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Continuous Attention Test, EEG propagation,
Multivariate Autoregressive Model, SDTF

R. KUS", K.J. BLINOWSKA, A. BASINSKA — STARZYCKA™

TRANSMISSION OF INFORMATION DURING CONTINUOUS
ATTENTION TEST

The aim of the paper is a study of information ssing in brain connected with cognition. The
Continuous Attention Test (CAT) is a specific diffatiation tool in cognitive studies in particutam deficits of
attention, based on visual information processifige EEG signal recorded during CAT performance was
analyzed by means of multivariate autoregressivelainorThe patterns of transmission were determingd b
means of Short-time Directed Transfer Function. st characteristic feature was propagation ingdrama
band from right side frontal area to the electrddeated over left side motor cortex.

1. INTRODUCTION

It is of primary interest to gain the informatioovin the different cognitive resources held in
specific cortical areas are integrated to form laecent stream of perception, cognition and action.
The study of transmission between brain areas lkeenidate the problem of the interaction between
brain structures and help in understanding the exatjwe action of neural assemblies. However the
proper method have to be applied for this kind toldg. Such an estimator should provide the
information about the direction, time course of fmpagation and its spectral content. The
measure, which fulfills this requirement, is a SHone Directed Transfer Function (SDTF) [10],
[7], which is a time-variant version of the Diredt€ransfer Function [9]. SDTF was successfully
applied in the investigations concerning the ma#ask performance and its imagination [7], [8].
Contrary to the bi-variate measures of directiagpalbr coherence, which often give very
fragmentary or even misleading information [14]] RTF is estimated in the framework of
multichannel autoregressive model (MVAR), whichdsknto account all channels of the process
simultaneously and provides the information onfthly multivariate structure of the process.

The Continuous Attention Test (CAT) [18] is a sfiecdifferentiation tool in studies on
deficits of attention, based on visual informatpmocessing. Topographic ERP studies, concerning
the same CAT paradigm by means of the low-resalugiectromagnetic tomography (LORETA)
[1], revealed that the strictly cognitive activityeflected by inter-condition differences (switafpin
from non-target to target condition) was found rhain prefrontal-cortex structures. The role of
the rhythmic beta activity propagation connectethwaitention was considered in [13]. In this work
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we shall concentrate on transmission especiallhéngamma band, since it is connected with the
active processing of information.

2. MATERIAL AND METHOD

2.1. MATERIAL AND EXPERIMENTAL PARADIGM

The investigated group were 10 male normal subjétdse we present preliminary results for
3 cases. The CAT experiment consisted of 720 conisety displayed geometrical patterns. In
order to eliminate systematical influence of bigtieal activity related to forecasting by subject
the time of pattern appearance, the stimuli weesgmted in random time intervals in the range: 1.5
to 2.5 s. The target was defined as any direcpeated pattern. After the appearance of the target
the subject had to press the button with his righinb. EEG was recorded from 21 electrodes (10-
20 system) referenced to the linked mastoids anpkeal at 250 Hz and filtered in 10-45 Hz band,
since beta and gamma rhythms were of interest.1Thepochs after each stimulus were evaluated.
The muscle artifacts were eliminated.

The trials concerning both CAT conditions were $yoaized with respect to the onset of the
visual CAT items and processed separately for tkdetarget and non-target stimuli. 160 ms
window were used for calculation of MVAR coeffinis, it was shifted by 1 point (4 ms).

2.2. METHOD

The DTF method is based on fitting to the signamaltivariate autoregressive model
(MVAR). In terms of the model &channel process can be represented as a Véotdk EEG
signals recorded in time& (t)=(Xa(t), Xa(t), ..., Xk(t)). Then the MVAR model can be expressed as:

X(t)=Zp:A(i)X(t—i)+E(t) (1)

where X(t) is the data vector in the timeE(t) is the vector of white noise values(i) are the
model coefficients and is the model order.

Transfer matrix H(f) is not symmetric and its naagbnal elements give the information
about the causality relations between correspgrtiannels. Directe@ransfer function (DTF) was
first introduced in [9] in the form:

H. (f)F
yﬁ(f):M (2)

2 IH(F)F

m=1

Normalization of DTF was performed in such a wagtth) described the ratio between the
inflow from channej to channel to all the inflows of the activity to the destiimat channel. Such
ratio takes values from [0, 1] range. Its valueselto 1 indicates that most of the signal in chbhnne
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consists of signal from channglvalues of DTF close to O indicate that there waslow from
channej to channel at this frequency.

Short-time Directed Transfer Function [10], [7] estimated by means of calculation of
correlation matrix (from which model coefficientgeafound) by ensemble averaging over
realizations for short data epochs. The SDTF aanation of time and frequency is found by
application of sliding window.

The errors of SDTFs were estimated by means ofsbrapt method [6]. The variance of
function value is obtained by repeated calculatbrihe results for a randomly selected pool of
original data trials, which corresponds to simumigtanother experimental session. By repeating the
procedure several times , one can get an estinfdtee ovariance. On the basis of bootstrap error
estimates the values of DTF in the post stimuluxk®DTFyost significantly different from the ones
in the pre- stimulus epoch DJE were found by means of t-test (the normal charaotethe
distribution was checked). The ratios of signifit®TF,.s: to DTF,e were presented as functions
of time and frequency. More detailed descriptiostatistical procedures may be found in [12]

2. RESULTS

We have analysed the data for 3 patients, so #lerpnary results will be presented. In Fig.
1 an example of the pattern of significant transmiss in target condition is illustrated, together
with spectra, which are plotted on the diagonalnsidering the time-frequency evolution of
spectral power, desynchronisation (decrease intigbgoower) in the beta band and increase of
activity in the gamma band is visible as coulcekpected [16]. In the non-target condition (Fig.1 -
bottom), when the movement was not performed, th#fsets did not occur.

Off-diagonal panels illustrate the propagation &sretion of time and frequency, namely the
significant changes in respect to the epoch beftoeepresentation of the stimulus are shown as a
functions of time and frequency. One can obsereedtfiect of target-related transmission in the
gamma frequency band, originated from the righégidlectrodes: Fp2 and (less intensively) F8,
towards electrode C3 (overlying the primary motoeaaof the right hand) and neighboring
electrodes. We can also notify bilateral commumicaebetween prefrontal and frontal locations.

The propagation in the gamma band from right sidmtél electrodes to the electrodes
located over left side motor cortex was charadierifor all studied cases. In the non-target
condition these effects were not observed.



R.Kus$ et al. / XI Conference "Medical Informatics & Teaiogies" - 2006

118

C3>

F8>

F3>

Fp2>

Fpz>

(L L O 0 ) TR e (1]

W () () (0 T el e TR T e )

=3 (o) (L (L) (M ) T 0 L (P (e T

Fp1

N
N3
wos

o
N3
wos

(LT (o) e CE T I LT ) [

n35
w25

o L)L L) Y (L T L L

N3

I Y O L e D P L D

(LB O ) 0 T T e ey [ e

IR IR IR IR IR IR IRiRIP - RN INIIEE
LB L) T L T TR Y ol (1

45
35

N3

45

{0 (L0000 [ OD LR 0 D EE LR

35
25

F8> C3>

F4>

F3>

Fp2>

Fpz>

Fp1

Ak (L) (LR (0T ) (0 T ()

35
25

o) LA (sl (R L ) L] () el LA T

e (L] (Ll (0L O O T [ T [ T

-
o
w

LW [ (T (L0 A T Y el [T (T

~ 3
25

LT () ) % 00 (k) [ ] (1] L]
NI I IR I R IE AR IR IR RN NI ININ I

L L L T e T R )

=[] (L0 [0 (LI (0 (00 (0 10 (L (0 (T

35
22

45
N35
W25

<+
W25

e () T T T L ol [ [ L

AN el () T T T T T ) [
W LT LT L ) e L ) T

45
35

34
1.7
0

27
-5.4
0.6
0.3
0

-0.1
-02

-05 0.15 0.8 dB

|

|

Mt

015 08 -05 015 08-05 015 08-05 015 08-05 015 08 -05 015 08-05 015 08 -05 0.15

08 -05 0.15 08

Fig.1. The significant changes in the propagatiatigon during CAT test, (DTh{DTFy. ) presented in log scale of
intensity. Upper panel — target, lower panel nagdtcondition. The propagation from the electrodarked above
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each box toward the electrode marked at the letheffigure. In each box: horizontal scale - timeertical scale -
frequency. The vertical lines mark: appearancetiofudus and start of motor reaction. Intensity ecial colors: red —
strongest increase in propagation, blue - strondgstease of propagation, white — no significaaingfe.

3. DISCUSSION

There exists rich evidence that synchronized @goily activity of neural assemblies
subserves information processing by linking neurogeoups with similar functional state.
Oscillatory activity of local field potentials playa role in spatially selective multiregional coati
binding [15]. Hence, study of the role of EEG rhyth in the coupling of brain structures and
investigation of spectral characteristics of sigmabpagation can bring valuable evidence
concerning the mechanisms of the information preiogsin the brain.

It has been shown that beta and gamma rhythms diffeeent synchronization properties
[11] and that in motor control tasks a decreasbeth may be accompanied by an increase in the
gamma band [8]. Beta rhythm is connected with thergsses of attention and expectation [4].
Gamma activity has been interpreted as the infaomatarrier [3] essential for binding processes.
In experiments involving subdural electrodes tHe of gamma activity in motor control was found
to be essential [5].

We can conjecture that the cognitive processederklto the proper recognition of visual
target and subsequent decision of motor reactim cannected with the enhanced propagation in
the gamma band from prefrontal areas toward thesigé motor sites. In particular it concerns the
propagation from electrodes overlying prefrontatt&o of right hemisphere involved in visual
information processing. The above pattern of trassion was specific only for target condition.
The enhanced reciprocal communication between@rtdt structures can be associated with non-
specific stimulus related cognitive activity.

In this work we have demonstrated the role of gamhyghms in the test connected with
cognition. It is especially interesting in the vie# the role of the gamma activity in the feature
linking [17]. Brain activity in the gamma band iery hard to observe in the EEG recorded from the
scalp electrodes, since it is strongly damped lyhttad structures, besides it is often obscured by
muscle artifacts. Usually, the gamma rhythm caidbatified in a small fraction of the population.

In this study it was observed in all subjects. TWias possible because of the unique properties of
the SDTF function, which is very robust in respeichoise and constant phase disturbances. SDTF
is sensitive to phase differences between sigsalst allows us to extract phenomena connected
with the shift of phase from a constant phase baxkygl. Due to this property of SDTF it was
possible to observe a fast changing pattern of comication between brain structures in the
gamma band.
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