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                             Introduction

    The purposes ofthis paper are (l) to provide a conslstent explanation to account

for electrical phenomena in EEG (electroencepkalogram) as a manifestation ofmass
action in the nervous systemi), (2) to present some experiments for verifications of the

theory, and (3) to propose a new experimental paradigm for a demonstratioR of the

existence of short term ``memory''.

                  Mass Action in the Nervous Systern

    Wilson and Cowan proposed the nonlinear d;.fferential equations for activities
of localized Reural inass2) :

        ::,E•.'k,(i"'"k',E:,[,cst""fi.',,ee] ,,,

where e and i stand for exciÅíatioR and iRhibition; E and I for tirne coarsegrained

excitatory and inhibitory activities; r for neural membrane time constant; t" for

refractory period3 S[•] for noniinear response function; c for connectivity constant;

and P for afferent input.

    By a perturbational technique around the unstable singular point of eq. (i),
some reductions can be made, at a low level ofactivities, to result in the FitzHugh

type equations 3) :

        Tijll =f(E) -IV)           . (2)        T2I==aE-I

wheref(E)x'aE-6E3+•••, the lowest order of which is van der Pol equation4},
whereas in a different order estimation ofE and l, DuMng type ofequations will be

obtained.
    I or a high level of activities, we ,get Vo}te}'ra-Lotka type equations:



174 Tatstiichiro OHs}-iio

           .         7iE=g(E)-I+biEI+P         T2i==aE-I+b2Ef (3)
where .g(E)=aE-6E2-7E3+•••. The equation (3) will imply that mass action
in the nervous system can be interpreted from an ecological point of view when E is

regarded as `Cpredator'' and l as "prey".

    The solutions of these equations have been kRown to exhibit limit cycle oscilla-

tions which may be deemed to represent a simplified model for the pace-maker of

alpha-rhythm ln EEG4). Analyzing the model equations in the phase plane, it,is
shown that an external afferent input, P, to stable qeuilibria and iimit cyc}e oscilla-

tions ofthe eq. (2) and (3) gives rise to evoked responses and blockin,gs. Application

of sinusoidally changlng external input w!th fixed or linearly changing frequency to

a generalized Dufling or van der Pol equation:

         E+f (F.)E+g (E) -a sin ivt (4)
is known to exhibit an entrainment of frequency, a hysteresis with .iump in amplitude,

and subharmonic oscillations6). Thus, the hypothesis that limit cycle oscillations of

eq. (2) or (3) are the rnodel ofthe pace-makers ofalpha-rhythm might be verified by

occurrence ofthese phenomena in photlc evoked responses. In terms ofsÅíochasticity

of afferent input, an application of Gaussian noise n(t) to the right hand side of eq.

(4):

         E+f(E) E+g(E) -a sin wt -- Kn (t) (S)
has been known to exhibit a transition between several modes in the hysteresls region

and macroscopic fluctuation of ampl!tude and phase6).

    A more interesting case in re}ation to thalamo-cortical interaction is the non-

linear system with two degrees of freedom, which is perturbed by Gaussian noise:

         X+aX+wo2X==kn(t)
         Y--b(1-Y2) Y--wi2Y+. cy3=.y (6)
This system is, then, known to exhibit a spontaneous mode switcbing and hysteresis

according to the mag. nitude of K, and chaotic behaviors which are ascribed to the

strange atÅíractor ofeq. (6)7>. Since the input to any neural mass X always changes

its magnitude K, any other neural rnass Y with nonlinearity and inputs from t\ ex-

hibits mode switching and chaotic behaviors which account well for a great variability

of amplitude and phase of EEG.
    IR case of spatiaily interacting neural mass in homogeneous sheet, Wilson and

Cowan proposed the nonlinear integro-differential equations8> :

        7eEt wwl- E= ( l m reE) Se [Cee E'fiee ww cei l*6ei+Pe]
                                                                (7)
         Tilt+I ":' (l -ri I) Si [cie E*fiie-cii I*6ii+Pi],
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where "*'' indicates a spatial convolution operation of delayed activities, and fiww b

exp (-lxllcr) indicates the connection density with other neurons:

        E* fi (x, t)- 1".O.E (], t) *fi (x -]) 47•

For low levei of activities, Nagumo type equations can be obtained after Tay}or

expanding the convoiution9):

        7i Et ==f(E) -I+DExx
                                                             (8)
        T2It meaE-I

wheref(E) := aE-6E3+ •••, the spat2ally localized version (D ==O) ofwhich is equiva-

lent to FitzHugh type equation (2). It should be noted that the eq. (8) are model

equations derived originally for a pulse transmission on the axon. By means of
derivative expansion, we get a nonlinear partial diffeyential equation for complex

amplitude ;'t/ of wave trains around a neutraily unstable singular point of the

eq. (8)iO):

        Wt =wh' (i -iao) W-(I +iai)iuri2 va+(l +ia2) W.. (9)

This nonl.inear equation is ca!led an envelope equation for noniinear modulation
which provides an another possibility to account for a variability of ampiitude and

phase of EEG.

                  ' EntrainmentandHysteresis

    EEG sometimes responds synchronously to the frequency of photic stimulations,
and exhibits a hysteresis for a train ofphotic stimulations with changing frequencyii).

Slnce an entrainment and a hysteresis are characteristic of nonlinear systems, ex-

perimenta} tests for them might be used as a confirmation of the hypothesis that the

pace-makers of alpha-rhythm are represented by limit cycle osci}la- DATA

tions of the eq. (2) and (3). i
    As a control, a background EEG (35 sec) ofone subject (normal TA"ER
male, 34, monopolar yecording at Oi, sampling frequency 100 Hz) i
is analyzed. Fig.1shows band pass wave forms and theirenvelopes FF"

Tof background EEG by complex demodulationi2).                                             F2g. 2 shows i
contour map of power spectrum of background EEG• Fig- 3 ShOWS spEc)IlrRurvl
phase changesi2) of band pass wave .forms of Fig. I.                                             (Throughout                                                              t
this paper, Fourier spectrum !s calculated by FFT algorism. The                                                              •
                                                          HANNINTGfiow chart is shown to the right of this page. In TAPER., asingle i
                                                              •1 sec time base of 102 points is extended to 124 points by packing of
                                                           GRAPH22 zeros.)
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Figure 1. Band pass wave forms and
        by complex demodulation.
        the channels.

their envelopes of the background EEG
10 "V calibration is applicable for all

    In this EEG record, the alpha-rhythm is dominant, and it exhibits periods o
a great variability as well as a marked stability of the oscillation. Compared with

the other bands, its phase hardly changes. Thus, the alpha-rhythm appears to
behave as an independent limit cycle oscillation and twist the other bands. These

observations seem to confirm its subcortical origin. The cortica! tissue might be a

passive network driven by exogeneous alpha-rhythms. The lower deltaband activity
(lower than 3 Hz) seems also to have subcortical origins because ofits large amplitude
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2. Contour map o{' power spectruin (in DB> of the background EEG.

5EC

and small phase change. Severa} explanations could be found for the great vari-

ability of these bands such as intermittent synchronizations, mutual entrainments,
mode switching, chaotic behaviors due to strange attractor, and nonlinear modula-

tiong. The origin and funct2on of the .crreat variability remain, however, unsolved

so far.

    Fig. 4 shows a Åíypical EEG record and band pass wave forms ofthe same subject

for a train ofphotic stimu!ationg w{th linearly changing frequency started from l Hz

to 20 Hz. Fig. 5 shows a record of the photlc stimulation, starting from 20 Hz

and down to 1 Hz. Fig. 6 and 7 show the contour maps of power spectra of Fig. 4

and 5, respectlvely.
    From these fi.crures, several conclusions can be drawn:

(1) No hysteresis can be distinguished in tke external frequency range of8-l3 Hz,

  whereas marked differences in power are noticeable in the external frequency
  range of 1-5 Hz (h;.gh in golng, low in coming) and 15-20 Hz (low in going,
  highin coming). Tke formercan be ascyibed to onset VER in going and attenua-
  tion by habituation in coming. The latter can be ascribed to the subject's aware-

  ness of frequency pattern change in coming, for the photic stimuiations in Fig. 5

  startjust after the }ast flash iR Fig. 4 without any pause.
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(2) In comparison wlth the control EEG, the amplitudes in Fjg. 4 and 5 are sup-
pressed, but the stochastic variability has remained intact.

(3) The d!'fferences in the experimental cond!tions between Åíhe author's and Dr.

  Kawabata'sii) who showed clearly the exlstence of hysteresis in the range of alpha-

  band, are (i) a single raw record vs. an average of 32 trials, (ii) speed of
  iinear}y changing frequency of photic stimulation: O.3 Hzlsec vs. O.5 Hzlsec,
  (iii) going-coming paradigm vs. going and comlng, separately, (iv) maskin.cr
  effects ofsome uncontrollable rnental processes, and (v) subject. Amon.cr these,

  (i) and (v) appear to be vita}.

(4) The hypothesis in the preceding section requires further detailed experiments

  for confirmation. For the model to be "universal'', the model for alpha-rhythm

  must install in itself the stochastic variability and the subject dependence.
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1 Hz.

flash

same tracing as Figure 4 of the reverse process from 20 Hz to
  The photic stimulation starts without pause just after the last

in Figure 4.
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                            Spectra of VER

    As a preliminary step for a study of event-related changes in the corÅíical rhyth-

mlc acÅíivities, we have ana}yzed visual evoked responses (VERs) produced by a
random fiashing by rneans ofFourier spectra (power ancl phase spectrum, bispectrum,

bicoherence and biphase). EEG records of 2.5 sec are divided into 5 intervals of

50e msec: [1]-[5I. A flash is given to the subject at the beginning of the second

interva!. The subject is a noi'mal male 34 years old, whose EEG is recorded from

Oi monopolally at 200 Hz. The frequency reso}ution is about 1.6 Hz because there

is one axis ofsymmetry in tlte ftgures ofbispectrum, bicoherence and biphase.

    Fig. 8 shows 50 VERs (#1-#50), the ensemble averaged VER (#51) of 50
VERs, and their power spectra. Fig. 9 shows the phase histograms of 50 VERs.
Fig. 10, 11 and l2 show the enzemble averaged inean, standard deviation (S.D.)

and the coeff}cient of variation (C.V.=S.D.lmean, where mean is replaced by
(mean+l800) iR cases of phase and biphase because these are defined in [-1800,

+l800]) of 50 spectra, respectively. Fig. 13 shows the spectra of the ensemb}e

averaged VER (#51).
    From examination of these figures, several conclusions can be drawn:

(1) Ensemble averaged VER (#51)

    The ensemble averaged VER is sbown at the bottom of Fig. 8, and its enlarge-

ment is given below:

                "v
              50

                            N2

               ' TP2 2.5

                   FLASH

    The latencies (in msec) of the positive and negative

listed below:

    PEAK PI NTI P2 N2 P3
    ILATENCY 80 11e 150 230 275
(2) Power spectrum
    The mean and S.D. of power spectra suggest that in

peaks in [2]

N3 P4
340 385

general the

of #51 zre

  N4
  420

alpha-band
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Figure 8.
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activities begin to attenuate in [2], and come to a state of blocking in [3], then go

lnto recovery processes in [4]. The contrast between a small C.V. in [2] and a
large C.V. in [3] suggests the existence of deterministic components time-locked

to the stimulus in [2], whieh is also confirmed in phase spectrum. Because of the

great variabilities in amplitude and phase, there are great discrepancies between the

spectrum of ensemble averaged VER (#51) and the ensemb}e mean of 50 spectra
(Fig. 8). The common spectral features are found only in the frequency range
}ower than l2.8 Hz in [2], during which intervai we have a VER mainly composed of

deterministic components locked to the stimulus.

(3) Phase spectrum
    Because of the periodicity ofphase angle in the domaln of [ l80,ÅÄ i80], the real

statistical features ofphase distribution cannot be understood by the ordinary statist-

ics, such as mean, S.D. and C.V.. Inspecting the phase histograrr.s in Fig. 9, the

phases in [2] of the frequency range lower than 12.8 Hz are seen to be !ocked in Åíhe

intrinsic phases which coincide with the phases in [2] of the ensernble averaged VER

(#5I) in Fig. I3 as tabulated below (degree):

      Frequency 1.6 3.2 4.8 6.4 8.0 9.6 11.2 12.8 Hz
      PhaseinFig.8 -170 80 -le -9e l40 le -IOO -120 Deg.
      Phasein Fig. l3 -17e 90 -5 -95 14e O -110 -llO Deg.
       (Phases in Fig. 13 are median vaiues rounded to a multiple number of IO Deg.)

The phases in the other intervals, however, are scattercd and show a random
distribution, except for 9.6 Hz whose phase holds its angle around a specified value

until the end ofthe intervai [4]. The outstanding feature ofthe table is the ciockwise

phase shift by -90 degrees. The phases of4.8 and 9.6 Hz are approximately zero.
It is a consequence of the rapidl.y increasing long slope from P2 to N2, for its zero

crossing latency is approximately 208 msec (=100014.8). The sumrnation of the
phases of3.2 and 6.4 Hz coincides with the phase of4.8 Hz. This suggests that the

composition of the Fourler components of 3.2 and 6.4 Hz is a modulation of the

Fourier component of4.8 Hz. This statement is, however, valid only under a condi-

tion that the two components have the same amplitude, but becomes less valid as
such condition is not met exactly.

    The similar situations are observed on the phases of I.6 and 8.0 Hz in reference

to 4.8 H[z, and on the phases of 8.0 and l1.2 Hz in reference to 9.6 Hz. The anti-

symmetry ofphase about 4.8 Hz and 9.6 Hz suggests the existence ofa sum rule for
phases around 4.8 Hz and 9.6 }{{z, which is a direct evidence ofa strong correlation

between the two phases. This, in turn, seems to show an existence ofneuronai cont-

rol mechanisms of evoked responses common to the alpha-rhythm in the neuronal
arborization of the cerebral cortex and the cortical excitability. In the context of
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information processing, the facts that the cortical excitability has a specific affinity

to the frequency of alpha-band and its harmonics in case of VER as well as back-

ground EEG, and that the co-existence in [2] and the simultaneous attenuation in
[3] of the alph.a-rhythm and VER, suggest the functional significance of the alpha-

rhythm in the early stage of the information processing in the thalamo-cortical system,

where a hypothetical "scanner" might perform a scanning of the information fiux

from periferal sensory organsi3) with neuronal adaptation of the central nervous

systems.

(4) Bispectrumandbiceherence
    As is well knowni4), a Gaussian process X(t) is expressed as a linear combination

of infinitely many independent components, and its bispectrum B(fi, f2) is always

zero, whereas B(fi,f2) of a weakly non-Gaussian process X(t) is not necessarily zero.

The non-zero B(fi,f2) is a direct m.easure of the second order nonlinear interaction

betweelt three modes ofFourier components whose frequencies arefi,f2 and (fi +f2),

and its statistical significance must be confirmed by the estimated bicoherence.
                               i    For brevity, we make use of abbreviations hereafter Åíor frequency bands as

schematized in the below:

                     ede" <- Se> eV. =>
  fi-i,-m--)-82.<-.ww.mher2S.o(i2+H(-ofz:?S.=r:B,="-Bz#Xt 'lH.

  0 34                   891011 13 192021 Z425Z6 30
    Several peaks in the contour maps ofmean, S.D. and C.V. ofbispectra are listed

below :

INTERVAL
[1] [2] [31 E4] [51

MEAN
 and
 S.D.

sl-e-al

Sl-61-6D"

s,)-s2-e

6].-Sl-S2

8,-S2-e

61-e-al 6t-e-al.

Sl-61-62

        c,v. s2-e-e e-Bl-yo         2. ,Bl-Bi-y2        o.o3f) e-e-ao    "' ' '(The pEE'k'g'I'i MEAN and s.D. are gr'eater than 1 DB. The peaks in the ta'i'ie '

     are listed in the order of magnitude. 72 is the frequency range of [30, 35].)

Marked differences between mean, S.D. and C.V. can be seen in the table.

    Mean and S.D. are quite dependent on the exogenous components and their
variabilities. C.V. is not dependent on the exogenous variablEties, but it depends

on the endogenous reaction in the neuronal networks caused by the exogenous.
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    Tltus, the several peaks of C.V. in [3] and [5] might be consldered to refiect a

neuronal mechanism ofinformation processing, such as discriminatlon or comparison,
registration or retrieval, analysis or synthesis, and set or reset of the neu}'onal

machine.
    The peaks of mean and S.D. except for in [2] are not observed !n the bispectrurn

of the ensemble averaged VER # 51, for these are cancel}ed out by the variabilities

of amplitude and phase.
    As for the bicoherence, it reveals quite different features from blspectrum, that

is, the predominance of aipha-band and its higher harmonics, the typical patÅíern of

which can be seen in the contour map of mean of bicoherence (Fig. 10) and simllar

pattern in the ensemble averaged VER #51, whereas no peak in the mean ofbico-
herence is higher than the 950/, significance level: O.09748. Since the statistical

evaiuation for significance level requires the stationarity of the time series, it is

applicabie to the interval [1], but not to the other intervals, because VER assumes

an event of the nonstationarity in principle. Therefore, any significance test of

VER analysis may not be reliable from a theoretical point of view, but wi}1 be useful

as an auxiliary.

(5) Biphase
    A biphase (A,f2) is defined as follows:

         biphase (fi, f2) =phase(fi) +phase (f2)-phase (fi +f2)•

Since the real features of biphase distribution cannot be grasped by mean, S.D. and

C.V. as mentioned previousiy in the section "(3) Phase spectrum'', and the 3-
dimensional diphase histogram of 50 VER.s cannot be easily drawn, we rnust be
contented with a visuai inspection of the ensemble average #51 for the present
stage ef analysls.

    Because the contour line is drawn at every 45 degrees, ajump through 4 contour
lines signifies out of phase, and a jump through 8 contour lines signifies in phase.

When we pass through a narrow boundary region densely packed with severa paralle}

contour lines, we are to meeÅí a drastic biphase change. In order to show specific

compact boundary regions, and to make their interpretation easy, we have prepared

a new terminology:
      (i) SPEC (fo) in [fi,fgz]: a strip region parallel to the horizontal or
             the vertical axis, defined byf= =constantfo in the interval [fi,f21,

      (ii) SUMS (fo) in [fi xf2]: a strip reg!on perpendicular to the sym-
             inetry axis, defined by A +f2=constant fo in the rectangular region
             ffi .f23,
      (iii) DIFF(fo) in [fi xf2]: a strip region parallel to the symmetry axis,

             defined by fi-f2=constantfo in the rectangular region [fi xf2],
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and, for an extensive region with constant value and a narrow}y limited region
like a spot:

      Gv) AREA (phase) in [fi xfa],
      (v) SPOT (phase) in (A, f2),
wherefdenotes either frequency or frequency band.
    In the biphase spectrum of #51 in tlie interval [2], there are AREA(OO) in the
two right isosceles rectangles [O$fi ÅÄf2$ao] and [fi -l -f2 ). ro, fi andf2k17.2, and a

great `Cvolcano witk a crator'' surrounded by a "somma" which is a linkage of
several specific re.crions: SUMS (8.0) in [aiÅ~ai], SPEC (8.e) in [1l.2, 17.6], SPEC

(6.0) in fie, SUMS (ro) in [e, fiil, SPEC <e) in 7•2,, SPEC (28.8) in [e, ao], SUMS

(40.0) in [a2xyii, SPEC (7o) inBi, SPEC (16.0) in yi, SPEC (28.8) in Bi. These

blphase structure is considered to be characteristic ofa VER time-locked to a photic

stimulus.

    So far, the a}ternaÅíive efforts to discriminate a biphase process in VER by the

multivariate statistical analysis of J'O biphase patterns (#I--#,50) have iiotsucceeded

due to its great variabi}ities.

                    Triplet Versvts Singlet Paradigm

    Several authors have repoyted that there are (1) emitted potentials, similar to

evol<ed responses, time-locked Åío the stimulus which is expected but absent, and (2)

negative deflections, similar to the CNVs. These authors have discussed their
possibie functional significance in re}ation to the cortical excitability and information

pyocessing in the centrai nervous systemi5rm]9).

    In order to analyze the emitted potentials and the negative deflection in the

frequency domain, we have employed a triplet versus singlet stimulation paradigm
(Fig. 14). In this paradigm, triplet mode A (t}'iplet flashes with tlte same interval

T==500 msec) and singlet inode B (a single flash) are generated randoinly (the ratio

A!B::::511) with random inter "mode'' inteyvals {tn :n===1, 2, 3,••-}. The photic

stimulations were presented to the subjects (normal and unconscious) without any

discrirnination task. Averages of20 VERs for A and B are obtained, and then they

are compared with a control wave form (aR average of 20 VERs for a randorn
flashing). An example is given in Fig. 15 (normal male, 34, Oi-Ai).

    Compared wjth the control, the emitted potentia!s can be seen as the 4th and 5th

responses in the triplet, and Åíhe 2nd response in {he singlet, and a slow negative

shift in the singlet. 12 Vff,Rs for the triplet versus singlet paradigm, and their

power and phase spectra in each interval are sh.own in Fig. I6 and Fig. I7.

    Subjects #5,6 was unconscious, but they understood some directiong by a doctor,

such as "lift your hands'', because of their efforts to lift their hands a bit. Subjects
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# 7,8 were comatose due to injuries after a traffic accidenÅí. This study was done a

month after the operation. They had recovered two months after the experiment.
Subjects # 9,10 have been reduced to a vegetable state. Among these, spectra of
#1 and #2 are shown in Fig. 18 and Fig. I9.
    From analyses of these figures, we get several results :

(1) Time domain analysis
    The emitted potentials for this paradigm are observed both in the normal and

unconscious, whereas the negative defiection has appeared often in the normal and

only rarely in the unconscious. These two potentlals are predominant in the
anterior than the posterior region on the scalp. The emitted potential is a retarded

evoked response, whose components are loosely time-locked to tke expected stlmulus,
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and hardly occurs when the negative defiection is dominant, and when we set the

interval T of the triplet flashes shorter than 333 msec (3 Hz). Therefore, they are

considered to be an evoked response in the cerebral cortex elicited by a Åíemporal

cond!tloning ofthe triplet timing in the thalamus. A timing mechanism builtin the
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thalamic neural mass works in cooperation with the frontal cortex through the

thalamo-corticai circuit when an attention makes the cerebral cortex ready to
distinguish what the paradigm is.

    Since the negative sh;.ft is related to the arousa} level as we]1 as attention, and

antagonistlc to the occurrence of the emitted potentials. It has a positive correlation

with the habituation ofVERs for triplet. Its roots are considered to be found in the

midbrain reticular system and its function is to make the cerebral cortex sensitive to

any change in the paradigm. VERs for a train of periodically repetitive stimula-

tions are suppressed because the stimulations have litt}e informationi5,i6}. The
relation between the CNV and the negative shift is left unsolved ln this paper. (Is

CNV tke enhanced version of the negative shift by the motivation to make a motor

action in response to the imperative stimulus or not? Does CNV consist of multi-
components?) The extension from triplet to quartet, quintet,,.., ten fiashes and so

on has been observed to bring about muck more complex responses witlt less repro-

ducibillty. We don't know whether a stimu}ation with fewer than quintet produces
a high].y reproducible responses because ofthe timing mechanism bui}t in the centra}

nervous system, or because ofa sense of rhythm learned later in our lives through

MUSIC.
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(2) Frequency domain analysis

    The phase histogram (Fig. I 7) shows the remarkable fact that not only the triplet

(#odd) but also the sing}et (#even) give rlse to a biased phase d!stribution, that is,

several Fourier components keep their phases constant during some intervals. We

would like to cal} it an "event related phase preservation (ERPP)".

(i) In the frequency range lower than the aipha-band ($l2.8 Hz):
  As analyzed in the preced!ng section, a fiash causes a phase-locking of the Fourier

components lower than the alpha-band in the first interval of 500 msec length after

the flash, whereas in the next interval phases are scattered randomly. Though we

have not analyzed their intrinsic phases of Åírontal pole VER (#1, 2) and parietal

VER (#3, 4) [occipital VER in the preceding section], it is certain that ERPP
serves for a formation of the emitted potential.

(ii) In the frequency range higher than the alpha-band (>12.8 Hz) :

  Since we have not observed ERPP in the occipital VER with a random fiashing
paradigm and the Fourier components in this frequency range do not serve effectively

for a formation of VER, the ERPP in this range is considered to be related to the

cognitive mechanism. Thus, the coherent phases in fi and 7 bands might play a
role ofa detector which detects perturbation and analyses the inforraation in it. The

specific structures found !n biphase (Fig. }8 and 19) are the direct consequeltces of

the ERPP. Among those, outstanding features characteristic of this paradigm are
the progressive evolutions ofthe specific boundary regions: DIFF (1.6), DIFF (3.2),

DIFF (4.8), DIFF (9.6), DIFF (20.8) from the iow frequency range to the higher,
which are the alternative expressions ofthe scanning. Finally, it !s worth mentioning

that SUMS (greater than 30) in bicoherence develops durlng the negative deflection
as we see in the interval [4], [5] of #2 (Fig. }9).

                       Sumrnary and Discussion

    A frequency domain analysis (FDA) of the event related responses in EEG has

been presented in which its effectiveness has beeR demonstrated as complementary

to a time domain analysis (TDA).
    Severa} problems are, however, left unsolved:

(1) FDA is much more sensitive to Åíhe variabillty of time series than TDA,

(2) the validity of FDA of the essentia}ly noniinear wave,

(3) the statistics ofphase and biphase, and

(4) the physical relationships between a phase change in FDA ofEEG and a phase

  change recorded by a physiologlcal laminar analysis20).
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