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Abstract. We investigated the pattern of EEG activity propagation in the beta
and gamma band during a finger movement experiment and imagination of
that task. The data were analyzed by means of a short-time directed transfer
function (SDTF) based on a multivariate autoregressive model. The signals
from the right (or left) hemisphere were processed simultaneously (not
pairwise), which is crucial for obtaining a correct picture of EEG activity
transmissions. The pattern of propagation in the beta band involved for both
tasks a decrease of the propagation from the motor areas during the execution
of the movement — less pronounced in the case of imagination. The
performance of the motion was mainly connected with a short outburst of
gamma activity from the hand sensorimotor areas. In case of imagination the
gamma outflow lasted longer and concerned larger brain areas.
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INTRODUCTION

During the last years the investigation of EEG
activity accompanying voluntary movement has
been in the center of attention (review by
Pfurtscheller and Lopes da Silva 1999, Pfurtscheller
et al. 2003), however most studies concern the
amplitude of the EEG rhythms in connection with
their topography. Much less attention has been paid
to the phases, which contain information about the
relation between signals and their propagation with-
in the brain (Ginter et al. 2001). There exists rich
evidence that synchronized oscillatory activity of
neural assemblies subserves information processing
by linking neuronal groups with similar functional
state and that oscillatory activity of local field
potentials plays a role in spatially selective multire-
gional cortical binding (Lopes da Silva 1992).
Hence, study of the role of EEG rhythms and their
propagation can bring valuable evidence concerning
the mechanisms of the information processing in the
brain.

Starting from the early eighties there were sever-
al attempts to find an estimator describing signal
propagation (Inouye et al. 1995, Saito and
Harashima 1981), however, the proposed estimators
were only able to calculate directionality between
two channels at a time. This was also the case for
more recent measures of directionality (Bernasconi
and Konig 1999, Freiwald et al. 1999). It has been
shown (Blinowska et al. 2004, Ku$ et al. 2004) that
bivariate methods for the assessment of directional-
ity, no matter if they are based on phases of bivari-
ate coherences or bivariate Granger causality meas-
ure (Granger 1969), are likely to give misleading
results. Comparison of different methods for the
assessment of directionality may be found in Kus
and coauthors (2004).

The multivariate estimator of propagation, called
the Directed Transfer Function (DTF), is designed
for an arbitrary number of channels, and was intro-
duced already in 1991 (Kaminski and Blinowska
1991). This DTF function was applied successfully
to localize epileptic foci (Franaszczuk and Bergey
1998), to determine LFP propagation between brain
structures of animals in different behavioral states
(Korzeniewska et al. 1997), and to investigate EEG
propagation in different sleep stages (Kaminski et al.
1997). Investigation of the dynamics of brain activ-

ity propagation that is important for understanding
information processing requires estimators depend-
ent on time. Such a measure is provided by the
Short-time Direct Transfer Function (SDTF) — a
modification of DTF dependent not only on fre-
quency but also on time (Kaminski et al. 2001).
SDTF is based on the ensemble averaging paradigm,
which allows the calculation of the estimator for
short data windows when multiple realizations of a
process are available.

The SDTF has already been applied to the evalua-
tion of motor task experiments. A study performed on
3 subjects involved the comparison of the results
with a high resolution time-frequency method of sig-
nal analysis — matching pursuit. A consistent pattern
of propagations was found for alpha and beta
rhythms, which confirmed the validity of the method
(Ginter et al. 2001). In another experiment involving
imagination of movement, the SDTF method
revealed the importance of the gamma rhythm and
the connection between the beta and gamma rhythms
(Ginter et al. 2005). In this paper we shall pursue the
problem of determining the pattern of EEG flows in
case of a real finger movement and its imagination,
by application of SDTF for a larger group of subjects
performing both tasks. The aim of the paper is find-
ing of the similarities and differences in the pattern
of propagation of the brain rhythms during a real
motor task and its imagination.

In this paper we shall concentrate on the beta and
gamma rhythms. It has been shown that they have
different synchronization properties (Kopell et al.
2000) and that in motor control tasks a decrease of
beta may be accompanied by an increase in the
gamma band (Ginter et al. 2005). Beta rhythm is
connected with the processes of attention (Wrobel
2000) and expectation (Buser and Rougeul-Buser
1995). Gamma activity has been interpreted as the
information carrier (Bressler 1990) essential for
binding processes and feature linking (Singer and
Gray 1995). In experiments involving subdural elec-
trodes the role of gamma activity in motor control
was found to be essential (Crone et al. 1998,
Pfurtscheller et al. 2003). The role of theta activity
was demonstrated in different kind of experiments,
involving slow periodic movements, where the
intermittent motor control was connected with syn-
chronized 6—9 Hz activity in cerebello-thalamo-cor-
tical loop (Gross et al 2002).



METHODS
Material and data acquisition

The experiment was performed on 9 right handed
volunteers: 8 males and one female, 21-27 years old.
An EEG was acquired using the Braintronics I1SO-
1064 CE apparatus (Elmico, Poland), from 30 elec-
trodes located in the positions as used in the extended
10-20 system (Fig.1a). The signal was filtered in the
0.5-100 Hz band and sampled with a frequency of
250 Hz. The 50 Hz artifact produced by mains was
eliminated by a digital filter. The surface EMG was
recorded from both hands in order to find and elimi-
nate the data epochs for which the tension of the hand
muscles occurred during imagination task.

During the experiment the subject was lying in a
dimly lit room observing a computer monitor. Every
10-14 s a short sound was delivered, 3—5 s after
which a fixation cross appeared on the monitor for
2 s. Then an arrow (cue) was presented for a period
of 1.25 s, indicating randomly a left or right direc-
tion. The subject was instructed to lift up his/her left
or right hand index finger (depending on the direc-
tion of the arrow) for 1 s or to imagine this move-
ment. The schema of one repetition is presented in
Fig.1b. Each session consisted of 130 repetitions.
The experimental setting was designed in the same
way for both tasks in order to make real and imagi-
nary actions comparable. The experiment consisted
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Fig. 1. Placement of the electrodes (a) and scheme of the
experiment (b)
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of four alternating sessions, two for real and two for
imaginary movements (beginning with real move-
ments).

The signal was sub-sampled to a sampling frequen-
cy of 125 Hz and divided into 9 s long epochs with cue
onset in the fifth second. Epochs containing muscle
artifacts were rejected. In order to better recognize arti-
facts generated by contraction of neck muscles, the
EEG signals were visually scored, for each subject a
certain threshold was established for energy cumulated
in the 15—40 Hz band during an epoch, and trials sur-
passing this threshold were rejected. We took these
special measures to eliminate high frequency artifacts
because in this experiment we concentrate on changes
of flows in the beta and gamma bands.

Multichannel data analysis

The MVAR model and DTF have been described in
earlier publications, e.g. Kaminski and Blinowska
(1991), Blinowska and coauthors (2004), and
Kaminski and Liang (2005). The SDTF method has
been described among others in Ginter and colleagues
(2001) and Kus and others (2004), therefore we will
only briefly sketch it below.

The DTF method is based on fitting a multivariate
autoregressive (MVAR) model to the signals
(Franaszczuk et al. 1985). In terms of the model a k-
channel process can be represented as a vector X of k
EEG signals recorded in time: X(t)=(X,(t), X,(t), ...,
X, (1)). Then the MVAR model can be expressed as:

X(f) = i AGDX(t-1)+E(?), (1)

where X(t) is the data vector at time t, E(t) is the
vector of white noise values, A(i) are the model coeftfi-
cients and p is the model order. This equation can be
rewritten in the form:

—i A)X(-i)=E@), A(0)=-I @)

where | — identity matrix. The coefficients of the
model were estimated from the correlation matrix of
the signals by means of Yule—Walker algorithm
(Marple 1987). The model order can be determined by
means of criteria derived from information theory; the
AIC criterion (Akaike 1974) was found to be the most
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satisfactory and here it was used for MVAR model fit-
ting; usually a model order of 5 was used.

After transforming the model equation to the fre-
quency domain we get:

X(f)=A"(HE) =H(E(). 3)

The H(f) matrix is called the transfer matrix of the
system, f denotes the frequency. We can consider
MVAR as a black box model with a vector of noise as
input, EEG signals as output and the spectral charac-
teristics and relations between signals contained in the
transfer matrix H(f). Matrix H(f) is not symmetric and
its non-diagonal elements give information about the
causality relations between the corresponding chan-
nels.

The non-normalized DTF describing the transmis-
sion from channel j to i is defined as |H; (f)|, i.e. the
corresponding non-diagonal (i—7) element of the trans-
fer matrix of the model:

DTE-,»(f)=\Hi,»(f)\ )

We have used here the Directed Transfer Function in
its non-normalized form, which is equivalent to the
Granger causality (Granger 1969) extended to an arbi-
trary number of channels (Kaminski et al. 2001). DTF
is robust in respect of noise, it identifies correctly the
propagation in the presence of noise that is several
times higher than the signal itself and is insensitive to
constant phase disturbances (Kaminski and Liang
2005, Kaminski et al. 2001). Volume conduction
involves propagation of the electromagnetic field with
the light velocity, hence there are no delays between
channels — it is zero phase propagation. DTF effective-
ly discriminates against volume conduction, since it
detects the differences of phases.

The causality relations between channels mean that
the variance in a given channel may be explained using
the past samples of the other channels of the set. The
direction of the signal transmission coded in cross-cor-
relations between signals and contained in the cross-
correlation matrix of the MVAR model is translated
into phase shifts by transformation to the frequency
domain. This phase dependencies are expressed in the
transfer matrix H(f). The value of DTF,(f) shows
whether the signal component of a given frequency fin
channel j is shifted in time with respect to the signal

component of the given frequency in channel i. The
estimate shows only the direction, not the value of the
delay. However, the information is unambiguous, con-
trary to the Fourier estimate, which gives the phase
modulo 2. In this paper the terms “EEG activity prop-
agation” or “EEG activity flow” mean that an EEG
wave appears earlier at a given location than at anoth-
er location, which follows from the phase differences.

The coefficients of the MVAR model are estimated
from the correlation matrix. When multiple repetitions
of the experiment are available, the correlation matrix
can be found by ensemble averaging over realizations:

Ny N n—s|
B = YR =123 X0 -5) (5)

7 r=l N, ;-:1”“5‘::1

where N, is the number of realizations, R;’(s)
denotes the elements of R”(s) — the correlation matrix
calculated for time lag t=s in realization r, and n is the
length of the data window.

In this approach the model is fitted to the short data
windows, then correlation matrix (Eq.5) is found by
ensemble averaging and consecutively model coeftfi-
cients and DTFs are computed for a given short epoch.
Then the data window is shifted with overlap and in
this way, by means of a short sliding window, time-
varying DTF, called SDTF (Short-time Directed
Transfer Function), can be found.

MVAR is a parametric model and obviously the
number of parameters must be much lower than the
number of data points. The number of parameters is
pk?, where p is the model order and k is a number of
channels, whereas the number of data points is given
by knN, where n is the window length and N is the
number of repetitions. This requirement limits the
length of the data window (which cannot be too short
because of statistical requirements) and effectively
influences also the time resolution. A compromise
must be found between the window length and the
number of channels. It is recommended to use as many
channels as possible in order to take into account all
possible interactions. The signals from all crucial loca-
tions should be simultaneously processed. Here we
have evaluated simultaneously 9 channels and we have
chosen a window size of 50 points, (400 ms) length,
which resulted in a ratio of data points to number of
parameters of about 50. In order to calculate SDTF as
a function of time the window position was consecu-
tively shifted by 10 points (80 ms).



Two separate sets of 9 electrodes were taken into
account, one located over the left hemisphere sensori-
motor area and another at the opposite positions over
the right hemisphere; the middle electrodes were
shared by both sets (see Fig. 1a). Signals from distinct
hemispheres could be treated separately because of lit-
tle coherence and weak flow found between them.
Before the actual calculations we had estimated partial
coherences and DTFs for signal set involving both
hemispheres and they were below the significance
level. These preliminary calculations of interhemi-
spheric coherences are consistent with investigations
of Andrew and Pfurtscheller (1999).

Statistical estimation of flow changes

In order to find statistical significance of flow
changes related to the subject’s action, a method based
on a bootstrap technique was applied (Efron 1979). In
this approach, the variance of the function is obtained
by repeated calculation of the results for a randomly
selected pool of original trials. Selecting a random pool
of trials corresponds to simulating another experimen-
tal session. Signals recorded in the period 5 to 3 sec-
onds before cue onset were considered as reference
and a null hypothesis of a lack of changes was tested in
respect of probability distribution in this epoch. From
N different signal realizations, a set of N not necessar-
ily different realizations was drawn and the MVAR
model coefficients and, subsequently, the SDTFs for
reference time were computed. This selection proce-
dure was repeated 100 times (1000 times drawing pro-
vided practically no change in the significance level).
By gathering the values of SDTF obtained in all time-
windows of the reference epoch after all drawings, a
distribution of reference values was constructed. On
the basis of this distribution the confidence interval
may be found. Our null hypothesis was no decrease (or
no increase) of outflow at a given time epoch in rela-
tion to the reference. The hypothesis was rejected with
a 2% confidence level if the SDTF value was below the
2-percentile (or above the 98-percentile).

RESULTS
Characteritics of beta activity flows

Since we concentrated mainly on beta and gamma
activity, in order to better observe the changes of flows
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in these frequency bands, we have filtered out alpha
activity. In Fig. 2a the SDTFs are shown as functions
of time and frequency. When analyzing the matrix of
SDTFs reflecting the propagation between the chan-
nels, one can see bigger dynamics of outflows from
the areas of primary motor cortex which are responsi-
ble for hand movement (color coded DTFs fluctuate in
time, especially a gap in propagation is visible after
presentation of a cue — around second 5-6) in com-
parison to outflows from other areas, where the pattern
is more stable . In order to better follow the time course
of propagation for beta and gamma rhythms, the SDTF
values were integrated in the 17-23 Hz and 35-41 Hz
bands (Fig. 2b). In the time course of outflows in the
beta band three characteristic phenomena dominate:
the increase of activity immediately after cue onset
(second 95), its decrease during task performance and a
subsequent rebound. These phenomena are illustrated
in Fig. 2b, where the time evolution of propagations in
beta and gamma bands are shown. The increases or
decreases of the flows above significance levels are
marked by the circles.

In Fig. 3 a summary of the results for all subjects in
case of movement of the right hand finger for a pre-
movement epoch (0-0.5 s) after cue onset is shown.
For that period the strongest outflow was observed
from electrode C1 for most subjects (Fig. 3). Before
imagination of the right hand finger movement this
increase was also present, mainly in the left part of the
head, although only for some subjects it was well
localized both topographically and in time. For the left
hand finger movement or its imagination, the increase
rarely appeared.

In the epoch 0.3—1.5 s after cue onset for the left
hand finger movement a decrease of outflow of beta
activity was localized on the right side of the head in
the neighborhood of electrode C2. For the right hand
finger movement the decrease was visible in both
hemispheres, however, it was most pronounced for
electrode Cp3. The flow of beta activity between chan-
nels overlying sensorimotor areas decreased also dur-
ing the movement imagination. Nevertheless, in this
case the duration of the decrease was shorter than for
real movement and many times it was not strong
enough to be statistically significant. The decrease in
propagation in the beta band during finger movement
was also observed in Ginter and coauthors (2001) and
in case of imagination in Ginter and others (2005).

After the task (1-3 seconds after the presentation of
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Fig. 2. (a) Propagation of EEG activity in the left hemisphere during right hand movement imagination for one subject. In
each small panel SDTF is presented as a function of time (horizontal axis in seconds) and frequency (vertical axis in Hz).
The intensity scale coded by colors (red the strongest) is the same for all panels. The flow of activity goes from the electrode
marked above the column to the electrode marked at the left. (b) The upper pictures are enlarged panels from the matrix pre-
sented in (a). The lower pictures represent the corresponding beta and gamma flows represented by SDTF functions inte-
grated in the frequency bands (17-23 Hz) and (3541 Hz).
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the cue) an increase of outflow was observed from sev-
eral electrodes. The topography of this phenomenon is
presented in Fig. 4, where a summary of the results for
all subjects is illustrated. Only outflows surpassing the
ones in the reference period are shown (significance
level 0.02). The increased outflows occurred mainly at
the electrodes at the midcentral area and at some elec-
trodes located more frontally. For real finger move-
ment this phenomenon has also been reported in Ginter
and coauthors (2001).

Chacteristics of gamma activity flows

The propagation of EEG activity during motor tasks
is characterized by fast dynamics. In order to visualize
its topography and time course we have constructed a
program which presents such propagation in the form
of a movie. The movies for the experiment as
described in this paper are accessible on Internet (see
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Fig. 4. Significant flows in the beta band after the motor task — the upper pictures for the real movement, lower pictures
for the case of imagination. Pictures on the left correspond to the left hand, pictures on the right to the right hand.
Presented are the flows, which differ significantly (at level 0.02) with respect to the reference interval in the three con-

secutive time windows. Convention of drawing as in Fig. 3.
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http://brain.fuw.edu.pl/~kjbli/DTF_MOV.html). In Fig.
5, snapshots from the movie for one subject are shown.

In this figure the propagation in the gamma band,
calculated as integrated values of SDTF in 35-41 Hz
frequency band is illustrated in the form of the arrows.
The characteristic differences between the real and
imaginary movements illustrated in this picture
include: (1) earlier appearance of propagation of
gamma activity from C3 electrode in case of real
movement (2) short duration of this phenomenon, (3)
later occurrence of propagation from C3 in case of
imagination, (4) longer period of activity for imagina-
tion task involving flows mainly from C3 and Cz.

For the real movement the burst of gamma activity
appeared in the period 0.3-0.7 s (depending on the
subject) after the cue presentation at the contralateral
motor cortex areas (electrodes C1, C3 for right hand
movement and C2, C4 for the left hand movement).

For the imagination task the gamma activity outflow
always started later than for the real movement (for the
case illustrated in Fig. 5 it was 1.0-1.1 after the cue
onset) and bigger areas of the brain were engaged in
activity emission, especially areas around electrodes Cz
(this effect is visible at the lowest right picture of Fig. 5.)

In comparison with the real movement, in case of
imagination, the propagation often started in more pos-
terior areas — electrodes Cpl, Cp2, Cp3, Cp4 — which
may be interpreted as bigger involvement of the senso-
ry areas. In case of imagination of the left hand move-
ment the gamma activity started to propagate in the
right hemisphere (0.4—0.8 seconds after the cue onset),
after which the flow was observed with a delay of
about (0.7-0.8 seconds) in the symmetrical locations of
the left hemisphere. For the right hand imagined move-
ment the results were less consistent — in 5 cases out of
8 the flow started in the contralateral hemisphere.

Another characteristic feature of the real and imagi-
nary tasks was the propagation from the central areas
of the head, electrodes Cz, Fz, Fcl, Fc2, overlying the
Supplementary Motor Area (SMA). For the right hand
task especially propagation from Fcl was observed
and for the left hand task propagation from Fc2. The
alternating flows from the primary motor cortex areas
connected with finger movement and the areas overly-
ing SMA were more pronounced for the case of imag-
ination.

Summarizing these observations, in general terms
we may say, that during the real movement a short sig-
nal in the gamma band concerning the performance of
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Fig. 5. Snapshots from the movie representing gamma activ-
ity propagation for one subject during the real (left column)
and imaginary (right column) motor task for the right hand.
Upper row — 0.3 s, middle row — 1.1 s, lower row — 1.4 s
after cue presentation.

the task is emitted from the primary motor areas con-
tralateral to the moving finger. In case of imagination
the process is much longer and several structures of
sensorimotor cortex are involved.

DISCUSSION

A main body of previous works concerning motor
control was based on the analysis of EEG amplitude
(Pfurtscheller and Lopes da Silva 1999), SDTF gives
information about the phase difference between the
signals recorded at different locations and hence about
the propagation of the activity. Here we have deter-
mined for the first time the dynamic patterns of trans-



missions during movement and its imagination. New
clues to the nature of the oscillatory neural mecha-
nisms involved in motor control were provided, based
on the observation of the cross-talk between distinct
brain structures.

The patterns of propagation during motor task and
its imagination bear resemblances such as the presence
of the gap in propagation of beta activity during the
task and preceding it burst of gamma from primary
motor area. However, the pronounced differences were
also observed: the gap in beta propagation was shorter
and the propagation in gamma band lasted longer and
involved more brain structures.

The phenomena observed by us such as decrease of
propagation from sensorimotor areas in the beta band
during the task and its increase afterwards correspond
well with the event related desynchronization (ERD
and synchronization (ERS) described e.g. by
Pfurtscheller and coauthors (2003), however the infor-
mation contained in SDTF tells us not only about top-
ographical localization , but also on transmission, elu-
cidating the functional relations between structures.

The outflow from a certain location need not be
exactly correlated with the EEG amplitude. The
increase of outflow of beta activity before the right
hand movement from locations around C1 electrode is
not accompanied with an increase of amplitude of the
beta rhythm in the corresponding locations. It may be
interpreted in terms of information exchange between
structures involved in motor action and an increase of
the level of attention before the task. Beta rhythm has
been connected with attention (Wrobel 2000). The
smaller decrease of propagation in the beta band dur-
ing imagination in comparison with the real movement
may be explained as the need for higher concentration
and a higher level of attention.

The beta propagation after the movement from the
more frontal location with respect to the sensorimotor
cortex (observed also in: Ginter et al. 2001) is in agree-
ment with the results of an MEG experiment (Samelin
and Hari 1994) indicating the existence of a source of
beta activity in those areas.

Activity in the gamma band is very hard to observe
in an EEG recorded by scalp electrodes, besides, it is
often obscured by muscle artifacts. Usually, the
gamma rhythm can be identified in a small fraction of
the population only. In this study, however it was
observed in all subjects. This was possible because of
the unique properties of the SDTF function, which is
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very robust in respect of noise and constant phase dis-
turbances. SDTF is sensitive to phase differences
between signals, so it allows us to extract phenomena
connected with the shift of phase from a constant phase
background — in this case a fast changing pattern of
communication between brain structures in the gamma
band.

The EEG activity of 40 Hz has been connected with
focused arousal and motor programming (De France
and Sheer 1998, Pfurtscheller et al. 1993, Salenius et
al. 1996). The reported short increase of activity in the
gamma band agrees with our observation of the brief
increase of gamma propagation from the primary
motor area connected with the finger movement.

Gamma outflow during imagination lasted much
longer and involved larger areas of brain, which could
have been expected. The evidence that movement
imagery involves distributed cerebral sources is in
agreement with the imaging studies indicating involve-
ment of several brain areas connected with motor func-
tion (Neuper and Pfurtscheller 1999).

The propagation from more posterior locations with
respect to the primary motor cortex observed by us for
imagination may be explained in terms of bigger
involvement of sensory areas. The enhanced activity in
this region was found in the study of regional cerebral
blood flow (Goldenberg et al. 1987). The role of SMA
in the preparation of movement is well documented by
functional magnetic resonance imaging (fMRI), e.g.
Wildgruber and coauthors (1997), or Ball and col-
leagues (1999). The increased activity of SMA during
the motor task was also found by means of cerebral
blood flow (rCBF) and positron emission spectrogra-
phy (PET) (reviewed by: Lang 1996). Strong coupling
between SMA and the motor cortex was found in
Thatcher and others (1994). The role of SMA in the
imagination task was suggested in a paper by Deecke
(1996) (concerning slow potentials) and in Neuper and
Pfurtscheller (1999), Pfurtscheller and others (2003).

Our results give specific information concerning the
mutual transmission in the gamma band between the
locations overlying SMA and other sensorimotor areas,
especially the primary motor area. In a motor imagery
study by means of fMRI, changes in SMA, and to a
minor extent in the premotor area, were found, but not
in the primary motor area (Rao 1993). However, in
other fMRI studies (e.g. Halett et al. 1994, Porro et al.
1996) some activation in the primary motor cortex dur-
ing imagery was found. The discrepancy between
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fMRI and EEG studies can be explained in view of our
results, namely, during imagination we have found a
decrease in propagation from the primary motor area
connected with hand movement in the alpha and beta
band, while the increase of propagation from that
region concerned only the gamma band. Gamma activ-
ity involves small neural assemblies as suggested by
Pfurtscheller and coauthors (2003), and is character-
ized by a small amplitude (Singer 1993), so it does not
need to be connected with significant consumption of
energy, therefore this activity may not be well reflect-
ed in fMRI. On the other hand, it plays an important
role in the information processing in the brain.

CONCLUSIONS

In this paper we have presented for the first time the
dynamically changing pattern of EEG activity propa-
gation for real and imaginary movements which is con-
sistent with our understanding of motor control.
However, at the same time we have revealed novel
observations concerning the transmission between the
brain structures and their mutual interactions. The
information gained by means of SDTF goes beyond
the topographical localization of active structures, it
gives the evidence about the cross-talk between the
distinct sensorimotor areas.

Comparison of the activity flow during real and
imaginary movement shows similarities in the pattern
of propagation, however, there are also differences,
especially in higher frequencies. In the case of imagi-
nation larger brain areas connected with motor control
were involved, which was especially pronounced in
case of gamma activity propagation.

Our results indicate the important role of the studies
based not only on the overall activity of brain struc-
tures but on the specific role of the EEG rhythms, par-
ticularly gamma. The understanding of information
processing by the brain requires topographically, tem-
porarily and frequency selective estimators, which take
into account the different functional roles of EEG
rhythms. The SDTF method fulfills this requirement.
The unique property of the method is the ability to
extract very weak rhythmical activity, if it is character-
ized by the specific phase dependencies. Contrary to
the bivariate methods for the estimation of directional-
ity, SDTF gives consistent and physiologically mean-
ingful pattern of interactions. This involves particular-
ly the transmission of information between different

locations which may be connected with specific senso-
rimotor structures.
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