukumaraswamjoBnson, 2004). For example,
in their experiment, Muthukumaraswamy and Johnsen garticipants watch an
experimenter who made various hand movements int fod them, which caused a
decline in Mu rhythm power. Furthermore, observat@f a precision grip caused a
statistically significant change in power compatedobservation of a simple hand
extension, demonstrating that the Mu rhythm is easto subtle changes in observed
actions. These results are further strengthenethdyfinding that goal-directed actions
cause a greater desynchronization of neuron popuogatin the motor cortex than
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observation of nongoal-directed actions (Jarveldieeal., 2004). This is reflected in a
greater Mu rhythm power decrease during goal-dagk@ction observation than during
nongoal-directed action observation (Muthukumarasyat al., 2004).

These previous findings allow us to form a basetoreexamining the influence
of sequence learning by action sequence observatiothe human Mu rhythm. The
present study sets this baseline by recording Mgihrh power during passive action
sequence observation with the help of EEG. Theteate compared with Mu recordings
obtained from an experimental condition where pgudéints are required to observe the
same type of action sequences, only with the im@erto memorize them and reproduce
them afterwards. If action sequence learning byeodagion works by mapping action
sequences onto motor representations of those seegiethe increased motor cortex
activity should cause a significantly inhibited Miythm in the latter condition when
compared to the former.

2. Methods
2.1 Subjects
Fifteen participants (six males, nine females)ipgdted in the experiment. Two

females were removed during data analysis for nuetlgical reasons. The remaining
participants were between 18 and 26 years of agk,asmmean age of 20.5 years and a
standard deviation of two years. All were right tath as assessed by the Annet
Handedness Inventory (Annet, 1970). All particigamtere university students, gave
informed consent to participate and were given segredit as a reward.

2.2 Apparatus

A custom response box was constructed for this raxeat, consisting of four
buttons arranged in a square shape, with a fiftthenmiddle of this square (see Figure
la). Each button had a built-in orange LED whichlddight up. The response box was
connected to and positioned in front of a Pentivhtdmputer with a 17 inch monitor.
The experiment itself was programmed and carrigdrol-prime (Psychology Software
Tools, Inc., http://www.pstnet.com/).

2.3 Simuli and procedure

Participants sat approximately 70 cm (28 inchedjant of the computer screen.
Prior to the start of the experiment, participamtse administered a computerized Corsi
Block Task (Berch, Krikorian, & Huha, 1998) to assetheir visuospatial working
memory capacities. This task has often been usedh asdex for learning at the motor
level. As such, a positive correlation of the Cd#ck Task with performance on the
current experiment would be a theoretical indigatibat action sequence learning by
observation makes use of motor representations. ddwsi task works by tapping a
sequence of blocks in a specific order, which pgaints were supposed to imitate. In the
computerized version these blocks appeared onrscaee participants tapped them by
clicking on them with the mouse. Sequence lengthessed until performance broke
down. The final score on the task represents théest sequence length which was
successfully imitated.

After completion of the Corsi Block Task the respeiox was placed in front of
participants at a distance which they found comafulg. The experiment then started,
which consisted of ammitation and adetection (control) condition, each containing 40
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trials. Each participant carried out the imitat@mondition first and the detection condition
last. The entire experiment, including the appiaratof the electrodes and both
conditions, lasted approximately three hours.

In the imitation condition the participants wersked to observe sequences of
button presses presented on the monitor, and todape them from memory using the
physical response box immediately after they haahlpresented on the screen for a total
of four times. Each trial from the imitation condit consisted of a single sequence
repeated on screen four times, followed by the egiosnt execution of this sequence by
the participant. Sequences were predeterminedywerd shown in random order to each
participant. Each sequence consisted of six movemand always started with both
hands placed in the starting position, meaning buwdh lower buttons on the response
box were depressed using the index fingers. Eackement in a sequence consisted of
using one index finger to push one of the upperwtbons, then returning to the starting
position. The middle button was never pushed dusgguences and was only used as a
warning light during sequence presentation, inthgatvhen each individual sequence
started and ended. As such, there were four pése®ifor each movement in a
sequence: moving the left hand to the upper letiolbuand back, moving the left hand to
the upper right button and back, moving the rigdmtichto the upper left button and back,
and moving the right hand to the upper right buttod back.

The exact sequence timing and presentation, asrsbowhe computer screen, is
illustrated in Figure 3. The monitor showed phodbshe response box with two virtual
hands from an egocentric perspective. Sequencere®n always started with a five
second warning signal, so that participants kneat tithe sequence was about to be shown
to them. The warning signal showed the virtual Isamdthe starting position, with the
middle light on the response box shown on the momirned on (see the first frame of
each sequence in Figure 3). After the on-screeningusignal extinguished, the monitor
showed the hands executing all six movements ottineent sequence. Each movement
was represented by two photos. The first photo sldogne of the hands pushing one of
the two target buttons, giving the impression thathand moved to press the button. The
second picture showed both hands back in the reggobsition, resulting in the apparent
motion of the hand moving back to the starting pasi Each photo was displayed for
500 ms. The entire sequence was repeated threetimz® (for a total of four sequence
presentations) immediately after the previous secgieended. Each repetition again
started with a warning signal, providing a demaocatbetween the end of one
presentation and the start of the next, and a fimatning signal was displayed
immediately after the last repetition. At this poan instruction screen was displayed,
containing text which prompted participants to path fingers in the starting position,
pressing both lower buttons on the response bois. ifiktruction screen also contained a
picture showing participants how to place theigérs in the starting position. Pressing
the lower buttons caused the warning light in thédbe of the physical response box to
turn on. The instruction screen told participamtsekecute the observed sequence from
memory as soon as the warning light on the respbosextinguished, which it did after
keeping both lower buttons depressed for five s#sorAt this point participants
reproduced the sequence. Before the experimeniedtdrey were instructed to execute
the sequences as quickly and accurately as paosbilti¢o give priority to accuracy. At
the end of each trial, participants received feekban accuracy, speed and overall
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progress through the imitation condition. The itmta condition lasted for 40 trials.
Participants were also presented with three pradtials at the start of the condition for
familiarization purposes, which were not recorded dtatistical analysis. The structure
itself (six movements per sequence, four sequereseptations and the stimulus timing)
was determined in a brief pilot experiment carred before the present study. During
the pilot experiment, participants made one or mmistakes in roughly half of the
reproduced sequences, showing that actively legqraisequence is necessary in order to
reproduce it correctly.

After completing the imitation condition, particita moved on to thdetection
condition. During the detection condition partiaipmobserved another 40 predetermined
sequences, different from the ones used in thaiimit condition, but this time they were
instructed not to memorize the sequences, buttertideviant movements where buttons
were pressed with a thumb instead of an index firjgee Figure 1b). This condition
served as a control condition for the experimenhens participants were actively
engaged in action observation, but were not legramy action sequences. Each trial in
the detection condition consisted of the presestatif one of the sequences using the
exact same timing as was used in the imitation itiond previously. Again each
sequence consisted of six movements and was peelsénir times. However, this time
there was a one in five chance for each sequeresepiation that one of the buttons
would be pressed with a thumb instead of an indegef. Participants were not informed
about the exact odds of deviant movements occyranty that they would occur. They
were instructed that if they spotted a deviant maoset, they were to press any button on
the response box during the standard warning signal followed the sequence
presentation. If a mistake was made, the word “FOUAhich is Dutch for “WRONG!”,
was displayed for the rest of the duration of th@rning signal, after which a new,
neutral warning signal was displayed, and the expat continued. At the end of each
trial participants received feedback on overallgress and accuracy in the detection
condition up to that point. Again, participants wesffered three practice trials at the
beginning of the condition so that they could beeofamiliarized with the task, but
performance on these trials was not recorded &isttal analysis.

F \))

Figure 1. a)The response box used in the experimenA deviant movement from the detection
condition.
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2.4 Electrophysiological recording

Sixty-one-channel EEG éE‘, Fe1, Feo, ARz, ARs, ARy, AR, ARg, =, F, B, R, R,
Fs, ks, 2, Fs, FT7, FTg, FG, FG, FG, FG, FGy, FG;, FGs, T7, T, Cz, Ci, G, G5, Gy, G,
Cs, TP, TR, CF;, CP, CR, CR;, CPy, CR;, CR;, Pz, P, Py, B3, Py, B, Ps, P, P, PGy,
PG, PQ, PO, PG, Oz, O, and Q; see Figure 2a for locations) was recorded acogrdi
to the International 10-20 System of Electrode &iaent (Pivik, Broughton, Coppola,
Davidson, Fox, & Nuwer, 1993), using a BrainVisi@uickAmp amplifier (Brain
Products GmbH) in combination with shielded Ag/AgE@lectrodes. Electrode
impedances were kept below 1Q.KEEG was sampled at 500 Hz with a 140 Hz low pass
filter and a 50 Hz notch filter. The average refeeewas used during acquisition of the
EEG signal.

Because arm and hand movements could influence Nhe rhythm,
electromyograms (EMG) were recorded using bipolacteodes placed over flexor carpi
radialis and extensor pollicis longus on both fomesg so that covert movements made by
participants could be detected (Muthukumaraswamyofnson, 2004). To this end,
participants were instructed to move as little assible during sequence observation in
both conditions. Furthermore, vertical and horiabrélectro-oculograms (EOG) were
recorded. The vertical EOG bipolar electrodes wexated at the supraorbital and
infraorbital ridge of the right eye. The horizonBDG bipolar electrodes were placed
lateral to the outer canthus of each eye. Thisduae to ensure that participants did not
move their eyes too much during observation, whiebuld allow them to learn
sequences of movements by moving their eyes alatigtihe sequence presentation. To
avoid this, participants were also instructed xate on the middle button of the response
box presented on the monitor during sequence chsenvin both conditions. Offline
EEG, EMG and EOG signal processing was performeddnyg BrainVision Analyzer
(Brain Products GmbH).

2.5 Analysis

In the offline analysis, the signal was segmentgd epochs, starting at the onset
of the warning signal before each sequence prasamtand ending 15 seconds later.
This was done separately for the imitation and c&e conditions. EEG and EMG
segments where the voltage increased by more th@nuY between sampling points
were discarded, as well as EEG and EMG segmentshwdantained values more than
400 pV apart. Furthermore, segments where the E@Q@Iontained values which were
more than 500 pV apart were also discarded. FastidgfoTransforms (FFT) were
performed on the remaining EEG segments (512 pditaaning window, 10%), and the
results were averaged, resulting in frequency spelcr observation during both the
imitation and detection conditions.

Individual Mu rhythm bands were determined by sadting the frequency
spectrum of the sequence execution phase duringintfitation condition (which
represents the lowest Mu activation due to hand ements) from the frequency
spectrum of observation during the detection ph@dach represents the highest Mu
activation). The frequency spectrum for sequenc@tion was obtained in the same
manner as detailed above, skipping artifact reyector EOG en EMG electrodes. The
difference was topographically mapped, after wh&ch?2 Hz frequency band best
representing Mu activation was manually determifoecach participant.
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A cluster of 14 electrodes was created which calenest of the area typically
associated with Mu activation {OC;, Gs, CR;, CR;, FG and FG on the left side, & Cq,

Cs, CR,, CR;, FG, and FG on the right side; see Figure 2b for locationsje &verage Mu
power within this cluster was calculated for obsg¢ion during the first, second, third and
fourth sequence presentations for the detectionraitdtion conditions separately.

A task (imitation, detection) x presentation (firsecond, third and fourth)
repeated measures ANOVA was performed to analyzediffierence in Mu activation
between stimulus observation during the imitatiod detection conditions. Greenhouse-
Geisser corrections were always employed whereildges§&ender and age were used as
between-subjects variables. Contrasts were usédatteer analyze the difference in Mu
activation between presentations during the inmtatondition only. Lastly, scores on the
Corsi Block Task were correlated with errors madeng) the imitation condition.

All statistical tests were performed in SPSS 10 Windows (SPSS, Inc.,
http://www.spss.com/).

Figure 2.a) All EEG electrode locations which signals wereorded from during the experimetl.
Electrode clusters used for analysis of the Mulrimyt
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Four sequence presentations

Figure 3. Example of a sequence as it was displayed on tmiton. The first frame of each sequence presematiows the warning signal with both
hands in the starting position. Every sequenceistausof six movements, each depicted in two frafash trial of either the imitation or detectiandition
contained four presentations of the same sequence.
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3. Results
No clearly definable Mu rhythm band could be fodadtwo female participants,

who were therefore excluded from further analysi®r the remaining thirteen
participants the mean frequency band was 9.7-11, With a range of 8.7-13.7 Hz.

Figure 4 shows both left and right EMGs during timservation phase of the
imitation condition. None of the EMGs deviate sfgraintly from the baseline, showing
that no covert hand movements were made during \cdisen.
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Figure 4. EMGs from the imitation phase faj the left hand, an) the right hand. The four different
ERPs for each hand resemble the four different mewes which could be seen on screen during
observation. ERPs cover a time span of 600 mgjrgjaf00 ms before the onset of a movement stimulus
and ending when the starting position for the meatement appeared on screen.
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The task x presentation repeated measures ANOVformeed on the collected
Mu power data revealed significant effects for fagkh F(1,12) = 27.0, p <.001, and the
interaction effect between task and presentatiath ®(1.71, 20.46) = 4.4, p < .05. No
significant effects were found for either gendef1(E1) = 3.4, p < .1) or age (F(5,7) <1,
p < 1). Figure 5 shows that stimulus observatioringuthe detection condition caused
considerably higher Mu activation than stimulus evlation during the imitation
condition, which suggests increased motor cortéwigc during observation when an
action sequence is being learned with the inteniioreproduce it. Since Mu activation
during the detection condition is practically equal each sequence presentation
(F(1.81,21.75) < 1, p < .55), the interaction effeeggests that Mu activation during the
imitation task is significantly different for atdet one of the presentations. This was
confirmed in the contrast analysis performed on ithéation condition. Polynomial
contrasts indicated that there was a significardgatic trend, with F(1,12) = 5.7, p <
.05. Simple contrasts revealed a higher Mu poweinduthe first presentation when
compared to the second presentation, F(1,12) =p48,.05, which suggests increased
motor cortex activity after the first stimulus peegation. The first presentation was not
statistically different from the third and fourtihegentations (F(1,12) = 3.1, p < .15 and
F(1,12) = 2.1, p < .2, respectively). FurthermoMuyu power during the second
presentation did not differ significantly from Mwwer during the third presentation
(F(1,12) <1, p < .45), and Mu power during thedhpresentation did not differ from Mu
power during the fourth presentation (F(1,12) p %,.65).

As was mentioned before, a previous pilot studyceigd that a sequence length
of six movements and four sequence presentationgipewas difficult, but possible to
reproduce for most subjects. Considering the amadnerrors made by participants
during the imitation condition in this experimenhis still holds true. On average,
participants made 13.6 errors (sequence reprocdisctisith one or more wrongly
executed movements) during the imitation conditimith a standard deviation of 9.4
errors. This indicates that sequences were difficutemember, and that participants had
to be actively engaged while learning the sequemntesder to be able to perform them
correctly. Corsi Block Task scores showed a sigaift negative correlation with errors
made during the imitation condition, Pearson Catie@h -.75, p < .01 (two-tailed),
meaning that better performance on the Corsi Bldesk generally meant better
performance when reproducing action sequences. dtesplot demonstrating this
correlation can be seen in Figure 6. Only threersrwere made across all participants
during the detection condition, which is too litfler any further error analysis of this
condition.
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4. Discussion

The main question posed in this paper is whethembmaction sequence learning
by observation makes use of available motor patewaylirectly map an observed action
sequence to a motor representation of that sequdiee results from the EEG data
clearly indicate that there is a difference in Mythm power between observation during
the imitation condition and the detection conditiasith the detection condition evoking
a stronger Mu rhythm. Since diminished Mu poweg&nerally caused by increased
motor cortex activity (Pfurtscheller et al., 19%furtscheller et al., 2000), this suggests
increased motor cortex activity during the imitaticondition compared to the detection
condition. Because the main difference betweenrtiitation condition and the detection
condition is that the imitation condition requirésarning by observation, it can be
concluded that learning by observation involves aédhe motor cortex. This is in
agreement with a recent functional magnetic resomamaging (fMRI) study by Frey
and Gerry (2006), which examined human brain agtiduring observational action
sequence learning. They found that, compared torékng baseline, passive action
sequence observation increased activity in infefirontal and parietal cortices typically
implicated in action encoding, as well as areaslvad in motor representation, such as
the dorsal premotor cortex, pre-supplementary matea, cerebellum, and basal ganglia.
Importantly, these areas showed a further increasetivity when participants observed
similar action sequences with the intention to edpce component actions.

However, there are at least two potential confoogdiariables. The first involves
participants performing small hand movements dutirggimitation condition in order to
better memorize sequences, thereby activatingehsosimotor cortex and inhibiting the
Mu rhythm (Muthukumaraswamy et al., 2004). This basn controlled for by measuring
EMGs for both hands and discarding segments wheneements by either hand were
detected, ensuring that this would not influence pdwer.

The second possibility is a difference in attenti@tween the two conditions. It is
possible that participants were less attentive nduthe relatively passive detection
condition compared to the imitation condition, wdéhey were required to execute the
presented sequence observation. In another expagifirtscheller, Brunner, Schldgel
and Lopes da Silva (2006) demonstrated an increa$@and area Mu activity during
imagined foot or tongue movements. This opens appdssibility that a lack of attention
on the task at hand could cause in increase inhythm power. A quick look at errors
made during the detection condition suggests tlaticgpants were indeed paying
attention to the sequences presented on the mpaitmng all the participants, only three
sequence presentations were wrongly identified againing a thumb press or not.
However, this is not sufficient to rule out the pbdity that the difference in Mu power
was due to attentional differences between conditi®when asked to comment on the
experiment after completing both conditions, a nemtf participants expressed dislike
for the detection condition because of boredom eepeed during performance. A
comparison of Alpha band frequency power over adi@areas between the imitation
and detection conditions could provide more insigiitb general levels of arousal
experienced by participants during both conditidrgs analysis fall outside of the scope
of this paper, but is being carried out at the tohevriting.

Further contrast analysis of the imitation comahifiwhere sequences needed to be
learned and reproduced, shows that the initial gmtegion of a sequence evoked a
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stronger Mu rhythm than the second presentatioh,nbustronger than the third and
fourth. Interestingly, tentative results from adstwsing data of the present study, linking
the severity of errors made during sequence exatutiith Mu power during the
observation of these sequences (Van der Helden,S¢are, & Rombouts, in progress),
indicates that sequences where more severe erasesmade (such as not reproducing a
single correct movement during sequence execugengrated higher Mu power during
the final two presentations than sequences whaimple error was made (such as only
making a single mistake while reproducing the sageg This suggests that Mu power
across the second, third and fourth sequence peg®ars could all be lower than Mu
power during the first presentation, as long asuseges were learned correctly.
Suppression of the Mu rhythm generally signifies desynchronization of the underlying
neuron populations, which reflects an increaseccgssing load in the motor cortex
(Pfurtscheller et al., 1997). These results theeefoot only suggest thdearning a
sequence of actions by observation causes increasedr cortex desynchronization
when compared to only action sequence observabisncauses additional motor cortex
desynchronization during subsequent sequence patises. A possible explanation for
this finding is that the motor representation ofaation sequence is formed during the
first sequence observation, and that it is rehéaasel reinforced each subsequent time it
is shown. Action sequences which are not memoraredrately seem to be accompanied
by less motor cortex activity. This means that asnee of abstract thought could also be
involved in action sequence learning by observafldms is again in agreement with Frey
and Gerry (2006), who also found activity in théenor frontal cortex during action
sequence learning, an area which is often implktateognitive and executive control of
other cortical brain functions (Miller & Cohen, 2D0Aron, Robbins, & Poldrack, 2004).

Since the Corsi Block Task is used as an indexrfotor learning, the negative
correlation between errors made during the imitationdition and Corsi scores indicates
that participants which are good at motor learnamg also good at learning how to
reproduce the type of action sequences used inettpsriment after observing them,
suggesting that motor learning occurs in the caregperiment. However, there are two
issues with the scores achieved on the Corsi Blagk. The first is that the results are
dichotomous; partcipants either succesfully congulet block sequence with a maximum
length of five or a maximum length of seven. A deeavariety in scores is necessary to
be able to confidently state that there is a line@arelation between scores on the task
and errors made during the imitation condition. Dhier issue is that the majority of
participants attained a score of seven, with oaly fattaining a score of five. The only
two outliers with regard to errors made during itméation condition are among those
receiving a low score on the Corsi Block Task, pgigskewing results. Therefore these
results are not sufficient to confidently reach tteclusion that visuospatial working
memory capacity predicts learning performance @nttsk.

In conclusion, the combination of these findingpmart the theory that action
sequence learning by observation involves the mototex by directly mapping these
action sequences onto motor representations afahe action sequences. It is possible,
however, that more abstract thought is also inwiblivethis process. This is suggested by
the observation that motor cortex activity increhaéer the initial sequence observation,
suggesting that motor representations are reheafssdnitial formation.
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