
r Human Brain Mapping 30:1783–1790 (2009) r

Modality Specific Functional Interaction in
Sensorimotor Synchronization

Bettina Pollok,1,2* Vanessa Krause,1,2 Markus Butz,1,2

and Alfons Schnitzler1,2

1Department of Neurology, University Hospital, Duesseldorf, Germany
2Institute for Clinical Neuroscience andMedical Psychology, Heinrich-Heine University, Duesseldorf, Germany

r r

Abstract: Movement execution strongly relies on precise sensorimotor synchronization. In a finger-tap-
ping task that requires subjects to synchronize their finger taps to regular pacing signal synchronization
accuracy varies with respect to pacing signal’s modality. This study aimed at elucidating functional
brain dynamics associated with modality specific behavioral synchronization accuracy. To this end, 10
right-handed subjects performed a finger-tapping task with respect to regular auditory and visual pac-
ing, respectively, whereas neuromagnetic activity was recorded using a 122-channel whole-head neuro-
magnetometer. Visual pacing was associated with significantly reduced tap-to-pacer asynchrony and
increased intertap variability as compared to auditory pacing. The brain dynamics associated with task
execution were analyzed using the frequency domain beamformer approach dynamic imaging of
coherent sources (DICS). Both tasks were shown to be associated with comparable networks. However,
during visual pacing involvement of the ventral premotor cortex (PMv) was shown, whereas during
auditory pacing the dorsal premotor cortex (PMd) was concerned with task execution. Synchronization
with respect to visual pacing was associated with significantly increased functional interaction between
thalamus and PMv at beta frequency as compared to functional interplay between thalamus and PMd
during auditory pacing. Auditory synchronization was associated with increased functional interaction
between left superior temporal gyrus and PMd at alpha frequency. Furthermore, functional interaction
between thalamus and premotor cortex at beta frequency was significantly correlated with synchroniza-
tion accuracy. All in all the present data suggest that modality specific synchronization differences are
associated with frequency and connectivity specific changes of functional interaction in distinct brain
networks. Hum Brain Mapp 30:1783–1790, 2009. VC 2009 Wiley-Liss, Inc.
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INTRODUCTION

Most of our everyday actions involve the effective plan-
ning and control of coordinated movements that strongly
rely on the precise integration of sensory and motor infor-
mation. The impact of sensory information on motor con-
trol has been particularly evidenced in tasks requiring
exact motor timing like sensorimotor synchronization
[reviewed in Aschersleben, 2002; Repp, 2005]. In such
tasks subjects are instructed to synchronize their own fin-
ger taps with respect to a regular external pacing signal. It
is well established that despite the impression of being
exactly in time with the external cue, the finger tap usually
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precedes the pacing signal by some tens of milliseconds
[for review see Aschersleben, 2002; Repp, 2005]. It has
been shown that removal of sensory information yields
impairment of movement timing accuracy as has been evi-
denced in patients with peripheral somatosensory deaffer-
entation [Billon et al., 1996; Drewing et al., 2004;
Stenneken et al., 2002] as well as in healthy volunteers
following local anesthesia of the finger tip [Aschersleben
et al., 2001]. Besides the significance of sensory re-afferent
information resulting from movement execution, previous
data imply that accuracy of movement timing additionally
depends on the pacing signal’s modality [Jäncke et al.,
2000; Kolers and Brewster, 1985; Penhune et al., 1998]. Par-
ticularly, movement timing with respect to a regular visual
pacing signal results in reduced tap-to-pacer asynchrony
and increased intertap variability as compared to auditory
cues. These data imply that different timing strategies
might be employed depending on the pacing signal’s mo-
dality. A previous functional magnetic resonance imaging
(fMRI) study [Jäncke et al., 2000] revealed first evidence
for the assumption that these modality dependent behav-
ioral differences might be due to distinct brain networks
subserving task execution. In particular, these data suggest
that auditory paced movements might rely on a brain net-
work associated with internal motor control, whereas visu-
ally cued movements might be controlled by a network
associated with processing of the pacing stimuli. However,
a direct investigation of functional network interaction is
still missing.

Functional networks can be investigated by means of co-
herence and phase synchronization [for review see Fries,
2005; Schnitzler and Gross, 2005; Varela et al., 2001]. Previ-
ous studies have evidenced that functional interaction
associated with motor control varies with learning [Andres
and Gerloff, 1999; Andres et al., 1999; Serrien and Brown,
2003] and with specific task requirements like movement
rate [Toma et al., 2002], task complexity [Manganotti et al.,
1998], presence or absence of the pacing signal [Gerloff
et al., 1998], regularity of the pacing signal [Pollok et al.,
2008], and with hand speed in visuomotor tracking [Jerbi
et al., 2007]. Thus, these data support the hypothesis that
functional interaction in a given network is dynamic and
varies with task requirements. Because the neural founda-
tions of modality dependent synchronization differences
are poorly understood, this study aims to establish a direct
relation between functional brain networks and sensorimo-
tor synchronization as a function of the pacing signal’s
modality. In particular, the study was designed to identify
the neural signature of modality specific behavioral
differences.

MATERIALS AND METHODS

Subjects and Paradigm

Ten right-handed subjects aged between 19 and 39 years
(27.1 � 1.7 years; mean � s.e.m.; 3 male) participated in

this study. Handedness was assessed using the Edinburgh
Handedness Inventory [Oldfield, 1971]. In two consecutive
runs a visual and auditory pacing signal was presented
with a regular interstimulus interval (ISI) of 800 ms and a
length of 10 ms. Runs lasted for 4 min, respectively. The
auditory signal was a sine wave tone with a frequency of
1,000 Hz. Loudness was adjusted individually. The visual
signal was a red dot centred on a projection screen. The
dot was 3 cm in diameter and the distance between sub-
jects and projection screen was 70 cm. Volunteers were
instructed to synchronize their finger taps with respect to
the respective pacing signal. To this end, subjects per-
formed brisk flexions and extensions of their right index
finger. Session order was counterbalanced across subjects.
The presentation of stimuli was performed using E-prime
(Psychology Software Tools). All subjects gave their writ-
ten informed consent prior to the study that was approved
by the local ethics committee and was in accordance with
the declaration of Helsinki.

Data Collection

Subjects were comfortably seated in a magnetically
shielded room while performing their tasks. Both arms
rested on wooden panels fixed laterally to the chair. A
short training period preceded the MEG measurement. The
onset of finger-taps was determined by a photoelectric
barrier mounted on a pad. As behavioral measures the tap-
to-pacer asynchrony and its standard deviation as a mea-
sure of intertap variability was determined individually.

Neuromagnetic activity was measured with a helmet-
shaped 122-channel whole-head neuromagnetometer (Neu-
romagTM). Simultaneously, we recorded muscle activity
using surface EMGs placed on the right extensor digito-
rum communis muscle (EDC). MEG and EMG signals
were recorded with a band-pass filter of 0.03–330 Hz,
digitized with 1,000 Hz, and stored digitally for off-line
analysis. Eye blinks were controlled by vertical electroocu-
logram (EOG).

High-resolution T1-weighted magnetic resonance images
(MRI) were obtained from each subject. Coregistration
between MRI and MEG data was achieved by localizing
three anatomical landmarks (nasion, left and right preaur-
icular points) in each individual and measuring the mag-
netic signals of four coils placed on the scalp. EMG signals
were high-pass filtered at 20 Hz to remove movement arti-
facts and rectified to enhance the firing rate information of
muscle activity [Myers et al., 2003].

Data Analysis

For the detection of the oscillatory network associated
with task execution, we used the analysis tool dynamic
imaging of coherent sources [DICS; Gross et al., 2001].
Using a spatial filter algorithm and a realistic head model,
DICS allows the detection of cerebromuscular and
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cerebrocerebral coherence within the entire brain. After
applying a Hanning window, fast Fourier transform (FFT)
was applied to all EMG and MEG signals using the matlab
FFT function (www.mathworks.com). Values were calcu-
lated with a resolution of 1.3 Hz. Windows overlapped
with half the FFT size (i.e., 125 samples). Cross-spectral
density was computed to all signal combinations and aver-
aged across the whole measurement period. Finally, a spa-
tial filter was applied to voxels of the entire brain to create
tomographic maps of coherent activity. Voxel size was 6 �
6 � 6 mm. In a first step we identified the brain area show-
ing strongest coherence to the EDC at movement frequency,
corresponding to 1.3 Hz. In addition, coherence towards the
respective pacing signal was calculated at 1.3 Hz. With
respect to these sources brain areas showing significant
cerebrocerebral coherence were identified. Coupling
between brain areas was calculated at alpha (8–12 Hz) and
beta (13–24 Hz) frequency, respectively. These frequency
ranges were chosen because coupling as well as power at
both frequencies have been shown to be closely related to
motor control [for review see Fries, 2005; Schnitzler and
Gross, 2005]. To determine differences between the two pac-
ing conditions, we compared absolute power and coherence
values associated with auditory and visual pacing.

For cerebromuscular as well as for cerebrocerebral co-
herence, the voxel showing strongest coherence towards
the reference region was identified from local maxima of
individual coherence maps and used for coherence analy-
sis. To estimate a level of significance for cerebrocerebral
coupling, confidence limits was computed from surrogate
data by randomly shuffling the original time courses,
destroying all actual coherence. Only sources exceeding a
95% confidence level were taken into account for further
analysis. The exact DICS procedure has been described
elsewhere [Gross et al., 2001]. The final source model was
restricted to sources showing significant coherence
towards at least one another brain area within the net-
work. Sources have been identified separately for each
pacing condition. We identified the position of each source
in the individual brain. For visualization, mean localiza-
tion maps of identified sources were calculated after nor-
malization of individual anatomic and functional data
using SPM99 (Wellcome Department of Cognitive Neurol-
ogy, Institute of Neurology, University College London,
UK; http://www.fil.ion.ucl.ac.uk/spm). For all statistics
nonparametric test procedures were chosen. Paired com-
parisons were calculated using Wilcoxon test for depend-
ent samples. For correlation analyses we used Spearman
rank order correlation. All statistics were calculated two-
tailed. P-values were not corrected for multiple testing.

RESULTS

Behavioral Data

The handedness test revealed a mean laterality quotient
of 97.0 � 0.9 (range 95.0–100.0) indicating that all subjects

were strictly right-handed. During both pacing conditions
subjects demonstrated the well-known tap-to-pacer
asynchrony with finger-taps preceding the pacing signal.
Mean values were �63.8 � 16.9 ms (auditory pacing) and
�27.4 � 10.1 ms (visual pacing). Values differed signifi-
cantly between conditions (Z ¼ �2.5, P ¼ 0.01). The inter-
tap variability was 47.0 � 4.4 ms during auditory pacing
and 69.8 � 8.9 ms during visual pacing (Z ¼ �2.5, P ¼
0.01). Again, values differed significantly. Behavioral data
are summarized in Figure 1.

The Oscillatory Network

The analysis of brain dynamics revealed a brain network
comprising contralateral sensorimotor cortex (S1/M1), lat-
eral premotor cortex (PMC), supplementary motor area
(SMA), posterior parietal cortex (PPC), thalamus, and ipsi-
lateral cerebellum associated with both pacing conditions.
Sources have been identified in all subjects. In line with
the previous data [Butz et al., 2006; Gross et al., 2005], cer-
ebrocerebral coherence analysis revealed discernible peaks
at alpha and at beta frequency.

S1/M1 was localized with respect to EDC at 1.3 Hz cor-
responding to movement frequency. No further brain

Figure 1.

Behavioural data. (A) Tap-to-pacer asynchrony during auditory

and visual synchronization. (B) Intertap variability depending on

the modality of the pacing signal. Error bars indicate standard

error of mean (s.e.m.). Asterisks indicate significant differences

(**P ¼ 0.01).
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areas being consistently coherent to EDC have been found.
During auditory pacing, sources within bilateral superior
temporal gyrus (STG) were detected coupling at 1.3 Hz
with the pacing signal. Along the same line, during visual
pacing a source within the occipital cortex (OC) at 1.3 Hz
was localized. Sources within PMC, SMA, PPC, thalamus,
and cerebellum were identified with S1/M1 as reference
region at alpha as well as at beta frequencies. Defining
sources within STG and OC as reference region did not
yield detection of additional brain sources.

Because localization accuracy in brain areas remote from
the MEG sensors is reduced, we investigated variation of
individual thalamus coordinates as determined by the spa-
tial distance between the individual source and its mean
localization. In the auditory condition this distance varied
to 0.6–23.2 mm for x-axis, 1.1–16.8 mm for y-axis, and 0.7–
8.9 mm for z-axis. In the visual condition coordinates var-
ied 1.4–10.2 mm for x-axis, 0.3–17.7 mm for y-axis, and
0.7–12.3 mm for z-axis.

Coordinates of the lateral PMC differed with respect to
the pacing signal’s modality. Although auditory pacing
was associated with oscillatory activity of the dorsal PMC
(PMd), visually paced movements yielded involvement of
its ventral part (PMv; [Picard and Strick, 2001]. Statistical
analysis of individual sources revealed that during visual
pacing PMC was localized significantly more inferior
as compared to auditory pacing (Wilcoxon test: Z ¼ �2.09,
P ¼ 0.03). Other source localizations did not differ signifi-
cantly (P > 0.5). Mean source localizations are illustrated
in Figure 2. Table I summarizes the appendant coordinates
according to Talairach and Tournoux [1988] and the re-
spective Brodmann Areas.

At pacing frequency power of bilateral STG was
decreased during the visual condition as compared to au-
ditory pacing. Vice versa, power of the OC source was
decreased during auditory pacing in comparison to visual
synchronization. No further significant power differences
as a measure of local activity were evident at pacing fre-
quency or at the alpha or beta range.

The analysis of the functional network interplay at alpha
frequency suggested significantly stronger coherence
between left STG and PMd during auditory pacing (Z ¼
�2.1; P ¼ 0.04) as compared to coherence between OC and
PMv during visual pacing. In addition, coherence between
left STG and PMd during auditory pacing was signifi-
cantly increased as compared to visual synchronization
(Z ¼ �2.1; P ¼ 0.03). At beta frequency, coherence
between thalamus and PMv was significantly increased
during visual pacing as compared to coherence between
thalamus and PMd during auditory synchronization (Z ¼
�2.2, P ¼ 0.03). Accordingly, thalamus-PMv coherence dur-
ing visual pacing was significantly increased in comparison
to auditory pacing (Z ¼ �2.4; P ¼ 0.01). Absolute values of
coherence strength are summarized in Figure 3. No further
significant differences of brain dynamics were evident.

To investigate the relation between coherence and
power on the one hand and behavioral synchronization ac-

curacy on the other hand correlation analyses were calcu-
lated across data from both synchronization conditions.
The analysis reveals a linear relationship between coher-
ence strength between thalamus and PMC at beta fre-
quency and tap-to-pacer asynchrony (Rho ¼ 0.51, P ¼
0.03; Fig. 4). No further significant correlation was evident.

Figure 2.

Mean source localizations identified during auditory and visual

synchronization as determined by SPM99. Upper panel: (A) pri-

mary sensorimotor cortex (S1/M1), (B) dorsal premotor cortex

(PMd), (C) supplementary motor area (SMA), (D) posterior pa-

rietal cortex (PPC), (E/F) superior temporal gyrus, (G) ipsilat-

eral cerebellum, (H) thalamus. Lower panel: (A) primary

sensorimotor cortex (S1/M1), (B) ventral premotor cortex

(PMv), (C) supplementary motor area (SMA), (D) posterior pa-

rietal cortex (PPC), (E) occipital cortex (OC), (F) ipsilateral cer-

ebellum, (G) thalamus. Please note that the source within S1/M1

was localized with respect to EDC. Sources within superior

temporal sulcus and occipital cortex were localized with respect

to the respective pacing signal. All other sources were identified

with S1/M1 as reference region. Coherence strength is color

coded: yellow indicates stronger coherence, whereas blue indi-

cates weaker coherence. Please note that SPM99 has been used

for visualization of mean source localizations, only. Maps do not

represent any statistical comparison between the two pacing

conditions.
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DISCUSSION

Timing accuracy in sensorimotor synchronization relies
on the modality of the pacing signal. In particular, audito-
rily cued movements are related to larger tap-to-pacer
asynchrony and smaller intertap variability as compared
to visually paced movements. The present data suggest a
functional dissociation of the premotor cortex by showing
involvement of the PMv during visually paced synchroni-
zation and PMd during auditory paced movements. This

hypothesis is further supported by the observation that
brain dynamics vary with respect to the pacing signal’s
modality. In particular, visually cued movements were
shown to be associated with stronger thalamus-PMv co-
herence at beta frequency, whereas auditory pacing was
associated with stronger left STG-PMd interaction at alpha
frequency. Thalamus-PMC coherence at beta frequency
was correlated with tap-to-pacer asynchrony indicating
that thalamo-premotor interplay subserves synchronization
accuracy. These results suggest that modality dependent
differences of sensorimotor synchronization are related to
functional interaction in distinct brain networks.

Behavioral Data

During both synchronization conditions the well-known
tap-to-pacer asynchrony was evident. Although several
studies tried to shed light on the foundations of this phe-
nomenon, the underlying neurophysiological mechanisms

TABLE I. Talairach coordinates

X Y Z BA

Auditory Visual Auditory Visual Auditory Visual Auditory Visual

S1/M1 �36 �38 �22 �22 60 62 4 4
PMC �32 �56 14 8 56 38 6 6
SMA 6 10 6 10 68 72 6 6
PPC �44 �44 �42 �44 62 62 5 5
Thalamus �16 �6 �18 �12 12 12 –– ––
Cerebellum 32 38 �82 �80 �46 �50 –– ––
STG left �52 –– �14 –– 18 –– 42 ––
STG right 60 –– �16 –– 16 –– 42 ––
OC –– �18 –– �96 –– 10 –– 18

Talairach coordinates of identified brain sources subserving synchronization with respect to audi-
tory and visual pacing and the respective Brodmann area.

Figure 3.

Mean cerebrocerebral coherence associated with auditory and

visual synchronization as a measure of functional interaction.

Error bars indicate s.e.m. The figure indicates absolute coher-

ence values for those connections showing significant differences

between visual and auditory synchronization.

Figure 4.

Correlation between thalamus–PMC coherence at beta fre-

quency and tap-to-pacer asynchrony. Please note that for the

analysis data from auditorily and visually paced movements have

been pooled.
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are still poorly understood [for review see Aschersleben,
2002; Repp, 2005]. The present data reveal increased tap-
to-pacer asynchrony during auditory pacing and increased
intertap variability during visual pacing replicating previ-
ous findings [Jäncke et al., 2000; Kolers and Brewster,
1985; Penhune et al., 1998]. Interestingly, during visually
cued synchronization subjects usually report stronger
effort to correct for errors than during sensorimotor syn-
chronization with respect to auditory stimuli [Kolers and
Brewster, 1985]. Thus, it has been argued that during audi-
tory pacing task execution might rely on the prediction of
the pacing signal without explicit attention to single stim-
uli [Jäncke et al., 2000]. Conversely, during visual pacing
subjects might particularly pay attention to the exact
occurrence of the pacing signal suggesting that motor con-
trol in visually paced movements might be based on sen-
sory processing. Accordingly, the significance of auditory
cues for timed movements has been demonstrated during
rehabilitation of patients with certain movement disorders
like Parkinson’s disease [McIntosh et al., 1997] suggesting
that auditory cues may facilitate rhythmic movement exe-
cution. Interestingly enough, visual cues have been shown
to be less effective in such facilitation [Patel et al., 2005;
Repp and Penel, 2004].

Although the significance of the modality of external
cues on motor behavior has been well established, the neu-
ral foundations of behavioral differences depending on the
pacing signal’s modality are less well understood.

The Functional Brain Network

Synchronization of one’s own movements with respect
to a regular auditory pacing signal is associated with a
cerebello-thalamo-cortical network as evidenced by fMRI
[Chen et al., 2006; Jäncke et al., 2000; Lutz et al., 2000; Rao
et al., 1997; Sadato et al., 1996] as well as by MEG studies
[Pollok et al., 2005a,b). In this study, task execution yields
a functional network comprising bilateral STG, contralat-
eral S1/M1, PMC, SMA, PPC, and thalamus as well as the
ipsilateral cerebellum replicating these previous findings.
During visual pacing a source within the occipital cortex
was detected instead of bilateral STG indicating that the
pacing signal yields involvement of brain areas subserving
its sensory processing. Although involvement of the cere-
bellum and thalamus in motor control has been evidenced
in this study, we would like to stress that localization ac-
curacy in brain areas remote from the MEG sensors is
reduced as compared to the cortex. Thus, the exact local-
ization within these structures should be interpreted with
caution. However, previous studies have evidenced the
feasibility of detecting coherent sources even in deep brain
areas like thalamus and the cerebellum [e.g. Butz et al.,
2006; Dalal et al., 2008].

Despite the similarities of brain networks underlying
task execution, the present data suggest that depending on
the pacing signal’s modality different parts of PMC are

involved. Although auditory synchronization involved
PMd, during visually paced movements a PMC source
located inferior to the PMC source during auditory pacing
was detected, suggesting functional dissociation of the pre-
motor cortex.

Functional Dissociation Between PMv and PMd

In general, the lateral PMC––in contrast to mesial
parts––seems to be concerned with movements executed
with respect to external stimuli [Gerloff et al., 1998; Hals-
band et al., 1994]. Anatomical [Jackson and Husain, 1996;
Picard and Strick, 2001] as well as functional dissociation
of PMd and PMv has been evidenced for visuomotor tasks
using fMRI [Debaere et al., 2003; Hoshi and Tanji, 2006]
and transcranial magnetic stimulation [TMS; Davare et al.,
2006]. Although it should be stressed that the precise
boundaries of PMv in humans are less well-defined than
those of PMd [Picard and Strick, 2001], anatomical connec-
tions led to the hypothesis that PMv and PMd might be
part of distinct networks underlying different aspects of
motor control [Jackson and Husain, 1996]. Along this line
it has been argued that PMd might play a role in move-
ment preparation, whereas PMv might be particularly
involved in the execution of visually guided movements
[Jackson and Husain, 1996]. However, this explanation is
at odds with the study of Jäncke et al. [2000] indicating
increased PMv activation during auditory synchronization.
Thus, these data do not support the hypothesis that PMv
is exclusively related to visuomotor control. Alternatively,
PMd has been related to movement planning and PMv to
the online control of movement execution [for review see
Jackson and Husain, 1996]. Along this line, a previous
study investigating the neural substrates of visuomotor
learning [Grafton et al., 2008] suggests that the PMd is
part of a network associated with predictive motor control,
whereas PMv is stronger activated when movement execu-
tion relies on feedback. The present data are in line with
the hypothesis of a functional dissociation of the premotor
cortex. Moreover, this study reveals further support for
this assumption by showing distinct interaction patterns of
PMd and PMv, respectively. In particular, during auditory
pacing auditory–PMd interaction at alpha frequency was
stronger as compared to visual pacing, whereas during
visual pacing stronger thalamus–PMv coherence was evi-
dent in comparison to auditory pacing. Auditory-premotor
interaction during synchronization with respect to musical
rhythms has been demonstrated using fMRI [Chen et al.,
2006, 2008). These data indicate that with increasing metric
salience of the auditory cue local activity of the PMd and
the STG as well as the functional connectivity between
both areas increases [Chen et al., 2006] leading to the hy-
pothesis that PMd plays a crucial role for accurate timing
of movements with respect to auditory cues. The present
data corroborate the specific significance of auditory-pre-
motor interaction for auditorily paced movements. As a
second result, visual synchronization was associated with
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stronger coherence between thalamus and PMv at beta fre-
quency as compared to auditory pacing. It has been sug-
gested that thalamo-cortical loops are crucial for decoding
temporal information provided by sensory information
[Klimesch et al., 2007]. Accordingly, visual synchronization
might be related to sensory information processing by tha-
lamo-premotor functional interaction.

All in all, the data imply that during auditory pacing
subjects might rely on the prediction of the pacing signal,
whereas during visual pacing subjects may pay stronger
attention to the actual occurrence of the pacing signal
instead of its prediction.

Functional Significance of Coherence

at Alpha and Beta Frequency

Interestingly, differences of functional interaction
between left STG and PMd occurred at alpha frequency,
whereas those between thalamus and PMv were evident
at beta frequency. The exact functional significance of dif-
ferent frequency ranges is still a matter of debate. Tradi-
tionally, oscillations of the sensorimotor and occipital
cortex at alpha frequency have been related to an idling
state [for review see Miller, 2007]. But, growing evidence
gave rise to the hypothesis that oscillatory coupling at this
frequency might be key for coding of relevant information
processing in the brain as well [reviewed in Miller, 2007].
The precise functional significance of oscillations at the
alpha range for motor control has yet to be solved.
Although previous data do not support a specific signifi-
cance for movement execution [Klostermann et al., 2007],
another study gave rise to the hypothesis that coherence at
frequencies between 6 and 9 Hz––a frequency range that
is quite close to that measured in the present data––might
indicate a mechanism for intermittent motor control [Gross
et al., 2002]. Interestingly, it was shown that during early
stages of motor learning coherence at beta frequency pre-
vails and decreases during the course of learning [Andres
et al., 1999]. Thus, one might argue that functional interac-
tion at beta frequency is related to control of complex
movements, whereas coupling at alpha frequency might
represent a marker of motor control associated with the
execution of simple motor tasks––possibly based on pre-
dictive motor control. This interpretation is in line with
the observation that visual synchronization is reported to
be more demanding than auditory synchronization. Fur-
thermore, it fits the hypothesis that auditory synchroniza-
tion relies on the generation of an internal movement
rhythm [Jäncke et al., 2000]. Further evidence for this
assumption comes from the present data showing a signif-
icant correlation between thalamus–PMv interaction and
tap-to-pacer asynchrony at 20 Hz. Thus, stronger thala-
mus–PMv interaction at the beta range seems to be associ-
ated with more precise synchronization supporting the
hypothesis that 20 Hz coherence might reflect feedback
related motor control.

CONCLUSION

The present data support the hypothesis that modality
dependent differences of synchronization accuracy are
associated with functional interaction in distinct brain net-
works. Although auditory synchronization involves dorsal
parts of the premotor cortex, visually paced movements
are associated with ventral premotor cortex involvement.
Thus, the present data suggest that involvement of PMd
might reflect predictive motor control, although PMv may
subserve feedback related motor control.
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