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The discovery of the ©lectoioel activity of the 

hrain offered great hopes for finding electrophysiological 

©orrelst©3 of human behaviour* Theae hope® remain largely 

^fulfilled, fher® ar* s®ny reasons for this* Payeholo* 

gists haT© shown little interaat la this field, thia is 

partly &me to the eonplex lnatrunentatlon repaired aa& the 

neoessity for training in the pfcysleal aeieneee whieh la a 

prerequisite for aueeeaeful reaearoh in thla field, Mg&ie&l 

men are more interested in the ellnieei application* imd 

great proves® has ft®m ®a&© in thia area. Eowever the 

stain reason for disappointing results Is the e&oraoas gap 

hetwaea advenee« in eleetronioa and the applieation of this 

knowledge to hrsia research, 

fher# le a need for payehoiociealXy oriented re-

â &refc la the fiei<4 of eXeotroeneephaloeraphy and the paaal* 

hilitles for researeh with presently availahle instruments 

are fcy no aeaas exhamat«fi* Tisere alao appears to be a 

great concentration of research effort on the still unex* 

plained alpha rhythm, at the expense of other eie®trl^«l 

phenomena aasoeiated with the brain. The iarportanee of 

time a® a varlaalo hoth at the neuronal level and in inte­

grated activity oaw»t he denied, Te* this variable ha« 

mean megleetad In electroencephalography* though mot la 
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neuropi.yaloloo' when dea l ing with individual or r e l a t i v e l y 

a&all networks of neurons* 

I t I?* in th la baoVL round tuxt the problem of tt.itf 

study evolved* I t became c lear ea r ly In the review of the 

l i t e r a t u r e t h a t an ip& var iab le o the r t i an tv"& alpha rhythn 

and r e l a t e d t o time offer® sow® proviso of reveal ing nn 

e lee t rophye lo lo f i ea l ©orrelate of i n t e l l i g e n c e , r*e Inno­

va t ions a rp eared neeesaary in the ins t rumenta t ion , hut the 

i sek of r e l a t e d resreareh was discouraging* Although a 

#entatlTO theory wee formul'tted, detail*.* were ro t sniffi-

o l en t ly c lea r to a l i o * a :v<>r,®rlY <so i t r o l l ou d e e i ^ i , t ^ i a 

study 1<? tnerafore J p i l o t ciaisy a?i*sose .^jyr al/r;i *sre f i r s t , 

to decso^.etr&t© Lhc faaedbiJ it;, of . ' s a s a d ^ , i n t r a - e o r t i c - 1 

del^y "-c aoe:; id t^ t o s t tl;e t l i eo iv t io - l predic t ion tha t 

i n t r a - e o r t i c o l J ©lay nuy be r e l a t e ^ t o ;&ycteoiaetrio 

ir-tell lr .enee* 

In chapter on® tne l i t e r a t u r e ir. analyse*} froua t,»e 

point or vie® of fcl.ss type ?£ tJnX; va r i ab le s a.'.dei, inv© been 

correlr^ttei with i n t c l l i * e"*oo vid tLo techn ica l ^robier.c ia~ 

volved in the delay and detec t ion of evoked e a r t J c 1 respon­

ses* This i s followed fey a statement of t r -eor^ t iea l assump­

t ions and the fo rau la t lon of a hypothesis* 

In chapter two the sample ^opu la t lo i , thn i n s t r u ­

mentation and the es^ariisent&i procedures a re deaer ibed, 

Uho I s s t Mot ion i s eoneeraed mith the f i r s t raa.jor aim of 
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this study namely the duwu^;;tratiu'i of b'̂ e fusibi l i ty of 

ne&0ux*r.v irtra-cortlc"! uei&y. 

Tut-, f i rs t eeoti'j'i of ch% ter ihme i.: n pre^ontstlon 

and discussion of ti:o results relative lntrs~cortici*l uelay 

to intelligence. In sacfcloa two the v&diaity and reliability 

of »k® i?4_G variable Is considered. In sactljn three tu© 

theoretical buok^ round of thla study is elaborated In terms 

of network efficiency ami bioiot
kieftl intelligence. »vfter 

a suosaary of the findings certain su^.,eati mn for farther 

rese&reii are isade* 
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Studies of the relat ionship between jyi§C$ variable® 

and intel l igence have been few* These have boea ttnauoeeaa-

fttl in iarg;© aasplea of nomu&l adults and moderately suc­

cessful In groups of adults and children with known or ane-

peoted or&asieity* I t la proposed i ere, that tne fa i lure 

i s due not to tus type of i : ' te i l i , enee te^t:* tLat were J©~ 

leeted by previous author®, but to u.e nature of the .̂ ^al 

variablea which %ere correlated wlti* t ea t in te l l igence, 

T&ere er^ no studies reported relatiJi^: in t ra -

eor t lea l delay1* to Intel l igence, the beohnl^ue to be employ* 

ad in t h i s study* Thus the .prevloua #or'*: in th i s area i s 

relevant aeialy trait tha point of view of the :ti$$ variables 

that have been qonaiaored and the proel®ne encountered in 

iseaaurlnc aortic®! delay®* 1!h© l i t e r a t u r e will therefore 

fee reviewed under two Leadings 

i» W&. variables and intel l igence 
Z« Peliy and detection of evofeed cor t ical rea^onae^* 

1 fhe abbreviation jStttt wil l be used to connote the 
following depesndlmg on the conta in iaeetroencephftiegraa, 
Meeti^eneephalograph, Kleetroeneephalo^raphy* 

2 In t ra -eor t iea l delay i s defined her* m the time 
yt4Liitr«A fttr information to be a*siall&4*A end proeagated 
fro* one arem of the teraln to aaofehtr* I t i s obaerrad as a 
ei»»«e in the e lee t r iea l output of the eor t icnl area involved. 
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1* ISO Variable* and intel l igence* 

The oGjorlty of .papers r e l a t e alpha indesr and alpha 

frequency to Intelligent© and the a© ?iire summarised, in the 

following references, Knott JtJuflJL*, teated a group of 48 

eight year old children and another group of 4S twelve year 

olds* Mental age was eoayjurod with both alpha fre&ueney and 

alpha index in eaeh of theaie groups* The only signifies ant 

eorrelation fount waa one of 0*S between naental age and 

alpha frequency of the eight year old children* The authors 

suggested, that a t the tw&lv® year level organic eh&ngaa 

associated with adoleaeenee say a l t e r an- otharwiae s igni ­

f icant correlation between mental e^e and alpha frequency, 

ireeaar'a® auhjeets wars* 40 non-differentiated 

familial type saent&I defieisnta of adult age* « iiarginitlly 

s ignif icant correlation of 0*32 was found between raenttai 

$m@ end alpha freque&ey, while there waa no al^aifleant 

eorrel&tloa between, aenfeal age- and fii.oha index. 

'$ Use alpha ind«s la the pereeat t iao during whieh 
% la oeeupled by the alpha rhythm* 

4 / * S . Sfeottf fi» toiedmn and K» JBar&sley, "Some 
lleetroeaeephaio-israshlQ Correlate® of Intel l igence In Mght 

and IVelv^-fe^r old Children", journal of. &x&i 
r, Yol. m$, l«4S t p . 380-881. 

* 
9 George X.« .$rtftser *«*. franklin a* *3&ltht*fh® 

lelatiom of the X&0-ift^Xnt*Hige&«o &ovei in the ??«*-Mff'#» 
jremtiated f-aaii lsl fyse of licat-al .Pefieiesey*% f.hng....,Jaiiga.§l. 
of &gy*JaalflgrM ^@i» *&# If so, p» 47*51* 
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$hagae®^ in a major study of normal aauXts used 

1100 eirerew e&ndld&tes and found no significant correla­

t ion between oeolpital elpha frequency and a group tes t of 

mental ab i l i ty (h.C.A.f. Claeaifieatloa Test)* 

J* recent study by Ifundy-Castle" using alpha Indeir 

w&& alpha frequency as the 1£EQ variable® i s not in a^eaaeat 

with previous work. In a ^roup of M subjeetss he found s i c -

nif leant oorrelationa betwaen alpha Index and Verbal 1.%, 

(0*S3)» alpha frequency and Verbal I*\,* (0,42) and 

Fraotieal I . ' * (0#40J and General I . H * lQ#3QK The -South 

Afrloan version of the We oh s i er-Belle.vue t e s t was used. 

To aecount for t h i s dispari ty he proposes the following 

e:s$lanatianj the ©ample was highly selected (2« v. rang® 

1X3*185) and he argues that in a homogenous group non« 

in te l l ec t ive factor® tapped bj the ftoqjiaXar. t e s t will serve 

to reveal the i r underlying electrophysiological eorreletes* 

whereas in a laaa homogenous group such relat ionships would 

be ©assured hf the greater variance contributed by aoa-

in te l l eo t ive fac tors , 

6 Oharlas Shagass, ,fAn Attempt to Correlate the 
Occipital Alpha frequency of the ZKQ with i erfomanoo on a 
Mantel Ability Test*% iMMMLMJ^mMMmMk^MISMMJ» 
Vol, 3* t Feb, 1«46» p . se-es; 

7 &*$« Mu&dy-Cagstle, wia.eetraphyalolo^leal Correlates 
of Intelligence*** £f t i@B^at^J^^ ia | I JXf Vol« 86, $©* £» 
^ia® X§i§i p* 18**-iW* 



mnm OF mu XJLMAOTIU 4 

In his book the lAvjn#. Jra^zu ftaiter8 reports ob­

servations which suggest the possible posit ive relationship 

between jp® frequency pattern variation and in te l l igence. 

In data from his autosa&tlc frequency enaXyser waiter ob­

served a greater -rarl^tion of the frequency speotrua asson? 

h is ©or© "brlXllant colleagues"* than ejaoztg h is f*&nller 

patients'*• He suggested the tero ve r sa t i l i t y to describe 

the tendency toward greater pattern var iabi l i ty* t h i s umf 

be related to Walter*a concept of hrain rhythms a® scanning 

aeehanisasj brains with aore numerous and variable scanning 

rhythms beia^ sore versat i le* 

%ese observations were tested experimentally by 

KLlinsson^ in the f i r s t of two studies- in which the Jg££ 

variable was not the alpha Index or aX.?ba frequency# the 

subjects w®re Bd psychiatric aidog and on© high grade men­

t a l l y deficient subject hospitalised f&x> obaervatlon, who 

was considered neither ««ntally 111 nor brain damaged* Tb© 

subjects were given a short form of the ^mMlM^^MMM, 

test* fen a r t i f ac t free 10 second epochs wars recorded froia 

various ureas of the brain* The in ter epoch similar i ty w&$ 

8 », ®z®y waiter, fM&MllmLM^&» New York, !*ortonf 

im%t sv-511 p* 
% Sl*?» fflilngson, R«C, Wiloott, jr#o. &&**•• and 

f »r# ©«btet#
 WBM Frofueney Fattens Variation and Intelligence* 

&BG ,qpft Qlifliiftl SMmmMsi^lmi, Vol, S, Wo, 4 , HOT, 1957* 
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calculated and found to be s t a t i s t i c a l l y highly s igni f i ­

cant in a l l cases, indicating the hiu,U do^rst of r e l i a b i ­

l i t y of the ostlxaotes of frequency nattero variation* 

Bank correlations were then ooi&vuted between %,»$« and the 

Ipp frequency pattern variation for four &r«« of the hrmin 

for tbe 87 subjects , TTnfortunateiy a l l of these were 

negligible* 

Hatchine* t r ied to correlate a combination of 

several &Sp variables with Intelligence* the subjects war© 

SO adults of low Intel l igence but without c l in ica l signs or 

organic damage, fhe Jiffi variables wore alpha index, fre* 

qmn®j sca t te r index, spa t ia l organisation «nd amplitude, 

two correlations wm^ reported as significant* Verbal I w * 

and freo,ueaoy scat ter index (0*37) and i erf or^&nce I*.* and 

fre^meney sca t te r indox (0*49) * fhe 0#S? correlation i s 

couted as significant a t the , 0 ! level of eoafid«nees t h i s 

amy be an inadvertent e r ror , IfebXea show las t for s ign i f i ­

cance a t the «0t level of confidence* based on 80 subjects, 

the correlation coefficient urast be at least 0#4S3# 

10 S# 9ot«hia«» X# Ualan# 0 ,0 , hairy and H, £asgeo 
sua •» niveau Matter, UM&iM^mmimUm^ *ox» s, i . » , 
p* H5W7JI* 
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I t i s d i f f i cu l t to explain the inadequacy of 

search effort in th i s important area, Th& above studies 

show that in the thirty-two fmr& since the discovery of 

the .Eta only one esperteeat , W Shogaas^ deals with a 

large t r i p l e of normal adults and that only two fr&ft va r i ­

ables , alpha index and alpha frequency are considered by 

acre than one author* Home lic/ht oay be thrown on the rea~ 

son for t h i s inadequacy of research effort by the following 

quotation from Xlndsley2* i 

Why have not IE© and psychological correla­
t ions been porsaod saore systematically and per* 
s iatent ly? Why has there been so l i t t l e success 
in re la t ing neurophysiologies! data to subjective 
s t a tes and bohavioural «tanlfo«tatijrnsv there are 
probably misy reasons, &£m®% tvom the s t a r t t the 
lure and excitement of new ellnieaX discoveries wa$ 
a dis t ract ion to serious effort in th i s direction* 
Secondly* the preaatura i f not actually grandiose 
hope tha t the mysterious and ublfuitous alpha rhythm 
s ight be related to inteXltronee, personality and 
crthor similarly broad and in th«s#elvea undefined 
parameters* soon exhausted in te res t in that direction* 

JESCF urn. 

ix ttharXo* mmm®®* M*~MX1.* P« s e » w . 
It »*3# Mn&sXey, "PrtrcholoKieal Phenomena and the 

•** X^^^Mi&A3mmmM^Mi,$ vol. 4, »o* 4S wov* 
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B« Belay and Be taction of Jhroyed Cortical Responses* 

fiesction tit.'.eo to Xi&hfc have been found to vary 

from ,15 to «5 seconds depending on the conditions of the 

experiment}® According to Lansing3** approximately #05 

seconds of the t o t a l reaction tiiae I® u t i l i sed ia t rans -

mission to and from the cortex i the remainder involves an 

indeterminate central transmission time* Another estimate 

of oaatrax t n u l N l m U M « u s i ^ n by * * • * » to . 

very carefully executed study* He ca l l s i t opto-taoter in* 

tegratlon time* or cor t ica l Integration t l ao and es t iaatas 

th i s delay a t about *07S seconds* He recorded simultaneous­

ly tbe Heetroret inograa, the %$$ and the ^tectroayograa, 

fro® 3 subjects and was able to define the t loe re la t ions of 

r e t i n a l , cor t ica l and motor r©spons©ii to a l i gh t flash in nan, 

the electrode ptiaooftonts were as fo l low $ the iXeetroxettno* 

graa was derived fro® the #orn«a# the fflffr from bipolar e lec­

trodes disposed aaggit&Xly above and below the inion ®nd the 

13 John *3# &t*enf "On the Helatloaship Between na­
tat ion f i^e to X*i#t and, Latency of Blocking of the Alpha 

Feb* x « 6 2 7 p T ^ o i r ^ ^ ^ ^ ^ ^ 
14 R#W* Sensing. "Relation of Brain Treator Rhythm 

fol # 9, Hb« 3* Aug* XttW, pf 

to Visual AoMtlon f l « # * MM^M^JMM$X.Jl^mmMMi^&MI,* 

%& ltortol Sonier* "ttetlatX, OortlooX and Motor Hes-
tonses to Photic SU«ttlaitoa in Wan", £mm^M*Mm^mimir 
©X«^ *«*• i@* S a » §* i*8*! t* 4©§«48§* 
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llectromyegraa from needle electrodes inserted into the 

hypathenar muscle of the palia. The tiwo relations observed 

by Monieir^ war® as follows* (a) stimulus to retlaal res-

pens© SO milliseconds, (b) stimulus to first response of 

visual cortex Sb milliseconds, (c) retino~oortleal tim* 

(b~a) f§ lailllseconds, id) stinulua to sauscle responses 180 

milliseconds, (©) Estimated time for eonunation of efferent 

impulses from motor eortex to muscle, baata on 100 meters 

per second conduction velocity m& one meter distance from 

motor cortex to palia* was XO aiillissconds* (f) Alpha 

blocking time SIO milliseconds* (g) opto-aiotor integration 

time (4*fr-o«l&0-$S*10) or 76 allilseconds* In addition to 

deiscriteisr the above time relationship® the study issues it 

clear that the blocking reaction of the alpha rby that ©an* 

not be interpreted as the specific response of the visual 

aortas, as it is much too loag* this is also confirmed by 

Oohn*®*'1 work, who found that specifi© responses of the 

visual sorter range fro® 35 to X&G Milliseconds which is 

well oatsid® the observed mng® (!§£K$00 ailliseconds) for 
IB 

alpha blocking tiaes* 

1$ Marcel Bonier, gfcuffAfr P* 469-466. 

If Sober t €ohn» WA Visual Analyst a and a Study of 
the la tency of the JPhotiealXy Driven KBa*% :gQ and, O.llnlcal 
gfjJffigteSMMX* T ^ i * 4» Ho. 3 , Aug* HHMS, p* 899-00X• 

IB ^ohn 3* 8 t a m , Q îf;,Lcl,t» p# CX-o«# 
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MBaler^ a l s o a tnted t h a t the time of Use e f fe ren t 

discharge of the motor cor tex in to t he mussels cannot fee 

measured t r a n s e r a n i a l l y , Bate«s® in an experiment s p e e l f l -

eaXXy designed to measure such a motor diseher* © corrobo* 

rate® Hauler, when ha fa i l ed t o observe any p o t e n t i a l change 

from the motor cor tex nrwoaodlng the onset of a voluntary 

movement* These observat ions a re of t h e utmost Importance 

t o the present study as a l l raeasar&ents a r e based on the 

assumption t h a t t h e a r r i v a l of Information a t the motor eor-

t%x from other areags of the bra in can be. detected* Xn order 

t o avoid confusion i t must be s t a t ed h e r e , t h a t the a r r i v a l 

of information i s not considered equivalent to the ef ferent 

d ischarge of the a o t o r aor tex preoeediag a voluntary move­

ment. This point i s elaborated on rage 38 of t h i s report* 

fhe f a i l u r e to de t ec t the moment of discharge of 

the isotor cor tex i s general ly a t t r i b u t e d to t h e r e being mi 

i n s u f f i c i e n t nxmh@% ®f neurons discharging alaul taneonaly 

SI 
to produce a de tec tab le p o t e n t i a l change*** From t h i s expla­
nat ion i t I s evident t ha t the e x i s t an oe of aueh a motor cor ­
tex discharge i s not disputed* Xf i t i s admitted t h a t the 

1® Marcel Honier, QXK- ,«M» P* 469-488* 

ZQ J*A.V* Sa tes , "i&eetrioaX Act iv i ty of the Cortex 

IX ^*A*¥* Bataa, XMI** P* «40-S67. 
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motor cortex i n i t i a t e s &M controls voluntary movement, then 

i t I s obvious tha t the co»sand to » v e atiat proceeds the 

moTomant and tha t sos® electric®! ehanga wil l be associated 

with t h i s ©oiam&nd* An e l ec t r i s e ! change in the motor area i s 

the object of t h i s study, but I t i s at t r ibuted to the a r r iva l 

of information and i t may or my not be associated in time 

with a voluntary movement* 

the techniques end instruments presently available 

are sensitive enough to detect voltages of the order of one 

microvolt and time delays of slinost any desired accuracy. 

The variety and ingenuity of these techniques and instruments 

are too nwmmm to be included bare* however there i s one 

basic asssiiaptten underlying a l l tuese instruments* The 

assumption i s that evoked cor t ica l raspeaaea in the same in­

dividual have almost identical delays and s t e l l a r wave forms* 

thus a l l the instruments designed to detect evoked cor t ica l 

r e c e s s e s select a specific event or events from a largo nam* 

her of random events, $he specific ©vsnt i s identified be­

cause i t occurs regularly and has a character is t ic ?«ve form. 

9hia assumption i s well supported by the l i t e ra tu re for r e l a ­

t ively staple stlmulue*re*ponse processes* For example 

Xaraaoa*8 applied a atlaulue to the ulnar nerve e t the elbow 

— M I | ) i « l M » » « « « » l W I » » W < W » M » W l < » ' W 

im Lara Stik Larsaon, ftBS Raaponaea to /'erlpharaX 
»erve ilttmuXatioB in Man," ^MAMkkXm^^&MmMMMm^f 
Vol* §* *0* 5 f Aug* l o s s , p# 8*7*384» 
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and recorded the responses of the moGOT cortex using 

Oa«aoataS9 aaperlmpoaltlan technique* In th i s technique 

the stimulus trigger® the sweep of the oscilloscope and a 

namber of successive sw«eps are photographed attparlmpoaad l a 

a single record* In th is way random act ivi ty 1© cancelled 

out, whereas the periodic responses a re reinforced* Measur-

ments mde on the records reproduced in Laraaonta^* a r t i c l e 

show that the individual responsea which were averaged by 

t h i s method could have a aalay of plus or minus 5 Willi* 

seconds* I t i s thus clear that evoked re*».*onsea do not 

have iden t ica l delays, however thei r seen delay and the 

range of the i r delays tends to be stable and the averaging 

te@halc.ue works for t h i s reason, I t should be noted bare 

tha t tf»ere i s no profel«® in detecting the motor cortex r e s ­

ponse when a muscle i s a t ron^y stimulated by a r t i f i c i a l 

&mnm* She d i f f icul ty «a?ia«? in detecting the spontaneous 

discharge ©f the motor eortex pr ior to a voluntary «ovsa®nt* 

t h i s problem i s avoided In tnia study as no attempt i s made 

to measure the motor cortex alaeharge prior to a voluntary 

ffloveiaeftt* 

53 &#"D. Dawson, "Cerebral Hes??onaas to Verve s t i ­
mulation in Umn

t MMAM^M^^Oim^ Vol. e t Fo. 4, 
XW90, p* 826«ft8S* 

54 X4ura ftrlk Xaraaon, $$».,.&&%>• * p* 377-384* 

mailto:te@halc.ue
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There i® further evidence In the l i t e . ^ tu r a that 

not only the delay, but the amplitude and wave form of 

evoked responses i s variable* Pauplgllo&es& reports tha t 

responses to flashes of l i ^h t could be modaftad by factor® 

other than drugs* Nature! st imuli , auditory* Sdneathatio, 

olfactory and mental e&lcul^tion ar© capable of disturbing 

the regular i ty of the raapoaaaa* JBatea s ta tes that " I t wo tad 

be em overslapllf lcat ion to picture, the cor t ica l responses 

as so©© consistent wave form superimposed on uareleted rsn* 

doa activity*** h-a i l l u s t r a t e s th i s point by a 0©ries ©f 

ten consecutive cor t ica l responses to vidian nerve stimala* 

t lon , demonstrating a progressive change i s the wave fora, 

which would he obli terated in the auparlmpoaitloii technique, 

or any other technique based on the assumption of reguXarlty 

in evoked respsasss* 

fiawsotr9? also found variat ions in the alaa of the 

e^r t iea l response to peripheral nerve etlmalatlon* At the 

same tlma he c r i t i c i s e s hi a own jtethod of auparimpoeition 

as having the disadvantage of aaaking var ia t ions in sisse 

.•<»»ii».i<.,»»»)i.«nii»w».M«»w'»«'.'«i..»«~in»^»«> 

m $* Pampiglione, «'&m%. Observations on the Varia­
b i l i t y of looked IBO Activity*', m^MM^IMiBAMimr 
ajffafrafro<Er.t Vol* 5, Wo* 1$ Feb, I fm7p7TW-Xl4* 

m J*A*¥* Betes, Qa«..ait... p* S4Q-SC7* 

W a*ii. Dawaaonf Q J ^ J J U U I P* HM-MB* 
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and form of responses to successive stimuli. In addition 

to experimental confirmation of variability- in cortical res­

ponses, from a theoretical point of views it is difficult to 

conceive of any regularity la a oatvoric of ten billion neurons* 

the variability in the delay t amplitude and form of cortical 

responses is stressed in order to Justefy the method of 

daisy maaauraaat used in the praaant study* 

3* Sinnary and Bypotheaia. 

Studies relating a number of jffijfe variables to in­

telligence were reviewed* It was noted that no significant 

correlations between any jjjjBg; vavlahla examined and imtelli* 

genee was reported in any study dealing with m. large aaople 

of normal adults # 2ha lnadaquaey In numbers, scope and re­

sults of studies dealing with this problem was stressed* 

It was proposed that the failure to find significant corre­

lations i& due to the nature of the jpft variables considered* 

I'raooeapatlon with the mysterious alpha rhythm and the lure 

of new clinical dlaooverlaa, proposed as an explanation for 
apt 

the Inadequacy of research effort in this area by Liadslay 

was also aaoaptad* I t wn» noted, that no studies have bees 

raportad relating inra-coi-tlcal d©l*y to lntaUieenee* 

m 0#B» 34ttoal«y» "Payaholotfieal Phenomena and the 
MW»I ^&^^^MAMm&mMMmtt V<»1* 4, *b» 4, »or. 
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two estimates of the probable magnitude of intra* 

cortical delay were examined and the problem of *vaasurln*.; 

this delay directly, was discussed* flue major difficulty 

appears to be the detection of the apontanaoua discharge of 

the motor cortex prior to a voluntary movement* It was stated 

that this approach would not b© used in the present study, 

however the techniques for detecting ©vohed responses were 

considered relevant sod were analyasd*. Xt was concluded that 

the basis of these techniques 1® the assumption of a high 

decree of regularity in the eortieal res/onsea* Evidence-

was presented which aapporta this! assumption for reXatively 

sluiule atlttulua-raaponae processes, however it was also shown 

that there say be considerable variability in the delay, 

amplitude and wave fora of evoked cortical responses* 

The theoretical haek£rouna involved in the formu­

lation of the hypothesis is baaed on certain asatasptloas 

ragaralnr the brain; fl) probabilistic law© aovern the pro­

pagation of electrics! activity in t'je brain* This leads 

lcoredlately to a explanation of the variability observed in 

the delay, amplitude and wave form of xA\® cortical responses* 

there are a large number of pathways by which Information ean 

be propagated from on® area of tae brain to another and It 

would be too zaueh to axpeet that this information arrive 

always after an Identical delay* 

http://UT4.hVF.aa
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Xn aesuaptlon (8) it is proposed that the shorter 

the centre! delay in responding to a :.ivm stimulus the 

greater the efficiency of the ox% isnlsia, 1*©., the more in­

telligent* this assumption is directly related to the hypo­

thesis and the theoretical implications are discussed on 

page 3S of this study* 

Stated in the nail form the hypothesis proposed la 

that tl\ere is no slfnlfleant relationship between intra* 

cortical delay and inttXli&enee as measured hf the .»{ophsijq;rM 

flftUmn test* 
Chapter I I in addition to describing data relevant 

to the experiments! design, mintm the Major function of 

demonstrating s t a t i s t i c a l l y the feas ib i l i ty of measuring 

lnt ra«eort lcal a©lay. In doint. so a foundation i s laid for 

discussing the val idi ty and r e l i a b i l i t y of the SM variable, 

which i s to be correlated with Intelligence* In order to fee 

valid the J2|£ variable (latra.'-eortical delay) must f i r s t be 

shown to he s non random phenomenon* This «ust be done be­

fore proceeding with the correlation uf l i t e l i i ; wee end 

in t ra-cor t loa l delay* l a fact , i f the !£&£ variable i s fonntf 

to be a random phenomenon there would be no adequate reason 

for proceeding with thin study* Kiaborution of thi« problem 

Is therefore properly included In Chapter 11 before the d i s ­

cussion of the main result® in Chapter i n . 
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The basic problem in testing the hypothesis pro;K»«ed 

is the neasttrmeot of intra-oortloal delay. It was shown in 

the review of the literature Um.% the detection of the motor 

cortex discharge prior to a voluntary movement, Ming a 

variety of averaging techniques, has failed* A different 

approach is need in this study* Mo attempt will be sad© to 

measure the motor cortex discharge prior to a voluntary move­

ment, but rather the delay in the spread of cortical activity 

from the visual area to the motor area will be meatured* 

In order to do this it aust be assumed that Information* 

is transmitted from one area of the brain to another and it 

must be proved that information arriving at the point of 

Eseasurment is not a random phenomenon* In ©ore precise terms 

ameanable to statistical proof, the problem is to show that 

a particular event following a atlmalus is not due to ehanee* 

bat is a true response of the brain* 

After daaorlhlni; the sample population in section 

on®, the Instrumentation in seetlon two and the experimental 

»rw»««w«l««.«.iiiiiiiili»»iiilii|i'ilMiin»iilliiilii<wiw<|l»««w» 

1 fhe physics! meaning of information transmission 
with regard to the brain, la the propagation of electrical 
activity from one area to another. 
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procedure used in section three, an attetapt wi l l be itade to 

resolve the problem outlined shove, in section four dealing 

with the analysis of data* 

1* She Sample Population* 

Tea postgraduate students in the faculty of psycho­

logy of the University of Ottawa volunteered for th is ex­

periment* Their &c;es wuig@d from 19 to 35 m\& I*--*s» mea­

sured on three fora® of the IfjMi@fM,MlJI&t *••*» ^MMM 

®MMXm* lmMM2LMXMm& «»* H^hM*) ranged from 106 

to 18$ with a mean 1* <,« of ISO, There was also one t e l e* 

vision technician a&ed 27 with a MmMX$8LM&Xmm %**>* ot 

105* In only one can© (the ?«*?# technician) was the i n t e l l i ­

gence t e s t aemlnlateree: by the experimenter* Tha other ten 

subjects were a l l teatad by senior students or staff menbars 

of the faculty of psychology* All subjects were in good 

health a t the time of tes t ing and were presumed free of 

brain daiaage. jgfffc records taken from the motor fend oeelpi-

t a l a r e « of a i l subjects were noraal* 

8* The Instrumentation* 

MM records were obtained frora a two ehanaXX aystea* 

The output of two preamplifiers was led Into a dual beam 

cathode ray oscilloscope and tha traoea photographed by a 

continuous notion oaollXoaoopa samara* The camera waa 



equipped with a t lmlnr l i t h t which prouuead t l t i n . Mur'-a a t 

the rat© of one every l/6Uth second* Film speed wass also 

va r iab le but only two speeds war© uaed* For ^aarimnm reso*~ 

lu t lon short i « r i ods a t 400 inches ;,®r u lnute were used for 

each siub^ect* The remaining recordi-it was don© a t 166 l^&l tm 

per minrfce. Keedle e lec t rodes made of Z? or 30 #au a hyjo* 

dertaie needles vers uned* The wlria& connecting the suuject 

to the p r e a u o i l f i e r s sad the ampl i f ie rs t o the osciHoaaope 

**®re shielded to mlnia lse UO cycle Interference* The o t i * 

molua l i g h t was genereted by a pbotostt i iwlntor v Xoh wes 

connected to one ehsnei l of t&e osc i l loscope so t ha t the 

onset of the stimulus could be recorded* I t was a lso neces­

sary to us© a second monitor osc i l loscope for observing the 

brain waves during r e c o r d i n g beeause on fcfce recording o s c i l ­

loscope the e lec t ron beam moved up anu &®ma only, whiXe the 

film was movee hor l son ta l ly* 

Considering such f a c t o r s as l i n e volfca e f l uc tu ­

a t i o n , thickness of the t race* film speed etc** the bmt 

time r e so lu t ion obtainable a t 166 inches p«e mlaute was 

found to be , l u s or rJLmia U . ' d i l l seconds* At 40u In el as „>er 

minute aa aeooraey of plus! or ainua 1 mlll isaoond was 

e a s i l y obtained* 
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3* Izparluantal rrooadura* 

Monopolar technique was used throughout* with the 

ear lobe as the oorumon reference alaotroda* One aleetroda 

was placed approximately two cantimetera to the right of the 

inion and the other over tha motor ares on the right side* 

The subject was lying la a darkened room with the eyes eloswd* 

The recording eojuilpaant and the axperlmeater were In an ad« 

joining room. Before recording was started the brain waves 

were observed and If too ranch alpha activity wag seen in the 

motor chanell the electrode was moved, usually forward, un-

tlll activity of higher frequency was present* The lamp of 

the photostimulator waa moved within orm foot of the subject 

and a few trial flessee «©re ,givo» at medium, intensity 

(setting 4 an the photaatluuXstor)* 

The instructions %& the subject ware almpXy to 

relays keep the ey#g closed and to war* an little as possi­

ble* Th© monitor oscilloscope was eonnaotad to the oaelk<l* 

taX chanell and recording was started at & film speed of 

166 inches per minute. When cood alpba aetlvity was seen 

on the monitor a single atlmu3.ua *&m tivan* al<<ha activity 

was generally blocked* It was allowed to return and then 

another aingle stimulus was gtvan* HegardXaaa of feh@ atata 

of the alpha activity stimuli were not given more frequent­

ly than one every 5 secondst otherwise the timing of the 

http://atlmu3.ua


stlmulua was i r r e g u l a r . Thir ty s t imul i were f ive a a t t h i s 

f i lm ©peed. Tb© fi lm speed was then increased to 400 i n ­

ches t.er minute end another ten to f i f t e e n s t imuli were 

fiven* Total recording ties® vario«S froc, subject to ^abject 

but was* a t l e a s t two lainutes in each case , 

4 , Analysis of Sain* 

I n t r a - c o r t l o a l delay waa measured os the record® as 

the delay between the onret of the st imulus »nd ti*e begin­

ning: of the motor cor tex ro&'joisse to truss s t i m l u e . There 

ar© two reasons for a d o p t ! v t n i s p a r t i c u l a r delay a® a 

measure of i n t r a - c o r i i e a l delay* f i r s t , i t w i l l be gene­

r a l l y admitted tha t one cannot respond to a l i g h t stimulus 

without sen sine t.'.s l if .ht* This in se l f evident, however 

i t maizes i t c l e a r t h a t the motor cor tex cannot respond 

d i r e c t l y to a l i g h t stimulus* Thus the only poss ible pa th ­

way by which the motor eortra: can respond to a v i sua l s t i ­

mulus i s via the primary senscry ar«?a for v i s i on . I t i s 

c lea r t t^ r^ fore* t i iat i-> .le&surin-, the .aotoi oortev respon­

se to s i t-iLt s t imulus what la ac tual ly > ein; ..>assured1 i s 

t he time taken for infer-»Ktlon to >>e processed and prove* 

ra ted froxa tiie r e t ina through the v i sua l area £o the motor 

eorteic* Tha f i r s t pa r t of t h i s patl'way, namely r e t i n a to 

v i s u a l a rea w i l l be r<&$mc&®$. as © constant of approximately 
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3§ milliseconds duration, leaving the rejoinder, visual to 

motor area as the iatra-eortioal delay defined on page one 

of this report. Secondly the anatomical pathways involved 

have been described as followsi 

the optic nerve fibers have two major terminal 
stations* Seise fibers terslnmte in the superior 
colli cull, where connections ar® sst&de to t&e mo­
tor nuclei of cranial nerves III, Vi and VX ser­
ving reflex ©ye movements* The other fibers bf 
far the largest in number, travel to the lateral 
geniculate bodies in the thalamus where they sy­
napse with the cortical projection fibers. The 
latter go directly to the cortex of the occipital 
lobes (area 17) which Is th« primary sensory area 
for rlalon** 

From this it is al^m* that with the exception of re* 

flex eye movements, l&formation is propagated directly to 

the visual areas* It is farther postulated that when infor­

mation arrives at the visual are®, it does not Just reeain 

there but spreads to other ar«s of the brain* the moat 

probable area for proximal reception is presumed to be the 

motor cortex, a® almost any response involves soma kind of 

voluntary movement es the adequate responee to a stimulus* 

fi Marcel Monler, 9AA,$M*t p*4*»-*6o\ 

3 ii*A* tenner, F»N, Jones? una h.l*, «Tone@f I'kvglolo-

gXmXJba&ttlattb H««T Holt, nm iomt l r a , Yiii-47TpT 



ffiCmiJttTOX 1H.3IC" SB 

the f i r s t step in maaaurinf, intra*eortloaX delay 

i s i t s identif ication on the records* tha following set 

of c r i t e r i a were devised for locating and identifying the 

motor cortex responsei 

1* there must be no alpha ac t iv i ty present in tha 
so tor ehanell 600 fl&LXlaeeends before and $00 
bi l l iseconds af ter the atisRilus* 

8* the event {l*e* the ssoter cortex response) nay 
have a delay of not uor© than &0Q milliseconds* 
fhu® attention will be fonuead on an area of record 
representing not more tfean S00 ttillleeeon&s after 
the stimulus* 

3* the event i s identif ied a® a d i s t inc t change in 
the wave form of the brain waves* t h i s change may 
be posit ive or negative, an Inoreeee or &©@r®m® l a 
amplitude* I f there i s sore than one sueh change in 
the zm bi l l isecond in terval , the f i r s t erne af ter 
the stimulus only shall be aeasured* the tens change 
i s re la t ive to the wave fora 'between the onset of the 
stimulus and the point where the suspected change i s 
seen. 

4* All ai#asuri»ats are understood to represent the 
beginning of the event, not i t s peair or trou#i or 
duration or tarttlaatloa* 

the reasons for adopting these c r i t e r i a ares 

(1) Alpna ac t iv i ty i s character is t ic of the oeoipltal mm 

and should net be present in the aotor area when Measur* 

meata are made* I t i s hoped that a oGauge in the ebarae* 

t a r l a t i a xfeytfca ©f the a»tor area can be detected as a 

r e su l t of tranaaXsalon fron the vlnual area* (8) Tao bun* 

dred milliseefnds wss oonsidored adequate to allow for 

theore t ica l ly powibXe lntr*«»eortieal delays, the 75 
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will i^ocoud est imate of bonier f for c o r t i c a l in tegra t ion 

tia.e may be too s h o r t . I t i s expected tha t i n t ro~eo r t l c a l 

delay v i i l bo shor te r than visual r eac t ion times which were 

found to ra \^& between 150 and 500 ai l l lsseeoads? On t h i s 

bas i s an up er l i m i t of £00 mil l iseconds was asriced on the 

records nn.l the b ra in waves analysed during; t h i s i n t e r v a l , 

- r l t o r i o n (3) 1* b e t t e r explained by rafsotttog to f igu re 

Xi» and f igure £ on pages S4 and E5 respec t ive ly* A number 

of SfoG epochs taken froia the sau© subject a r e reproduced 

a"d t i e event ind ica ted by an arrow, f igure 1A. was tairen 

a t a fii>* T.-^ed of 166 inc; er; v&r ml tute and f igure 8 a t 

400 inches ^er t&inute. I t w i l l be noted t h a t the re l s 

co^£!iderfiv2e va r i e ty in changes t h a t a r e c l a s s i f i e d as events . 

the delay:- in f igure 1A a '.pear alatost constant* however an 

QTmr >if ioasurraent of plus or Minus 5 mi l l i seconds a t t h i s 

f l l a r^eed ^us t a lso tee oonsidei'sd* l a f igure B the v a r i a ­

b i l i t y in tha dtnl&j of events i s g rea te r in ten ia of d i s ­

tances on tj e record* But with an e r ro r of laeasurment of 

l e s s than one mi l l i second the c o r t i c a l phenomenon i s r e ­

markably constant* Ylaual inspec t ion alone indicate® tha t 

such r e g u l a r i t y could not be due to chance, however t h i s r e -

s a i n s t o be proven s t a t i s t i c a l l y * 
UiWJW iTi ir trr rV -Wi i'« - T- ffl" T ' -II- ' r I'll'"- "** 'f l 

4 fere e l Monier, ,0,0* city** p* 46&-4S6* 

5 John J* 3 team, j$M$*J£Xk«i p* e l~66. 
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Figure 1A*- i " « 
i^ure 1B,-

Fi&are lAt I B . - Comparison of iSSO itooorda 
Without Stimulation* 



m 

71&orc 2»- EEG heoorda at 300 Inch©© . er Minute 
'*lth stimulation* 



In figure IB asffift records of the nmrn subject are 

shown while no stimulus was present* hi nee were drawn ran­

domly on the record and uretasuraxenta of in t ra -cor t i ce i delay 

made applying the suae c r i t e r ia as when taeasurlns with the 

stimulus present* Fifty such &ea;?urta@nts we»e wade for each 

subject and the standard deviation cooputed* The slculf l* 

cane® of differences between standard davlationa with the 

stimulus present and without the stimulus w#r© then calcu­

lated and are shown in table I on page £?* I t i s clear that 

the var iab i l i ty of eYents without u stimulus i s s ignificant­

ly greater iv, a l l eases than with the stimulus present* 

Irons th i s the conclusion may h® drawn t i a t the ©vent bein^ 

measured following a stimulus i s not due to efemace*, but Is a 

t rue response of the brain to the visual stimulus* the in­

ference that tbese delays arc actually measures of intere-

eor t ica l delay i s not validly tenable on th« basis of th is 

study, r#verthel©s» the term intra-*© or t i c a l a clay wil l be 

used in referring to these delay *aaacurrent©* 

Once I t i s eatablllshcd that the %$fc variable ( i . e . 

ln t ra -eor t ioa l delay) I s not due to ehanoa* tha correlation 

with intel l igence stay be attempted* the tMMMl product 

aoaent correlation was used and detesila and the discussion 

of r e su l t s follows in chapter I I I* 
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table I*-

Variabll l ty in the Belay of ftrenta* With and Without 
Stimulation* 

» i th without Significant 
atl^nlun .fttiaulus a t *oi level 

Subject K& <T\ 1 CT2. Gz-CTt t 

1 
8 
3 
4 
5 e 
7 
a 
9 

10 
XI 

7 
15 

6 
10 

§ 
I S 

8 
6 

15 
10 

8 

5 .9 
g*S 
6*6 
5 ,5 
7 . 3 
% +& 
©*** 
0*3 
8 , * 
o* a 
8.7 

SO 
SO 
wO 
60 
W 
&J 
w 
m 
80 
SO 

aa»§ 
88 .5 
31*9 
B@*8 
34*0 
33*7 
88*8 
&' * J. 
30*1 
88*7 

©0 80.X 

Sg,4 
255 *S 
2 5 , 3 
81*1 
B7*$ 
2 9 , 4 
2E*B 
8o,& 
84*8 
B7*a 
&X*4 

0*7 
8 ,3 
7*3 
8*8 
7*1 
8*4 
7 . 1 
5*S 
7*® 
0*1 
8 .8 

yes 
y e s 
ye© 
yes 
ye© 
yee 
yes 
yes 
yes 
yes 
yes 

a &n event rapraoenta a change in e l ec t r i ca l a c t i ­
v i ty a t the measuring electrode and i t s delay from the oneet 
of the stimulus I s the Intra-oort iaal delay* 

b Nwabex of stimuli meeting c r i t e r i a and used In 
the aaaaursant of In t ra-oor t ica l delay* 

e Btfflidard daviatlona are In milliseconds* 
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Having ©ste.bilinlied the feasibility of iaeaaurin£ 

Intra-oorticcl delay, by deatontatratinft its -'erlocicity* 

the correlation with intelligence will be presented In sec­

tion on© of this chapter* In aval tie tint: thla correlation 

additional data obtained from a aaeoud ©ample will be intro­

duced » Conclusions drawn will be confined to the original 

group* In section two the discussion will ceiter around the 

validity and reliability of tha S?M variable* In section 

three the poaalble relsiion&hi^ of intra-cortical d*lay to 

biological intelligence will be discussed* 

1* Xntrs-cortical Delay and Intelligence. 

For sirnifioanee at the *01 level of confidence with 

§ degrees of freedom (H-S) the correlation required is .735, 

The obtained sserrelation* shown in table IX on the following 

jpa&e, la -#8S ahloh indicates a statistically sit?n if leant 

inverse relationship between teat intelligence and intra* 

cortioal delay* Deapite lta statistical ai&nlfleance this 

de&ree of relationship cannot be accepted as a true measure 

of the relationship between the two variables. Apart froaa 

the inadequate eawpie, there are other reasons for rejea*-

ting tha algnlfleasee of tha obtained correlation* 
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labia XX*-

Xntrm^oortieal Delay and Intelligence, 

Xntra-oortieal 
BubJ eat X. ̂* d©layb 

*M,onMSW*)M^0U«4jA*«Hf^MM,'< 

1 
8 
3 
4 
§ 
6 
7 
a 
9 

10 
11 

X8tf 
137 
IB? 
IIS 
129 
^•ft&iS 

1X6 
lie 
114 
106 
105 

4§ 
54 
80 
©0 
a© 
m 
e® 
St 
75 
108 
10© 

r a ~0*86 significant a t 
the *01 level of eonfiuenci 

B*yiJ**1«»«»»lilM>WU)^|M|Wj^ 
5^^^".gi i . .^^W.fr^^ 

a Full scale Qttami Waeheler* Voohmltr Bellevae or 
$»A*I*3* ®eorea were used* 

b Belays are in alii!seconds and are *aean scores. 
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Considering the two variables* in t ra -cor t ica l delay 
ejJ1& Weehalar t ea t scores, i t will be noted that the Influen­

ce of raany uncontrolled faotora are oj/aratln^* In tarsta of 

r e a l i a t i e and a t ta inable controls the experiment in I t s pre-

aeat stage siay perhapa not be cr i t ic ised too severely* How* 

evar in tarsa of theoret ical ly desirable controls , with r ea -

peet to the s%Q variable* there ara two major aJKirtoooiitea { 

{1} as daisy la a function of velocity end distance i t would 

be neeesaary to place the electrodes in auch a way that the 

path length frea the re t ina to tha ootor area 1® the game 

for aaah subject. $hle i s pract ical ly lapoaaibla* (2) The 

physical and laenteX s t a t e of the subject during iaeaearuettt 

was uakaoaan and uncontrolled and the influence of the®® 

factors on in transcortical delay not predictable* 

Introduction of the second eejqple while oojapllaatliu: 

the problem, also oarvea to reduce the peaalt&iaui dictated by 

the anaXX or iginal «m$le* The second group coaalatod. of 

38 female Hospital pat ients suffering froa a variety mental 

illnaaaea* fhelr agea ranged from IS to 63 and the i r ful l 

scale X.*»* axa^aurai hy the '̂ f̂l,hale1rr.1Sell,,ev..a1® tea t ranged from 

45 to X88 with a seen of 88* i'he experimental procedure was 

essent ia l ly the same, though not performed by the author* 

A aix chaaeli ink writing jpj$ oiehlne wae used and. photic 

1 Ontario Boapltftl, BroekviXXe Ontario* 
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atiatttlatlon was included as part of atandard ,ffi$ procedure* 

Photic stimulation was routinely atartod at the rave of on© 

per second snd then gradually increased to about thirty p®% 

eeeond* The record from the motor area chaneli wa$ analy*-

aed In the manner previously daaorlbaA1* ffleaaumanta of 

Intra-eortieaX delay being ss&de only from, stimuli gives 

at the rate of on© per second. The paper speed u@«d by the 

hospital* s Igfel laboratory was i centiliters per second 

which allowed a tiwe rmol it ion of pluo or . JLnue 10 islXXl-

second©* The correlation of ***2& between intra-oortleal 

delay ana .>eohaX,*r aeorea shown in table XXX on tha folio* 

wing page Is not slfnlfioant* This ia not aoprlelne* for 

in a nentaXly disturbed individual the validity of an la* 

taXlii,efioe teat la questionable* In addition to tola S5 

of the 33 ©ubjeotif ware given drug® before and/or during 

gpIQ; axaadaation* 

It 1 B lntaraatln*! to note that If a single erlte** 

rion of selection is applied to thla croup* namely tha eli­

mination of all &txb$®®%B with X#,,®* below 85, the correla­

tion between intelligence and lntra««oortiaal delay la *»*?£ 

which ia significant at the «0I level of confidence* Thla 

criterion for selection ia probably valid eg the subject* 

with X*<*a* below 88 m®f be auapeeted oi or^anloity or aarara 

r&ental deterioration due to payahoala* Xn view of tha 

large awher of uncontrolled fuotora operating a correlation 
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X TY 
«S«- 4» 4* * "•* 

Xntra-cortical Belay Intel l igence in a Croup of 
pl tal Patients** 

EEO code 
no* 

m% 
31§ 

107$ 
X£03 
1099 
1810 

756 
1078 

738 
10§g 
10S1 
l l l i 
1H1S 
1X49 
1043 

988 
917 

109& 
1110 

£16 
1SS8 
xxos 
1110 
lass 
loss 

M I 
1073 
x%n. 
in© 

701 
lase 
1097 

r n h 

©6 
©g 
4 8 
97 
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101 

7© 
109 

75 
78 

108 
107 

91 
m 
B0 

XC#«2 
71 
§B 
m 

xm 
100 

74 
50 
75 
45 
«e 

n t 
7£ 
91 

185 
60 
94 

Xn t ra -eo r t l« 
de lay 

H i 
l i s 
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B3 
m 

13£ 
©0 
$© 
fifl 

JLJLO 
66 
00 
S3 
99 
m 
m 103 

10® 
99 
W 
m 
m 
m 106 
80 
as 
00 
85 
03 
w 

1»9 
110 

c 

a 

sa l 

Z^,z*MM 

n tt m 

Onta r io E o s p i t & l , Bm^** 
v l l l e 

b 

Ontar io* 

ieehss ler Be l l evue f u l l 
a o a l e 

c lA&xn 
eends* 

s c o r e s * 

L d e l a y i n a l lUa*** 
i 
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of t h i s aagnltude la aupriaiit^ unloaa eoeia degree of r a l a -

tlenahlp la admitted between lntaUii anoa and la t ra -oor t lea l 

delay, faking zkm or iginal ^woap and the hoaplteX groop 

into eonalderation i t aay be concluded with a l i t t l e iaor© 

confidence that aoae degra* of relat ionship exist®. Mow* "") 

ever in view of the problems outlined above the magnitude / 

of these correlat ions cannot be accepted a t face value, / 

At the sa«ae t loa there l a sufficient evidence to warrant / 

farther research, ^ 

t* TaXidlty and Rel iab i l i ty of the lim fa r iab le , 

fbe va l id i ty of lntxa«eortieal delay as a aeaaoye 

of t ea t intel l igence cannot be computed, as the r e l i a b i l i t y 

coefficient for the JUg variable la not obtainable tetm 

the data, available* the only technique which would yield 

a valid r e l i a b i l i t y coefficient la the t e s t re tea t method* 

2hle la due to the theoret leal importance of the plac«s©nt 

of the elactro&ea* $hua I t la poaaible to neaeure i n t r a -

cor t ica l delay re l iably with the electrodes in one place, 

but th i s doe® not iaply that in a different position the 

«w@ delay wil l be aeaaureA* 2laea i t lo not possible to 

repeat th ie experiment without aoaa v * r i s t l « la the posi­

t ion of tha electrode* in order to ae»»iiatrate r e l i a b i l i t y 

I t atttat Ha atowt that a ©sail ehan&a in tha position of the 

e lee twde &&m not influence the delay, This can only be 



don© by the t e s t re tee t method with a system t i c variation 

in the position of the «deotrade over the sot or area* kuch 

meaaursaenta art* now in pro^reas and will he reported in a 

l a t e r paper, 

A definite indication of the r e l i a b i l i t y of the ,&& 

variable with the electrodes in 2M, piece i s the periodi­

c i ty of the delays demonstrated in t an l s I on page 37 of 

t h i s study. I t wil l be notes* that the standard deviation 

of the feftP variable for each subject i s &&alX» ranging froa 

g*86 to 8*87 milliseconds* «hen th i s ra:u;e i s compared to 

the error of ;seaeuru*eut (plu« or oinu® 5 millisecond®,* i t 

can be atstod witli mum confidence that the delay of what­

ever i s feain^; measured la re l iable whon the factor of the 

position of tiiO electrode 1B held constant* 

3* Xntra-cortieal 3elay and Biological Intelligence* 

The shorter the central deisay in responding; 'to a 

given atlstolua the greater the affioieney of the organism* 

i#e», the aore in te l l igent* Thla aaeumption was proposed 

as the basis of the hypothesis which was tested in th i s 

study* furtheraiore a atoohaatic bruin model was accepted. 

An effort &uat now be jaade to link in t ra -cor t ioa l delay 

and biological lutellif.enee* The ter*a biological I n t e l l i ­

gence i e used teeeauae Intell igence aa i t is understood in 

payehology l a ao f®r removed from In t ra -cor t lca l delay that 
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it cannot be dlaottaaad in the frame worv i»f tl'lo study. If 

the correlation found la Hie nifleant then thia Mist be aocav* 

ted aa a fact, but why lntra-cortical delay ahould be related 

to payohonetrie test intelligence la far from cl«r* Bio­

logical intelligence and efficiency of the organise mre 

interchangeable concepts and this Is the weaning ^iven to 

biological Intelligence in this study* The pnrpoaa is to 

reduce the extent of the meaning; of intelligence to aaaa^e-

able proportion©. 

Any brain model which is not based on the taown 

anatomical and phyaloXo$leaX facts Is regarded with scepti­

cism and the concept of efficiency or blolo&leal intelligences 

will therefore be related to a neuron network* 

Consider a network of r«eeptor ©ells, neuron®, 

gynapssea and effectors. In a ttoeh&stic model where connec­

tions! between the elements of the network are random there 

auqr be a large nm&tm of pathway a by which a $ tissuing can 

eattea &.-<»m9mm* ?be## pathways will h® unao.ua! In length 

and will therefore produoe varying t.olaya in tha duration 

of the atimtilus-responae process* The pathway where tl e 

delay la the ahortaat la the aoat efficient and the orgaalaai 

1® M&&& to aat Intelligently in tula r'artioolax atlmulua* 

mnzm&m situation. The problem of Judging what is an ade­

quate response atlXX remains and no way ia seen to resolve 

this pr^felea without introdualng criteria outalde the 

organiam* For alsipXa reflexive activity tha adovtaoy sf the 

http://ao.ua
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response is easily Judged in teriat of internal pyalolo&leal 

criteria* But when complex human behaviour ia considered 

an efficient reipona© la not naoaaaarlly tha ahortaat one. 

There are however relatively simple voluntary aota such us 

the situation involved in this experiment* hereontion of 

a diffuse flash of lisht requires no complex reapoaae and 

yet there are undoubtedly xum*»reflexlve responses involved* 

*Ehe sseehanlsis is thought of eat a traiamiesIon of Infor­

mation from tha visual area to the isotor area, result lag 

in a general preparedness to «ofc in the motor area, Tbe 

electrical characteristics of this praparadneaa to act 

is not yet clear from the data gathered* It can however 

be said that it is not similar to the alpha blocking reac* 

tion and that it is not integrated i«s the motor eort« 

dlacharge prior to a voluntary aovejsent which previous 

authors have failed to detect* A distinct chang© dom 

occur in the actor area rhythm and at present this change 

im &mw&®& to represent the arrival of Inforaatlon* 

fime is a fundamental parameter In the functioning 

of the eleaenta of the brain* tfeaparni patterna when the 

organlaa functions- as a whole are equally ijaportaat* there 

is thus good reaeon to hope that tha ttaaiaurmant of varloua 

centrsl delays I2* roe*yonee to a variety of stimuli nay 

serve to reveal physiological correlates of intelligence 

or other psychological phenomena* 



Xt wa© shown that n,eaautfnent of the delay in the 

transsdsalon of information from one &t®te of the brain t© 

another la feasible* This was done hf daaonatratln;/. 

atatlatioaXly a periodicity in the reaponsea of tha nobor 

area to * visual ^tiaulue which could not be due to chance. 

Having e#t®bill abed this* the hypothesis of a aigaiflea.nt 

relat ionship between fn t»*co r t i ca l delay and intel l igence 

was tes ted , A atatlatioaXly ai rnif leant relationahlp was 

found, however the degree of significance when baaed on the 

data avai lable waa rejected* Sufficient evidence, both 

experimental and theoretical* was presented to indicate the 

probabil i ty of the exiBtanea of a true relat ionship and to 

juatefy further research* 

tha lauedlate research need ia for r e l i a b i l i t y 

studies of the BJjg, variable* With a a a l t i ahenell inatrtt* 

isent the ent i re cortex coald be m&jjpM with respect to 

delay and a large ntsahar ravoholocleal variable® correlated* 

there in mljio a need for Invest! i'0 tine tha nature of the 

stimulus In re la t ion to &®l&tf* VVQM a theoretieaX >olot of 

view i t ia probable tha t more aoatpXex atletuXl would be 

aaeoolated with longer delaya* 
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B a t e s * JT*A*T*. ttl£Laotrioal A c t i v i t y of the C o r t e x 
Accompanying Movaciant". J o u r n a l of *fhyaloloay* fol* U S . 
Wo* S, Apr i l , 1951, p* Z*03m* - ~ ~ — — -

Th© f a i l u r e t o de tec t a p o t e n t i a l change frejn the 
s o t o r cor tex preeeedin^ the onset of a voluntary movement 
i s corroborated and an explanation offered* This approach 
to the laeaauraent of i n t r a - o o r t i o a l t'ciay i s avoided* 

Dawson, &»w*, **0«xebml *ieapon*as to ^'er^e Gtiiau-
l a t i o n in Mann* M$MMJMMMXMII§M^M Vol* §» No* 4* 
1950, p* 386-329. 

A basic technique for the de tec t ion of evoked cor* 
t i c a l responses i s described* Var ia t ions in the Biz® of 
e o r t i e e l reapon.se® was? a l so noted which p a r t l y J u s t e f i e s 
the method of ©eeaursent used in the present sstudy* 

Ul ingeon* R««r*» '^»0* w l l c e t t , J.^* a iaeps and f*J . 
Sudek, "310 Frequency r a t tern Var ia t ion and Intelligence**, 
iHft,M<t Gilnjsf^l,Hf^ppjffig|,ptl,oia,, Vol* 9, •>*©« 4, nov* IVJ>7, 
p , 687*660* 

A new BEG va r i ab le i a cor re la ted with in te l l i f©nee . 
Although r a a u l t e were negative t h e f a a a l b l l l t y and the need 
for i n v e s t i g a t i n g new i U va r i ab les i s datflonatratad* fhi» 
confirms the opinion expressed in the jjraseut study tha t 
tne key to f u r t he r rrogreee in f inding K«t> c o r r e l a t e s of 
psychological phenomena i s the i n v e s t ! a t i o a of new w Q 
vr r iab lea* 

Fnot t , «r*H*, h* friedjaan sand h . Bardsl@y* n3oM 
jlXeatroe&eephaXograpfclo coanraltaa of XataXXlgenee in £ ight 
Year and TwelTe-Yeer Old Children** f Journal, of....KxaarjLa#BLtoX 
Psychology* Vol* 50 t I M S , p* 880-SOl, 

Alpba index and alpha frequency are the w/di variables? 
co r r e l a t ed with in te l l igence* on© of sevevnl ^®,,>^r& i l l u s ­
t r a t i n g the ©verconeentration of research e f fo r t on these 
two KSG va r i ab le s* 

Kraaxar* George h*# and f rank l in .* Juith» "The He* 
l a t i o n of the JKBG aad I n t e l l i g e n c e i evel in the Hon-Dlffe-
r a a t l a t e d Fami l ia l Typ# of Mental baficlenoy*, %b^Jaflrjapl 
a £ j j u t t t e t o a £ » . v ? i * s 9 ? l t o ? » £• * 7 - 3 i . w 

Alpha iidear anc slpha frequency aro t e ,.,w# va r i ab le s 
«nd the papulat ion i s organic* Helsvs i t to toe resen t study 
only in ruxrwin^ the type of ĤO v a r i e d as pr*r» lonely co r r e ­
l a t ed witfc i n t e l l i gence* 
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Larason, l a r a hrik*. MJKW» Hasponaes to i rar ipharal 
Nerve s t imula t ion In Man". Bffitt and 0^1al^al/^l@i.iroph,y,8ioleg.vf 
Vol* 5, Ho* 3 , August, 1V68, p* 377*584* 

^e&suxment of evoked c o r t i c a l rea^enaea to per iphe­
r a l n@rve s t imula t ion i s described* X*he content of the 
work i s not d i r e c t l y r e l evan t , but the &&& records r ep ro ­
duced show t h a t even l a r e l a t i v e l y alapXe atlouXua^reaponaa 
processes the delay of c o r t i c a l response® i s v a r i a b l e . 
This a l so j u s t e f l e s the method of ueasurment us«d In the 
present ,?tudy* 

Llndsley, X>*B,t "i 'ayeholo^leal Phenomena ant the 
^®ns M^.MMmiiMXM^BM^SMmMX^^M» Vol. *» *«• ^* Har. 

An atteiept to show how psychological and nmnro-phf^ 
s io log i ea l data aaay be r e l a t e d through time re l a t ionsh ips* 
An explanation for t h a inadaquaoy of research ef for t in t h i s 
area supports the opinions expressed in the present study* 

Homier. Marcel, "Ret ina l , Co r t i e a l and Motor Res­
ponses to Phot ic Sttijoilatlon In M&n% Journal of. ..Wa^rophif* 
slolo^V* Vol* 18 , Wo* 6, 1962, p . 469- 486* 

A major wort: defining the time r e l a t i o n s of r e t i n a l , 
e o r t i e a l and uotor responses t o a Xi&ht f l ash in msn* 
Although in t ra . ' -eor t lea l delay was not measured d i r e c t l y an 
i n d i r e c t ea t i ' tn te of i t s probable i--aenitude was &iven and 
-&r,erefore t h i s worJr i s r e l evan t and mast important to the 
^'resent study* 

i 'undyCaetle* A.0#t"i&eetrx>pbyaioloGioaX Corre la tes 
of Intelligence*** fpjt^ma,! ,pf_i.axap^a^ty* Vol . 26, No* £, 
Jane , 1958, p . XS4-X90* 

Alpha Index and al>»he freiueney a re again t h e £*K» 
v a r i a b l e s , but unl ike other authors a aumll pos i t i ve co r re ­
l a t i o n was found* Relevant as a review of previous work 
an r e la t ing iSBG va r i ab le s to i n t e l i l t e^cs* 

Fetehlne* J*. X* Talan, G*C* ha i ry and K* 2aazo t 
*J0» a t Flveau dental"* hZJmi^JlM^^9Ml&m* Vol. i£, 
1950, p* 353-378* 

A new JStii v a r i a b l e {frequency s c a t t e r indexi i s 
Introduced and pos i t i ve c o r r e l a t i o n s with i n t e l l i g e n c e were 
found* I l l u s t r a t e s the f ru l t fu lnesa of a new apvroseh to 
the problem* 
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Paapig l ione , 0-., **S©?ae Observations on the Var iab i ­
l i t y of aroked hflO Ac t iv i ty" , p a j J U L f i U f l t a f l SftHEMflair 
Qlor.yf Vol* 5, Ko. 1 , *ab. 1 9 i 5 S 7 p 7 l B - l 3 4 7 

A repor t on observations t n a t a va r i e ty of fac tors 
could Aodafy t i c o o r t l e a i reaponaea to f l a shes of l i gh t* 
By confirming i r r e g u l a r i t y in c o r t i c a l responses the u»«tnod 
of delay <aeasur*-ent usad in the preesent study in Juatefied* 

Sh&gasa, Char les , wAn At tept to OorraXate the Occi­
p i t a l Alpha i're<iu®ncy of the M&& with x erf ©ra&ricc, on & 
Mental A b i l i t y Taat*, ffgjynfj^ 
Vol* 36 f F a b * 1 9 4 6 , P* 8 8 - ^ ^ " ^ m ^ m m m m m m m m ^ m 

A l a r ^ e sca le study of the r e l a t i o n of alpha fre^uen-* 
©y to i n t e l l i g e n c e In norms1 adu l t subjects* th% eonolual*-
vely negat ive r e s u l t s c l ea r ly Ind ica te the f u t i l i t y of fu r ­
ther research along there iin@s* 

Sterna, John a*, M0n the Relat ionship Between Re­
ac t ion Time t o l i g h t and la tency of Blocking of the AXpha 
Bhythis% ,MuajBft ,®LM^Jlm®^$X&X&ffft*

 ¥«3-« ^* t4®* 1* 
Feb* 196S, p* 01-68, 

Content re levan t only inasmuch that a range for r e ­
ac t ion t i t e a to l i f h t i s mentioned. This ren^e plaoaa an 
upper H i l t to the expected duration of i n t r a - c o r t i c a l delay* 
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t h e foremost need in the aaaroh for »>•*»& eor ra la toa 

of psychological phenomena Is t he i nves t iga t ion of new J^g§ 

var iab les* t h e time pttr<ujefcer 1® undoubtedly of major I s * 

porta.noe a t the neuronal and tha behavioural level* 'fhua 

i n t r a - c o r t i c a l u^lay wai* intru&uced, defined and measured, 

a s an l.p& v a r l ^ M e r e l a t ed to t i n e and ; romisi i , j t o y ie ld 

fu r ther ini;?f!:t i n t o tho eleetx*opnyslolot-leal Mai® -jf 

i n t e l l i gence* 

Th@ l i t e r s i&ure revealed an in&de^u&oy of research 

e f fo r t in t i d e area ana ten o ra l ly negat ive r e a u l t a with 

r e spec t t o f e elee trophy s i j l oc i ca l ba^ ls ^f i t t e l l i ^ e n e e * 

1'r.e ufijor a l a s of t h i s study %««? f i r s t , t o show 

the f e a s i b i l i t y of no&aurin£& i n t r a - o o r t l e a l d t lay* 'fbis wms 

done by demonstrating a pe r iod ic i ty In the motor cor tex r e s ­

ponse which could not b« due to ohanco* The second aim was 

to re l s t© I n t r a - o o r t l o a l Colay to i n t e l l i gence* Tha c o r r e ­

l a t i o n found was a t a v l a t l o a l l y a l / n l f l e a n t but the degree of 

s ign i f i cance ttaqi re jeotod in view of the ©any uncontrolled 

1 John X'# JSrtl, heater*® thea i c r resented to t he 
School of l ayoholo&y of the un ive r s i ty ?f Ottawa t Ontario* 
May lSeX, v l l t -4X p# 
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fae to re ope ra t ing . Suff ic ient ovide^ce was presented t o 

warrant fu r the r resaareL and in t h i e a r r a t he Imaediate 

need i s for r a X l a h l l i t ' Htu&lee of the M>H variable* I t 

w i l l a l so be neeee ary to evaluate t i e laflueno© of the 

alc»etrode pos i t ion on i > t rn-^or t i ca l delay 

A t h e o r e t i c a l bnsla for tue f1 i4 is v a was al^o pro** 

posed &n& an at tempt rtade to r e l a t e i n t r a ~ e o r t i c a l dala? 

t o network ef f ic iency and f ina l ly to b io log ica l in te l l igence* 


