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THEROLICTION

The discovery of tie elestrioal motlvity of the
braln offered great hopes for finding electroshysiolovlesl
correlatea of human behaviour, fThese hopes remain largely
wnfulfilised. There are many ressons for this. Fayeholow
glsts have shown little Intersst in shis field. Thias is
partly due to the eomplex Instramentation regquired and the
necesallty for tralinming in the physiesl selences whieh iz a
preveoqulisite for suctezeful research in this field, Medieal
men are more interested in the elinicsl appllitetions nnd
grest progress haas been made in thls area. However the
main resson for dissppointing results is the enormous gap
botween advences in elestrondeos and the appliesation of this
kraowledge Lo brein researsh.

Thers ls 4 need Lo payebologlenlly oriented re-
searcer in the fleld of electroencerhalography and the possle
bilities for resesreh with presently avallable Instruments
are by no mesns exbeushed. There alse aprears to be &
great concentration of research effort on the atill unex-
plained alphs rThytha, at the expense of obher electricanl
phencmena assovlabed with the bresin. The laportance of
time ez a varisble both o4 the neuronsl level and in inte-
greted sotlivity casmnot be denied, Tet tuls varlable bas
heen neglected in elestroencephalograpby, though not in



Bitei VATV RN Y\ SIS ik

neurantysislogy when dealing with Individucl or relutively
amall setvoria of neuroms.

It 1ia in this bacv, rownd tzat the nrable of iins
atudy evolved, It became cleur early in the review of the
literoture that an ghl variable other timn Ve al-he rhythm
and releted to time offers sowme promise of rovesling an
slectrophysiologisal eorrelate of intelllgence, o iano-
vations srreared necessary in the ingtrumentation, but the
lagk of related regsearch was dipecuraging. Althoush o
#entative theory wes FPorsulited, detsil. wers ot gulfli-
clently clenr v allow a sroperly eotbrollos deni . Tuis
study L2 therefore o plliob ctauy whose wwlor away are Uirst,
to Jemooptrate Lo feaslbllilys: of .eesurdny, Intraecgsvic .l
del v o georad ¥ toszb bue theorwwilool uredlietiv: bhat
intra-goriical Jelsy ray be relutws o “avehomebrie
irtelll -enge.

In ehs tor one bLos llbepoture 1o analysed {row L.
paint of view of the type »f gl veriebles «ulew, Lowve been
corrolotes with Intelll: emoe d the beobnlool roblecs ine
volved in the delsy nnd detcoblor of evoced eortic 1 resnon-
seg, This is Tollowed By o atatonest of tesoriblesd sssumpDe
tions and the formulation of & Ly othesle,

In ehapter two the semple sopulativn, thn instiu-
munbation and the experdmental procedures are describsd.

the lss% section is sonveraed with the Piret najor alaw of
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thiz study nmmely The Juaiagtration of vioe Tomoiblility of

3

b

measurin, drtra~cortlocl aslay.

The Firat seetion of ehe, ter Lupee L. » pressmiation
and discusslion of tlhe reculis relobly Intra-corticsl cvelay
to dIntelll ence. In secblon twoe the wellulily and rellebility
of tke Lo vardisble is coagldered., In seoctlon fhree tlhe
theorebicnl beoy; vourd of thls study ls elubornied in terms
of aetwork effieclency and bloluclesl intellipence. fier

a sumsmary of the findlinge certels sugieatlonn for further

regenrol are ade,
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“gudies of the relutionshi, betwsen LLGL varisbles
snd inteliigencs have been fow. These have boen unsuccess-
ful in lerge asmples of normel adultzs and nodsrately sus-~
ceseful in groups of mdualts sand ohildresn wlth Ymown or sus-
neoted orcanielity. It is prosvsed [ere, thet tne Pallure
ig dus not to tie type of frtslll ance fert: that wears oo
lected by yprevious suthors, bubl t.u tue nsbture of the L3
variabvias whlel, were correl- ted witn test Intelll, ence.

Trere rr. no studles re-orted relatlse intra-
eortical ﬁ&lmyﬁ to ingslll snce, 1.6 bechnliue 4o be employ-
ed In thiz study. Touz the previcus wort Iz thisz ares is
relavant awlialy frow the point of view of the i varisbles
thet Lave besn eomsidered and Lhe problsus sncountered Iin
maasuring cortiesl deleys,. 7The literature will tnersiore
e reoviowed under two Leadivpmy

1. BE2G warisbles and intelli: evce
Zs Pelay and detention of evoked oortieal resoonaes,

1 The abbrevistion BEU will be uzed bto connote the
rollowing depending on the ocontext: Klestronencephslogream,
il setroencephalogreph, Rleetroencephalo.rsphy.

B Imtra-cortics) delsy is defined here ap the tlme
reguired for iaformation Yo bde cssimilsted ond pronegeted
from one ayer of the braln to spother, T4 lo obasrvad as &
ehange in the eleetrical ocutyut of tbe eorbtisonl aren involved,
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1. BEG Varisbles and Intellicence,

The wajoerdty of popers relate snlpha 1nd%x§ and nlzha
frequency to Invellivence pnd Lhese wre swuarised In the
followling referecves. Xnott ol g;;,@ tested o group of 48
glalt yesr old ehlldren and anobher groupr of 48 twelve year
olde, Nental nge wan compured with both alphas fregusney angd
alpha index in esagh of thesge groups, The only slgnificsnt
correlastion found was one of 0.5 between nentel aspe and
glrna fraguency of the eipht vesr old ebildren. The aullors
;uggasteﬁ, thet st bthe bwelve vesr level organle shanges
assoclinted with adolegeercs mey slter an obtherwise signi-
ficant correlatlon between nentel npe and alpha frequency.

zraazﬁr*aﬂ sublacts wers 446 non~-differenitladed
familial type mentsl deficients of adullt sge,. & marsinally
glonificant vorrelztion of Q.82 waz found bebween mé%%ﬁl
oge and slpha frejuencsy, while there wes no slgniflcsnt

goyrelablion bebween nenbnl age and slpba index.

3 The alohm index in the .oreent Llse during whilen
twrecing Ll oocupled by 4he alpha rhythe.

4 J.KE, Enott, H, FPriedman sng &, Berdsley, "Some
Elesotroencephaloara;ile Correlateos of zntmliig@w@w im Bloht
Yéar w%a TW%IW%*Y&ﬁT old Children®™, Jowrnal of Erperinental
Payehology, Vol. 30, 1942, o. ;%awm—ﬁm.‘

& Gaorze L. Ereezer snd Franklin @, Jedibk,"The
Relotion of the EEE and Intellisence Level in the HoneBiffe-
ﬂﬁnﬁiuﬁaé ?amiki&l @ygﬂ«aﬂ e tul 3wziai@way”, Ehe Joukns.

/ i‘ L vgﬁj& * li’ﬂw’rﬁy lﬂ L 3 '4“!?'” 1 * »
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&hﬁgﬂasﬁ in a major study of normal aculis used
1100 mirersw ocandidates and found no slgnifiecant correla-
tion between oecipital alphe freguenoy snd o prouy test of
mental ablility (R.C.A.F. Classifieation Test),

4 recent study by Mundyuﬁaﬁtla7 uging elpha index
and alphs frequency as the MEC verisbles i not Iln agreenent
with previous work. In s grouy of 34 asubjeects he found sis-~
nificant corrslations between alihe index and Verhal I.x.
(0.33), alpbe frequency and Verbal I. .. (0.48) and
Proctical I. + {(0.40) and General X... (0,50}, The South
African version of the ngchglor-Eellevue test was used.

To ageount for tils disparity Le proposes the Tollowing
explanation; +the sample was highly seleoted (I... range
11l5~145) and he argues that in & howogenous EPeUp non-

intellective fectors tapyed by tihe deghaler test will servs

to revenl thelr underlying electrophysioclopical eorreleles,
whereas in a less homogenous group such relationships would
be obseured by the greater varlance contrivuted by non-

intellective facetors.

8 Charles Shagass, ".on Attamwt to Correlate the
decipital Alpha Fraqu@ney of tnm “4G with ﬁ@rf&m&n@@ on &
ﬁenﬁal Ability Teat", Journel Yrperlmentnl Favehol ooy
Vol. 36, Feb, 19846, pa

7 halra Munﬁyw&&atla,
of Intelligenes”, dournsi o
June 1988, p. 1&%~1$@,

”ml@mtrawhyaimlm&iﬁﬁl ﬁwrrel&t@&
LM B d ‘.f Vﬁlw &‘2& %mg 5‘».;
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’ wa) terd

In hisz book the Livi repurbn Ol

servations whiodk suggest the possible poslitive relationshiy
between KRG Tre.ueney pattern variatlon and intellisenoce,

In data from his eutonstle frequency enalyser salter ob-
served a greater varistlion of the frequency spectrun among
iz more "brilliant collesgues” than awong his "duller
patienta™, He suggesbed the term versatlllty %o desorive
the tendenoy toward greater patiern variability. This nay
be related to Walter's concept of brain rhythms ss seaming
mechaniasms; brains wlth sore numsrous and variable scamning
rhythms being more versatile,.

These obaervations werey tegted experiamentelly by
Ellingson? in the first of two studles in whick the FEG
variable was not the alpha index or alcha frequency. The
subjects were 88 vsyehiatric sides and one nigh grade men-
bally deficient sublect hopplialised for obpervatlieon, who
was congldered neither meuntally A1l noy beain dsmaged. The

gubjecbs were given s ziort form of the Y¥sohsle

test, Ten srtifact free 10U second epocks were recosded [rowm

variouz areasz of the hranln, The inter epoch simllarlity wos

B . Grey Yslier, ihe i gln, Wew York, Norten,

1953, xv=31l P

B Rﬂrh mﬁn@w&m, Halow ‘?‘il@ﬂtﬁ, ;p‘}n diﬂ@;g g and
W,J, ﬁmﬁa&, ”EE&-#yaquﬁmay Fattern Varintion and Iﬁ&@lli@@wg@“
EEG and Olinieel Hewrsphvaiolesy, Vol,. 9, No. 4, Yov, 1857,
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salovlated snd found to be statlietically bLiubly silsenifi-
gant 1o all osses, indicating tue Ligh devree of reljabi-
lity of the sstlcates of Treguency nabtiern varistlon.

Hank correlations were then cowputed Letwesn L.d. and the
HEEG freguensy pattern variation for four aresg of the brain
for the 287 subleets. Tnfortunstely all of thess were
negliglble,

Netohine!® tried to sorrelste a combination of
seversl IIG variebles with intellisence, The sublects were
30 sdults of low intelli:ence bub without clinieal signs or
organiec demage. The HICG varlables were alphe index, fre-
guency soatter index, smpatlal organizetion snd saplitude.
Two gorvelations were reported ap siyallfleant., Verbal I...
and frequeasy ssatter index (0,37) snd ierforssnes I, .. and
freguenecy seatiter index (0.,49). The U.37 correletion is
gqoubed as gignifisant st the Ul level of confidenes, this
moy be an inasdvertent srror. Tables ahow t.abh Tor siw.nifi-
pance 8% the .01 level of conflaencs, bosed op 30 subjects,

the ourrelation coefflelent must he st Lonst 0,483,

10 B, ¥etehine, I. Talsn, G.C. merv Bsnd i, &mmzm
EEG et Wiveau Mentsl", W&g Paycholesioue, Vol, 2, 1.59,
Te BOB-372,
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It ie dirtienls to explsin the inadequacy of re~
search effort In this lmportant ares. The shove studles
show that 1n the thirty-two years sinee the discovery of
the EBG only one experiwent, by ﬁhﬁgmﬁﬁll denls with »
large sample of normel adualte and Umt only two GEC vari-
ablas, slpha index snd elphe freguency wre considered by
more thean ane aubhor. Jome li0ht mey be thrown on the res~
son Tor this insdequecy of raessarch sffort by the following
guetation from L&nﬁ&lwylaz

Uhy have not JECG and psychologlionl sorrelas
tions been persusd more systemeiioally and perw
sigtently? Why hes there been ao 1lithle success
in relsting neurophyaiclogiesl data %o subjective
states and behavioural smaifeatati ns? There are

robably meny ressons. Alawet fros the start, the

wre snd excitement of new elinleasl discoveries was

a dimtroetion %o gerious effort in thisz direstion,
Becondlys the prematurs 1f not actunlly grandlose
hope that the mysterlous and ublguitous alphs rhythm
might be releted o intelllisence, persouslity an
other similarly broad sod in thenselves underined
paresebars, soon exheusted Interest in that dlrectlom,

11 Charles Bhegess, Op. 2lbs pe BE-BE,

18 DeBs Lindsley, "Fmychologlenl FPhenowena end the
GG apg Clindes) Meuropbysiolopy, Vel. 4, ¥o. 4, Wov,

Lo
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2, Delay and Detestlion of Hvoved Cortieal Besponsmes,

Resotion tices to lilght have been found to vary
From L15 to 8 seconds depending on the conditionsz of the
ﬁx§ari§ent§3 Agoording to Lamaiﬁglé approginately .05
seconds of the total resction time is utilined in trense
mission to snd from the cortex; the remsinder involves an
indeterninate contrsl transmisasion tlume, Another estisate
of central transmiasion time was glven by doniert® in e
very carefully executed study., He calls it opto-motor in-
tegration time, or cortical integratlion time and eatimmies
thisg delay at aboub 070 seconds, He recorded simultieneous~
ly the Eleotroretinogram, the LU and the Hlectromyogram,
from 3 aubjecis and was able to define the time yvelatlons of
retinal, corticael and moter responses %0 & 1ight flash in man,
The slectrade placements were os followst the Xlectroretino-
gresa was derived from the ocornses, the JEG from bipolar elec-

trodes diaposed ssgpitally above and below the infon and the

13 John 3. BYamm, "On the Helationship Between lew
potion Time to Liﬁh% andg Lm%anwv af Bloeking of the Alpm&
Bhyths®, 820 end Clinieal Neurouhwedolocy, Vol, 4, No, 1,
Fabs 1?&51 Pq Ble=58,

14 H ¥, Lamaim@& "ﬂmlm%imm of Erain Trmmur Thy&hma
to Vipuel Reactlon Time™, EEG and Cliniesl Neurcohysiolo
Yols 3, Bo, 5, dug. &9&?, ﬁ, 4, g

15 ¥Mereel Honler, "debtinel, &wﬁim:t Md m%w ﬁmam
ponees to Photls é‘itimmi&%im in &m", donrnal of Heuwrouhys
W’ Vol. 1&* Ho. %g iﬁﬁaﬁ P %ﬁ@“‘é&ﬁﬁi
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Electromyogran from needle eleotrodes inserbed into the
hypothenar musocle of the palm. The tlue relations abserved
by R&niarlﬁ were as follows: (a) stlmulus to retinal rea=-
ponge 30 milliseconds, (b) stimuwlus to first responge of
visual cortex 35 milliseconds, (¢} retino-corticesl time
{b=~a) B milliseconds, (d) etimulus to musele resgonses 130
milligeconds, (e) EBstimated tiwe for convuction of efferent
impalses from wotor eortex to musele, baged on 100 meters
per second conduction veloelty end one meter digtence from
motor cortex to palm, was 10 milliseconds. (£) Alphs
bloeking time 810 milliseconds. (g) opto-movor integration
tine {d~b~e =1580=35«10) or 76 milliseconds, In sdditlon to
deseribing the sbove time relaticnsidps the study maves it
cloar that the blosking reaction of the alpha rhytlum osne-
not he interpreted ag (he specific responms of the vizual
eortex, a8z it is much %oo long. This is also confirmed by
@@hn’alg work, wbo found that specifisc responssy of the
visusl perpex range from 35 W 180 milliseconds whieh is
well ounbalde the obgerved range (160600 millisscondesl for
alpim blocking timea.lﬁ

15 Harcel Monler, Up, olds, p. 469-480,

17 Bohert Gobn, "4 Visusl Analysls and a Q%uﬁy of
$he Latency of the Photlcally Driven HBEG", BEQ and Clinjenl)
Beurophyeialosy, Vol., 4, ¥o. 3, Aug. 1@@3, Da ﬁwv~301‘

18 John 5. Btamm, Op, glb. p. G164,
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Moniexrt? also stnted thet the time of tie efferent
discharge of the motor cortex Into the mupole cannot be
messured transeranially, BatesZV in wn sxperiment specirfi-
eally desisned to .esmsure such & moter discher ¢ corrobo-
rates Mdonler, when he falled to obsarve any potentisl change
froa the motor eartex preseeding the onget of & wvoluntary
movexent, These observastions are of the utmosd laportancs
to the pressnt study as all measurments are baged on the
asgumption thst the arrival of information sb t{he moter cor-
téx from other arsss of the brain can be detected, In order
te aveld confusion 1t must be stated here, that the arrival
of information is not consldered eguivelsnt %o the efferent
discharge of the motor eortex preceeding & volunbery move~
ment, This point is elaborated on rage 38 of this repors.

The failure to detect ths monent of diseharpre of
the motor cortex ls generslly attributed to thers being an
ingufficient number of neurons disechsrcing almultaneously
to produse & deteectable potential ﬁhﬁmgﬂ%l From thies expla-
agtion it is evident thut the exlatence of such a motor oor-

tex discharye is not disputed, If Lt is admitted that the

1% Mervel WMonler, On, olb, ps 409-480,

B0 TehVa ﬁm%wa "l eetrionl Activity of the Cortex
Acoompanying Hovement,” Mgm%a@; of Fuyeiolopy, Vol. 113,
Ho. By ﬁﬁwu i@ﬁl’ e BAO-BLY,

21 .4V, Baves, 1bid., p. B40-257,
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motor cordexr Inltlates and controls voluntary movement, then
it ie obvious that the command Ho move musd procesde bLhe
movensnt and that some eleotrical vhange will be sssoclabed
with this command, An elgotriosl chenge in the motor ares iz
the object of thie study, but it lz attributed to the arrivsl
af informstion and it may or wey not be sssoolated in time
with & voluntary movenend.

The techniques snd instruments presently aveailable
are sensitive enough to detset vultages of the order of one
mierovolt and time delays of slmosd any desirsd asouracy.

The variety snd ingenuity of these teshriques mnd ingtrumenis
ere too numersus to be ivncluded here, however thare ls one
begie szsumpilon gnderlying all these ifnmstrusents., The
sasumption iz that evoked cortieal resgponses In the ssme in~
dividuel heave slmost ldenticel delmys snd similar wave forms,
Thus 8ll the inztrusents deslgned to detect evoked eortissl
responses gelect n gpecific event or events from a large nua-
Bar of random events, The specilie svent in {dentliied be-
gause it ooeurz ragularly and Lea a charnoteristlic wave form.
This sssunption is well supported by the Literature for rela-
tively simple stimulus-response processes. Jor example

22

Largson™ erplled & stimulus %o the ulnar nerve et the elbow

2 Lers drik Lersaon, "BEG Responssy to ceripheral
Berve Stimulation in Men," BEG and Clinteni HMeursshvelslo
Vol, 5, Ko, By bug, 1983, 7, ]

'f’ BRSO R0 Sady oo S S
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and recorded the responses of the mobor corter using
Dawson's®® superimposltion technique. In this technique

she stimulus triggers the sweep of the oscilloscope end a
nanber of gucoessive sweeps ere photographed superimposed in
& single revords In this wey randoxn acbivity ls sencslled
ai%, whersas the pericdic Teaponses are reinforesd, Hsagur-
ments aade on the resords reproduced in Larsson' s artisle
show that the individual responses which were sverssed by
this method couwld hsve & delay of plus or minus § milli-
sgeonds. It is thus elear that evoked res onses 4o not
have fdentical delaya, however thelr mean delay and the
range of thelr delays tends %0 be stable and the averaging
technique worke for this ressom,s It should be noted bers
that Liere iz ne problem in detecting the mofor cortex res-—
ponse when a pusels is strongly siivulated by artifieclal
meang, The diffioculty arisss in debecting the spontanssus
dlseherge of the motor corber prior %o e voluntary swvemend.
This probles ls svolded in tols piudy o no attempt is asde
to measurs the motor cortes discharge prior to a voluntary

povenEiia

23 Q.0 Bmw&am, "Gerebrul Hesponges to Verve Sti-
mulation in Man®™, Brd mf;”ﬁ‘.W,yﬁ,ﬁmm_fw@u Vol, &, To. 44
1950, T BREBES .

24 Lars frik Laroson, Qpa gibe, pe 379384,
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There is further evidense in the lite. ~ture that
not only the delay, but the smplltude snd weve fors of
evoked responsea is warisble. rampiglione®® reports that
responses to flsshes of 11,0t conld be modelled by faotors
obher than drugs. Netuved stlaull, suditory, Kinesthetis,
elfastory and menial oslculation sye capable of disturbiapg
the regularity of iLhe regponses, Bates states thet "It would
be an oversimnlificeiion to ploture the vortlesnl res onzes
&g some consigtent weve form superinrssed on wirelsted ran-
dom &ctiviﬁy;“gﬁ e illuastrates Lthls point by & series of
ton sonseocutive cortleal responses to adlan nerve stlmulg-
tion, demonsirating s progressive change In the wave form,
whieh would be obliterated in the superisposition teechnigue,
ay sny other tschnigue based on the agsumption of regularity
in evoked responoss.

Dawson®? also found varlations in the size of the
sorbical respouse to peripheral nerve sbtimulation. At the
gane btime he oriticises his own metbod of superimposition
as having the dlgadvaniage of mesking veriamtions in size

2% G, Pampiglione, "idome ﬁba&rvaﬁimnw an the Varia-
biliﬁy af Evoked Hﬁ&.&ativity” BEG and Dlinfeel Moupc

NN BReTa VQlﬁ ﬂg Ha. 3.; Fﬁby T A

26 T.A,V, Bates, Ope @ila, De B40-857,

27 Golis Vawanon, Up, glb., p. SE5-3E0,
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and fomg of responses o succesnive stimuli. In eddition

%o exparimental confirmation of wariebility in cortionl rege
voapaes, from & theorvtleal polnt of wview, It is difficuls to
goneeive of any regularity In o network of %en billlion neurons,
The veriabllity in the delay, smplitude and form of ¢coriiaal
responses is styessed In order 0 Jusbefy the mebhod of

delay seasurnent waed Iin the prasent study.
3. Summery and Hypothesis.

Studies relating a number of LEG veriables 4o ine
telligonee were reviewed, It waz noted thadt no slgniticant
correiations between any LG verimble ezamined and intelli-
genee was raported in any study deslling with & large ssmple
of normal adulba, The insdsqueey in numbers, scupe &nd row-
sults of studies dealing wilith ¢his problen was stressed.

It was propoged thet the feilure o Find gignificant corro-
imtions is dus o the natars of the LG varladles sonsldered.
Ireocsupation with the mysiterious alphe rhybhm and the lure
of new elinisal dimcoveries, proposed aps an explasation fop
the inedequmey of reszeaxeh effort in this area by Limﬂﬂimyaﬁ
waz slso seoepbed, It was noted, thet no studlies have been

reporbed relating lnra-sertiosl delay to inteldllgence,

&ﬂ ﬁ&ﬁw &&n&ﬁl@y; “ﬂmy&hmlw feal Phenomena snd the
piopd Jeuroehyalolosy, Vel. 4, Hoe 4, Nov,
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Two estimates of the probeble warnitude of Intrae
corticsnl delay were exsmined snd the problem of ceasurine
thls delay directly, was disgoussed. The wmalor diffieuliy
azpsars %0 be the detection of the spontanecus discharve of
the motor cortex prior to s voluntery movement. Tt wos steted
that this approach would not be used In the pre.ent gtudy,
howsver the technigues for detesiing svolhed regpomges were
congidered relevant and were analysed, It wasz conveluded that
the bisis of these teshnlgues is the sgpuwgtion of & hich
derree of regulselity in the corfiowl ros ouses, Avidence
was nregsented whilel supnoris this agsumption for reletively
gimple atimulus-response procssses, howover it wog also shown
that there may be considerable verdebility in the delay,
smpliitude and wave form of svoked cortliesl responsesn,

The theoaratlieal backpround invelved in the forsne
lation »f the hywothesls iz beged on gerdein assumpbtions
rezaréding the braing (1) probabilistis laws povern the pro-
pazation of elsciricsl activity in t.e brain. This lesds
im-edistely to & explenation of the variabllility pbscrved in
the delay, amplitude and wave form of whe eortical responssn.
There are s large nusber of patbways by whleh Iinfermation ean
be propegated Trom one preas of toe broin o another and [t
would be too much to expset thet tinls Inforomtion arrive

always after an identieal delay.


http://UT4.hVF.aa

REVIEY OF TOW LIT2a 0T 46

In asswaption (&) 1t is proposed that the shorter
the centrel delay in responding %o m ;dven abtloulus the
grester the efficlency of the 0¥ unlsn, leo., Lhe more ine
telli.ent, This sssumption ls dirveetly weloted tu the hypo-
thesis and the theoretleal Lapllicutions are discussed on
pEcg 386 of this study.

Stated in the null forma the Lypothenis rro_uvsed is
that trhere lg no siraifiemnt relstionablp betwesn intrea-
aortiocal delay and Intellipence as amsazsured by the Ygchsler
Bellevue test.

Chapter II in addltion to deseribla, dets relevant
to the ezperimentel design, serves thse wajor funchion of
demonstrating statlistioally the feasibility of measuring
intra~corticol celay. In doln. so o foundation lg laid for
digoussing the valldity a~d reliabllity of tie LEG veriable,
whieh iz to be correlated with intellicence, In order to be
valid the BEC veriable {intra-sortical deley) must first be
shown to be & non random phenomenon. This cust be done Do
fore proeceeding with the sorrelation of Iatelll; vnee and
intro~cortical delay, In favt, 1Y the jai varlable ls found
to be a rendom phenomenon thaere would be no adejuate reason
for myoesedlay with thils study. laborniion of thly nroblem
iw therefore proverly ineluwded In Chapter I tefors the dig-

gugsion of the main resulis In Chayter 11X,
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The hasle problem in tesbing the hypothesis vrojposed
is the neasurnent of Intra-sortlionl delay. It was shown in
the review of the litersture that the deteotion of the motor
cortex dlacharse prior o s voluntary movement, using s
variaty of averaging btechniques, hes failed. 4 different
approsch is used In this study. NWo attempd will be zude to
measure the motor cortex discharge prior to a voluntary moves
ment, but rather the deley in the spresd of cortiosl wetivity
from the visusl ares to the motor area will be memsured.

In order o do this 1t must be assumed thatd inf@rm&ﬁimnl

ig trensmitted from one gres of the brain to snother and 1%
mugt be proved that (nforastion srriving at the polnt of
pnesgurment iz not & rendom phenomenon. In sore precine torms
aneanable to statistieal proof, the problem in to show thet

g partioular event following & stloulus is not due 4o shance,
but iz 8 true resjyonge of the brain,

After degeribing the sauple populition In sectlon

one, the instrusentetlon in seotion two snd the sxperimentsl

1 The physieel meaning of informatlon trensdsgion
with regard %o the brain, is the propagation of elestrienl
soblivity from one ares Lo another.
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progedure used ln section thige, an attempt will be aede to
resolve the problem outlined sbove, in sectlon four dealiny

with the anmlyels of dets.
1+ The Sample Population,

Ten poastgraduste gtudents in the faculty of paycho-
logy of the University of Obtawn voluntesrsd for this ey~
periment., Thelr sres ranged from 19 to 35 and T.w8, e

Hellevue test, {(Jhluws

pvye and daneJl.S,) resged from 106

WSS o .

sured on thres forms of the Jechglsr

o 183% with 8 meant Tew of 120, There weg 21p0 one Lelee

vision techniclsn sgad 87 with & Weahnler

105, In only one osre (the T.V. techonlelan) was the intelli-
gence test administered by the experimenter. The othar ten
subleets weres all tenzted by gsenlor stu.ents or stalf nenbers
of the faculty of rayobology. ALl subjeeis were in good
health st the time of tesilny and wers presumed freoe of
brain depage. S5 records teken from the motor and oeoipi-

tal syreas of all subjechs were norzal,
2y The Instrumentation,

BEG recards were obtained from z two chanell system.
The ontput of two presmplifliers was laed into 8 duel beam
gathods ray ogeilloseops and the tracas photosyuphed by 8

sontinuoua motlon osclllopoope casera. The oncurs was
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snuloped with s timinge 11 bt whieh proauced ti.dn we's ak
tie rate of one svery 1/6Uth sscond, ¥Fllin speed was also
varisble but only two spesds were wuged. For seximus reso-
lution short (eriods at 400 inches er ulnube were used for
ench sub’act. The romalniqg recordl was done af 168 -l on
per minste. Veadles electrodes mede of 29 or 30 gpuu & Dyrom
dermie needlss were uned., The wiviag connesiliig the susject
to tLe presuclifiers and the senlifiors $0 the oseiliosvoue
wgre shielded to minimize 89 eyele intersfoerence. The ntl-
mualuz light was genercted by g photogileuiotor v .lel wes
connected to cne chanell of the oseillossope au that the
onset of ithe stimulus could be recorded. It waz alse veoes—
gary to uzs & second monlitor osseillosespe Tor observing the
brain waves durlag resording, besause on bhe recording ozoll-
lozcore the electron besm moved wp &nw Aown only, while the
film was moved Lorizontally.

Consicering sucl feotors ma Line volbta e flustue
ation, thie' nesa of the lrace, ilm spoed ebe., the bost
time resolution sbteinsble at L6 Lnc.ez ser sisubte was
found to be  lus o rinus L adlllisoeonds,. AV 400 Incbes per
minute an accuracy of plus or minees 1 willisgoond was

caglily obtained,
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Je Bxperimental rooedure,

Bonopoler technigque wap used throughoub, with the
gar lobe as the common refervonce g¢lectrode, Jne electrode
was vlaced sprroxixmstely twe centimeters to the right of the
infon and the other over the mobtor sres on the right nide,
The subjeet was lying in 2 davkensed wroom with the eyes cloged,
The recording egquipment nnd the grperissnter were in an ads-
Joining room. Bsfore reoordisg whse started the brain waves
were obgerved znd 1if too mush alpha asetilvity wae seen in the
notor chanell the cleotrode was moved, veuslly forward, un-
£i11 sotivity of Lister Tre.uency wgps prewent, The lamp of
tte photestloulator was noved withls one font of the gubjset
and a Tew tyrial fleshes were glven ui medlum Intsnsity
{gettins 4 on the photostimdetord.

The instructiong bo the sublsect wers simply o
relex, kesy the syes olosed snd to move ao little ap posgl-
ble. The monitor oseilloscops wag comneciked to the oeel,d~
tal chanell and recording wag staried st & Lilm speed of
148 inotesn per minube. Yhen sood alpbs activiby was seen
on the monitor a single stlmulue was . iven, &1l.ha activity
wes geneyally blosked, Tt was allowsd to return end then
ansther aingle stimulus wes glven. Hegardless of the state
of the alpbe actlvity stimull were not glven sore Ireguent~

1y than one every § segonde, otherwlee the timing of the
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atimalus wes ifrrvegulsr. Thirty sitlmull were given at this
film gpsed. The film speed wes then irereased to 400 ine
chea rer minute snd another ven to fifteen silmull were
glven. Total recording time variod fro. subjseet %o sabjoot

but was ab lemst two winutes in esch case.
4. Analyeis of Dats,

Intra~corticel delay was mensured on the records ns
the delay betwesn the o et of the stimuluz ond tie beglin-
alnyr of the motor cortex resuouse to twhov stloulus. There
are two reasgons for adoptii, tids perticulser delay as o
mesgure of Intra-coritienl dwlay. First, 1% will be gene-
rally sdmitted thmt one cannod regpond to & ligbt stinulus
without sensin toe lirht. This iz self evident, however
it meves it eleay Lhat the motor cortex cannot respond
directly to & light stimulus, Thus the only possible path-
way by whieh the motor cortex osn respond to a visuel asbi-
mulus is vie the primsry sensury ares for vigion., It ls
clear tnercfore, that 1. asacwela, bVhe aotor oertey respon-
se to 8 1104 sbtimulneg whet Lo acbuslly el Lotsured Lo
the time taken for Inforwmtion to ose ~roceassed and propa-
gated from bhe relinm throurh the visusl ares Lo the motor
gorbexr. The flret part of thls catlwsy, sswely retina Lo

visual ares will be regarded g2 5 ooistant of approzlsately
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35 mil)lseconds ﬂurm%imn? leaving the roxvinder, visuwsl 1o
motor ares as the intre~cortlienl delasy Qefined on page ome
of thie report. Secondly the amatonionl patheays involwed
have been dezoribed am follows:

The optiec nerve fibers have $two major terninal

stations, Some fibers terminaste in the supsrior

sollieull, where connestisns are mads to the mo-

tor nuclel of oraniel nerves ILI, IV ang VI ger-

ving reflex eye movementa., The other fibers by

far the largest in number, travel to the lateral

geniculate bodlea in the thelasmus where they sy~

napse with the cortsieal projection fiberz. The

latter go dlrectly %o the cortex of the occipital

lobes (arven 17) which is the primery sensory area

for vislon,v

From this 1% 42 clesr thet with the exeeption of re~

flex eye movements, lanformation ls propagsted directly to
the visual aress, It is further postulsted $hat when inforw
mation arrivesz &% Lhée visusl aree, Lt does ast just remaln
there but gpreads to okher areas of (be brain. The moat
probable ares Tor proximsl recepilon is rresumed to be the
motor cortex, as almost eny response involves some kind of

voluntary movenent zs bhe sdequete rewponse $o a stimulus,

2 Marcel Honler, Upe oil., p.460-486,

3 H.h. Wenger, Fﬁf, Jones end k.l Jonss, hysiols
gyabndosy, Heary Holt, Wew York, 19566, v&ii
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The flrst step ln nessuring intra-cortiocal delay
is its ldentifieation on the records. The following set
of oriteria were devised for locating and identifying the
motor sortex responsa’

1, There must be no alphe sotivity present in the
mohor chansll 500 sllillseconds hefors asnd B0
millissconds alfter the stimulus,

2. The event {(i.e, the wotor portex responsel may
nave n delay of nod more then 200 millissoonds.
Thus attention wlll be fosused on an area of recard
representing not more than 200 milliseconds alber
the stimulus.

Z. The event is identified as 8 distinet change in

the weve formm of the brain waves, This chenge may

be positive or negative, an inorssse or Jescresse in

amplitude, If %here is more than one such change in

the 200 millisecend interval, the £irst one after

the stimulus only ahell be measured. The term ohange

iz relative %o the wave form bebwsen the onzet of Hhe

stimulug and the point whers tthe suspected change in

BEBN .

4, A1l msasursents are anderstosd to represent the

baginning of the event, not ite pesk or Ltrough or

duration or bterwisation.

The reasons Tor adopving thepe sriteris ere:

(1) Alpha mcbivity is charuocterlstie of the coeipltel area
gnd should not be present in the motor crea when NeasUP-
mente are sade, It 1s Loped timt 8 cnenge In the charage
periatic rhythe of Sthe motor ares van be detected as &
reault of transmission from the virusl srea. (2] Two hun-
dred millisecgnds wan conzldored sdegurte to asllow for

thenretienlly ponsible intrea~cortliesl delays, The 75
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millicocond estimate of lonier
tlae nay be too shord. It is expected that intra-corticsl
celay vill be ghorter then visual reaction times which wers
foud to rece between 150 and 500 milliseeondsY Om this
bagls an un er limit of 200 willlssconds was msurked on the
records an: the braln waves anslysed during this interval,
“riterion (3) iz better sxplained by referding to figure

ls 874 Tigure 2 on pages 24 and BY respectively. 4 number
of &G eroachs taken from the saue sublect are reproduced
a~d tre gvent Iindiceated by an errow. Figure 1A was taken
at & Pily or~ed of 186 luch ey per mi ube and ficure 2 at
400 incres ;or minute. It will be noted that there iz

s“"

consloers le varieby in changes bthat avre clessiflied as events,
Tre delsy: in flgure 1A a -pear slmost consbant, however an
srror LT oasurmend of rius or nizus B millisseonds at thls
fila rreed ust alge be ocongidered, In figure 2 the varie-
pility 40 Lhe delay of eventes lg greator in terms of dlg-
tances on Ll e record, Bub with an error of measurment of
less than one millisecond the corticel phenomenon is ro-
markably e¢onatent, Vimusl inspestion elone indlcates thai
guch regulerity could not he due %o chanee, however this re-

mains %o be proven sitatlsticslly.

4 Weroel gonler, Jp. oit., D $60~480,
B John e Jbamm, Ope 0lbe, 7o 81-85,
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In flgure 1B LEG revords of the same subjech are
shown while no stimulue was present. Linss were drawn rane
domly on the reocord and weasurmenis of Intra-cortiesl delay
made applylng the powe orlterin ss when uveassuring with the
stimulus pre ent., Fifty sueh pesrursenis we.e made for each
subjeot and the stendard devietion computed, The sipuifi-
cance of differences between stendard devistions with the
atimulus present and without the stisulus were then culou-
lated and are shown in table I on oage B7, It ig clear ihat

he variablllity of events witbout ¢ stinulus leg significang-
ly greater in all ceses than with the stimuloes present.

From this the songlusion may be dreawn viat the event veing
medeured following a stimulus ig not dus Lo cbesge, but la s
trus res-ouee of the braln to the visusl stlsulus. The in-
Toerence bthnt bhess Jdelayg erc noinslly measuren of fntrae~
cortical deley le =0t valldly btensble on the basls of thls
study. Tevertheless the term intrp-cortlcal deley will be
uzed in referring to these delay meacurnents,

once 1t is eetabllished that the H4U variable (i,s.
intra~cortical delsy) is not due to chence, the correlation
with intelligence sey be atbenpited, The pesrgon vrodued
moment sorrelation was used and debails aud the dlscusasion

of results follows in chapter III,
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l}fﬁbl@ :E a™
Veriaebility in the Delay of Byenta® With snd dthous
Btlmulation,
with #ithout Signitiocant
stimulds shimulue 8t .0l level

Subjeet K& o

e
N
5
Q
<4

1 7 B.¥® &2 828,38 22,4 8.7 yag
2 15 2,8 B0 88,5 25,8 8,3 yes
3 8 8,6 50 B1.9 25.3 75 TR
4 10 5.0 B3 BB«6 21,1 5.9 yea
5 5 ‘?;5 5@ Séﬂig g?#ﬁ ?gl y@@
8 lﬁ @.5 B0 Eﬁw? @@g% Eiatk ¥as
7 B.5 850 28,5 88 8 7.1 yeg
2 8 8,8 8 27.1 B0.5 5.8 yesu
v 15 5.9 50 30.1 B TG yes
10 10 5.8 50 83,7 a7.8 Bael rea
11 8 8.7 50 BO.1 2l.4 B.B yeo
v-is ittt i

8 41 event reprecents & ahaenge in electricsl acti~
vity at the memsuring elesetrode and lts delay from the onset
of the stimulus is the intrs-corticel delay.

b Humber of stlmull meeting eriieria and used in
the meagurnent of intra-corticsl delay,

o Prendard devistions ave in miliiseconds.
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Havin, estabilisbed the foselbllity of measuring
intra~oeortical dslay, by Jemondabrating ibte -erioviclity,
the correletion wilth ivttellisence will be rresentod in seg-
tion ome of this chapter. In evluztling this ecorvelntlon
additional deta obtained from a secoud sasple will be intro-
duced. Coneclusions drawn will be confined to the orisinel
groups. In sectlon twe the discussion will center around the
validity and reliability of the [S5G verisble., In assobion
three the possible rslationghly of Intru-corticexl delay o

blologioal intelligpenve will be dlacussed,
le Intra-coriicel Delmsy and Intelli-snoe.

Por girnitlesnse at Lhe Il level of confidense with
9 degreen of freedom (MH-8) the correlation veyulred ls 735,
The shiained correlstion; shown in table I1 on the followling
p8ge, is -,88 which indleatos n stetistically slemiffiecsnt
inverse relstionahlpy between test intelli once and intra-
cortioal delay, Desgplite itz stetistlieal sipnificance thls
degree of yelotlonship cannot be avgepted os & Lrue LoBBUre
of the relationsbly between the btwo verlables, aApard fronm
the inadeguate sample, there ere otrar reagsons for rejes-

ting whe signifiennee of the obbeined cerrelation,
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T&hlﬁ II et

Intra-egortical Delay and Intellisences,

s Intra-eorticsl
Bubjeot s ) @l&yh

1l 13% 45

8 129 B4

3 187 80

4 118 40

g %ﬁg gg r ﬁb£0~83 significant at

* VR 4 EEE

7 116 89 the leval of confivence
a8 118 8%

9 114 7

10 106 108
1l 106 108

= - ooty o -

& Full soule JYtews Weoksler, Wesiasler Bellevae or
HahaXoe3., soorep were used,

b Delays sre in millizesonds and are pesn 300res.
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Consldericrg the two variables, Intre-cortical delay
and Heehglar test scores, it will be noted that the Llafluen-
oe of many uncontrolied factors ere orernting. In terms of
realistic and sttalnable eontrols the experiment In 1lts ,re-
ssnd stage may perbaps not be eritielised too severely., How-
ever in dermg of theoresticslly desirable ecountrols, with res-
peet to the LZG varisble, thers ares two major shortoomingsi
{1) as delsy is & funetion of veloelty snd dlstence 1% would
be necessary to place the eleptrodes in zuek & way thet the
path length frow the retine o the sobtor arsa iz the same
for eaeh subject. This is practicslly lmpossidle., (2) The
prysiee)l anc mental siete of the subjsot during nessarment
wag uaknows and uyneontrolled and the influsnce of these
Taotors on intra-coytiemnl delmy noi predlotabls.

Ingrodustion of the second ssmple while eomplienting
the problen, also serves 0 reduss the pessliniss dictated by
the small originel zesple. The sevond group consisted of

i nabients suffering from a varisty mental

33 female lospital
illnesses, Thelr ages renged from 18 to 43 and thelr full

12 test rangsd Lrom

seale 1.4, we sured by the Lgols
45 to 128 with n mean of B8. The expsrinmenial procedure was
eagentially the amme, though not perfommed by the aunthor.

A pix chanell ink writing SEU mechine was used and photle

1 Ontarie Hoapltel, Brockville Untsrio,
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atimulation was included as part of standerd JEG propedure,
Fhotie stimulation wes routinely stertod at the rase of ane
per second snd then graduslly incremsed to aboub thirty per
gecond., The record from the motor aresz chanell was analy-
sed In the manner previcusly deacrihed, messurments of
intra-cortienl delay belnp made only frosm stimuli glven
at the race »f one per second. The peper speed used by the
hospltal's 2EG laborstory was £ esntinmeters per sevond
whick allowed 8 tluws resol tion of pluws or dnus 10 milll-
aseonds, The correlatlon of =28 betwesn Intra=-corilonl
delay and peghsler scores abown in table 11X on the follo-
wing page iz not simificant, This 13 not soprising, fer
in a mentally disturbed Individual the validity of sn ine
tellisence test is questlonable. In addition to bhis 25
of the 33 subjects wers glven drugs before and/or during
BB ezasmination,

it is interesting to note that 47 & single orite-
rion of seleection isg appllied Lo tile groun, namely the eli~
minstion of all subjects with I, .p. below BS, the correls-
tion between intelligence and intraw-ooprileal delay is -,7E
whioh is slgnifieant at the 0L level of confldence, Thia
ariterisn for seleotlion is probably valld es the subjeols
with I.w2. below B9 moy be sugpeotsd 91 orpanielily or severs
mantal detirioration due to payebosls, In view of ths

lsrge number of uncontrolled fuctors opersting a scerrelation
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Table I11,~

Intra-~cortlesl Delay and Intellipence in & Group of Mental
Hoapital letlents,®

ERG code b Intra-gortical
no. e dsley®

983 88 R E

315 88 1828

1098 48 138

1803 g7 83

1099 107 &6

1810 iC1 138

756 78 60

1078 109 66

732 78 a9

1058 78 116

1081 ioge a4

ills 167 BO

1318 g1 85

13149 o6 $%

1043 80 87 - B

o9ns 103 59

937 71 108 Woa 33
io0%2 1) 106

1110 28 2%

2lé 1609 5y & Ontarie Hoepital, Broov
1388 100 g6 ville Ontario,
1108 74 83

1120 ) 6% b Sechnler Bellevus full
18685 78 106 sosle moores.
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of this magnitude is suprising wlees soue degrse of rele-~
tlonahly is adnitted Letween intelll ence end intre-corbtical
delay, Taking she ori, inal yroup snd the hosplial group
inte eonglderation 1t may be sonclwied with a 1ittle wmore
confidence that sume degree of roelstiosshly existe. %ﬁWQF“
ever In view of the problems cublined above the magnituds
of tasse gorrelations cannoet be acespbted at face value,

At the saoce tlme there is gufflicient evidence to warrant

furti.er resgearyroh.
2, Validity and Reliability of the X&G Variable,

The valldlsy of intra-cortiesl delay as & measure
of test intelligence cannot be compubed, sg the relisbility
coeffielent Por the ZEG varisble iz nobt eobisinable from
the Gasta sveilable, The only bechnigue which would yisld
a valid¢ relisblility coefficient is the tost rebest method,
This is dus bo the theoretical lmportance of the placemant
of the sleetrodes, Thus it is possible to memsure intra-
cortiesl delay relisbly with the electrodes In one plsce,
but this does not laply thet in & Aifferent position the
same delay will be weasured, “iuee it is not possible to
repeat this experiment withoub some varistion iw the poal-
dion of the electrode, in order to dempunstrebe reliabillty
it sust pe shown that & small ehangs In the posliion of the
alestrode doer not influence the delay. This can only be
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done by tre test refest nethol wlth a systc oitic varlation
in the position of the elecblrode over the mobor ares, Such
megsurments are now in progress and wlll be reporbted in a
later paper,

A definite Indication of the rellability of the LiG
variable with the elevtrodes in gne pluce is the pericdi-
city of the deleys demonstreted in table I on page 27 of
this study. It will be nobed that the stadard devistion
of the ILG variable for sach subject iz small, ranging frowm
2.88 t0 G.87 millisseonds, «hen this raice lg compured o
the error of sessurneut (pluw or minus % milliseconds) it
¢an be abteted with sows confldenoes that the delay of whab-
aver 1z belny neesured 1ls rellable whon the factor of the

pasition of tue e¢lectrode I1s lLeld wonstant,
3, Intre~cortiesl Jelay and Bloloclieal Indellisence,

The shorter the central delay in reaponding to a
given stimuolus the grester ihe efflclency of the organism,
{.2s, the more intelligent. This sssumnption was proposed
as the besis of the hypothesis whioh wae %ested 1n thia
gtudy. Furthermore s stochastle bruin model was accepbad,.
An effort must now be made to link intra-corticsl delsy
and bislogleal intellipencse. The tera blolocical iatelli-
gence is uged because Intellirenve ms it ip understoed in

payehology 1 80 far removed from inlra~-gortleal delay that
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1t pammot be discussed in the frame wort of tris study. If
the eorrelation found ies el niflcant then this wust be acoe,~
ted as » fact, but why intra-cortical delay sbould he related
to paychometric test intellicence is far from clear, Blo-
logleal intellige ce and efficiency of the orpenisg are
interchangeabls concepts and this is the mneaning glven te
biologieal intelligence in this study. The purpose is to
reduce the extent of the mesning of intelligence Lo mEnsso-
gbkle proportions,

Any brain model which iz not bagsed on the known
snatomieal and physioclogleal faocts ig regsrded with scepti-
eism and the soncept of efflcieney or biclogleal intelliszence
will thesefors he relanted to & neuron network,

Considar a network of recaptor cells, neurons,
synanses and effectorsz, In a stoshastlice model where connec-
tions hetween the elemenits of the network are rasdom there
mxy be 8 lavge number of pathwsye by wiieh & silmuluz ean
omune 4 Pesponse, Thess sathways will be unegusl in length
and will therefore nroduce varying .oleys In the duration
of the stimplug-response process. The puthway where bl e
delay iz the alortest 14 the most efficient and the organism
ig anid to set intelligently in tlhie rartiosuler stimuluse
regponpe altustion., The problem of fud.iug what Lg an ade~
suats responge still remains and no way is sesn to resolve
this problem without Introdusing eriterin outnide the

ovganlam. For simple reflexive aotivity the sdemoy »f the
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rasponze is easily Judged in terms of interval pysiologicsl
eriteria, But when complex huusen bebaviour iz consldered
an efficlent responge lg not necessarily the shortest one,
There are however relatively siuple voluntary acts such as
the gitumtion involved in ¢his experiment, serception ol
a diffuse flssh of 1lisht requires no somplex vesponsze snd
yet there are undoubtedly nonereflexive responges Inwvolved.,
The mechanism iz thought of 23 & tratsmission of inforw
anation from the visual area 40 the wmotor ares, resulting
in & genersal prepasredness o 26b In lhe motor sres., The
sloctrical clarscberistier of this preparedneszs o ash

is not yet clsar from the dste gutiered., It ean however
he gald that 1% 12 not similer to the alphs blocking resce
tion and that 1% is not Interyreted ez the amotor sortex
discharge prior o & veluntary wmovesent whleh previous
aut.ore have failed to detest, A distinet ehenge dogs
speur in the mobtoyr ares rhybbhm and at resent thils change
itz zesuzed 4o reprsaent the arrival of inforemetlon,

Time is a fundemenitel paraseter in the funetioning
of the elements of the draln. Temporsl pasterns when the
orgeniss funetlons as a whole are squally lmportent, There
iz thus good reason Y0 hope that ths mesgurment of verious
senbrel delsys in resuonses 0 o veriedy of atlmull ney
serve Lo reveal physliologlesl sorrvelatas of intelligence

ar other vaychologieal phesomens,
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It was shown thast wessurment of the delsy in the
transmission of informatlon from one arew of Lhe brain o
another iz feasible, Thiv wasp done by sesonstrating
statistically & pericileity in the resronses of the mobor
area 0 2 visual stimulus which could not be due to chanse.
Having egtabiliashed this, the hyputlegsis of & significant
relationship between Intre-coriical delay and intelliipence
wad tested, A statistlierlly sirmifleant relationshls wasz
found, however the desgres of signifisante when hased on the
dats avallable was rejected, Sulficient evidence, both
experimental andé theoresioal, was presented tw indicate the
probability of the exlistence of & true relationshbip and to
Justefy further ressarch.

The immedlete ressarsh need is for reliability
gtudies of the ER0 veriable, With & meltl chenell instru-
ment the entire oorvexr sould e mapped with respect to
delay and & lsrge numbsr rvgvelolopical variablen correlatad.
Thers in algo & need for invesil sddny the nmture of the
stimulus in rolation to delay. From e theorebtical | oint of
view it is probeble tist more complex sblmuli would he

gzaoointed with longer doluys.
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The foremost need In ile search for L.l correlates
of psycholonissl phesomsns is bhe investigation of new LG
varisblez, The time peruebsr fo undoubtedly of major Lo
portances a8t the neuronsl and the behaviowrsl level, {Thus
Intra~cortlenl dclay wae introduced, delined and wessured,
ag an 156 verisitle relates to tlre and (rosisit; o yleld
furdier lac’ et Into o alootrophyveiolorieal basgls oFf
intelli erce,

The liter:sure revesled ag insdeousay of ressapcl
affort in thig ares and fenernlly nerative resultz alil
resnest Lo % e electrophysislogien] boslz of Lntelligenco.

Trhe nejor sing of thio study -~ ere Liret, o show
the Teasibility of nessuring Intrea-cortical delay, This wae
done by demongbrating g periodicelty L1 the nobor coTLeX Posw
ponse whiel eould aot be due to change, The gecond alm was
to velete intre-cortiosl Jelsy to intellirence, The corro-
letion found was sbe. letlenlly al. niflcdnt but ttbe desree of

simiftioa ce was relsotod lun view of nhe many uneonirolled

1 Jomm 7, Brtl, Master's thesic resented 4o the
Bohool of ! eyonolopgy of the Universlty 0 Mtawn, “nbario,
May 1981, viii-4l »s
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faetors orerating. Suffisient ovidesce was resented to
warrant further ressarel »ud in tbie areca the immedliate
need 1s for reliadlilit - wiudise of the LY varleble, It
will alao bs neces ary o evolunue ¢l e laflusmes ol tho
alectrode positlon on i rbwn=corilcal dsiay

A theoretical bosias Lor tue £l 5 was alee pro-
nosed =g an stiempi nade to relate intra~cortical delay

3o networ: efficlenpy snd finally to Diological intelll enes.



