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ABSTRACT co
. Intragroup and ° intcrqroup asymmetries in the .
eiectroencephalograi ' (EEC) recorded frgn normals,
/ . - . . .
schiszhtenics,-‘and-'-ahic" depressives iur1ng ‘warious

-expefinéﬁtal condxtlons vere studied by applyan methods of .

4qutal spectral est1nat10n.-ln both nornal and psychotic

s

Various other E%G parameters-wser: analyzed during , the
: . ) F

eyes closed "testinb condition. . Psychotics .differed,

. . . .
significantly from nocmals in the proportion of ' FFG energqy

present in  the alpha, 'b@ta, and qgamma frequency bands.

<
'

Significant differences occurred more frequently ih the left

teuporélﬁ;eggpn for schizophrenics and in the right temporal

region for mapic’ depressives. Manic depressives displayed
.. ne _ : Sd

_EEG bypovariabilit{ vith respect to  nofaals . and

schizophrenics in certain comparisons. o
° - . < N . . . . - ‘A.f

Hultivériate discrizfnant analysis was applied;td,each

group separately to \te for intragroup differentijiatioh

bet ween Vepbil "and s ial tasks ahd also to test for

qroups significant EPG dlffrtdnces verp found betvpen verbal “
and spatxal tasks. Slqnlflcant'differences ver.e found.in (a)
the kK/L ratio of.EEGJenerqy recorded, from hoeoloqous reqgiorns
fh, the fight and left hénispheré and (b) -inter and intra
- . 1
hemispheric coherence ‘'valuyes. Interqroup differences for! (a)
' T ’ - .o
and (b) didn't reach signiticaqce. ) ~ ' _\\\“
. L |
. ¢ . Ay -
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‘controls. for the .investigation.
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CHAPTER
b _J
«

The primary appliéation of hun#n electroencephalography
has been in ' clinical neurology. Electro-encephalographic
manifestations o0f epileptic states and tu-ored.btain regions
have rendered the e1ectroenceph51oqra- (EEG) a useful tool
in partial assesssent of a subject's neurological state.
Other roufine medical uses include lonitoriﬂa during surgery
and groviding a usgful index for depth of anesthesia.
Relatively less cdinical success has been achieved in otger
disciplinegi In psycholo;y and psychiatry for 'exalple,
attempts. to relate E=EG features to behaviofa} and
psychopathological states have been of ‘limited value in
either aiding the diagngsis of mental disorders or providing
assessaent of clinical change Aduring the treatment of a
psychosis. Part of the laek of success may be attributed to
the lack of suitable gquantitative lethod§ for an objective
assessment of EEG features. In particular the application of
maodern techniques of Aigital spectral analvsis to the human
EEG is still in it's seainal stages. Particularly few are
(a) applications directed toward the defection of
behaviorally induced changes in the EEGiand (b) attempts to
i;eertain EEG correlates of psychopathologic states. The

siudy reported in this thesis concerned itself with (1)



verifying  and *expandlng recent electrophyslologlc ev1d°nce
te a0 ey

delonstratlnq task dependant EEG asyn:etry 1n noLlals durina

the performance, of verbal and spatlal t@sks and ° (2)

agée-pting»-to iind EEG abnor-alities in psychotics related

to their dlagnostnc cla551f1cat10n in both the resting EEG

and in the PEG recorded dur1nq various tasks.

Chapters 2 to 4 are literature ‘reviews. apter 2

considers some of the evidence for " lateralizatjon s of

cortical functlons. Chapter 3L is a review df BEG

nanlfestatlons of psychopathology\and Chapter 4 con51ders

methods of sPectral est1nat10n(re1evant to the daba analysis

used in this study. The following chapters,‘ S and 6,
descr}be the experimental procedures used in obtaining the
EEG recordings Pnd the anaiytic methods used to analyze
them. The results are presented in Chapter 7 and discussed

in.Chapter 8.



. 'CHAPTER 2 - . ‘
. o 'E.LN m,_zz._kl_u.x_!.z '

' 2.1 Evidence Prom Brain-pasaged Subjects

-

Bésed on observations from Zpatients with uhilater;l
brain lesion; the concept of laterali locglizatiop of
élelenpafy‘ cerebr;l functions (sensation and movement for
'éxanplé’ vas well.established in the ;afl} 19th century (1).
ft vas comaon kqowIedqe that lesioﬁs of .the notor cortex
lead.go;paralysis‘Qf the op?ogite li;bg, lesions‘of the posi
central region to loss of séﬁsation on the ofposite side of
tbe‘body and lesions of the oécipitai rqgioﬁ' to loss '6f
vision in the‘ 6pposite visual fiela.'So;e of'tﬁe earliest
observations'leadinq to }he hypothesis that complex s=mental
functions may be latéfally localized.were -adé by Broca and
Wernicke in 1861 and 1873 respectively. _Broqa showed that
le;ions -Qf -a particular b;gin aréa, the posteriof third of
the left inférior frontal gyrus led to a loss of exptessiveu
speech. ‘uernlke shoved that lesions in- ”f posterior thirad

of the left super1or telpotal gyrus led to ‘an 1nab111ty to
understand audible _speech. Encouraged by . these findings
contélpory ﬁeurolqgists and. psychiatrists bejan amassing
facts fron patients with logal brain lesions resalting frbl

wounds or hemorrhage. cCortifal centers for various other:
/ °



higher mental functions were hypothesized as q result. Parly
conééptions 6f; mental _functions and their lateralizationA
vere. oie; si;plified. __Invéstigagors assuled t'af;
disturbances of a patticnlar functiqn: ;esgiting from
destfuction}of a certain area of brain tissue were proof
that tpe function was an intrinsic property of ;he ihtact
tis;ué. - | |

The more- modern viewpoint . as outlined by Luria, 1973
(1),..conceives 6f higher cértiéal'fﬁnctions AS'"functioﬁal
., Systems" e;btacing many corticalb zdnes ‘(often in distant
brain regions) vorking in oonjuncyion. with . each other.
Systematic investigations of‘the presence or absence of an
effect on different mental faculties resulting froa -a lestgn
of a partlcular cortxcal area and also the d1fferent effects
on a particular mental faculty resulting froas lesions-in
different brain areas have coniributed considerably in
deliﬁeating the particulai cortical zoﬁes cons£itufing the
functional system ‘for - a pariicﬁlar lgntal facultf."
Delineation of the cortical zones necesary for a particular
faculty has led to what _Luria has called the 1law of
progressive 1ateta112at1on of’ cortlcal functlons (1)..Btai;
areas responsible for lower cortical _functions ( hodj
sensation, vision, hearing) are, ti//m—éia:ge extent,

projection a;eaé for contralateral receptor pathvays .and

neither hemisphere can be regarded as dominant for them:.



-

., .
. .
. - ‘\._'
o v

. . -

with functions involving handedness and vith the cerebral
organihaéion af .speech and associated faculties,
-lateralization of ‘functidns takes place. 1In fiqht-handers
tﬁe' left heaisphere becongﬁ qominant for éppech and related
taculties vwith the riqhé h?l%sphene playing a }supordinaté

role or no role at all. Sinca many higher psychological

processefS are speech related, lesion based deliniation of

. cortical zones reéponsible- for. those processes has been

based more on the si-ptanafology of - dominant heamisphere

lesions. Information reqgarding non-dominant prbcesses has

come more froam other areas.

.Evidence froa split brain expegiments ‘'and stmdies on
i4 A o~ .rpq .

patients who haQe. undergone Lobcctqu have prS‘ided-ngdh

. evidence to support the hypothesis diLEateralization of

[~

higher cortical functions. Right teIporalilobectOIi produces
ilpairnbnt. dn. visual and tactile mazes while left temporal
lobectomy leaves verbaf nenofy severély impaireda but h;sf
little effect on spatial processing. Ingeniously designed
experinenté carfied out by Sperry and Gazzapiga and their
assogiates on patjents _with.a severed corpus callosua aﬂd
anterior coammisure havgﬁ shown each heaisphere separately
carries ' out cognitive processes for, which it is specialized;
‘(2). Uging dichotic‘ and dioptic stimulation techniqués,
problems were posed to.each‘hélispheré segar;tei; vithout

the other bhemisphere's knovledge. ' The evidence obtained

-



suqqested that each he.isphere is characterized by s's own

partxcular sode of ptocessing sansory information: the left -

helisphere best  at dealing vith tasks requiring speech

fe;atedlloqical and analytic faculties, for exdlﬁle ;ritinq

and arithmetic calcnfations- the riqhg for coqnitivé’ °

processing best dealt vith in a gestalt, holiqtic mode of
N

thinking, for exalple spatial relatfonships' and musical

patterns. . ’ ’ ‘

2.2 Evidence P.sz! Norpal sSybiects .

.In dtaving inferences on cognigive latetalization feon

lesion stud1ps and spllt brain experllents, thevpossiblrxty

—~

exists that the 1atetalizat10n exhxblted is-vholly or partly

‘. .

an aftereffect of the neurolog1ca; dalage-surqery petforngd{
Recept eviQenc% froms neuropsychology and 5electtophqsiélégy,
hovevér, ﬁﬁas demonstrated 1lateralized effects in intact
normal sﬁSjects and provides strong qnppbrt fo: conc;usions i
drawvn from studies om brain damaged subjects. Galinm and‘
oranstein (3) have su--agized'lnch of ghié ‘TeCent evidenca)~‘

part of which is outlined below. o . el

Electropysiological evidence froa evoked response and
électroencephalographic studies has demonstrated that Jleft

and right henmispheres are asymmetrically iamplicated in tasks

requiring * a particular mode of cognitive processing.

a2
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Buchsbau- and “redio (u)- recorded evoked . résponges  to

L)

yisually presented vords and geonotric stiluli from left apd’
tiqht occip!’t‘,l areas. Responses for: both clasuo of stilnliv
vere identical in the right helisphere but ditfered in the

.

left. Wood ‘et al (5) recorded evoked . ‘responses . té aurally

'jpreseqted stisuli vhile processinq the stimyli under tvo )

difterent conditions. Differing responsas vere found in the

_left but_ not ;he right helisphern norell and Salaay (6)
.reported nhat evoked responses to- speech sounds vere larger

in the left hemisphere than in the tight. Vella et al

discovered. that évoked responses to complex visual foras

-®
vere larger "iu the tiqht helisphere (7). Nc Adam ‘and

L

Whittaker (8) recorded D C. poten:;als over right and left

tenporal areas. A negative shift_iq the poteptiafsﬂoccurred

;ﬁ&t before speech took'plaee. The negative shift was more

pronounced on the left- ﬁe-isphere than op themf.éhﬁ'.”/’//‘
EvidepCe for iateral‘ specialization | rivedx‘froi-
electroenqeih.lographic studies on subijects enga ed in ﬁasks
designed to cngage onhe helisphere relatively mor than ‘the
ether has,' to thlS writer's knowledqe, been published qnly
.since 1970, with the exception of Cornil and Gastaut's 1967
account (9). Cornil and Gastaut, <}ased on visual 1nspection
of the raw EEG trace reported rélatively greater suppressibpn
over the dominant heaisphere during'arithletic .calculatioo;‘

Morgan et al (10), (11) recorded occipital EEG alpha fronm

.

;
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the left and right hemisphere. ‘Jhey found the percentage
. ' . 4 kY
difference’ in alpha amplitude between left hemisphere and

right holilphoro'alpha Reasures vas siqniticdntly*idifferent

beiveen aﬁalytic and spatial fasks: Galin and ornstein
(12,13) report . task dependant FFG asyp‘zt::*<during " the
perfornance of vergﬁl and visual épatial taéks..They found a
'significantly higher r{ght to left ratio of total ﬁpc pover
in verbal than im spatial tasks. They recorded EEG'S .from
parietal and temporal leads referenced to the sertex. Hc Kee
et al (14) utiiizqd th;-technique of Galin and Ornstein to

desonsrate scaled lateralization of alpha. actiwvity ‘during

‘limguistic' and wusicogenic tasks. The assymetry reported by

Gal¥n and ornstein vas verified and in addition right to

left ratios vere found . to 'ihcrease progressively with
increasingly "difficult® liguistic tasks. Batler and Glass
(15) demonstrate significant left hélisphére EEG'suppresgion
duginq the pé;fornancg of léntal atithi;£ic. Recording vas
bipolar from éonotopic areas in left and riqhtl hemispheres.
Signific&nt assymetry of the filtered albha'conponent. as

opposéd to the total EEG energf, vas found in pafito-cenfral
' ’ .. . .

derivations. T

Luria feels the db\inqnce of the 1left he-isphefe for

verbal-analytic processing is only a relabfve rathef than an

' absolute lateralization. He cites recent inve;tigations'

e -afinq 1/4 of all-norlals as conplétly Left' heiisphere

”



- dominant, 1/3 nsarkedly lqft hemisphere d'qnin'an.t, vi;h 1710
| shoving a coppleto.ub-once'g? left hemisphere dominance and
the remainder a relativelyi sl1{ght dominance (Zangvill, 1960
(16) , Surbirana, 1969 (17)). Otﬁat investigators, Pccles {;t
exaaple (18), feel the incidence of marked ‘loft heligphete

dominance is much higher. . ‘ , g~

ve
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EEG ﬂnuuuxm QoFr PSYCOPATHOLOGY

.

3.1 Intednctioen .

°

Since: the discovery of the P2G by Hans PBerger in 1928

ps,chiatriéts and electoencephalogrngphers have atteapted to’

correlate specific EEG aSnoFlhbs feés with specific lonta;v
disorder#. Batly .wprk was qualit?tive' viguaL
inspecgion a‘d/or hand-gcéri ‘BEG tracq. Later
reséarch efforts appiiéq"- ffu‘fc;tion of the rE2G
usihq firsg analo% then digital tec'A ?ues..Thiq reviev of
!EG‘t%ndings in.relaﬁion"to pqychopatholoqy vill afbigratily
ibe divided into ghte; sections. Section one " will consider
-éarlyi findinqs (pfe_ 1450) p;sed on qualitative inspectidn
and?;?r hand-scoring of the !Bq, sectioﬁ tvol will cohside;
ffndings hased -an the to?hnfque pf;"qu%ntliative amplitude
anﬁlysis",.and'seétion,thfbe yill‘deal vith findings based

oq. frequency analysis utilyz&:ﬁﬁ both analog and digital

techniques. =

Il
K

-~

3.2.Bacly Eindipas = - . .

Most eéearly attempts- at. relating EEG" patterns - to
psychopathology relied on gpalitative visual analysis. A few

s , .

studies, . however, atteapted  to gquantify .Specific EBG;

P

s
e 2

Py



paraseters in an effort to discriminate bhetveen .normal and

patient Populations. sStudies based on gqualitative analysis

" will be surveyed first _tollovod by lon.tiori‘\‘. -few early

quantitative studies. )

facMahon ;nd uiey ‘Walter in 1938 authoroﬁ one of the
earliest published repoits on PREG studies in pty’hotic
patients (19) . They ~ found certain §Chizophtenics
chdtaéterizud by increased delta discharge; 1; the frontal
lobes. The 'pIOble- of blinking and eyeunov;-ent artifacts

vas aléo discusécd. this, in a series of reports (20), (21)

and (22), studied the EEG's of schizophrenics and pmanic-

’

depressives both separately and Oon ‘a cosparative basis. The

‘most prominent abnormality in schizophrenic EEG's was thé

presence  of "chOpp}" activity. "Chobpy" vas the tera applied

to EEG;s vhere continuous high frequency'hctivity dominated

the record. In (21) manic-deprfessives in a"ieptessed state
veréJ reported to have patterns consisting of alpha activity

wized with slow vaves. Manic-depressives in a amanic phase

tendéd to have patterns consisting, of alpha plus fast’

activity.'rn’COlpérison to manic-depressives " schizophrenics
vere found to have a higher preportion of ™choppy" gecords
nd more EEG's with fast alpha activity (22). Le-éve (23)

<
ed only alpha rhythes in a study of EPG patterams in

pfychotics. He ‘reported . lowvered alpha activity in

chizophrenic disorders and toxic. psychoses and higher
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‘activity in the afffctive disorders. The: flnﬂthl. Qono
explained by 'poatulatind" lovoé "cortical energy" (in
schizopprenLn and ﬂidh;t energy in the affective dl-ord;rs.
;hii oxplanntioh. iﬂ'+!!’ variance vith Tecent viriability
studi;l hypothesizing hyperarousal of the cortex. in the
‘schizophtenié' syadtoie.' Clerdy :et ‘ai' (26) stuidied sévonl
children vith schizophrenic sylptqr-. He reported that all
.seven displayed abnormsal EEG activitf Qnd four showved non
equivalence Qf the two Selisphoras. Piniéj'et al (25) noted
a Jgreat variety of patterns in the>znc's of schizophrenic
patienis.~Thg only‘abno;-t}%ty approachfﬁg .consistency 1in
‘the: records wvas the pt.l.lc;ﬂsf fllt activity. Th§ qto.tos(

proportion of abnormalities vas found in. the catafﬁnic -
hebeppieﬁic group. In a later study in collasoration vith
Searad (26) he attenp&ed to telaté pneunocnéepharoqtaphic'
(PEG) and electro—enceéhalogtaphic findiqqs in chronic
mental patients. out of ;eyenty-séven‘ cﬁronic méntal
patients 69% had ; borderline or abnormsal EEG and 58% an
‘abnormal .pneuloen;eph;logral. Fifty "of ~ sSeventy-seven
subjecgs wvere of the catatonic—hebephten;c.type. In this
sub-group 58% péssessed Abnormal - PEG's and €8% abnoramal

EEG's. ©No correlation between EEG and PEG abnormalities was

discovered. Rubin (27) reported on the effect of

- »

hyperventilation on the PBPG's of schizophrenic and normal

subjects. Hyperventilation affected the alpha rhytha of both



groups similarily but slow viyol appearing in the  wsajority

of nornlli in hypérvoniilltion vere noticed in only one

schizophrenic. Mc Neel et al (28) in a study of the EEG's of

schitophtpnici under insalin shock treataent suqggested

_‘caintonic: *showing marked p-chSiotot inertian .are

chntnctqriiod by an "abnormal fast frequency in the electro

t

sncephsglograa™,

One ofrthe earliest attempts at "quantiflcafion" bf the
EEG . and a study which predated sore moderp vork on
quantitative a-plitudé analysis wvas tep;tted by Rubin 1in
1938 (29). dein guaniitied a conventional voltage versus
tile.!!G tggco-byAditotnininq the “p‘iigpt time alpha™ of
successive one @meter epoch; of an EEG trace recorded at
30am/sSecC . Petcent.tine alpha rJ‘rtrred to- the percentage
length of a one meter of EEG record occupied by sequences of
alpha wvaves of a certain dutation--and asplitude. ror
purposes of analysis he considered 5 meter tfacinqs recorded
on different days. Mean percen;;}%le alpha averaged 0(:[ thé
five meter records was lower for sahlzdpﬁrenic but not
significantly. Analysis of variance Qﬁovad 1nger_ epoch
differences not sigﬂificant}f diffégenf for ei§het‘éfoup But
schizophrenics'shoved significantly sore day to apy and less
interihﬂividual variation in percent time . alpha than

A

norsals. Rubin an® Cohen (30) gtudied percent time alpha in

‘two classes of schizophrenic 'patients versus normals . The

- 5 '
A ° -
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tvo patient groups vere differentiated vtth'rolpocz to the
predocainant inuqo:y,in. their hallucinations. Th;' percent
tige -1pﬂa for pati;nt- 3} kinesthetic 1-.qory‘gypo vas the
sase as for norsals but their day to Aay variability wvas
twice as great. The percent tiwe alpha for p.tiont-’vtth
tactual type imagery vas significantly lowver thc; ’otlals
but day to day variability was the smase. In (31) Rubin
shoved individuals displaying Cerebral Phy 4in the PEG
vere characterized hy differences S:fffzqhistributton 6f
percent tise alpha at' §9-81oqous locations in ¢the twvo
heaispheres. The position of the attogricd area in relation
to the front and bac; of the head could be determined bat
laterality o{‘ the atrophied tissue could not be assessed.
Gibbs (32) performed a Pourier analysis of.3o.second ;ec0tds
of EEG's recordad fros the left occipiial area of norsals
and schizophrqpics: Frequencies betweemn 2 and SO Hz vere
analyzzﬁ. The average spectrum for the schizophrenic group
had peaks in the 15-30 Hz range no; found in normals and a
less pronounced alpha band peak. In a discussion following
the paper the similarity of frequency patterns of cet?ain
schizophrenics, especially catatonics, to those of

%

epileptics was noted,

3.3 Quantitative Amplitude Apalysis

Vuanitative amplitude analysis is the ternm appliedl to

»

A
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the technique of EFG analysis sugeested by bdrohocki (33) and

- .

pioneered by Goldstein et al. The technique consists of
dividing an EEG record into N epochs and electronically
obtaining a leasure“qf of the energy content of the signal
for each epoch. By perfor:ing simple statistics on the set
of energy values for the N epochs ’neasutes for tﬁe “mean
eénergy content®™ (MEC) and co;fficient of variation (CV) of
fhe EEG signal may be obtained. While the importance of the
coefficient of variation as an EEG parameter vas developed
mainly by Goldstein and Sugerman et al, it is worth noting,
'thatmRuﬁin (29) compared EEG's of normals and schizophrenics
v
by.a similar statistical technique as early as 1938.
Sugerman et al (34) found sighificant differences in
the variability of mean integrated energy, as measuréd by
the coeffi;ient of varijation, between chronic schizophgpnics

v

and normals. Chronic schizophrenics had a lower coefficient

.o0f variation and a significantly higher amean integrated

enerqgy than normals in EEG's recorded from a l#ft occipital
electrode referenced to both ears._Analysis vas based on an
epoch 1length of 20 seconds. . Significant correlation was
found between behavioural variables of a psychiatric rating
scale indicating schizophrenic disorientation and these two
EEG variables. Patients under drug therapy who showeAd
clinical improvement as indicated b& the same behavioural

<«
variables of« the psychiatric scale also showed changes
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towvard more normal values of variability and gepan- integrated
eﬁergy. Goldstein et’ al (35) extendéd_fhe research to a
larger pop611}§on.of fatienté and controls and ‘performed a
more detailed anelysis of the data than had been reported by
Sugerman et Mal (34) . The hypovariability of chronic
schizophrenics, éspeqigl&y catagonics, with respect to
normals was replicated. The bypovariability was found to be
essentially independgnt of the basic time unit’ of analysis
and held for epoch Iengéhs of 1,5,10,20 aﬁd 60 seconds.
Schizophreﬂics showed less interindividual ?ariability of
EEG wmeasure: and ¢ in the absence of medication , showed
- less week to - veek variation * aa nor_:lals. ne'an enerqgy
.content vas found to be uncorrelaste@~@ith the co;fficient of
variation ~in both groups. Trends in MEC and CV were
unrelated to eityer age or léngth of institutionalization..
Changes ’in -recording conditions produced statistically
significant changes in the 'CV for notnais but not patients.

For normals opening the eyes produced a significant increase

in CV but not MEC and sitting up led to a significant

decrease in hoth MEC and CV. ' ‘\\\-. *

The findings of Goldsiein et al wvere réplicated by
Mar jerrison et al (36) using the le¥t occipital to lefi ear
EEG recorded in awvake subjects in a supine eyes ' closed
resting situation. Chronic schizophrenics had significantly

[ ]
lover coefficAents of variation than either acute’
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schizophreniés or noriﬁl;. Ten ‘acute schizophrenics who
‘actualiy‘ hallucinated dur;nq {he recordingn also had
. significantly 1Llgler coefficieﬁ}s of variation tyan normals.
The majority f patients vere receiving Phenothiazine
medication. The authors found no siqnificaht difference in
ei&hef""lean ainteqtate&» alplitude; (HiA)t\or variability
bet veen chronics on or off drug theiapy..Thehleasure of mean
inieqrateé - amplitude is equivqleny_to ngernan's le§3&te of

®ean energy content. This finding should be contrasted with.

Ingcreased

Sugerman's finding of a tendency towarad

. variability of the BEG in chronic chizophrenics receiving
. ° (SN

is

sedication. Of related "interest the obgervatibn of -
Mar jerrison that five acufe schiiqphtenics withont
nedicatign' had significantly higher CV's than the 55 ;Eutes
‘- receiving medication. * Suéerian‘et al k37), in a summary of
research oﬁ EEG amplitude analysis, stated that, in theit-
experience, ' bhroﬁically hospitiiized patients
characteristically show low EEG vafiabilitz vhile tecently.

ad-itted schizophrenics nay show a wide range of

varlabl}lty. | .- <

D'Elia’ and Perris (38) applied quantitative amplitude
analysis to EEG's recorded from right and left occipital
electrodes in a'qioup of patients suffering froa psyébotic
depression. EEG measurres vere calculated in and out of

L)

depressive episodes. During depressive episodes the within



pat}entﬁ variance of mean | inteqtated\' a-plitnde_“vas}
significantly loﬁep in the left he-iséhere. Aft;r tﬂerapy
,vithin * patient variance of ’HIA became equal in both
helispyetes. An ad@itional significant f{nding vas the

negative cortelation between the L/R ratio of MIA and the

, . .
depression score both before and after treatment. .

©

" saletu et al (39) studied the ~EEG's of chronic
schizophrenics with and with&ht thought process disorder in‘
comparison with a normal control ”qroup.. Average amplitede
and asplitude vatiabilitz were highest for ﬁorlals and
ioyest ;fyfi atients with thought process disorder.
Differé:fgs.viovever, vere not statistica{ly significant.

Addte4bnal evidence for -lower dinter individual and .
intra indi;idual variability in cértain groups of
schizoerenics has also been found using ffequency analysis

_and will be mentioned id the next section.

3.4 Fregquepcy Apalysis

Aithough instrusental freéuency.analysis 6f'the ﬁEG had.
been reported as.eatly as 1939 (32), the research of thnafd
et al wvas a-ong‘t& earliest studies to app}y frequency
.anaiysis to the EEG's of n@mental paiients. - In (40) the
authors performed frequency aﬁqusis ﬁsinq a bank__ qf'

bandpass filters on -the EEG's recorded from three qrdups;
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norsals, c:ilinailpsycopaths, and wmentfl patients -~ the t;

majority of vhos vere schizophrenics. Schizophrenics vere

found to be characterized by records wvwith marked activity'

abéve 20 Hz. They obsegved_nofe marked variability among the
BEG'sS of sch{zophrenics than in the other groups except for
the alpha band. This finding should be contrasted with (297, .
(34) and (35) who found less interindividual variation iﬁ
fschfzophrenics than in norlals. "Synchrony"”  of the EEG
record betveen dlffetemt cortical areas vas poqs, Thé ao#t
o distinquishing EBEG.features of the group of psycopaths vere
the presence of a "high peak . of alpha activity and the
presehée of relatively large amounts o{ theta act%vity. The

authors noted, hovever, that theta wvas. present only 1in -

@
LAY

records also containing’ Sslow alpha activity; possible.
’,leakage from one bandpass filtez? to another was not
cqn51dered, In (41) si-ilaf techniqueé were applxed in
studylng the EEG records of nor-als .gi*nental patients over-
ting. Clinical i-ptqve-ent in pgtients betueen’ recordings
was corrélated wvith more normal EEG's. on successive
recordings. The BEG patterns of ghe'nost acutely distnrbed
patients.-vere lOt; abnormal imn their variation ftoi area to
area on the &calp than in the variation of the patiefn féoi

. a particular area over tise.

.

Lester and Edvards (n;:\}bpnd siqnificant differences

-

in  precentral fast (18-26 Hz) activity -betveen

-
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schizophrenics ‘and normals. Diff :ences vere significant
durlnq vakinqﬁ periods of drovsiness. and REN sleep but not
during slow wave sleep. The sanea normal controls under
stress also ﬂisplayed increased amounts of fast. Apparently
normal relatives of schizophrenics also displayed abnormal

a-ounts of fast in relatlon to a normal group with no overt

signs of stress or a hlstoty of nental 111ness.

VOlavko et al (43) studied the parieto-tgnporal EEG's
(P3-T3) ‘of periodically dehressed patients. by fregnency
analysis. The experimental design allowed separation of the
effects 'or both. drug influences ana clinical state.
Depressive " states yere" found to be accolpanied by
significantly hioher levels of. nlpha and beta. than vere
measured during remissive phases. significantly increased
'quantities of delta end theta actiyiry vere found to 'resnlr
from treatment with anri—erressive' medication. The same
techni;ne vas applied to 42 member groups of: schizophrenics
and nornals'latChed forﬂage and sex. (nn).'The schizophrenics
_were all -off nedlcation for a periogd. of at. least tvo veeks,
and usually longer.'The tvo groups vere ‘compared on the
basis’ of EREG's recorded fronm the right parieto-telporal
regxon (pu T6). The exper1-enta1 design -allowed evaluation
of  the pos51b1e effects of age ip the tvo qronps. The
overall analysis betneen_SchiZOphrenies and - ndérmals showed

significantly higher theta and alpha - mean quantities in
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schizophrenics. Por schizophrenics:interindiiiduai variance

vap significantly higher in the delta, alpha R and alpha 2
bands and the coefficient of variability vas hiqher in a11

bands but alpha 1. No age related difterences vere found

"within the schizophtenic group in any frequency band but

younger controls displayed significantly qreater aaonnts of -

. mean delta and theta actxvxty. Interindividual variance vas

also lover for younger controls in the theta band. '

Differences in_béta activity, the pcedoainant discriminator

in most studies, were not significant.

Itil et al (45), (46), (87) ‘and (48) have studiea
electroencephalograms, in (a) chronic schizophrenlbs versus
norlals aatched for age and sex and (b) in children vith a

~h1qh risk for schizophrenia versus a control gronp aatched

as in (a). Diqita}’ﬁ:riod analysis was used in all studies.'

It wvas supplenented by qualiatative visueal analysi§ in (85)
and (46) and analog freguemcy analysis ip (47). The studies
on chfonic patients ;etsus Anoraals analyzed the right
occibitab to right ear lead in (QS) and (u7) and the riqht
occipital to anterior vertex in (QB). The study on high r1sk

"children analyzed eight leads: right and w.left monopolar

central’ and occipital leads and .right and left bipolar

temporo-parietal and patieto-occipital leads. In (47) perioa
~analysis of the primary wvave revealed schizophrenics have

Bore slow delta vaves (1.3-3.5)Hz anad significantly less

N



i13-20)ﬂz 'actlviiy. In first i detivaiivé_ -easuteients
schizophtenics had sxgnificantly more .(40-50)Hz activity and
siqnificantly Less (10~ 163Hz - and (16-20)Hx acttvity.
- Prequency analysis-data based on analog filters was in
‘agree-eqi/ with :thgsé: ;indingsJ In (48) a similar digital
.pgrioq//analfsis ‘of all. night and 'ﬁBH sleep récords
delohstratéd. Qchizophtenics 'haﬁ significantly feuer'siom

doltn (0-3)Hz vaves than norsals and significantly more fast

delta (3-5)Hz . thetds (5-8) Hz and fast activity (>20Hz) than

normals. Alpiitude variability anQ’ avetage amplitude were

significantly lower in the psychotic group. Differences were

\ S
~more significant for the all night records than for the REmn

> ° < "~

records alone. A stability study of the BEEG's of age and sex
matched éhgonic schizophgenics and normals appeared in (as5) .
The PEG's of both groups remained stable in both veek to

veek and month to month recordings. Statistically

significant differences between the two groups supported the

previous findings and remained stable over a .three month
recording period. Itil et al point ocut that the studies
reported in  (45), (66) anq (48) suffer . froa the
_lethodologxcal shortcou1ng of being “rettospective studies".

EEG examinations took plqce after the disease haa developead
and as a result coald possiblx have been influenced 'by
epiphenomena. This methdological shoftconinc . rercose in

the study reported in (47), a study carrar®* ™ 1= 4 group

Pal



of childrem of schizophrenic patents. Although - the children
selected vere free -of any overt schizophtenic sy-pto-s
statlstical studies have -shova similat. children to have- =a
.high risk .for- schizophren;cﬂillness. EEG abnotlalitxes vere
similar. to those found in chronic.adult schizophrenics. and
gefinitely. psychbiic children. Discriminant ﬁnalysis showed
the most significant drffetences in the fo;loving‘ leads;.
1eft central to left ea;, right teasporal to right parietal,
and right pariefal to occipital.

i

Lifshitz and Gradijan studied various REG. pataleters in
chronic schizophrenlc and control subjects using frequency
analys15/1n conjunctlon with quantitative amplitude analysis
ini a series of‘ reports. .In (49) both the coefficien§ of
Variayility of ‘the raw EEG éotential "and  spectral
" intensities’ calculated via the FPT vere examined in normal
and -patient groups. Tvo EEG leads and a para orbjital 'lead
wvere used for EEG quantification. The location of the EEG
leads. depended on the he-1spher1c don1nance of a subject as
deterained by.handedness,IOne lead vas located 2 cm later;l
to the vertex in the doninanf hel;SPhere, the otﬁer at 01 or
02, thchever iay in the do-ihant helisphete.' Both leads’
were referenced to a lead tied go both ears through susasing
resistors. The CV of the integrated ERG potenfial recorded

from the occipital area was lower for chronic schizophrenics

than control subjects. Por both groups the coefficient of



¢:ptation vas positively éort;lateg vith delta band
inténsity. The significance ’of the cofrelation vas ﬁiqhet
for controls than patients, especially in vettex lead. : The
authors noted a significant tendency for the coefficient of
) !apiatiqn }o decrease the longer the patlents had . been off
medication. - In teras éf spectral intensities siqnificant
. differences ;ore found in .the occipital - lead betwee;
patients and coatrols. Pationés,had significantly more powver
in the beta 1 (17.8-32.1) Wz ana b‘etaé(a:s.e-sn.oy HZ
bands, A second. study repofted i.n (50) used the lead
can{iguration described in (49) plus tvd addifional leads.
The coefficient of variation of both the rav EEG  and
selected spectral bands.were caiculated in conjynction vith

pover spectra for 30 chronic Schizophrenics and 30 wmatched

controls. Thé' finding of a lower . coefficient of vatiagion

for the integrated EEG potential for the occipital drea was
.verified. Power spectral diffe}ences’betveen the two patient
qrohps_ were fouhd prilatiiy in the beta 1 and beta 2 bands
as defined above. The authors- found higher significances for
the beta 2 band, eépecia}ly for the ear referenced éhannels,_
and considered tﬁe Possibility of suscle artifact. Time offJ
medication wvas foynd to be significantly related.to the
jelta band spectral intehsity. Patients in the transitionai
stage of medication withdraval were characterized by greater

occipital 1lead delta power than either those receiving

v



25 -

iedication‘Ot-those éo-pletcly off.. VariaSility vas also
studieq in thq frequency déna%n. Coetticieng; of variation
vere calculated for th; delta, theta, leha, beta 1 anﬁ beta
2 bands andyélso fot the total power band (.sa-su)' Hz.
. éiqnificant’ differencés vere found .in ‘'various ban&s for
different leads, all in ihe’hyéothesized ditection of lower -
C¥'g ‘n patients. The coefficient of variation of beta 1
'pov.i in'a'bipolat antetiot-posté?iot lead 2 cm from the
vertex in the dominant hemisphere vas found‘to be the most
efficienfg discriminator bet veen th§ tvo groups. 'A
éignificaﬁt positive correlation was found between the
coefficiene 'OI wariation and age espeéially. for the

a3

patients. As in ‘their earlier study the authors found

1
o

evidence of a" lower CV in patients with ¢he greatest
medication 'exposure. A tendency for sicker patients to have

a 1overlcv vas also noted.
. X

Giannitrapani and Ka}ton (s1) stuaied the PBEG's of a
group of young ;chizophrénics (mean aqe’19.6 years) with a
gqroup of age and sex ;stched nornals by spectral analysis.
Monopolar récotdihgs vere ftol f6 brain areas referenced to
a lead tied to both ears through summing resistors. Thé_
activit* vas analyzed into 17 freguency bands. In the lowest
frequency range schizophrenics relative to noé;als shoved

greater amounts of activity in the frontal poles and less in

4
the occipital poles. Normals had greater amouhts of activ?%&
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. than schizophrenics in the (10-18)>Hz band in ipst aréas ahd
Schizophrenics aore dcﬁivity than normeals in ;ost areas in
tfequencies aque ie Hz. In. all ~ frequency bands
‘schizophrenics vere a more hetetoéeneous group in terms of
FEG ayplitu&.s. The -mean dominant alpha frequency of the
scﬁizophtqnic gfdup ﬁas also siénificantly lover . than the
mean dominant alpha frequency of the norla; group anq.the
vacriance of the dosinant Illpha troquéncios higher. The,
adthors considered the possipility of prominent peaks jin the
activityi of schiiophrenics being. harmonically related to

alpha frequency.
£



CHARTEE 4
© SPECTRAL ESTIQATION

4,1 Iptroductiop

“spectral analysis is concerped with the estisation of

trequency domsaln mseasures, auto and Cruss—-spectra, from time

-

,belles Ot tanate duration. N

- . K \
Autu-spec{ig) provide a breakdown of the variauée or
mcan square pcwel Oof a single tise series as ‘a (unction of

trequengy. For a continuous zelo sean random process {x(t)}

a one sided auto-spectral density 5., (t) may be defined such

that :

Pty / ) sxx (t) dt oo (4.1)

I

It may readily be 'shown that a suitable defimitiom -for

S \(f) 1s given by *

¥

ot~ (4.2)

N >

dr (4.3)
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vhere R (1) is Whe auto-correlation function of the process.

: }

‘toss-spectra, through the decived squared coherency
and phase spectrum to be defined in HPﬂf;On 4.5, provide
respectivB@ly a4 measure of the, linearity ot common frequency
components in a pair of time Series and an xndication of
vhether these components lead or lag one anothét in time.
'For a pair of continuous ranQo-. processes x(t),y (o) a
definition of‘ a one Sided cross spectral density may be
logically pe derived as ‘

S, (0 ; f men-""’""m G f e (4.4)

. ) L., |

wvhere va(') is the cross%gorrelation function of x(t),y(t).

\

Digital spectral analysis is concérned with the ptoble[
of estimating (f) and S)w(f) fton«sanplgﬁ'tine series of
finite duratian. At the basis 6f digital auto and cross -
spectral estimation is the discrete Pourier transf&rqation.
The discrete Fourier transfornm (DFT), by decosposing a
salbled non-periodic f;nétion into a finite 1linear sums of
sines and cosines defined at discrete frequencies andosalple
times provide§ a mapping from the time to frequency domain.
This chapter begins wvwith a brief considerdation .of the

saspling process via the sampling theoream and the phenomenon

of aliawing and next deals with a few general considerations
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in éonpufinq pover spectral depsity,_The remainder fgvieus
the so-called direct method of dﬁto and cross-spectral
estimat10n§\vié the Fast Pourier ¥ransform (PFT), a hithy
nfficioni computational algorithm for evaleatjon nf the DFT.

*

4.2 Time Sampling and Aliasing

The representation ot a continuous. signmal s(t) by

series’ of equally spaced samples is based on the yell—knovn

sampling theorem of Shannon (19u9), kSZ). Th;s theorem
St5t9§ that a band limited signal contéininq pover from 0 to
5] cyéles per second (Hz) may be reconstructed uniéqely in
the time domain by discrete signals spaceqd ‘=1/2B.Apart. To

_be éxplicit:
Let s (t) be band limited to frequencies f<R=2/2‘ Hz.

Then s(t)= sin MY 2 0) sy

A
T - - ) (4.5)

n._eo

t
M - n)

h

where s(na) 1is the n' sample, of s (t).

If s(t) contains frequencies greater than B Hz and the
sampling interval remains unchanged a phenomenon termed

aliasing occurs. Aliasing refers to the process whereby

frequencies_ greater than B Hz are confounded vith



trequencies: in  the range 0 to B Hz. This is an unavoidable

problem, particularly with uniform saipling, vhereby time
‘ : ]

samples of a cosine'}avgacould have been obtained from many

other cosine wawes. This °‘will he .illustrated follovind

Fnochson and. Otnes (53).

Let s(t)“cos2 ft Jhpre f-R(me¢y), m integer and 0<{g<1,

Then . .
S(n.) - ces Uhtn/ .
A . : . . >
oeos T OB(m o+ q) nh : . .
. cos oin (mo+ ) l
’ : n . . .
(-1y™: cos 2rqg Bnt ) (4. k)
For m even s(nf)=cos2rq Bnd and f is aliased with gBR.
For m odd S(nf) = -—cos nm cos 2 ong Bn/. ' -
cos (np - 2mq BnA)
=~ cos (21B(1-q) nh) (4.7)

and f is aliased with (1-gq)BR. S(t) can therefore be uniquely
- ~

reconstructed only if it is a 'band limited signalyv Its

‘'Fourier components and hence spectra viil be unique subject

to the same constraint. Whilé this requirement may never be

satisfied cos. letely in practice choice of a sufficiently

ﬁidh sampling rate and/or the use of suitable low pass

filters before sampling will yiéld satisfactory results,

"
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and Statistical Variability

‘ . ' ’ ) : .

TWwo main p}oblons common to either t he "classic
"lacknan-Tukpy method of spectral estimation or the more
nddétn "directn approachvarcé (1) the phen;lpnoﬁ of | leakéqe
and (2)  the p[ohle; of obtaining a Stétisticaliy efficient

estimate.

v

Proplem (1) ic a direct - consequence ot an estimate
- .“ » « " . - . )
Yaaced on 1 fame  series of fimite duration. Consider the

cortinuous time definition ot the PSD given by eqgquation 4.3,

vt
. (1) ~. / A A
. X

©

For a4 finite duration time <series of length 2T an-

~stimate of S__ (f) may be obtained fronm

T .
. —-3.2n
S (s Jr’ R (e iemMe . (4.8)

0 XX
1 K

Qxx(;) may be reqgarded as the product of RXX(T) anq t he

$s0 called rectanqular lay window w(t) defined by

T wi) = . (4.9).
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.

In'/i;ztue of the well kaown éonvolutzon theorems of

Fourier Transfora theory

* ) j’ w(E'YY S (v - ¢y ar! . AL T,
N ) . xx ,

vhere W (t)- ‘[ w?z).f’yl(n

2ntn -

- 2T sin SR
. 2ntl

(471 LY.

S ., (t) may be regarded as Sxx(t) vieved tinough the spectral

window W (t).

It S {f) vwere, for
.pure sinusoid ot frequenc
) .*- .
A Y - . N
£): -«

S.. )y = 0 8 - ) o . (4.12)

Ple, the Fourier transform of a

f, , (considering only positive

S . (f) vwould be given by:

S (f) = A% sin 2n(f - f,) 1 (4.13)

T S e T
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function ntered at f=f has become of fotl L&Q14f due to
truncation in the record lengthﬂ' Pover is no longer

localized at f  but has leaked into-.a nuabér of spurious

side lobes. Methods of reddcing this leakagé through either

specially. designed data .windowd or theit'»equivaient
. : ‘ -
convolution operation in the frequency domain vill be dealt

with when direct spectral estimation-is cqnsidered.

°

The <fficiency of stbtisiical estimators is evaluated
. L

on the basis of two criteria: (a) bias and (b) mean square

3 ~ E

‘,error. Bias, by definition, is the deviation of the first

moment or mean of an estimator from the true value of the"

parameter .being estimated:.

~

Bias = E (¢ - ¢1 = El¢] - ¢ (46.14) .
'l
Mean square error is the second mosent or mean square
’ «© . . )

deviation of an estimator from the trhe pétaletet:\

MSE. - 3 l(¢-—®)zl : (4.15).

P statistical estimate is said to be ctonsistent if

lim E[(6-9)21 =0 (4.16)
Tro e 7 : . "

Statistical uncertainties in an estimate, vhile  mainly

°

<
. *

|
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“*the finite length of the time series being esiilated

of the estimator as will be shown in the next

section. In the ‘literature statistical nncettaingies .are

stochastic nature of ,the data recorded are also a-

quantified im either of thé vays: (a} in.té:ns'of.an-nlized'.

standard error or (b) through the ‘confidence interval

approach  bdsed on the +distribution properties of thg‘

specttal estilatd;. In the next sectxon the sample spectrun

est1-at0r based on the direct approach vill be shovn " to be
an 1ncpnsxstent estimator aﬁd methads . for _reducing the

" statistdical unce:tainiy discussed in-tetls of (a) and (b) .

3,4 Direct Auto-Spectral Estimation
Direct digital auto spectral estilation‘ beq1ns with

calculatlon of the dxsctete Ponrier ttanstotuatlon°

N I e exp(-2mjrk)’ 0,1,...,[N-1] (4.17)
= - "%, exp(-27njr r=20,1,...,[N- .
.r N k=0 k ) N : ) o .
th : ’ » ) )
Xy is. the k value of the sampled time series of N
th ; '

samples, A is the r complex. Pourier coefficient Based
on the. discrete FPourier ttansforn a one sided saaple auto

spectrus may be def1ned as

~ ' 2 . - ’
S .« () =2NAt |/§r| , r =0,1,.,.,I'N 2]

=2NAt A *aA
.r r
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N-1 . N-1
z xkexp(—z-ﬂi!-!(’)(l L x exp(:gﬁlii) (4.18)
k=0 N N (=0 i N

Using a result stated by Bingham et al (54). for x, real this

may. be re-expressed in the form.

. N-1 2nrf ’
.SX\(A' (fr) = 2At 2 32 cos N . (4.19)
x = N+l
_where 1 N-E-1 . . : :
. &y = (ﬁ) SEO SR X Lo £ -0 (4.20)

<, is an estimator for the true auto-correlation c2

and
g for L <o (4.21)

By assuming the N term Sequence [xk] a, realization of
discrete time vhite noise with variance o2 Otnes and

Enochson (53) show that- §xx(fr) is an‘ unbiased +though

inconsistent astimator. Consider the first namoment or

-~

expected value of S (x(f,) :

N-1" -
(€)1 = 2at T . (1 - &) &, cos ZEE&

EL (S
x R=-N+1 N

X
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Sihce for uncorrelated white .noise clio".tOt z=6 and
oy
1 Y

A 2. ) .
E(S (fr)] = 2At O (4.23) &

zZero otherwise we have

v

‘Thc estinate at fr corresponds to a‘bandwidth of 1/Nat
“Hz..lnteqratinq over N/2 independent bands Ayields a total

variance of 2 . We can conclude thét, for white noise at

least, S«x (/) is an unbiased estimator.

The inconsistency of Sxx(fr) has been shown by wmany

authors.

Otnes .and Enochson (53) show that the normalized
A . .

standard error of S«x (f,) for ({x,} as defined above iszgiven

by '
E féxx(f;) - S, (£))7 B e -
£ = B T . S =1 for f_ = —— (4.24)
Do 2 r NAt
Cd (f )]
Cxxr

3

Thus, for Gaussian wvhite noise at least, the standard
deviatién of an estimate is of the same order of magnitaode

‘as the estimate itgelf. Although the above results are exact
geie- A the %

only for vhite noise they can be shown to be approxisately

true for _any normal stochastic btocess (55). That is’

E[S ) S (Fr)

XX r XX



. i T2 ‘ .
.. var s (f) =8 (f) | €4.25)

Another important appreach to the p:oblelivot
stqtiséical error is based on the distribution pfbpe:ties of
. , . . . .

the sasple spectrum estimator. Knowledge of an . estimators

. o .
dlstribution allowvs confidence intervals to’be coasructed

for the true fparameter.

consider the 'disciete sequence A, r=0,....8/2. The
3 )

complex sequence [A;} may be decomposed into real and

v

imaginary parts:

A= Re(Ar) + Im(i\r)

: 1 § 21rk . . 2nrk .
= N ¢ X, cos N J b X, sin - (4.26)
k=0 N k=0 :
¢ 1f X, k=1,2..-...8 1s a zero mean uncorrelated Gaussian
sejuence with variam®e -2 it may be shown that C
V:rlke(A)]=Var T Im(A )J=22~ r = 1,2 -N—l (4.27)
r r 2N ’ "2 -
2
. 9¢ - N
=n T=0 3

Also, for anmy r:

ElRe(A N 1m (AD] =0 (4.28)
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~

From properties. of the chi-squared distribution,”(55)

p87, it follows that for all r except end points the

-

expression

* ..
A_°A = S__(f)
rr R “XX r’
O? Ato
2N

~ ¥

is distibuted as Xr .

While the ‘above result holds exactly only for white
noise it may be shown to be approxi-atel} true for most nor-
Lhite non-normal processes (55). The saepling Adistibution

approach will be elaborated further: when snbothinq is

considerg’d -

The pt0b19I of leak;gé in dxrect spectral estilation is
‘approached through a proce;s teraed taperan or eqnivalently
linear -odiflcat}on. Tapering consists of multiplying the
f;le .series by a specially designed data vindow and may be
contrasted with quadratic noéification ‘or  multiplying the
correlati;n function by a lag vindow in the Blacknan-fukey
method. It may also be implesented by an equivalent
convolution operation on the DP;_but there is usually littie

to choose betveen the tvo approaches computationally. The

particular data window employed must be a compromise basead



’

on co rations of allowvable leakage, loss of degrees of’

-

freedom,8nd fesolution. (Otnes and Enochson (53), Jenkins su

"and” watts (55)). Por calculations in this thesis the so

called Hanning windov vas chosen: v

v - K ' :
X, (1 - cos ZWN) X, k = 0,...N=1 (4.29)

‘ tl . - : '
vhere xﬂ is the k Hanned sample point. Equivalently . the

DFT may be convolved according to

AL T M AL L H LA - A

r r-1 r+l . ' 4.30)

B+ - B + LB -4 B (4. 31)

Use of this window results in a highest side lobe with

a Peak amplitude considerably less thad 1% of the nainb lobe. -

and Secondéry lobes falling rapidly tb Zero.

In direct spectral estimation the variabxlxty of the
salple spectrunm estimator is reduced through either of ‘two
basic approaches: (1,, averaging over spectra of segmented
.ove;lépped {ecords or (2) averaging over;a.band'of spectf;l
components. Method (1), developed by VWelch (56),‘ has
definite  computational advantages when i-plenentinq ae\
anpalysis on a -ach;ne vith 1limited c¢ore storaae and Td§<
‘adopted for the calculations in “this . thesis. Velch sth;«Q

a

that if Sxx(fr) is an average of K periodoqtals calcnlated



" adjacent _-segments. S, (£
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)
« &
tzom K segmented records ov‘%lapped LeD pointl thed

K-l -
+ 27 --KJp(j)! L (4.32)

Var-(Sxx_ (fr)=, - J

K .

e

L. donotcs the nusber of data points per segnﬂnt- D denotes

the nu-bet cf data poxnts separatxng the 1nit1a1 points of

~

v) refers to tﬁe sacothed or

.averaged spectral estimator; ©(J) is a function of D and the

particular tagering functiop employed. It is shown in Welch

“

. thag: (a) tor nmcn overlapping :seglents the variance of

Q
5..(f.) is reduced by a factor of K and (b) for a fixed

XX
nuaber of Jata poibnts ‘a near Raximus reduc;ion‘ iAa variamce
1s obtained by overlapping the segments ane'halfAtAeir
}ength. Porv'; particular . K,D and tapering function it
tollows frxoa ptopertiés of the chi-square distribution that

the degrees of freedoa Oof the apptoxilaiing chi~square

dastribution may be calculated froa

RIS [ S (f )J; C (4.33)

Var S (f )

‘and a 100(1- )X confidence interval for the true spectrua

S (f ) given Ly

X T :

A , S r, '
an ' r! s (lr)- 7 X ( (4.34)

/., (1=/2) z “('u/ z)
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zu(1-q/2) and z (a/2) are tespcctively the \-q/Z and
/2 poiunts On the cusulative chi-sguared dtstfibniion with
deyrees of freedona (55); It niy be shown that as ' increases
the confxdgqc; band for s (tr) becdlgs-nafcoucé, or inm

XX

other words S (tr) i1s less variable. For case (a) above it
X X
@ay be shown that '=2K am increase of a factor of K over the

degrees of freedom of the sample Spectrus estimator Sxx(tr).

The dJdecrease in variability\ Qchieved may also be
considered in terms of the standard error : of éxx(tr). The

standard error of Sxx(tr) will be given by:

’ ;= 2

"Var' S__(f )‘] 1

Lo xx r ) = = (4.35)
S xur) K

X

. a decrease in: by a factor df 14/ over « for S.x (£ .

4.9 Pigect Cross-Spectizal Estimatjon

For a pair of sélpled time series x(t)}y(t)-consisting
of N sasmples X .% for k=0,N-1 discrete Fourier transforas

A ,Br may be calculated %n accordance with equation (4.7). A
- ,

*y

samaple cross s;ectru-i (£r) may be defined by

*
Y [0 S I PA .\HAr Hrl r = 0,1,...(N/2) (4. 36)



The sasple cross-spectrus estimator, like the sample

auto-spectrus estimator, is a statistically incogxistont
estimator. Statistical unCertainties asay be ‘reduced by
smoothang techniques similar to th;he discus#od in section
4.4. The pair of time se;ies are segsented into 5 possﬁg;y

overlapped segements of L points each and K Cross spectra

Calculatedﬁ trq: temporally corresponding pnits'ot segaents.

The K segments are then averaged to obtain a4 ssoothed cross-

sSpectral estispate S (f )« The smoothed Ccross-spectral
\% r

‘,

estimat

is %fnerally a complex guantity:

t ) = C (tr) + jQ f ) (4.37)

r Xy Xy r
or 1o polar fcrm
. , PPo(f ) :
.y (xr) wxv (fr) ¢ Xy r (4.38)
whel e
T

\‘-', (v: ) . \[V(:Xv (tr} + ()xV (fr) - ) '(6,'}9)
and ) '

i [ . T (8] r ‘(4.40)
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The wmagonitude of the cross spectrua estisate is a
quantity of little dirodtv practical use. In~ practical
probleas estisates of either .the transfer functlon or
squaréﬁ cqhetence and phase spectrua, equation 4.40, are

sore meaningful. .

The sagnitude squared coherence function Y:y is

defined in teras of auto and cross spectral densities as

2 2.
Yy (f) = lsxy(f)l . (4.41)
- ‘ Sxx(f)syy(f)
S (f) w=may be shbun to satisfy the inequality

Xy

IS __(£)12sSs (f)S (f) isplyimg
X XX Yy

0 -yl () <
The w®magnitude squared coherence function is analogous
to the correlation coefficient in applied statistics amnd may
be interpreted as providing a wmeasure of the linearity
betveen x(t),y(t) as a function of ftoqueicy. uethods,fo;
esti-atiné viv (£) froa finiteésanpled«iine'serios vill be

dealt with in the next section.

N - 4 . . -

Transfer function estimation for a gingle input-single

output systea given by _
. e
; - = LT N
\ \ . )

X(£) <4 H(f) Lyﬁ\t\ = .
Y(1) = H(f) X(f) 2 (4.42)
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is concerned vith estimating H(f) from- finite duration
saspled’ time series y(t),x(t). The relevant theoretical '
spectral relationships are (57):
{ 2 .
. . . 4.43)
Sy (). |_H_(f)| S (D) ) _ (
~ ) = - K A_[.l. -
sxy(f) H(E) S () ( )
vhere s, . (f), Syy (£, s,, (f) are cross and auto -spectral
densities for vy(t),x(t). Obtaining estimates for H(f) froa
. ~ T ~ A ' V . B ~
P ;:(Sr) ¢ Syxf ). S yy(fr) is of more interest in control and .

modelling problems than in the data anpalysis eaployed in &
this thesis and will rtot be developéd further.
‘ /

-, 4,6 DPirect Coheremce Spectruym Estimation Q

"~ An estimate for sasple coherence Y2 (f) based on the

sample auto spectrum and cross spccttul estimators is given

M

by °.

S (£ )2 * B |2
oy U I B
c 2 2

Syx (£)S, (£) ta 1% 1B |

(4.45)

/_/'.7.‘*" ER S
) Y
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A
-
v

*where A and B are defined as above. The saaple cqoherence

v
estimator based on the sample auto and cross spectral

estimates is idéntically unity. To obtain consistent

2

coherence estimates prqperiy- smoothed auto: and  cross
spéctral estimates nmust therefore be employed in equation
4.45. A consistent cohefence spectrum estimator is then

"given by !

i B :\ . 2 . . v .
i j\, “r).; bj,y_(,f,r)l . _ (4.46)

e _

S S
. (TS,

-

rarter et al (58) . based on Pisheté work on the
statistics of . the estimate of the squared correlation

. coefficient, have der ived exact expressions for the
; .

probability density of - the w®agnitude ‘squaréd coherence -
estimator calculated by the method of wWwelch. Exact *

expressions for bias and varia?}lity of the estimator as a

tunction of true coherence Y2 and K, the number of disjoint’
. data éqﬁnsnts, were calculated and approximations valid for

qﬁfficientry large K derived as o
R N S b

K
- o P

- ) . o, |2 ' : .
gﬂi‘"‘ 2 o ) ' _ (4.47)

—

- -
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. R, § o
. 0 .
. o
A2 1 2
V(? ) = KZ » I’Y I - 0
22 2.2 2 :
- "i%" (- —vH° L 0<y <1 : (4.48)

These cxtteisioné give bias and variability in terms of

K and true coberence v2. Ppractical correction factors in

‘!F; i the smoothed coherence 'qatinaCOt Y!Fhavo been
~ '
" de

#ed Ty FPenignus (59);-
An iwproved cthrence estimate Yf:iS/given by :

. 3
X9 2y 29 ’ : .
Yy = Y - B(y) ) (4.49)

-

where B(r2) , the bias correction factor is ca!ctlat.d from:
2. .
(= ¥ . (4.50)

Enochson and Goodman (60) shov the distribution of

sample. coherences transforsed by Fishers z transformation :

- -1 A ‘ ~ ’
. Z(y) = tanh Y . (4.51)

1s accurately ‘approximated Ly a sorsal dist:ibugiod.

Confidence intervals say thetetore be calculated im £¥t‘s of

the - mean apd standard deviation aof. the 2 transforsed

<

«
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saocothed co ; .ltil‘t“. The mean and vu'iulo. of £ for

T a singlo 1npnt-f¢inqlo output’ syat.o- are given by (53)

o

- - . . » . X . ., °
b, = tanh _ly+-—1~— . . .(6.52)

. = ) [E) e T sy

Q

> ‘ ‘A . -‘ . ‘\
E(oy) = 1 - 0_004(1 6Y2+0 22) is a cottocgion factor dorijod'
by .Benignus ' to nake 3 '’ valid for y2#<.3, BEnochson and’

-Good-ai- results shoved thc ttnnstox-la.t“j.o: ulid .lhjoct to
the constraints l(>20 .3<y2<l < The cot:octiol tcct.ars_
dovotbpcd by Boniqnn-"oxtold the intotval dounnrd to
ossontial‘!y zu:o. Using egquations ‘(4. 09), (0.51) . (0 52) and."
(40 53);,, tor a noasutod sloothod coherence ‘y‘ and ginn K (1-
a) contidonco dimicts for v uu be given by

A L ¥ PR U ‘
tanh (Z(yp) - g -0.2) <y < tanh (Q"’I) - ?_—2‘-’ + ozfg_' ) (4.54)

vhere 'za is the 1000 - percentage point ‘of. the pormal

distribution.
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CHAPTER 5
BETBODS

o

5.1 subjects

. .

'E10c§roendephaiogtais vere recorded:froif three groups
' .
Q‘,

of dextral subjects' vhose 'iatetnlfty vas hssqssed by a

handedness questionnaxre. Subjects were classified  as

héxtfalf in that, vith the occason?I exception, they used

theit right hana fqr all of the tolloving- vriting, thtovinq
a ball, holding a tacquet.in tennis. squgsh or bad-ing;on,

holding a match, cuttinglvith scissors, threading a needle,

dealing carads, haileting a nail, nnscrévinq a jar 1lid anad

.holding a toothbrush while cleaning their teeth (61) .

gecprdinbs'vere also obtained from three sinist:dls and one
neuropsychological test battery in wuse at the Alberta
Hospital. fThese vere not included in the final analyses

since, unlike dextrals, -the cerebral dominance of sinistrals

bears no consistent relationship to their handedness. Staff

nelbors and students of the Oniversity of Albertd and
-Alberta Hosp;tal staff meabers -ade up the group of normals.

Psychotlc subjects were draun from patxents diagnosed vas

subject classified as right-hemisphere dominant by’ the

schizophrenic ‘or lanlc-depressive 5y Alberta Hospital

psychiatrists. Subjects vere diagnosed as schizophrenic or

manic depressive accbrdind to foqiglizéd diagnostic criteria-



advocated by Feighner. et al (62;5 According . to these
criteria primary affeciivn disorders (mania and depression)

and.;séhizopﬁéenia are sutually eic;usive disorders. T;e
specific diagnostic criteria of qpch are documented in (62)

‘but’ generally speaking manjia and depression ;te disorders
characterized prinati1y~by -&r;;d disturbapces in mood or
, affect. +While the 'a51lity 66: affectives to think aﬁd/or
cohbentrate may be altered the chahqes are usually in degree
 -onij. In';chi:ophtcnia; on the other. hard, there is a
‘;haracﬁefiggz; distortioh_ of perception and ;hiﬁkihq
typiéaIiy manifested by delusions, hallucinatio?s ;nd verbal
~productijon vithouf .apparent' logical or unﬁetstandablé
organization. Chgnges in &ftect°ate'secondary to the changes
in perceptian and thinkiné; Recordings were obtained on a
total of ° 31 normals, 28 schizophrenics, anda 20 wmanic-
erresSives 'glthouqh;all subjects could not be utilized due-
to missing or conta:inated data. thé initial recordings made
on 9-no§§a1 subjects~utiiiz€d fewer tasks tﬁan wvere elélqyed
in subgequent recording sgssions ;nd,A in ’addition, lacked
‘data fFon the teapordl areas. Sone psychotic subjects vere
able to céipleté'only a few of the experimental tasks. In
other 'psycbotié subjects recordingé from a particular task
vere deemed exc@gpsively contaminated by love,-e'n't artifacts
and deleted from the aﬂalyses.‘ngaﬁ aqesfof the subje;ts

vere: schizophrenics, 36.7¢12.9; lanic-depfeésives{

3
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37.9:11.9;'norp-1s; 31.8811. 1.
' ' "

5.2 Bacording Technidues

Monpolar EEG :ecotdings vere obtained vith platinun

‘needle elecitodes insetted Subéutaneousiy at locations T4,

P4, T3, 93 and Cé' according to the International 10-20
systea of olectrode placenent (63). All electrode pot&ntxal"
vere alplif;ed dxtfnrentxally 'vxth ‘respect to FZ using
Textronix RM122 preawplifiers. The prteamplifiers, comnected
differentia!ly, hage an 1nput impedance of 10 leqoﬁ-s. fhe'
cable connecting the electode junctxon box to the
prealpllflets vas eiectrlcally shielded. Preamplifier - gains
vere set at approximately 1,000. Additiomal " gain and
bandvidth ad justment was obtained usinq locally constructed
baﬁd-pass alplifiérs. Total gaim required witin the bassbaﬁd
of the cascaded systea to obtaln adequate rosolutzon within
the'»z 3 volt 1npnt'rango of the analog to diqital converter
wa; normally 30.000. Low alplitude recordings- in Ssowme
sdbjects, hovever, necessxtated 1ncreas1nq the overall qain
of the cascaded syqton to as much as 50,000. The. bandpass
amplifier vas second Order and adjusted for a Buttetvorth or

"laxilally flat" response within the passbtﬂ;\\rhe passband

of the cascaded system, determined by the bpper and lowver

cutoffs of the bandpass alpleiere vas/3-50Hz. Since the

prea-pllfxers also had an adjustable banqbass ¢ with  uppper
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and lover cataffs set at .2Hz and SO0HzZ respectively, overall

gain beyond the upper cutoff of theAcascaddﬂ system fell off

at approxisately 60 db per .-decade.

A*heA Hevlgtt Packard (HP) computer systea in operation
in _the Nenrophéiology Labora;or; of the 'Deparfnenr of
surgery at the University of Alberta wvas used for data
acquisition. Sofrnare control of data recdrding and display
;as, effected b} DATAC, a general data acquisitidn‘proqran
ddvelopod by a aember of the lnborntory. Data flov into the
HP 2100 system-began with analog signals fros the outputs of

the bandpass aaplifiers entering an HP 5610 analog to

digital. converter for dqutizatlon. -Initially data was

@

digitized at 60 sa-ples per Second. Trial recordings on 9
norasals enployinq parietal leads only revealed negligible

energy above 20Hz suggesting (in virtue of ‘the Nyqnist
vE R o ®

‘theoren) 60Hz as a safficiently high -sampling rate for

adequately ;sa-pie& data. Later recording§ from psychotics
cqntéining consi&eranle high frequency activity ndcessitated
choice of hiqher sampling frequency. Later: recordings were
saipled ~at 120Hz; Pollowing A/D conversion data entered the
2100A vhere the dlgxtxzed values vere arranged into records
of 256 words. and recorded on IBN coapatible’ 9 track digital
nagnetxc tape. The dlgltxzed anhalog data channels wvere also

displayed on a Textronix 604 monitor after conversion to

analog voltages by an HP 1255R digital to analog conrerter;

>
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Display of data was effectively .sii!?tanedus vith it's

acquisition and recgording. The monitor alloved convenient .

recognition of gross artifacts and conditions such as open

3

or shorted leads and loose electrodes,.

~

2:3 Procedure

Normals vere told that the purpose of the experiment

°

was to study cﬁanqes in brain activity occurring during

tasks desiqngd ‘to engage _oithot' their right or left

hemisphere predominantly. Patients were informed the.

procedure was netel{ another iqdical test. Subjects answvered
a handedness questionnaire vhile electrode 1locations vere

measured and electrodes affixed. The subjects were next
. - “ e

°

seated in a straight back chair behind a é-all' table.
Electrode leads wvere t;en .connected to a Jjunction box
affixed to the wall directly behind }he Subject. Signal
integr;ty vas verified on}thé aonitor auéltecofdinq started.
The battery of experiments initially consisted of Six tasks
and finally evolved to a maximum of ten tasks. ‘Patients,
however were ~‘sc;letile.s too distyrbed or uncooperative to

complete all ten tasks and only the tasks the-individual vas

willing or able to perfora vere recorded.

3

Ten three minute tasks » outlined below, constituted a ,

complete” recording session:

\
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1. Lyss Qpen (EQ) BEyes open and the~foilovinq task,
eyes Closed, vere intended to provide baseline valﬁes for
the rewaining tasks. Por the eyes open c¢condition subjgcts
vere instucted to sit relaxed, as still as possible, vith

their qaze fixed. on a particular spot on the tacing vall

tryxng to "think of nothing in partxcular“

<: Eves Closed (EC) This task was essentially a
repetition of the initial task with the additiomal
requirement that' subjects keep theit eyes closed for the

<

three minutes of recording..

\
3. &ggbgl' fiotor . (YB) Fror the verbal motor condition
subjects were instucted to write a letter for three minutées.
This task and the next vere intended to engage the dominant

a

left hemisphere. >

g;' Verbal Nop-potor (YyNM) PFor the verbal non-motor

condition normal subjects were instructed to- mentally write
2 ° - ~

a letter or mentally recite a favourite poem or speech for'

three minutes. This proved to_ be an unsuitable task for

psychotics and vas replaced by‘lental arithmetic.

. . . . ¥
2. Spatial Motor (SM) This task and the following were
visual spatial in- nature and designed to engage ,the non-
dominant rlg;t hellsphere. Por the spatial notor cond1t10n

subjects vere first given one minute to memorize a geometric
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~
.

/
pgttétn chiis}iné of a threé .by three checkerboard
arrangement of blank and lineg squares vith lines of 'varying
oriéntnti&ﬁ; EEG actiwity was @monitored but not recorded
during this minute. In-qdiateiy, fglloving the wsinute of
neiérizati‘qn'subjects vere given t;t"ee minutes to':;:onstuct
the pattern from nine separate quares. %hey vere instructed
to scramble the Qquares and fepeat rqiynst , n it‘fhey
conpieted the pattern before three wminutes d elapsed.
Completion of the p;ttern before three minutes elapsed was a

common sjituation in normals.

€. Spatial Nen-potor (SNM) for the sp&tial non-aotor
condition subjécts vere presented vith tvo sheets of paper:
one contained a group of arbitrary geometric shapes, the
other the same shapes sectione? intg a number of subshapes
in a jigsaw euizle fashion. The subjects wer tructed to
mentally Qtte-pt t0o assemble the subshap« nto their
éoiposite fores. The subshapes were deliberate designed
not to fit together perfectly into thir composite formas to
- ensure concentration of a subject for three minutes of

recording. , ™~

Three spatial-tactile tasks constituted the next

portion of the experimental session:

7. Pormboard Left-Hand (PBL)

( .
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8. Pormboard Right Hand (FBR)

.
.

d: Formboard Both Hands (FPBB)

All three tasks were recorded with eyes closed. B¢fore
recording commenced whée Fsubf‘pts preference for either
holding their own eyes closed for nine wminutes or
blindfolding was ascertained and the nature of the tasks
briefly explain!p. The tasks ‘involved matching ten solid
geometric shapes randomly arranged on the table directly in
front of the subject to corresponding recessed locations on
a formboard. The matching was attempted first individually
with the right then left hands and theg with both. Tactile
perception of the gqeometric shapes and corresponding
recessed locations on the formboard were the sole sensory
cues. During FPBR the subjects tendency for either

predominantly 1left or right hand24d exploration of the

formboard was noted.

——

10. Location and Mepory FPor the ifina}.. task .b"jécts

"

BRI

vere handed a pencil and b],an*t sheqt »o! p%qn} di-rérl qp_

£

to three minites to sketch the‘!fqtlhaatd *qs ith‘l

-3 3
recollected it. They wer& Iustructed 3 pay ;tﬁe@l& h
"" @ & .p‘\;— tj‘i‘
to the geometry of the partlcxl r shqpea’ An& ‘aiso t.om b@’
' Gy 0_;!%\‘" T

shapes relative location on the fo lbbard

: e
|

jou 9o
~w
".\,:-v

¢

-3
~.ﬁ

..‘4-
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CHAPTER ¢
DATA ANALYSIS

-

This chapter first descrihes the mann®r in wvhich the
methods of sSpectral estimation outiined in chapter 8  were
applied "to the data recorded by the procedure outlingd in
chapter S. Techniques of spectral estimation were appliead to
the data in two basic ways: (1) to obtain estimates of auto
and cross spectra ‘§nd (2) to obtain a wseasure of the
va?iahility of ERG poder as function of time. EEG spéctral
parameters based on the results obtained from (1) ;hd (2)
vere employed to investigate siqni?icant task depéndent and

"ylintergroup EEG asymmetries. The remaining portion of the

chapter outlines the statistical techniques employed to tzs{
t .

5
the significance of task dependent and intergroup ﬂ!!;f
. 4

differences. The spectral and statistical calcu},l s
-%

’ - b X
employed were all performed by HP PPNU prograes executing in

a DOsS enviropnené, T "~
~

. -
©€-1 Ayto and Cross Spectral Estjimates

Thé first program to be described calculated auto
spectra for EEG's recorded from the electrode locations P3,

P4, T3, and T4 and cross spectra for the lead pairs P4-T4,

P3-T3, Pu4-P3, and T4-T3. A flgating point algoriths of the

(
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L

P}T,'adapted from Monro (64), vas utilized. Por both auto
and cross spectral estimates 256 point Sub-records were
employed in the FFT. This resulted in segle;tation of a 3
ninuté data record into 42 subrecords }Kén‘sa-pling at 60 Hz
and segmentation into 84 sub-records when sampling at 120
Hz. Subrecords vere linearly lodified by the cosi}e bell or
Hanning wvindow before transformation. Spectral fesolutioq,
(the spacinq between successive spectrai estimates) vas

approximately .25 Hz for 60 Hz sanpfinq and approximately .5

iz for 120 Hz saapling. -

The programs Calculated an average auto-spectrum and
cross-spectrum for eidch.three minute data file for the leads
and lead pairs ;Escéibed above. During program execution the
average auto and cross spectra for each file Vere stéred on
an HP 2870 magnetic disk. When a speci fied number of data

files had been Jnalyzed (usually a complete reel of magnetic

tape3 the average auto and .cross sSpectra vere written onto a

-

separate magnetic tape from the disc. Otherr,5£9qrans used

-

the average auto and cross spectra for plotting purposes and
also to derive spectral paraseters for detecting intertask
and intergfoup TEG differences. The spectral parameters used

will be described in later paragfaphs.

©.< Yariability Calculations
£
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Three minute data filgs wvere segmentéd and: the'
subrecords transformed as described in the precedinnqg

section. Fstimates for the variability of the powver spectral
L4 . .

density  1n S bhands uccessive epochs of approximately’

12 econd length wer ined in the following fashion:
[ -

(a) for rocordg sampled at 60 HZ the sSpectra from }
succe s ivee Hanned 256 Loint subrecords were summed to ohtain
An «stimate for the spectra of an approximately 12 second
epock. For records sampled at 120 Hz 6 successive “ubrecords

vel'e similarily employed.

(b) Pqr a gjven 12 second epoch, for each of S bands,

,adjacent spectral estimates were added together to obtain an

astimate for the total power. witin each band the bands
employed wvere Theta (4-7) Hz, Alpha (7-13) 8z, Peta (13-20)

-

Hz, Gamma (20-30) Hz and "Total Power"™ (4-310) Hz.

(c) For each approximately 3 wminute "data file the
cocfticient of variability of successive 12 seconds epochs
from each of the four leads wvas calculated for each Of the
bands. The coefficient of variability is defined by :

-~

C.V. = S.I).(I’?K)

3
: K

BR. and S.D.(H{) are respectively the mean and standard

deviation of estimates of power in the k' band.
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6.3 Derivad specvrajtParameters : ,

. {a) Right ;g Left ;gg ggggg gg;iggcro¥20vfng Gﬁlin and J
Ornstein (13) task 'dependent EEG asymmetry wvas }ntially.
investigated by calculating right to_ left (R/L) EEG power
tafios. R/L pJQef ratios were éalculated for ho-oioqous
ﬁarietal and. temporal 1leads in the lgftA and right
hemisphere. Parietal and temporal ratios vere denoted P4/Pp3
and TU4/T3 respectively. In virtué of the findings of
previous investigatofs i10), (1), (12), (13), and (15) as

-well as qualitative inspec}ion of tria; .recordings 3ana
spectral plots, R}L ratio§ vere calculated for the bands
described in section 6.2 (b) with the exception of the "total
power" band. Prequencies less than or equal to 4 Hz veré
omitted to eliminate the effect of slov movement artifacts,

"eyo roll)and eye blink artifacts . Using the average auto-

spéctra, R/L average pover ratios for the leadlpairs and
bands described1bbove were calculated by summing ;djacent
spgfifal coefficientisnrithin 'a band. for two leads thgn
determining the R/L ratio of the. band povers obtained. The
ratios were calculated ;; fhe computer aurinq a portion of
the same program that plotted the-average spectrum for ‘the'
four regiops on a Textronix 4010 graphics display terminal.
Hard copy reproduction'of the plots vwas available from a

[ 3

'Textronix 4610 hard copy-unit.
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{b) CYherence Estimates The average crass spectra and
auto spectra stored on magnetic tape for each data file vere

used to estimate the alpha band coherences betveen the. lead

pairs P4-P3, Tu-§3, Pu-Ta, and P3-T3 . PFstimates vere

calculated ﬂ} fétlula 4.46 of éection 4.6.. Refore

»

substitution in the formula <he qtoss-sp§ctra1 and auto-

spectral estimates - vere further smoothed by ,diqitally
. o v

4

filtering the estimates wusing the triangular veighting

function a(l)=.lafl-1)+.8a(1l)+.%a(l+1). Auto-spectra’ and

cross-speétra vere smoothed by 20 passes of the filter. The

coherence diffefences wvere used to investigate further the.

\

task dependént asyametry revealed by Jdifferences in R/L

.
-

alpha ratios. VYor "each group of subjects, cohetegce

asy-netries betveen verbal and spatial taéks ‘vere

ifvestigated by (a) .testing for significant intertask
coherence differences for each lead pair separately and (b))

for each task, by testing fot‘cobetence differences betveen

‘the four lead pairs. used.  The non-motor tasks vere used for

this investigation.
. .

{c)  Normalized Auto  Spectral Poyer Intergroup

comparisons were also made on the bagig of the relative

asounts of energy in selected EEG bands. Qualitative

inspection of both the raw EE2G traces and spectral plots
indicated that ehe 8teatest difference between normsals and

psychotic qrq‘%é “Was in the amount of high fregquency
4

¢
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‘activity present, especially in the temporal regions.

follouing Sklar and Hanley (65) relative amounts of power in
selected EPRG bands vwere calculagea by normalizing the power .
in a given spectral .-band by the power in the signal ‘in ‘the
frequency range (u-30) Hz. Otilization of a relative rather
than an absolute aeasure o; EEG power vas chosen ‘tq, allow
gplparisons based on différences in the shape of a subjects

ZEG spectrua rather than the absolute amount of energy in a

given band. The effect of possible aanplifier gain variations

a®ong ¢ the channels, for exaample, is eliminated by this
athoach. Other advintages of relative over absolute

-éasures have been given by Matousek, 1967 (66).

6.3 Statistical Technigques
The statistical tests employed to detect both
intragroup and task dependent intergroup BEG asylnetrieé

utilized °~ techniques fronm both . classicql-"paranetric

statistics and non-parametric . or dif!%ibution free

'statistics., TheA folloving paragraphs will (a) conpﬁre’

briefly parametric and non-parametric aethods and,_ (h) &

(c), outline the statistical -tests utilized in the analysis.

{a) Parawmetric 11£§g§ Nen-parametric  Statistics

-Paranet:ic and non-parametric statistical tests differ with

reSpeét "to .both (1) the strength of the measurement scale
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applied to the data to obtain scores for statistical

analysis and (2) the assueptions rggarding parameters of th..

population fron vhich the samples were drava. The idea of a
. . . « oW

A ‘ . .
whasurement’ scale, will be explained first followed LT
pa— : : L [

consideration of ‘the assumptions underlying the paramectric

and nop-parasetric tests. | : - : N P

Sieqgel (68) defines néasurelent as the process of
mapping or assigning numshers or sysbols to objects or
observations . and ~discusses four scSles of measurement and
the statistical analysis possible with each scale of
measurement ., The four ;cales discussed are (a) noninal,‘(b)
~ordina1, (c) interval and (d) ratio. A hnoaminal gcalﬁ nt
measurement occurs vwhen symhols have heen a#s;qned to
objects or observations simply to classify them. siegel
mentions the psychiatric system of diagnostic groups where a
person is classified as schizophrenic or manic depressive ,

‘ for example, as constituting a ‘nominal scaié. An ordin§1
scale nxistsbvhete numbers or symbols have been assigned in
such a way that scaledAobjects or obse;v&tipns'are'not just
different” in a do-inal'seﬁsg but also stand in some kind of
releationship to each other. An employee cléssification
scale uith.. say, technicians or technologists | to 1V
exemplifies an ordinal scale. The mesbears of each

classification are not only different from. each other but

stand in some sort- of relationshi to ch other; +.qg.
p



Technician 1 >Technici)h.l - Measurement on an interval
scale occurs when a scale has all the characteristicrs ot an

ordinal scale and additionally the.distanég between any twao

points on thé scale is~knodn‘al'houqhg the 7Zero point an4

unit  of  measurement are atbhitrary. The Fatronbeit  apd

fCentigrEado temperature .scales gre oxamples of interval

Scaless. A patio scale i35 ope with 411 t he charactery e ot

an  i1nterval scale plus « true zZero point. Many mcaure ment

< -

fcales in the physical sciences are. ratio scales; masa:

" velocity, resistance,. for example. more abstract definition:

of the various wmeasurement .scales and a discussion.of t e
statistics possihle with each one ot thea,are to he found in

(68y 4nd vill not be pursyed further‘hete_except to mentiop

that .eaéulelent on at least ana interval scale is necessatry

before parametric tests can bhe used. The quantifica?}ug\of

the EEG discussed in sections 6.1 to 6.3 satisfied the
. . -

requiremsents of at lest an interval scale and consequently

other considerations are the decidihg factor in choosing

between a parametric and non-parasetric test. ‘ .

Parametric- ;ests, fPr example the analysis of variance
and the various t-tests, assuame (a) norially distributeq
populations, (b) homogeneity of . variances, and c)
independencé of obserVations»§p<gdqition to the wmeasurement
scale® requirement .lentionediiboie. In addition most models

of analysis of variance assume: (d) J&dditivity of effects

- W5 ¢

., . et m



l){b

due to factors. Fxpressed equivalentl{ means of populations -
anust be ‘near combinations of effects -due to factors -
hypothesized as siqgnificant in the design analyzed._For

example in a two' way analysis of variance vhere, =say,

indopendenﬁl éalples of N individuals were each subijegted tv

one of t different treatments under ¢ differemt conditions
variables representing wseasurements on each individual are

»
L]

assus®d expressible in the form:

R I - J '
\cl" -

i1,2....t (Treatments)

L TeT . *C 4 e = cees cQnditions
)r“k = i : - i}k-ﬁj 1,2 c (Cqonditions)

k=1,2....N (Samples)

. is the hypothesized common population mean. 'I’i is the

added effect of the i'" treatment. C, is the added effect of

the j”' condition. {ﬁi represents a possible interactign
lhl

condition. 'iik‘is an

erroxy term. Alihouqh parametric - tests are strictly valid

term between the ith treatment and J§

only when the above assunptions are met studies have spovn
that departures from some of the assumptions Ao not affect
the conclusioﬁs of a test markedly. According to Sokal and
Rolt (67) the consequenceé of hon-normality of a
distributjon are not t06 serious and only ; very skewed

distribution would have a marked effect on the significance

level of a parasetric test. Homogeneity of variances is a



more . critical assusption but can be readily checked by the
- P-~Test for a two Salple analysis or Bartletts Test for
' Homogeneity of Vatiances for more than two groups. Ii
ositQations vhete‘the'assu.ptions of a pata-eir%c .tegt Are
not met, as in some of the cosmparisons made in this thesis,
two alterhatives_are possible. }lternativé one consists " of

ttun-!or-ntién ‘of - the data. Data not satisfy;nq the

. e

requirements of a parametric test yill o%ten do.so after a
common wmathesatical transformation. .is performed; taking
1oqqtithn; Oor square roots fst example. The and;ysis of
variance performed on R/L ratio data vas pertqiled on the
logarithas of the, ratios. As a 'second alternative a
distribution _ free s;atisticql test nmay be employed.
DiStributrbn free tests compare populations vithout‘the use
of popuiatiqn parameters such as the mean and the variance.
Hence, these £est;‘hte also called non-parametric tests.
Most require aonly independence of observations ana
underlying continuity of the v#riable under study. OUnlike
parametric tests the accuracy of pfobability statements
obtained fros most non—paralétpic tests. does not depend on
the shape >of the underlying disttibutioabgf tﬁf sampled
population. They may assume, for exélple, idéntffy of shape
of two or wmore population distributions or 5 symmetrical
distribution but the éxact shape of the distribution neead
not be known. Por non;norlal pog%?gtions vith distributions

gt
’f’&? K

e
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whors optiswe location parameteérs are not means.distribution
. .
n loration morte teadily

7
thar parametoic tests (68) 0 The torm Yocation parame tor i

tree tetits will detect differoences i

nsed here ip the sonse-of a4 meanure of rentral tendency. The

vaathpet 1o meon, 'qvnmf!'i« mean, hqrﬁnpic mean, medlian and
cmode are 4»);(1np\t*s: ;;f statistica of locati()n.‘ For  a normal
population the arithm;?ir'nuan is also the median and mnde
and is thu:"qptkluu" Rreasute ‘of location;. For  non-nnrmal
asymmetric popuiations other statis?;cs of location may qive.
a more intuitively meaningful index of a populations c;nter.
Distribution ffee téests - have the additional aavantaqo of
he-ing applicable to data 'in ordinal form. Since a@many
. . " .

1istribution free tests are based on the nuherical ranks of

meacurements and not on their absolute values, measurement on

an interval scale is not a prerequisite to their use.

Non-parametric tests are not without some
disadvantaces. They have the disadvantage of beinq sore
vasteful of daté than parametric tests when the underlying
assumptions required for the latter are satisfied. Relative
‘to a parametric test a non-parametric test rtequires more
samples to achieve the sase power (ability to reject a faise
null hypothesis) vhen ¢the wunderlying assusptions of the
parametric test are satisfied. Hovever only about S to 10
percent more samples are required. An additional

disadvantage arises in testing for interaction. Interaction
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. “ \ .
occurs vhen the joint effect of two variables differs from

the sum of their separate effects. The joint eEfect of two
dlhqs for ¢xample may be coansiderably different from the sus
of their sepapate’;effects. In a éaranetric analys%s of
variance tests tor such interactions are straiqkifotyard to
make, This is not the situation with regard .£§ non-
parametric tests. PBradley (69) resarks that tests for
interaction hy npon-parametric methods _ tend to be

e

"complicated, avkvard, and limited in application.™

{b}- Non-parametric Tests The non-patamettic
altern;tiv‘c to the  most widely used dlassical para;etrir
tests are based on a principle initially concei;ed by F®R.A,
Fisher. Tte principle, denoted the Method of Randomization
is explained in detail in (69) and will not be elahorated
further her;. The tests are based on statistic$ degived by
applicatids of the principle to the size ranks of a set of
experisental ohservati;ns, The size ranks of 3 set of n
observatioh; are obtained by ranking the observgtions in
order of size and assiqning the integers 1 to n to the
observations from either largest to smallest or vice versa.
Both two sq—pie and wmulti sasple tests of "location" for
either natcNéd or indépendent samples have been détived. The
tvo salplé.ﬁilcoxon Mmatched Pairs Signed Ranks Test and the

®"ann-Whitney U Test were applied to the results presented in

this thesis. Theit rationale will be breifly explained
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below.

AS abplied in this.thesis the Wilcoxon HMatched Pair«
Sianed kanks Test was used to test the null hypothesic 4
that treatments X and Y applied to n individual:  have

~

identical eoffects aqgainst: the aiternktive hypothesis that

treatmentss X and Y produce 1) syametric populations
. -
differing in location or (2) asyametric populations

differing in aHy way. Let X

th . . .
i individual subsquerit to treatments X and Y. Tf the null

, and Yi be measurements “on the

hypdthesis is true then the population of difference score«
variates X,-Y. should be sysmetrically distributed ahout
zero. For each xi-fi obtained there wvas an equally probable
X -y, value having the”sa-e value but opposite sign. Let ﬂ
denote the algebraic siqgn of the difference score and 01 the
rank of lxi—Yil in increasing order of size. Under the null
hypothesis each of the 2”.possib1e assignments of the qi to
the n ranks Pi vas as prob%ble' a priqri as the actually
orta%ned set of signed ranks Sihi. A test statistic given hy
Vo = S.’i" + SRy

or i1ts cosplemwentary statistic

w_=§i;_ SRy
may be calculated for each of the 2° possible sets of n
ranks and a null distribution for .W, obtained. The null

distribution of W, has been tabulatea extensively. The value
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ot W, actually obtained fromj, & © zxf d;f ﬁﬁxw dhﬂ;ﬁw
: e

i
4

ticatments ¥ and Y may be compared to.%\n nul{ﬁ dx*’r;ﬂhgupn

LA ]

ot W, to test for Mifterences )h trteatment «ffe '"~i and Y

Y4
W, would bhe . expected to lie in an extremes por&h*\b}t-, e
I
rull distritution if treatments praducpd \Fffs(?s ausinqg

Dtterences X, -Y, to lie consistently in one ‘(“il’t-r‘.fiﬂn.

T he ne xt tedct to be: deseyrahed, Wicoxon's Tun Saeple
Teer For Irctepopdernt Papalotione, e oa non-pagametrye oo
te 1tdunt voal fopulatyion: whiet i cencrt ave Yo ounepnal

locations o 1t C parametric counter parts are found in the ot
camp le t et . for adopends ot camples ol “ A
clacsarty. vthi1on analysis ot variance: for two samples. hgona s
the two jopulations to be tested for identity consist of n
samples fromw anopulation X and m samples from a population

Y where md>n. injer the null hypofhésis, H , nf 1idential

)

- .
ropulations the n obtained samples of population Y dﬁd the =

abhtawned  camples  of population Y are one of ('mm) A p{inri

cqually  praotable celectiones Af . suhsets of m and n
obzervat tor « trom  the combincd sample of nem observations,

wilioxon's two sample test employs the test statistic
1
“ oo “\ vhere R is  the size rask, of X «in the combined

~ample ot men observations. lUnder the aull hypothesis for
vach  of  the equally likely ¢y selections of n and m
ntrervatior. therte exist: a value of L Theit fregquenoy

ttribhatien ander th. null hypothesis doefines vt aull



/N

- trrbuti1on ot W . The VH)Q of W, obtained for the actual

cvietamental data may bhe compared with the null distritutron

N ;:‘3,

1f th H“.‘.'dincdutalla 10 an extreme portjon of +h
nntl {i=tribution of area . He may bhe r¢jectdd At oA

erirticance level of.y . The test is especially sensitive to
thftetences  in  lo®atior between the t wvo populat:onﬁ.
Cor:1s5tently larger valyges eof popd)ation X would tend to
vit ld 4 correspondinaly larqpvﬂn vhilﬁiconsist;ntly smaller
values  *toenpd to a correspondingly small LA The statisti-al
t. .t a"tually programmed for use “as an equivalent t;s?

alle ! the Mann-Whitney N-Test. The Mann-whitney N statistic

1 te lated to W o by

“

U=n(n01)/20n--vn

{c) Parasteric Technjgyes Parametric stgtis%i:al
techniques utilized vere: (a) analysis of variance and ‘(b)
discriminant analysis. Univariate analysis of variance vas
implemented ;; the HP 2100S computer systenm }n the
nenrophysiology laboratory of the Department of Surgery. The
rqutine used wvas a&éptgd from a program written by Rohlf
}h?) rand was designed to perfora either a single

classitication or nested analysis of variance for sultiple

groups with differing sample sizes. Included in the proqram

‘was the facility to perfors various coamon mathempati-cal

transformations to the data before the analysis of ‘variance

®
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vas pertormed. A second routine , a f%ctoriallanalysis of
vatiance , vas adapted from the IBN Scikntific sufroutines
Pacxkage. Tie program vas designed ptilrrily to an§§753~7\o
vxpgriMwntal design known as a factotigh desiqn, but ; hy

vooling various terms 1n the analysis variance tahle
® .

produaced Sare output by the program, janalySiz of other

cxtelrament gl desiqm. ¢ possible. The dhalyﬁuﬂ o sirle

restiacted to grougps waith adentical S&I#l@ sizes.

Dicdtiminant. analysis o is a lult{variafn statistical
préco«urv' used to clasisify an individual &nto one of two or
mote Jqroups on *hv-hasis of a4 set of m +eas;red attrihute o,
ufuﬁetrirally the = neasurod.aftribuieéfiay bhe visualivaq ac
Yetining a point in m dimensioral Space; if two or more
qtoups  are  disparate with respect to’  these measured
attributes the qrouiglof points in a qpace corresponding to
aroups of individuals in distinct cateqories will tend fo -
cluster into distinét regions. Tﬁe Discriminant Analycsis
frogram i1n the IR® Scientific Subroutijnes Packaqe, npiISsc,
va adapted for the calculations. The progras was applied to
the three groups of syubhjects to te#t for both intra group

Aitterences between verbal and spatial modes of thinking dnq

-
v

wntergroup’ differences during - LY diven experimental
. :

coundition. Program calculations follov Andersen 1958 (70).

"he analysis implicitly assumses the LB parameters

~

characterizing individuals ; the ith §toup constitute an a
3

.« 6
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the individual assiqgned to-the population Pi for which P,Q¢3
is largest. Por a multivariate distribution, which the

jtogram assymes, (1.) is replaced by a decision rule derived
I

bv taxing vatural 1nqgarithms of the probhability density

*unction. The equivalent rule can readily he shown to he

Tiven by

Tn most practical <itaatjons discriminant analysis s useld
te t. Lt tor 1afferepncess hbetween qroups hypothesized as

rttery nt o @his is the analysis dealt with by RDISC. Tn this

“atuation the true probability density functions are unknown

-

ina are ceplaced by:plnhdbiliry density estimates. (+.. 31 o1

-

vttt saxternsion to more  than tuo,qﬁg}ps is applied to the

moups employel an thte analysis. 1f the _qgroups are widely

@pgtate ' ot ohservation: from population P, will he

Cclanritied A members ot PO If the groups afe strongly

overlappine  individuals from A _given population will he

clas1fied randomly into other popula%ions.

.

3 "> . ) .
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7.1 Task Related B/L Rower' Rptio Asymmetries
. : ®

R/L ° EEG pover,tat{o;,geto coapared betveen verbal and
spatial tasks for the theta, alpha, beta, and qaln.'bgnds as
p;eviously'definfﬂ.‘?he statistical siqnificancé' of task
related differences wvas &et;rlinod lepatatel} for motor and
non-motor tasks b;(the Wilcoxon Matched Pairs Signed R;hks
Test and also two way analysis of variance ({nOVA) fo¥W
“paited.co-barLSOns". Pigutés 7.1(a) and 7.1(b) éte the °
specgfkl.;plqlf of a npt!al 1ndivtiq’1 vho dispfhyod laiked

L

EEG wetries 'during. performance - of verbal and spatial

'In this'. subject alpha band asyametries are

Y

\\\\\u\Aparti lafily obvious, especially in the temporal regions.

he spatial tasks the alpha energy in the right
hemisbhere is suppressed relative to the aléha energy in the
.left hemisphere; in the v?rbal tasks th:%converse is true.
rigures 7.2(a)-7.2(d), 7.3(a)-7.3(4), 7.4(a)-7.8(4) show the
average R/L. pover ratios in the theta, alpha, beta, and
gamaa bands ' for normals, schizophrenjcs, and _.manic
depressives. Tasks vot§ coded as follovs; WN-verbal Motor,
SM-Spatial motor,- YNM-Verbal Nom Motor, §ln-5pat1a1 ron
motor, and MA-Mental Arithaetic. Tab;es 7.1(a) .to 7.1(c)

give the means, standard deviations and two - tailed values
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Table 7.1(a) Mean R/L PPG Pover RatiostStandard Deviations
Sigmificance VYalues . Por zlntertask Differences in
Normals. The r0ows labelled ® and contain the

significance values of verbal versus spatial cosparisons for
pairs. of tasks of the indicated .modality, either motor or
non-notor. . \

+ qunificance Value for "paited coaparisons®™ ANOVA

. Siqnificance Yalee for Wilcoxon Matched Pairs Siqned Ranks
Toest . .
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Tahle 7. (1) "moan /1 PEG Power Ratioststandard Deviations
any SEanLt g anc Value-. For Integrtask Ditterences in
Scha2iphrenyon, The rtows labelled " and NWM. cqntain the

taniticance values of verbal versus spatial -compakisons My
pPaALtL s "ot 'asks  of the indicated modality, eitheY motor on
non-motor., .
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Table 7.1(c) Mean R/L BEG Power RatiostStandard Deviations
and Signiticance Values for Intertask Differences in Manic
Depressives. The rows labelled M and NN contain the
Siq‘fi(:aﬁ_(‘e Values o®werbal versus spatial comparisons for

pairs of tasks of the 1ndicated modality, either motor or
n>n-motor. L \§

b T"igniticance Value for "paired comparisons" ANOVA

‘ . N ..
*» Siqgniticance Value for Wilcoxon Matched Pairs Signed PRanks
Test ) . S s . . ’ )
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for the significancg of verbal versus spatial differences as
determinéd by the Wilcoxon “atchel Pairs Signed Ranks Test
and "analysis of -yariance (ANOVA). Only’ results §3q%ificamt
at p<.1 ate'included.in the tables. The antr? ns iﬁ a table

means the comparison failed to teach significance at p<. 1.

R/L ratios were transformed to a loq‘scale before analysis

of variance simce this transformation generally resulted in

samples more homogeneous in variance.

A : : .
The 'most consistent .asymmetries betwveen verbal and

spatial tasks ‘ vere found in--the alpha . banAd. Manic

)
.

dqpressives and normals di§§1ayed significant alpha band
asymmetries in both temporal and parietal regions for both
motor and . non-motor tasks. Schizophrenics displayed
significant alpha ltand asyametries for the temporal regqgion
on}y. Asymmetries 1n the bheta and gamma bands were less
consistent. Normals showed significant bteta and gaema band
diffefences only for motor tasks in both. the parietal region
and t he temporal region. Manic Adepressives showed no
significant heta or gamma band differences. Shizophrenics
displayed significant beta and gamma band FR/T raFio
asyesmetrics for motor and non-motor tasks 'in the temporal
region only. ‘The significance of intergroup R/L ratio
1ifferences for tte verbal motor, spatial mQtor, verbal norp-

motor, and spatial non-motor tasks was tested by single

classification analysis of variance bhut none' of the

~



differences reached siqhific;nce for eithef the: parietal
region or the temppral region. Average values for the groups
sometimes differed appreciably but large interindividual.
variability within a gqroup prevented group giffere;ces froms
reaching significance. .

7.2 Alpha Band Coherence m:mgs!. B

Task related differences in the - magnitude squared
coherence fuhction vere examined for the lead pairs P3pu,
T3T4, PUTU and P3T3. The other two possible lead pairs, P3TU
and f0T3, wvere not considered. For nornals({he VNM and SN®
tasks were employed, for psychotics the ma dha SEM tasks.
Differences were examined' only in the alpha band for the
following reasons:. (1) R/L ratio asymmetries indicated the
alpha band showed the wmost consistent task dependent
differences, (2) .the significant R/L ratio diferences found
in the beta and gamma bands were almost all for motor tasks
suggesting the changes might be a concomitant of the
associated wmotor activity rather thag due to the verbal or
spatial'nature of the activity and (3) the alpha band
normally conta@ns" the greatest proportion of EEG power and
additionally is the band most likely to be free from the
influence of slow body ’ovelent, eye movement, and muscle
artifacts whi¢h influence, ;Lspectively, the delta, Athe{a,
and beta-gamma bands most strongly. Pigure 7.5 is an example

-~
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of coherence Jdifferences be£;eenlverbdl and'spatial tasks.
9ihi§ited by a~sornﬁl individuai. In, ghis subiect “c;hetence
betveen ali‘lead pairs considered yés greater- in verbal than
in spatiai tasks fqr most frequency bands. ﬁ}gure 7.6
illustfates the avé?age magnitude squared ”alppa . band
coherénce f9t norsals, schizophrenics and sanic depressives
for the-descrig:d iead pairs.. ;ozfnorlals the . verbal, non-
motor task was compared té the spatial non-lotoF task. For
psychotics mental arithsetic vas cospared ¢to spatial nén-
motor. Taoléq 7.2 éiVes the means, ;tandafd‘deviaﬁions, and
two .tailed significance va#ues as Qeterlined by ¢two Qay

analysis of variance interpreted as a randomized blocks
desiqn: Both between task diffeteqces for each lead. pair and
interleaé‘differences for a given &gsk were analyzed for the
coherences graphed in figure .5.6: For all‘ three groups
significant intertask differences vere found for tpé lead
pairs.TuT3 and P3T3. No significant intertask differences

“~
- wvere found for the P4P3 lead pair din any.grodp; differences

.

between verbal and v;pagial tasks for puT4 reached
significa’nce only for ﬁq;nals. Ihterlead differénces were
highly significant far both verbal and spatial tasks for all
gﬂ;ee groups. As in section .7.1 single qlaséification
anglysis of vgr;ancé vis( employed to test for intergroup

differences between noraals, sbizoghreniCSf and manic
4

depressives in the spatial non-motor tpék and also betwveen

LN

¥
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g ) A ) 4 L L g - v e |
{ TASK| T4T3 | Pgp3 | e4Ty { PIT O |
r————% + - -+ 4 —4 - -——1
{ N I UNM | 274012 ) .484.15 | .53¢.15 | .57¢+.11 | .001 §
| I SNM | .. 182,12 ) .U492.16 | .462.16 | .50¢.13 § .001 |°
e — + 4 e —3 v
v 1P, 1, .025 I NS [ | .01 |
re————f— + 4 ~4— 4 -+ e ——ny
I MD | mMa I -30¢.16 | 474,13 | .464.15 | .412.14 | 2001 )
] I SNE | 13,10 ) .86e 11 ) .37¢.18 | .382.16 | .00 {
O e | -4 4 4 —4 ; 4 -4
. b P | .°00% | NS 1 NS | o1 -
— b ———— +—— 4 + —————
t s | MA | 382,27 | .482.17 | .42%.2 | .47+¢.15 4 .01 !
{ f “NM ) _204.%3 ) 462,15 i .39:+.19 | _41¢.19 i .00
b — 22— 4 4— 4 —4 - ——4 -1
I P4 .00 { NS | NS !t .05, |
[ - A A - A - . ——— ) <
.Table 7.2 Descriptive Statistics for Interregion  and,
Intertask (~Band Coherence Asysmetries. P, . denotes the

Significance value for interregion differences. P, denotes
the significance value for intertask differences.

- <
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schizophrenics ‘and wmanic depressives in  the mental
arithmetic task. VYo significant dift‘e‘re*ﬁs vere found for

any lead pair.

“1.3 Nogmalized Ayto-Spectral Rifferences

-Qualitative &nspection.of EEG spectra of normals and

.

. .. ® -
4Hhchotig ggested sigaificant differences in the relative

amounts o energy in the alpha, beta, and qagl' frequency

bands. To compare: norsals and psychoti

2 -

.intragroup and . intergroup differences in NOF

is Dbasis

ized auto 3

L] ' - y . .
spectral power ‘as descsibed in section and also R/L pover
ratios verd Sexamsined for the eyes closed recording
. ot - ,

condition} Alfhough igtma ana intérgroup lifferences . for
tawsks in vh{ch the subjéct' vas active would likely also
.reach significance, the eyes closed conddtipn vas chosen as
'subjects generally were the most rela®ed in this situation
and yielded the.  most artifact free recof@inqs.‘ Differpncés
in hdrmalize&u auto-spectral pover, to be refer{;d to here
after Ss propditional pover, vere stadied for the alpha,
beta, and‘qal;a bands for both temporal and parietal leads.
Figures 7;7(;) to 7.7 (f) portray the gréportional pover in
the alpha, péta, an1 gasma bands for the regions P4, P3, T4y,
ani T3 and mean. proportional power dlffereﬁces fgr t he

parietal and temporal regions, P4y-P3 and Tu-T3 respectively.

For each’ fiqure the graphs for the three diagnosticé

.
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categories are juxtaposead. © e - o
‘ N . 1 ” R 3 - vy ’

-
o

The significance of intragroup co;parisons betveen: }1)
homologous temporal and parietal reqidns and (2)pariet;1
proportional pbver différencesuversus temporal proportional
pover differences ua§ tested by the Wilcoxan Matched Pairs
Signed Ranks Test for each diagnosticicatedbry. The results
appear in Table 7.3, Por each diagnostic é'qtoup
proportionately nore.alpha band‘energy vas present in the
right parietal region than in the leif parietal regjion. TQ?
converse was true for beta and gamma ~Qand . enerqy;
Significant differences in,prdporfionalrpo&et in homologous
temporal regions were fognd only in the psyéhotics. ‘ianic
depressives had a small but significant propottionaiupower
excess in the right temporal, reqion for the beta band.
Schizophrenics had La siggificantly smaller proportion o}
alpha band povér and a significantly greater proportion of
beta and gamma band power in the left tgnpotal region .
Significant differences verg also found in cdipatisons
between Y¥homelagous parietal and teaporal mean proportional
power differences, Pu4-P3 vs TU4-T3. Por the alph& band both
P4-P3 and T&4-T3 vére positive for all three groups. The mean
parietal difference was siﬁ&ificantly greatef than the mean
temporal difference in each group. Por the beta band both

P4-P3 and TU4-T3 were negative  with the exception of temporal

1ifferences for manic depressives., For each group the mean
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.l v - T v rﬂr m )
I GROUP | BAND | P4vsP3 i TUvsT3 | APVSAT |
- + + —4 +— —
| | t { .004 | NS { .03 1
| ™D | - j .002 t .02 i .002 |
{ ' ; I .002" | NS 1 .002 |
| AK} t I .0008 i NS t .007 |-
| N } | .005 | NS { .03 1
} | , §i .0002 NS { .03 |
— . —4 4 —4 —4
i {. . | .0001 | .006 { .008 |
P i . ] .009 - | .OR { .08 [
| | . i -0001 t .05 | NS {
Ce o e 1 A A J

3 - N

Table 7.3 Significance of Intragroup Proportional F®G poger
and Proportional EEG Power Difference Comparisons. . In
PUvsP3 and TUVST3 .proportional powver wvalues in the indicated
bands weré compared for homologous® parietal” and temporal
regions by the Wilcdxon Matched Pairs Signed Ranks Test. In
.Pvs T proportional pover differences between homologous
parietal regions were "compared with proportional power
differences between homologous tempqral regions.
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parietal difference wvas si&ijéii:ntly more negafive than the

‘nean temporal difference.. P he qaina‘ band both aean .

parietal ' and - mean tesporal differences were negative vith

the exception of temporal differences for norpals. - Mean

)

parietal differences vere significantly more negative than

mean temporal differences except for the schizophrenics.

1}

Intergroup co-patisons.analyzed were MD vs‘ﬁ, MD vs s,
and S vs N. Conparisons were mage on the - basi of
proportional power values from the four recor ing areas ' and
proportional power differences betweeﬁ " homo ogous a;eas;
Intergroup comparisons significant at p<.1 as determined by
the !anﬁ Whitney U-~Pest (one tailed) are included at the

- »
bottom of fiqures 7.7 (a) to 7.7(fy. Sighificant single
region conpariéons .were confined ‘to the alpha and gﬁlna
frequenrcy bands. ‘Por the right parietal regior non of the
intergroup coiparisons reached significance. Por the left'
parietal region norwals had a significantly greater
proportion of alpha .power than schizophrenics, wanic
‘depressives a significantly greater proportion of gamma
power than normals. In the right temporat region normals had
a significantly greater proportion of alpha band perr than
either manic depressives or schiiophrenics; for the. gamma
band manic depressives had a significantly higher pgggprtfén-
of power than normals. In the'left temporal region normals

again had a significantly higher proportion of alpha bana
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pover thaﬁ either manic depressives or schizophrenics; both
manic depregsives and’ schizophrenics had a significantly
higher propbrtion of gamma band powver than normals in this

region, : o

Significant comparisons involving differences betveen.
homologous temporal and parietal areas were found in all
‘three frequency bands. For the parietal region the mean
alpha ba-d. ptoportional pover differeno; vas'significantly
iorehpositive for schizopﬁfenics than for normals or manic
depressives. Gamma band mean prop6rtiona1 pover differences
in the parijetal region wvere negative  with .the mean
difference for manic depressives being siqnific‘ntlj mote
negative than the mean diffetence » for no;ialf apd
siqnificankly less negative thanA the léan diftetegss for
schizophrenics. Por the temporal regiom mean alpha band '5
pr&portional pover differences were in the same d;rection as
in the parietal region vith the mean proportional power
dif ference for schizophrenics being significantly Rore
positive than the mean proportional powver differenceafor
normals or manic depressives. The beta band mean
propof&ionall po&er difference ggs positive for lani;\\\
depressives and negative for normals and schizophrenics. The
schiZOphrenié versus manic depressive comparison reached

significance here. The gamma band mean proportional powver

dif ference was negative for manic depressives and .

-
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schitoghrenick and positive for normals wvith the normal
versus schizophrenic comparison teaching significance.

4

+

Plgufe 7.8<Shov§'the averaqe R/L EEG pgxgr EAtios in
the alpha, beta, and §aiia bané ~?6F//tﬁe eyes closed
recording condjtion. A ng-bei of /intergroup conpgtisoﬁs
reached signiticgzz?\at t*e p=.1 lekel or lover (one tailed
Mann Whitney U-Test). Schizophreniqﬁ differed sigqificantly
from normals in the teapoval reqiqA for the bheta band (p<.1)
and in b&th"the tenporai ré@fon (p<.05) and the parietal
region (p<.1) for the gaama band.AHanic depressives djiffered
significantly froa schizophrenics in both the parietal and.
teaporal réqions for the beta and gamma bands and in the<*
pariéial region for the alpha band. The 'differeﬁces vere

. sighificant~ at p<.1 for the beta‘and alpha band conparigbns
and at p<.0S for _the ga-;a band colpatiéqn._ Comparisons
lbetween normals and ,an&c depressives reached signifzc;nce

only in the parietal région for the gamma band (p<.005).

7.4 variability

'BEG variability, as defined in Chapter 6, vas

investigated by éonpaging psychotics to normals both on a.

region to]reglon basis and also op the basis of differences

°

in the coefficient of variation between homologous telporil

or parietal reqions.’f%e significance of differences betwveen

]
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PSychotics and normals vas deterained by the]’ann Whitney U
test. Por each fecordinq lead and homologous lead pair the
following co-parisops vere sade; nocrsals versus
schizophtenics,' nornais versus manic depressives and
schizophrenics versus manic depressives. Th? comparisons
vereq calculated.fot the alpha, b;ta, gagma and "total pover®
bands as defined previously. Pigures 7:9(a) to 7.9(f{ graph
the mean: CV for .the right and left parietal and teaporal
regions amd also CV differences for ho-ologo&;,@arietal and

tesmporal areas. The significant intergroup comparisons are

included below the figures. Tables 7.4(a) to 7.u4(c) give
\

-

v

the °corresponding meansistandard deviations.

sigLificnnt intergroup differences vere found in the
manic depressive versus normal ;nd manic depressive versus
schizophrenic comparisons. None of the sdhizophrenic versus
normal comparisons reached significance. Signifieant
differences betwveen manic depressives and normals vere found
in the alpha and "total power" bands. Por the alpha bané
manic depressives had a significantly lover mean coefficient
of variation than normals in a}l regions. Differences for
P4, P3, and T8 were significant at p<.1; fo? T3 at p<.0S.
Rgr the "total pover" pand manic depressives had
siénificantiy lower coefficients of vaciation in the'the
parietal regions; . for P4 at p<.05, for P3 at p<. 1.

Differences in ;;hé/ distributions of differences  in the
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Eoefficient of variation between homologous teaporal reqiodﬁ
vere significant at p<.1 for both ¢the alpha and "total

pover" bands for manic depfgﬁ;ives versus normals.

The coefficient of vartation of wmanic depressives
differed significantly from the coefficient of variation of
schizophrenics in both the parietal znd temporal regions ,
especially in the right hemisphere. All.differences wvere in
the direction of lower coefficie;is of variation for manic
depressives..hlpha band differences ‘vere significaht at
p<.05 for P4 and at p<.1! for P3 and TU. For the beta band
and "total power" bands the coefficient of variagéa« for the
right parietal region differed at p<.1 [ ¥ p<. 02
respectively. No significant intergroup differemces vere

found im terms of variability differences between homologous

temporal or parietal regions.

7.5 Discriminant Analysis

nivariate statistical techniques were appliied to
assess the significance of the results presented in t
preceding secfions. In this section representative results
of applying the wmultivariate "~ technique of iminant
analysis to (a) a given group of individuals durina
different tasks and (b) to different groups of individuals

during performance -of the same task are presented. For (‘).
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input variables to the disérilinaﬁt apalys;s program were
R/L alpha band ratios, temporal and parietal and the four.
cohgrenées ‘P4P3,.TUT3, P3T3 #nd PUT4. The program attempted
to discriminate individuals performing a verbal non-motor
task froem the same individuals pgrfor-ing a spatial ‘non-
motor task on’ thel-baSiS‘ of these vﬁtiables. Table P.5
tabulates the results of applying the prograas t; normals in
VNM versus SNM and to psfcotits in MA versus SNM. The - table
dives the petcenfage of individuals correc%ly'classified for.
each ‘task and the sf%tistic knovn as Mahalanojs's D-Square,
a wmeasure of the significance of the amultidigensional
separation of the g;o;ps analyzed. T‘e\resqlts suggést EEG
measures can successfully discriainate Set’ben verbal _ and

spatial wmodes of thinking in both normal and psychotic

gqroups.

The program was also used in a number of experiiental

-

conditions in an atteapt to discriminate betvé;n normal and
psychotic groups. Both a festing conditioﬁ,\ EC, anda an
active condition, SNN Qere used for Analysis. SFM wvas chgéen
over VNM since 'VNM differed for psychotics and normals. A
non-motor task was cgosen over a motor task since -
significa%t intertask coherence differences vere found only
for non-motor tasks. JInput .variables for the active

condigion, SNM, were the same R/L ratios and coherences used

in {(a) in the™ preceding paiagraph. A separate analysis



r L et Stk S R |
PN | GROUP | VYNM ] SNM i D2 ]
R R R . —d— 4 -~

| 19 4 N | 84,/ | 78.9 | 19.6 |
Povs oy s | AB.6 I Hu. ¢ 1 17.33
|1 My bo100 | 100 | 43,98
L Py N —_—— [V S — ]

Normals and MK VWSNM in Psychotics A Separate
Discrimigant Analysis was performed for ecach groug. Th.
tigures  in the task columns give the percentage nf
individuals correctly classified in the VNM and SNM tdAsks.

) / 3 ’
Table 7.5% Summary 6f Discriminant Analysis for VNM vii NM in
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compared the two bé}chotic grouyps 'in the nmental arithletic
conditibn. A summary of the analysis is givgn in tables
- 7.6(a) and 7.6(bj. Input variables %6~ the discri-inané
analysis. progfal for the EC condition-were L/R alpha, bheta,
and gamma ratios‘andant-alized auto-sbecttal pover in the
alpha,beta, ﬁn& gamma frequency bands for the right and left
gtelﬁétal rﬁgiohs. The<§na1ysis vas carried out‘for the~Ti§fg
groups separately and also .forﬂ pooled psychotics versus
norlais. The tesults appear in thbies 7,7(a)'and 7.7¢b).

2

L]

116

l"

n_‘ ’



117

[ ]
:
£

r. ' LA LJ L 1

! GROUP | N |\ S { AD |

j . L A4 y | 4

L g . U h g v

| N I 63.2 | 21.1 | 15.8 |

i1 S | 23.1 | 61.5 | 15.3 |
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Table 7.6(a) ~ Summary of Discriminant Analysis for
Normals vs Schizophrenics vs Wanic-Depressives in the SNn
“Task. . For each group analyzed the percentage of

individuals classified into each diagnostic cateqory N, ~ or
MD are shown in the hogizontal rov of figures .coptained in
the' columns labelled %, S, and ®MD. D2 is the yalue of
mahalanobis's D-Square. |

he “TERY
L2 L 4 L4 1 r'e
| GROUP § MD | S |
. ‘a i 3
| 4 v T A S
| MD | 70 { 30 I
i s it 13,4 | 8.6 | .
- . - 1 \
! D2=9.01 i
L i J

Table 7.€(b) Summary of Discriminant Analysis for Manic
Depressives vs Schizophrenics in the MA Task. The
interpretation of the analysis is similar to 7.6 (a).
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\ rsals vs Schirophrenics vs Manic Depressives for the Eyes
dsed Condition. The left hand column shovs the three
groups and the humber of individuals in each. For each group
the figures on the same rov give the percentage of
individuals in that group classified as normal Ny,
schizophrenic (S) or manic depressive (ND). ,

Eable 7.7(a). Snliafy .of :Discrilinant> .Analyiis for

T v Ly R -

{ GROUP | P I N (

j . 3 * d

A Y N v L

| P(46) |,76.1 | 23.9 4 .

1 N(19) ¥21.1 § 78.9 | . .
I — - 4

D2=24.58 {
[ ¥ = ) -

Table 7.7 (b) Summary of Discriminant Analysis for Pooled
Psychot4 vs Normals for the Eyes Closed Condition. For
" purposes of analysis schizophrenics and manic depressives
vere pooled into one group. The proqraam attespted to
classify individuals as normal (N) or psychotic (P).
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SHUAPTER 8
RISCUSIION

A number of gpproachel to . quaitification of the EEG
based on auto-spectra and cross-spectra have been
implemented in this study. This chapter will relate the
tesults ptesented in Chapter 7 to previous reported findings

and susmarize conclus»ons to be dravn from the results. The

‘ ~

[ 4 - .
- results are discnssed',on a section to section Dbasis.
Suggestions for further refinglents in experimental ana

analytic techniques are included in the discussion. \

°

8«1 R/L Ratios

-

The techniqde of analysis used to study task dependent
EEG a;y--etries vas based on Galin anad ornstein (13). The
original intention of the study was to verify and supplement
their findinés in normals through an improved analytié
technique and then apply the lethod‘to groups of mental
patients in the hope of discovering significant group
differences. Unknovn to this' vriter a similar study on
"normal® subjects wvas be}ng gatried out by Dovle et al (12).
The results reported in 7.1 are in essential agreement witt
(i2$. Their  finding of significant task depenAss

asymmetries appearing most consistently in the alpha - --
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vas verified. As in (12) significant task dependént
asymmsetries vere found in the beta and gJamsa bands for both‘
the barietal and temporal regions. Significant beta And
Jasama band comparisons in ﬁornals were found only for wotor
tasks” though, 1in contrast to ‘Doyle et al who repofted
signific;nt comparisons for both motor and non-motor tasks.
Por the set of tasks" used in this analysis only
schizophteniQ; displayed a ':1qni£1cant task dependent

asymmetry for non—notor' tasks in beta-gamma band

comparisons. Conceivably an abnoreal neurophysiologic

concoasmitant to one or both of the tasks is manifesting

itself here.

AS results in normals indicated that thé‘ sost

significant vtask dependént asymmetries vere in the aipha*
band, the patients analyzed for R/L ratio asyametries were a
subgroup of the total paéient sample. Patients chara#tetized
by spectra not dominated by energy in the beta and gaama
bands vere chosen to avoid analyzing spectra with

significant beta band energy in the alpha band. While +the

main alpha peak for most Ssubjects is around 10 Hz with

td®sser enerqgy in, say, a t 2Hz band, the alpha band, as

defined for analysis, comprised frequencies from 8-13 Az to

ensure including subjects with slower or faster alpha
L 2

activity.  Most subjects, therefore, have beta band

contributions in the alpha band as so defined and in
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subjects wvith records Characterized by large amounts of beta
band activity relative to alpha baﬁd‘activity R/L-tatios
calculated for the alﬁha band are more a retlection of beta
band asymmetries rather than alpha band asyametries. A
strong possiﬁility exists, ‘hovever, that by exclud;ng.
subjedts vith relatively large amounts of beta one is
eicludinq subjects with a mOore acute psydhqsis. Indeed a
large propogtion of the group vith“recorﬂs dominated by beta
~gJamma energy showv a reversal of the asymmetry exhibited by
ndflhls T;is group wvas not analyzed stat1stically thaugh as
spectra donxhated-by large amounts of bpeta -gamma enery Are
dlfflcult to interpret due to the possibility of -yogenic
contamination in tke beta dJamma bands vhich is difficult to
d1st1ngulsh from cerebral activity and is especially likely
to occur during performance of an active task. Puture vork
on subjects with high beta-gamma energy records carefully.
scEeened for muscle artifact holds "Promise. Such careful
sreening wvas awvkward in the present study as avshortéOlinq
‘of the study was that no hardcopy readout was prodaced as
the EEG's were recorded. The intragroup co-pitison of R/L -
ratios for various bands, while yielqing no significant

differences, was probably carried out on the Patients whose

cerebral function was the most "normal®",

.

8.2 Coherence Asyametries ' )
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' Section 7.2 presented results pertaining to alpha band
Coherence asyametries in normals, schizopﬂ}enics and manicd
depressives dﬁtinq the VNM vs SNM tasks for normals and the
MA vs SNM tasks for psychotics. In all three groups the
pattern of nasy-letries was similar wvith TUuT3 and P3IT3
significantly dreater in the verbal task tham in the spatial
task. P4T8 vas grehter for the verbal task than for the
'sprtial task only for normals. The interpretation of the
significance of the co?ecence differences is difficult. The
fact that coherence valuzs in all areas increase during both
the VNM and MA tasks suggests a factor other than task
modality may be’  at vo;l.'%agk difficulty as well as® task
modality w®say be an qd&itiqnal consideration. 1If task.
diffieulty were the only fﬁctot though, coherences in ali
lead pairs wopld pe expected to risel\ similarly. The fact
that coherences rose Agnificantly only in the T4T3 and P3T3
lead 'pairs 1is cospatible wvith thé hypothesis ) of 1left
hemisphere dominance for speech re;ated faculties and raght
hemisphere Jdominance for visual spitial processing. Davis
and Wada (72) measured coherence fronm lef{ and rdight

tesporo-occipital lead pairs referenced to the left or right

ears’ Juring both visual evoked responses and click evoked

fesponses. Significant differences existed betveen
e
corresponding visual versus click evoked response

comparisons for the six possible coherences calculated froa
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the four léad pairs. The most interesting result was the
f;ndi; of greadter occipital-temporal coherenceés for click
resp s on. the dJdominant side and greater -occipital-
teaporal coherences on the non~dominant side for visual
r?;fonses. The authors related their finginqs to known
évidenée implying lateralization of the petcepgion and
recognition of verbal stimuli to the speech-dominant
hesisphere and lateralization of visual ,perception to the
non-dominant he-iéphere. In virtue of ghis evidence their
findings seemed to suggest greater intra hemispheric
coherence in ‘the hesaisphere dominant for a particular
function. The findings presented in section 7.2 ? vhile not
shoving an assymetry 1in intrahemispheric coherences for
verbal and spatial tasks nevertheless show significantly
higher intrahemispheric asylnetr;es iﬁ the dominant
hemisphere for a dominant hgiispﬁete task aﬁd. significantly

higher interhemispheric asyumetries in the ﬁe-porhl region.

8:3 Proportjonal Power

Section 7.3 dealt with proportional power valueg and
R/L EEG pover ratios in norsals ;nd psychotics during the
eyes closed resting situation. The results considered as a
vhole suggest that EEG abnormalities in psychotics tend to
occur in Aefinite regions of the cerebrum, the particular

region depending on the subjects diagnosis. Abnormalities in
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'schizophren cts tended to occur amore in the left

hemisphere, particularily im the teaporal reqion.-Intraqtoup
comparisons for schizophrenics reachked significance fo; the
alpha, beta, and gamma bands. There was a significantly
smaller proportion of alpha powver in‘théfleft temporal than
on the right and a significagtly greater proportion of beta
and gamma band-powver, Corfespondinq comparisons for normals
dide't reach Significance a;d for manic depressives reached
significance only in the temporal beta band in the opposite
ditection. I'ntergroup statistical differences suggesting a
left sided EEG aﬁngr-ality in sch}zophrenics relative to
normals and msanic depressives werg/ found: in comparisons
involving proportional powver, proportional povwer differences
and R/L ratios; Schizophrenics had significantly less
.proportional pover relative - to normals in the alpha band for
both the right and 1left tesporal regions and the left
parietal region. Temporal differences, while significant on
both sides, were more significant on the left thamn on the
right. Schizophrenics had significantly more proportional
power than hormals in the gamma band for the left, temporal
region only. Significant intergroup | co-parisoqs in
proportional power differences tended te occur sore often in
the temporal reqgion. Considered in conjunction with single

region proportional pover comparisons the significant

proportional power difference comparisons suggested a left
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esphasis of abnormalities. The finding ot a left sided
elph;sis from proportional power differences wvas supported
by the finding of sjignificantly 1lowver R/IL ratios'in the
temporal beta and significantly lower ratios in the parietal
«
and temporal gamma bands for normals vérsus schizophrenics.
Additionally R/L beta and ganma band ratjos vere
significantly lower in schizofhrenics relative to wmanic
depressives: in the temporal region suggestimg a left sided
eaphasis of beta and gamma Land enerqy for schizophrenics
Felative to aanic depressiwel. Certain comparisons suqgested
a right temporal abnorlélity and a left parietal abnormality
in manic depréssives. In terms of proportional power values
manic dopres§ives had significantly less proportional alpha
power in the left and right temporal regions and
significantly more proportional gamma éover in the saae
regions. 1In both cases differences vere more signifigant on
the right. Temporal proportional power differences tended to
be positive for manic depressives and negative for
schizophrenics. Differences were significant suggesting a
right emphasis of beta for manic depressives and a left
eaphasis for schizophrenics. The suggestion of a
neurophysiological abnormality in the left teaporal region
in schizophrenics and in the right temporal region in manic
depressives agrees with recent neuropsychological evidence

reported by Plor-Héhtx and Yeudall et al (75) implicating
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predominantly left fronto-temporal dysfunction in
schizophrenia and predominantly right fronto+temporal
dysfunction in the manic depressive disorder. more ‘difficult
to reconcile with neuropsychological evidence is the findi'ng
of a left parieggl EEG apnormality 1n manic depressives. A
localized neurai abnormality in the left parietal region has
no co;reldtp in teras of ﬁ@uropsycholoqical impairment. The
possihility exists though, that an EEG abnormality appearing
in the left parietal region has it's origin in the frontal
poles. Figure R.1, from Carpenter (73), illustrates long and
short association fibres in the left hemisphere. The bundle
of fibres known as the superior longitudinal fascisulus
passes from the %rontal poles to the parietal poles. The
hundte passes approximately nidvay‘betveen the C} .and T3
electrodes and electrical activity conducted along the
bundle would 1likely affect both electrodes equally _and
appear as a coamon mode signal rather than a differential
Siqnal'as 1t would between P3 and CZ' While this explanation
1s consistent with the obser#ed ressults direct confirmation

vould require recording from optimally placed frontal

electrodes.

8.4 Variability

.

A number of investigators (34), (35), (36), and (50)

have reported a lower coefficient of variation in

12
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Figure 8(1. Dissection of the lateral surface of the left
hemisphere to display long and short,association fibers.

The bundle of fibres denoted the superior longitudinal
fasciculus extends from the fromtal pole into portions of the
parietal and occipital lobe. The figure is a reproduction _
of Figure 2-10 of Carpenter's Core Text of Neuroanatomy.

!
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schizophfenic patients in comparison _to normal controls. 1ll
reports of a lovered 'coefficient of variation were based on
BEGs reco?ded in pﬁtieuts vith the diagnosis of chronic
schizophfgnia. The results reported in section 7.4, while
not showing ény significant intergroup differences between
the schizophrenic and normal group, are not ap variance with’
the literatufé. Marjerrison ]1967)- studied EEG amplitude
variability in chronic schizopkrenics, ;cute schizophrengcs,
and normals (36). The CV of chronicé vas significantly lower
than the CV of the normal group (p<d.01) and the acute group
considered as a whole (p<.05) . Acutes who reported
hullucinaqfons during the EEG recording, however, had a
significantly "~ lower cv  than the acutes wvho . didmn't
hallucinate. Sugerman et al 1973 (37) Qescribed a separation
of séhizophrenics into two wmajor groups fﬁr _.research
pur poses suggested by Cromwell (7&5. The two groups,
describéd more specifically in (74), wvere designated high
redundancy and 1low redundancy and correspond roughly with
the chronic acute dichotoamy. To quote €he authors: "Our own
experience 1is that the chronically hospitalized patients,
corresponding to . Cromwell's high redundgncy group,
characteristically show low EFG varia?ilit§, while recently
admitted schizophrenics, unclassified as to 'ﬁigh ‘or 1low
redundancy, may show a wide&nqe of variabili_ty." ¥hile the

group of .schizophrenics wused in this study included some
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chronic patients the majority of the group fitted acute/low

redundancy classificdtion more accurately.
. B -9

.

An aiteppt to ,g}é}ain the hypovariability of‘ianic
depressives in relatioa to normals and schizophrenics in
‘certain power band comparisons must be made in accordance .
vith ah assumed rel&tionship between brain functiog and the
fEG. fhe rel&tionship assumed in the followinqaexplanatioh
is that adment to wmoment changes in consciousness are
paralled by mosent to moment fluctuations in‘the EEG siqn;l.
The definition of consciousness assumed in this explanaﬁion
is from Fccles (18). Eccles considers coascioussness as

N )
having three components; outer sense, inner sense, and pure
ego. Oufet sense refers to our abilit§ to sense light,
colour, sound, smell,taste, péin, and touch. Inner sense
refers to consciousness of thoughts, feelings, . msemories,
dreaas, ’ imaginings, and intention' Pure ego is
consciousnesé of the self.—#lbﬂgnt to ’l ent changes in
consciousness will therefogéﬂhéesult from an individuals
fesponse to e(}egnal stimuli or changing aspects of ;nn;r
sense. Manic depressives in the depressed phase ‘are
conceivably at a relatively fixed low level of cbns§iousnous
and their EEGs, as a resul}, are relatively invariant over
the epoch length used  “for 'variability analysis. The

depressed patients typical complaint of slowed or "mixed up"

thinking and their lack of reactivity to external stimuli

<
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are not inconsistent  with fhis explanation. Manic

depressxves in a nanlc phase are conceivably at a fixed high

1eve1 of. consciousness. Their: BEGs, as result, rapidly
. fluctpate from moment to soment at a relatively uniforn tate
but remsain relatively invariant over the epoch length nscd
for amalysis. The gpqch length chosen for this stndy, based

°

on significant results reported in schizophrenics is likely

large with respect to the period of a manics high rate of
soment to moment EEG kluctuations and thus would tend to
average thea out. A.variability analysis using a wide range

of epoch 1lengths wouald have to be rformed to verify this

notion.

Discrimimant Analysis

The results obtained by application of diécri-inant
analysis to. individual grougs during perforsance of vegbal
and spat1a1 tasks indicate that the. multidimensional EEG
discrilinatof used in . the analysis can efficiently
differentiate betueen:verbal and spatial modes 6f.thought-in
both normal and psychotit individuals. The ° use of a
multivariate discriminator can potentially prd%ide a auch
more efficient discriminator than a single variable. Heai
R/L ratios, for‘exalple, ;re significantly ﬂiff?&énf during
verbal and spatial tasks hut their separate distributions

overlap considerably. Knowledgqe of the R/L ratio of a
. -

°
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Subject ddring An anknown task Jould not define his mode oﬂ
thinking reliably. a lulfiyariate measure vwill often prove a
more reliable discriminator even though the aistributions of
individual components of . the discriminator overlap
considerably. Sectiom' 14.18 of Sokal amd Rohlf  (67)
discusses this péiht for a bivariate situation. While the
results are promising it is vérth noting that the aﬁalyses
shown in tables 7.5, 7.6 (a), and'7.§}blvere based on alpha
band paraleteré only for four regions. Beﬁtef discrimination
could very likely be obtained by the .use of ;ore eleciroaes,
including measures for other fréquency bands, and also by
devising nev measures.

A reliable index for assessing tﬁé'lateralization of
mental proceéseé suggests a variety of possible areas ;f

research. Galin and Ormstein (3) discussed various possible

potential uses for such an index.

* 9

The authors summarized evidence suiggesting that
dis;tders- guch aé dyslgxia and . stuttefing and various
learning difficulties may be due to poorly develéped
cerebral later;lization for verbal and spatial aétivities;
they mentioned the possible applications of  an
elécttophysiologicai index of" laterali{y in the
ihvest;gation of these disorders. The possibility of

studying the ontogenetic develop;ent of cerebral
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épecial;Zation vas also suggested and poteqtinl therapeutic
uses of lateralized alpha feedback ira;ning in the tteitlent
of disorders due to poorly déveloped cerebral lateralization

vere considered. N

~

The results obtained by lpélicafion of discriminant

R analysis to different groups during a“_giveg condition are
shown in -tabléso 7.6(a) and (4) and.tab1§;‘7.7(h) and (b).
The results’ depiqted .iﬁ’ table 7.6(a), vhile shoving .
rsignificant intergrohp etfgcts;‘indigate that considetablé
overlap e;ists' in th; distributions of the poéulatidns
ana}y;ed vikh this particular aultivariate discrisinator.
The,lérge éercentage of individuals aisclassified in each
group precludes use. of the discriminator in differentia%
diaénosis. Thé‘inalysis shovwn in 7.6 (b), manic’ depressives
G?tsus schizophrenics in mental arithaetic misclassified 36&
of manic depressives but only 15% of the schizophrénicsflrhe
fact that relatively fewer Schizophtgnics‘vete lisclaésifigd
in a pte&o-inantly ieft hemisphere task iaplies that
schizophrenics have an EEG profile more peculiar to thes in
a left heaisphere t;sk than do manic depressivfs. fhis is
consistent vith_evidenée‘fro- other disciplines ;questing
left hénmisphere dysfunction in schizophrenia. Table 7.7 (a)°
and 7.7(b) summarize the disc;ilinant'analysis-for the three

groups .in the eyes closed resting condition. Table 7.7(a)

summarizes .the analysis for the three gronps.sepgrately:

a
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tlbie 7.7(b) summarizes the analylis for pooled psychotics.

versus noraals. as 1n table 7. 6(3) anduﬂ 6(b) signiticaut
intergroup differences were fonnd althouqh too luch ovetlnp
bet veen the groups wvas presont to allow ntc of the

disctininator in differential diaqnosis. In table 7 7(&)

relatively fever normsals wvere lisclassified than were eithet

'schizothenics or manic depre831Ves.'In table 7.7(b), pooled

¢ )
psychotics versus norwals, roughly equal numbers: of

. V) .
.psychotics and normals vere misclassified. On the basis of

" this particular multivariate djiscriminator it appears that a

considerable proportion bf ° psychotics have abnormal PEG's
although the individual wvariables of the discrisinator

overlap considerably bétveen the two psychotic groups.

. 4 o
The failure of a particular multivariate discriminator

to correctly classify asembers of two or more groups
hypothesized as disparate aay be due to either: (1) the

inherent’ inability of the : discriminator to differentiate

betveen the groups or (2) honéqeneity of groups thought to

be hetetogeneous; Th? discriminator used in. this analysis
ustilized nine EEG variables based on auto-Specttal
para-eters for one task. Many o\het possibil1ties exist for
choosxng a discriminator based on both auto and cross

spectral differences between groups for various regions

'during different tasks. An approach to the problem of an

opti-u- discriminator similar to that applied by Sklar and



Hanley (65) is a possibility for future vork. Asidc-tron_the
possibility that efficient disérl‘ination betveen the major.
psychotic Qt?up; may be_inpoqsible‘on the basis of the séalp
EEG, the problem of waisdiagnosing individuals into th§
different Apsfchotic gtoups alvays exists. If an efficjient
'discrininaior vere .e;tablished' on the basis of riqidly‘
defined groups however, it could be applied in difggrential

diagnosis to help prevent misclassification.

8.6 §g.-é£1

Evidence has been presented showing EPEG asyamsetries
between predominantly left héli§pﬁeré" and predoninangly
right hemisphere tasks anad diffgrences'betveen norlals’ and
psychotics in terss bf quantitative parameters based on ﬁBG
spectra. This section will (1) briéfly outline the main
significant EEBG differences found betveen verbal and spatial
tasks.in normal and psychotic subjects and (2) summarize the
implications for 1localized cerebral 'dysfunétiOn Af the
significant intragroup and intergsoup differentes in

proportional powver and variability.

¢ o
R/L ratios were significantly higher in verbal tasks
tgan in spatial tasks for both normals and psychotics.
Significant differences occurred aore consisténtly in the

alpha band. When intertask alpha band differences vére
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significant _in Dboth temporal and parietal regiong'fOt both
motor and non-motor tasks, differeaces betveen wmotor tasks
tended to be. ;ore significant in ‘the temporal tegioﬁ and
differences betvgen non-motor tasks tended to ‘$e "Wore
_s{Qnifican£ in the parietal region. ‘This ‘finding is
coasistent vith the mormal anatosical localization af wmotor
functions in the anterior regions Jf the cerebrus and non-
lotét functions in tﬁe posterior region. _ Alpha band
coherence values for the vegbhal n?n-loto; task wvere
significantly higher than values fbr the spatiai non-motor
tisk for the P3T3 and TuT3 1ead;pqirs. Based on the_subjeéts
chosen for in;ekgtoup éo-paris;ns no significant intergroup
differences were found by single classification analysis of

o

variance for either R/L ratios or alpha band coherences.

o The significant i‘l:érgroup and intragroup differenceré
found in proportional powver, R/L tatios-and variability in
the EC restiﬂg condition support tﬁe hypothesis ihat EEG
abnornaliti;s in psychot?c ﬁatients tend to occur in
definite region§ of the cerebrua. Within group and between
group proportional pever and R/L tatio“conpa;isons suggésted
EEG abnormalities predo-inantly in the left temporal region
for schizophrenics. Variability differences. between
§chizophcenics and pormsals vere not significani. Significant
intrag;oup and integqtoup. proportional power conﬁarispns

suggested a bite-porai. though predominantly rfqht EEG
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abnormality in sanigy epressives. Intergron proportional
pover .conparitonsaso Qquested a left parietal TEG
abnormality in manic depressives. It was suggested tﬁat thg
abnot-aliéy may have it*'s origin in abtivity from the
frontal poles pissing into fhe_ parietal region "along the
superior longitudinal fascistilus., In teras of EEG
variability certain manic depressive vs normal and wmanic
J;pressive vs schizophtenic comparisons shoved a ;elntive
.hypovariability ig manic depté;sives. The most significant
normal vs maiic depressive comparisons occurred on the left
in the temporal region and on the fight in.- the parietal
rtegion. The most significant sanic <depressive vs
schizophrenic comparisons occurred“in the parietal region,
especially in the right hemisphere. An explanation‘vas

advanced suggesting the EEG variability changés mirroreqd

disturbances in mosent to moment changes in consciousness .

oy
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