
001109 

KVOKiO) POTfcJfTIAL LATENCIES AMD PSiYCBDMKSBlC I«TliLLI0iiHC2 

by Jfatvilla A. Taylor 

Sfcasia araaantad to the Faculty of 
Psychology and Education of tna 
Uaivarsity or Ottawa, aa p a r t i a l 
fulf i l lment of tho requirements 
for tha <!agr«* of duster of Arts 

Ottawe, Canada, 1966 



UMI Number: EC55438 

INFORMATION TO USERS 

The quality of this reproduction is dependent upon the quality of the copy 

submitted. Broken or indistinct print, colored or poor quality illustrations 

and photographs, print bleed-through, substandard margins, and improper 

alignment can adversely affect reproduction. 

In the unlikely event that the author did not send a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion. 

® 

UMI 
UMI Microform EC55438 

Copyright 2011 by ProQuest LLC 
All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code. 

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346 



AC£S0wXi,DGM£NT8 

This thesis was prsparsd undar tha supervision of 

wlllia* F. Bi>rryt Ph.D., Assistant Profaasor at tha Univarsity 

of Ottawa| Faculty of Psychology and education, Sincsra 

thanks is expresaad for his guidance and support* ins assis­

tance of Mr, J.P, ftrtl, tf*A», Lecturer at the Faculty of 

Psychology and Education, is also gratefully acknowledged. 

Tha writer is also Indebted to 1r. W.B. Wallen, 

Principal of tha Canadian VooationaX training Program, for 

his cooperation in arranging tiae and space for tha tasting 

of studants* 



CURRICULUM aiUDioauM 

Meville A* Taylor was born in Kingston, Jamaica, on 

Septeabe* 10, 1933* Be received hia Bachelor of Arts degree 

in Liberal Arts fro* Sir Qee*«e Williaaa University, Montreal, 

Quebec, in Voveaberf 1963. 



TABLE OF CONTENTS 

Chapter P*«« 

IWRODOCnOJf vii 

I . - RSYIKW OF THE LITKRATBBJK . . , . . 1 
1. BBA and Test Intalligenca X 
2 . Evoked Potentials aad Inioraation Proeesslng 

Activity in the Brain 3 
3« Speed, Power and Intel l ieences A Theoretical 

Discussion 17 
W. Relationships between &pm*&, Power and 

Intel l igence 27 
S tiusssary and Statement of Hypotheses 30 

I I . - EXPERIMENTAL DE3I0SF . . . . . . . 33 
1 . Tools 33 
2* The Sample 3® 
3 . Experimental Procedures 37 
h. Anelysis of Cata H1 

I I I . - PRESIBTATIOS Alffi DISOJS3I0H OF RESULTS *»6 
1. Ea l iab i l i ty of Psychometric and Hour©logical 

Variables **6 
2. Effects of Age and Sex *t$ 
3. Relationships between Psychometric and 

leur©logical Variables *»9 
W. Discussion of Results u 

•/> 

SUMMARY AMD CONCLUSIONS 6 1 

BIBLIOGRAPHY 6 3 

Appendix 

1. PSYCHOMETRIC DATA (0TIST FORM A) 64 

2. PSYCHOMETRIC DATA (flTjfl, W l i ? > 71 

3. EVOKED POTESTIAL LATENCIES ?2 



LIST OP TABLES 

Table page 
I.- An Example of the Time ucore ;<ethod Applied to 

a Teat with Items Graduated in Difficulty. ... 23 
II.- An Example of the Work Score Method Applied to 

a Test with Items Graduated in Difficulty. ... 25 
III.- The Variability of Evoked Potential Latency 

Times Recorded from a Single Subject, on 101 
Days, over a Ten Month Period. . . . . . . . . . Wd 

IV*- Differences in the ^ean Latency Times of Males 
and Females Matched for Age and Intelligence . . 50 

v.- Differences in the Mean Latency Times of Two Age 
Groups Matched for Intelligence. . . . . . . . . M 

VI.- Correlations between Evoked Potential Latency 
Times and Psychometric Variables 53 

VII.- Partial Correlations betwaen Evoked Potential 
Latency Times and Hpeed and Power . $k 



LIST OF FIGURES 

Figure page 

1.- Brain Waves and Human Intelligence 39 



lETRODUCTIOH 

A great deal of research has been done, with conven­

tional techniques of electroencephalography, on the possible 

relationships between the electrical activity of the brain, 

and psychological variables, to date, these studies have 

proved to be generally inconclusive. Howaver, within the 

last decade, an alternative approach to the problem has been 

made possible by the development of techniques which permit 

the detection and analysis of Evoked Potentials. These are 

changes in electrical potential, which occur in the brain, 

in reaponse to sensory stimulation. Although the precise 

nature of these variables is still unknown, recent studies 

indicate that they may represent a very fruitful field of 

research, for those Interested In the neurological correlates 

of human behavior. 

Evidence now exists which suggests that the later 

components of Evoked Potentials may be related to data pro­

cessing activity in the brain. Of particular Interest, in 

this connection, is tite recent work done at the University of 

Ottawa which demonstrates a relationship between human 

intelligence and the latency times of Evoked Potentials* It 

is felt that this work is of sufficient Importaace to warrant 

further investigation* 

Because the work done at Ottawa involved a new and 

quite revolutionary technique, it was felt that it would be 
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useful to re-investigate the relationship between Intelligence 

and Evoked Potential latencies, using an alternate and more 

widely known method* This is the first objective of this 

study. The second objective is an attempt to extend the 

above findings by investigating two dimensions of intelligence 

which may be of importance la determining the overall rela­

tionship to Evoked Potentials* To this end, the complex 

faatera of Speed and Power, in intelligence, will be related 

to the latency times of four components of Evoked Potentials. 

The first chapter of this thesis presented a review 

of the literature, and states the theoretical bases for the 

experiment. It begins by referring to a paper which gives a 

y9ry comprehensive review of literature on the relationships 

between test Intelligence and conventional EEG variables, A 

prosentation is then made of literature concerning the pro­

perties of certain Evoked Potential variables and their 

possible relation to data processing activity in the brain. 

Of particular Importance is the study on the relationship be­

tween human intelligence and Evoked Potential latencies. 

Following this, a theoretical discussion is offered concerning 

problems in the measurement of Speed and Power. The insertion 

of such a discussion in the first chapter is, admittedly, a 

departure from the usual format of thesis writing. It was 

considered necessary because, so far as the writer can 

determine, the problems discussed have not been dealt with 
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adequately in the literaturo* Furthermore, the solutions 

offered not only affect the design of this experiment, but 

also determine the selection of papers on Speed and Po«er 

which are subsequently reviewed. The chapter concludes with 

a statement of the experimental hypotheses. 

Chapter two describes the procedures employed to 

Isolate end measure the variables in the experiment, and 

deeerlbes the statistical procedures used to test the 

hypotheses stated lathe first chapter. 

In chapter three the findings of the study are pre­

sented and discussed, and some suggestions are offered 

concerning possible future research la this area. 



CHAPTER I 

REVIEW OF THE LITERATURE 

This chapter begins with s reference to the pr9*9nt 

statu* of work on the relationship between conventional EJ&1 

variables and t e s t intel l igence* Section two discusses the 

nature of Evoked Potentials , and reviews l i terature which 

suggests that they are related to Information processing 

act iv i ty l a the brain and, i n particular, to psychometric 

in te l l igence . Section three discusses theoretical questions 

relating to the measurement of Speed and Power l a psychometric 

tests* section four reviews l i terature on the relationships 

of these variables to each other, and to inte l l igence as a 

whole* The f i f t h aad l a s t sect ion summarises the theoretical 

bases for th i s study, and concludes with a statement of the 

experimental hypotheses. 

1 . EEO and Test Intel l igence. 

A recent review of the l i terature* by Vogel and 
2 

Brovermaa, indicates that attempts to re late conventional KEG 

1 Hereafter, the abbreviation £j& will be used to refer 
to the following, depending on the context! Electroencephalo­
gram, Electroencephalograph, Electroencephalography. 

2 William Vogel and Donald }». Brovermaa, ^Relationship 
between EEO aad Test Intell igence* A Crit ical Review19, 
Piphftlgllf if l sMItttft . Vol. 62, NO. 2 , August 196V, p. 132-
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variables (usually the Alpha Rhythm) to test iatelllgeace 

have been generally inconclusive. The authors do state that 

significant correlations have been found, and further point 

out thatt 

Evidence for the relationship between these two 
variables seems strongest for samples of children, 
institutionalised geriatric patients, mental 
deficients, and brain oamaged persons; and weakest 
for samples of normal adults.3 

However, they also point out that the results from different 

studies are often contradictory and, furthermore, that many 

of these studies which show positive results involve method­

ological difficulties which limit the extent to which 

generalization of findings is possible* 

Most recently, a study by Edwards, on the relationship 

between EJ£ wave amplitude and jMfls- intelligence, did net 

enow statistically significant results* 

The inconclusive nature of these findings suggests 

tha need for a different approach to the problem of relation­

ships between intelligence aad brain activity* Such an 

approach appears to H e in the study of Evoked Potentials* 

3 IMA*» P. 132. 
k Henry P. Edwards, "3SG and WAIS Intelligence in a 

Sample of Cultural-Familial Deficients", unpublished Waster1s 
thesis presented to the Faculty of Psychology and Education 
of the University Ottawa, Ontario, 1965, vii~»*7 p* 
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2. Evoked Potentials and information Processing Activity 
in tha Brain. 

An Evoked Poten t ia l may be described as a s e r i e s of 

de tec table changes i n e l e c t r i c a l p o t e n t i a l , occurring within 

the brain , i n response to suprs*-threshold s t imula t ion , 

administered via &ny one of the senses , 'ike moat d i s t i n c t i v e 

feature of the Evoked Poten t ia l i s tLe appearance of i t s com­

ponent wave forms a t fixed i n t e r v a l s i n tl&s following the 

stimulus to which i t i s a response. In a conventional ,£IG 

record the Evoked Po ten t i a l i s d i f f i c u l t or impossible to 

de tec t , due to the r e l a t i v e l y grea ter copli tude ©1 the onKOln^, 

"random*'', brain a c t i v i t y i n whicr. i t i s imbedded. 

In papers published i n 19^7 &nd 195*+1 Dawson proposed 

a so lu t ion to t h i s problem. Simply s t a t ed , h i s method involved 

super-imposing samples of ,EEG recordings iaimeoiately following 

a s e r i e s of s t imu l i . By th i s procedure, he was &hie to d i s ­

t inguish between random a c t i v i t y and those wave lories whicri 

alwaya appeared a t fixed time i n t e r v a l s following the s t imulus. 

Dawson's work, together with reiinemenis suggested oy o thers 

i n the f i e l d , haa provided the basis for the development of a 

modern computer technique which i s now used i n v i r t u a l l y a l l 

5 G.L. Dawson, "Cerebral Responses to E l e c t r i c a l Stimu­
l a t i o n of Per ipheral Serve in ^ n « , flournal of geurolo^y,, 
WriffftfrWifltr? nM f n p i r W r vol. 10, i w , p. i3H-i»#o. 

6 • » — — — , »A Summation Technique for the Detection of 
Small Evoked Potentials", Electroencephalography end Clinical 
Neurophysiology, Vol. 6, 1951*? p. 6̂ -d1*. 
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7 studies on Evoked Potentials , including the present one.' 

In principal, this technique consists of the administration 

of a number of discrete st imuli , and the algebraic summation 

by the computer, of samples of brsin ac t iv i ty Immediately 

following each stimulus. The U S *<-'tlvity not related to the 

atimulus occurs randomly, and thus tends to average toward 

sero, while potentials time locked to the stimulus ( i . e . , 

the Evoked Potential) tend to summate, and so become readily 

distinguishable. 

Ihe precise origin and nature ot Evoked Potentials 
o 

are not def ini te ly known. Bickford e t a l . suggest that 

Evoked potentials , recorded from the scalp, are mainly due to 

Involuntary movements of the cranial muscles in response to 

the stimulus. Ihe author* demonstrate variations in evoked 

response patterns corresponding to variations in the tension 

of neck muscles. In the discussion published with Bickford*s 

paper, G.D. Geialer disagrees with the authors' conclusions 

and suggests that Evoked Potentials are cortical in or ig in . 

7 A notable exception i s the alternate mettiod which 
has been devised snd successfully employed by Srt l , at the 
University of Ottawa, Faculty of Psychology and Education. ee: 

«?,P. Ertl , "Detection oi Bvoke4 Potentials by Zero 
Crossing Analysis", ftlmctrooncejhilQftp oh ajtf,,Cli,nicaj, 
Jfaurophysleloav. Vol. 15, 19*$, p. 630-031. 

b Reginald G. Bickford, James L. Jacob son, D. Tr^ane, 
ft. Cody, "Sature of Average Evoked Potentials to Sound &ti& 

ME^. ̂ ^ t y iftw.T mm*mt ,f 
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In a study designed to tes t the findings of Bickford, 
1 Domino and Corssen analysed Potential recordings obtained 

from twelve surgical patients under three different conditions. 

Responses to visual stimulation wore recorded from a number 

of sc&lp electrodes while the subjects wore: 1) awake\ 2) 

llgJLly anesthetized} 3) in a state of complete muscle paraly­

s i s Induced by the admlnlstration of Succinylcholine. A 

variety of differences in the Evoked Potentials were observed 

between the f i r s t two conditions. However, the paralysis 

of a l l skeletal muscles, following anesthesia, produced no 

further changes* The authors conclude that the skelets l 

muscle component, in visual ly evoked responses, i s neg l ig ib le . 

Unfortunately, the i ladings of th is study are weakened by a 

lack of suitable controls. Nevertheless, the overwhelming 

weight of evidence and opinion reported in the l i terature 

supports the conclusion of the authors, and opposes the posi ­

tion taken by Bickford. 
10 Amasslan ej^aj,. , in a study on cats , recorded Evoked 

Potentials from micro-electrodes implanted in somatosensory 

areas I rnd II of the -ortex ^nd, simultaneously, from scslp 

9 Edward F. JJomino and Guenter Corssen, "Visually 
Evoked Response in Anesthetized Han With and Without Induced 
J"? 0 1?,£* r ! 1 .? i f"». in n fJL i iQ f toe Mow York Academy oi Sclmncaa. Vol. 112, Art. 1, my 196**, p. 226-237. 

1C V.E. Amasslan, H.J* Waller, j . Hacy, J r . , "Neural 
ftschanlsm of the Primary Somatosensory Evoked Potential11, 
Annals gf U^Mew York Academy of Sciences,. Vol. 112, Art. 1, 
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electrodes placed over the same crews. Recordings were made 

at various drug induced l e v e l s of consciousness and, In soiae 

cases,with the cortical recording areas completely anesthet­

ized. The dlscusalon of findings, in th is study i s lengthy 

and complicated, and wi l l not be fully reported here. I t I s 

noted, however, that the authors believe that Evoked Poten­

t i a l s , recorded et the surface, are the result of post­

synaptic potentials occurring in cortical neurons, 3 hey 

further suggest that the amplitude of these post-synaptlc 

potentials i s determined by the spread of ac t iv i ty between 

cortical and sub-corti .e l structures. They conclude that 

Evoked Potentials do not represent simply the simultaneous 

discharge of groups of cortical neurons, but are also deter­

mined by the interaction of cort ical and sub-cortical networks. 
II 

Uttal and Cook studied Evoked Potential from human 

subjects, using e l ec tr ica l stimulation applied to the wrist , 

and surface contact electrodes. The authors identif ied three 

major wave forms, occurring at approximately 25, *+!.- *md \*c 

milliaeconds after stimulation, which they labeled respectively 

the ''.f, "H", and "0" waves* The authors observed th*>t the 

latency times oi these waves were stable within individuals 

and differed between individuals. They also observed that 

11 William R. Uttal and Louella Cook, "Jystemics of 
the Somatosensory Cortical Potential: A Payihophysic&l-
Kiectrophysiological Comparison-, Annals or the Mew Yort 
A^domv of Sciences. Vol. 112, «rl . 1, liny 1961*, p. 6C-bc. 
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the "Or wave, in addition to its longer latency time, was 

more diffuse In shape, was less stable than the other w&ves, 

could be recorded from all areas of the head, varied markedly 

with respect to latency and amplitude In relation to the 

subjects* subjective state, and disappeared almost entirely 

during sleep. By contrast, the vnv and "H" waves were more 

stable, appeared to be relatively independent of the sub­

ject's state of consciousness, and could be detected with 

certainty only over the somato-sensory area contralateral to 

the stimulated wrist. In the discussion oi their findings, 

the authors agree with Amaasian at al. in stating that, "the 

evoked potential is not only the summation oi many thousands 

of neuronal potentials but slso appears to be the suameted 

responses of several major neurological systems.M They go 

on to point out the similarity between the characteristics 

of the "0*' wave, and the classical reticular activation 

response observed in conventional EEQ studies. On this basis, 

they hypothesize that the '0' wave may be mainly the result 

of activity emanating from the reticular formation. With 

considerably less certainty, they speculate that the "H" and 

"N" waves may be due to activity In the spinothalamic and 

medial 1emuiseal pathways respectively* 

12 Ibid. 
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I t i s possible that a connection ex i s t s between the 

above hypothesis coacerning the "0" wave, and work being done 

by 3chafer, on the offeats of the drug *Hethedrine" on Evoked 

Potential l a t e n c i e s . 1 3 This drug i s generally believed to 

act upon the ret icular formation, 99 well as other brain 

centera, and has the subjective e f fect of iaereasing alertneee, 

Sehafer has found that • Methedrine" s ignif icantly shorten* 

the latency time of the third component which correspondt to 

the negative peak or the "0" wave, but does not affect the 

earl ier components corresponding to the "M» and MH" waves* 

l a a very carefully controlled study using forty 

Ik 

anesthetlsed cats, Fox aad O'Brien investigated the rela­

tionship between the distribution of spike firings of a 

single cortical neuron and the wave form of the Evoked 

Potential recorded from the same are*. Stimulation consisted 

of snort duration light flashes, and recording* vera made 

from both the visual and somatic sensory areas of the cortex. 

A single micro-electrode was inserted into the cortex l a such 

s way that, with the use of complicated Instrumentation, i t 

13 E. Sehafer, "The Effects of Hethamphetamlne HC1 
on Rumen Evoked Cortical Potentials", study carried out at the 
University of Ottawa, Faculty of Psychology and Education} 
submitted for publication to Science. 

Ik Stephen 8. Fox and Jsmes H. O'Brien, "Duplication 
of Evoked Potential Waveform by Curve of Probability of 
Firing of a Single Cell", JcHa^e., Vol. l*t?, February 1965, 
p* 080-090• 
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was possible to record the spike firings of only one cell 

immediately preeedlng and following approximately four thousand 

lc-microsecond light flashes* These recordings were fed dir­

ectly to a computer which made a frequency distribution of 

the number of spike firings, plotted against time* The 

Individual eell was then destroyed by tapping on the electrode 

ead aa Evoked Potential recording was made, from the surround­

ing cortical area, using the same electrode and approximately 

two hundred stimuli. In repeated trials, ead in different 

cortical areas, It was found that the distribution of single 

call spike firings, serosa time, was almost exactly duplicated, 

la terms of both the latency and amplitude of its positive 

aad negative peaks, by the corresponding Evoked Potential. It 

is further stated that this relationship holds for both visual 

aad somatie stimuli, and for eases where two sensory stimuli 

are administered close together. The hypothesis that Evoked 

Potentials represent the summated potential changes from many 

cells acting together is defended on tne grounds that all the 

cells in a given localised area have approximately the same 

firing pattern* The conclusions of the authors are given in 

the following quotation* 
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We conclude from these data that no component (posi­
tive or negative, early or late) of the asynchronous 
evoked potential recorded In tfcle way Is uniquely 
related to responses of specific cell populations or 
to specific portions of cells, since from each cell 
a probability curve can be obtained which closely 
resembles the waveform of the entire evoked response. 
This outcome suggests, therefore, that whatever 
potential sources contribute to the evoked potential, 
they are directly related to or reflected in the 
firing of a single cell.*? 

It might appear at first glance that this conclusion is 

directly opposed to the hypothesis of Uttal and Cook, that 

the third component, or "0" wave, is determined by activity 

radiating from the reticular formation. That this is not 

necessarily the case may be seen by considering a number of 

points* la the first place, the authors do not rule out the 

possibility that Evoked Potentials may have their origin In 

the graded pest-synaptic/deadritic potentials. In fact, they 

specifically state that the observed relation between the 

pattern of spike firings (which occur only In the exoa) and 

Evoked Potentials may be due to the fact that there is an 

"important relationship between dendritic activity and the 

production of spikes from the cell body."10 if this is the 

oasa, then at least the oontentlons of Aaasslan et al. remain 

1? Fox and O'Brien, Op. Clt.. p. ©90. 

16 A recent telephone conversation between Fox and 
the writer's thesis advisor, J.P. Ertl. confirms that the 
authors do in fact subscribe to this view. The use of the 
term "cell body1' in this quotation may represent a confusion 
in terminologyi it is generally believed that spike firings 
occur only la tha axon* • 
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tenable. That is to say, it may still be argued tha t the 

Bvekeo Potential, as a whole, is influenced by activity 

radiating from many brain centers, on the grounds that it is 

this activity which determines the charscteristics of 

dendritic potentials* 

Further argument is made possible by considering two 
17 

findings reported by Walter. In a study on, humans, he 

observed that* 1) Evoked Potentials recorded from the same 

s i t e , l a a single individual, allowed marked differences 

related to the type ana intensity of the stimulus used to 

e l i c i t the response* These differences were M9en In record­

ings from both scalp electrodes and electrodes implanted in 

the brain* (Evoked Potentials result ing from repeated t r i a l s 

with say one stimulus were found to be stable within 

individuals.) 2) Any single stimulus act ivates neurons in 

many areas of the brain in addition to those in the primary 

receiving area, and th is ac t iv i ty I s refleeted in the Evoked 

Potential wave form* In summary, i t may be said that each 

type of stimulus appears to produce a re la t ively unique 

Evoked Potential wave form, which la stable within the 

individual. Differences between the character is t ic wave forms 

of various stimuli are the resu l t , Walter believes, of the 

17 W, Grey Waltmr* "The Convergence and Interaction of 
Visual, Auditory and Tactile Responses In Human nonspecific 
Cortex", AMjlf. of %lmJiWjWfaAfcHmit ,®I, g^iftcflH Vol* 112, 
Art. 1, «ay 196S p* 320*361. 
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fact that each stimulus activates a different combination of 

brain eeaters aad neural pathways* On the basis of these 

sad other observetloas quoted above, it is possible to form­

ulate a theory ef Evoked Potentials in relation to informa­

tion processing la the brain* 

Tha Interaction ef impulses from various brain centers 

activated by a given stimulus determines tha pattern of post­

synaptic potential changes of tne single cells In the Evoked 

Potential recording area* This activity is refleeted in both 

tne Evoked Potential and tha related spike firing pattern of 

tha single calls* Impulses arriving via direct neural path­

ways, or from adjacent cortical areas, act first upon the 

cells In the recording area and, therefore, are reflected In 

tha earlier components of the Evoked Potential* Impulses 

arising la more widely separated areas and transmitted by 

mora indiraet pathways act later upon the cells In the record­

ing area aad thus sre reflected in tha later components. It 

haa been observed that different stimuli produce different, 

yet stable, Evoked Potential wave forms within tha individual. 

This fact suggests tha hypothesis that these wave forms re­

flect the "codes" by which tha brain is able to differentiate 

between stimulii the "code" itself being the spatial and tem­

poral Interaction of impulses, from the particular combination 

of brain centera and pathways, activated by the stimulus. If 

this hypothesis is granted, then it may also be assumed that 
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the later Evoked Potantial eomponents are of greater signific­

ance, in terns of the "meaning" attached to stimuli, on the 

grounds that these eoaponents reflect the integration of 

impulses from more widely distributed brain areas* Intra*-

individual differences in Evoked Potentials may be attribut­

able to variations in the background activity of the brain 

centers Involved, resulting from a wide variety of causes such 

as fatigue, illness, attention, etc* Observed differences 

in the responses of different subjects to the same stimulus 

may be due to inter-individual differences in the basic 

structural and physiological properties of tha nervous system 

as a whole* 

Due to the extreme complexity of the subject, the 

foregoing discussion has presented a model of Evoked Poten­

tials which is, necessarily, both over-simplified and incom­

plete la many areas* Nevertheless, It has been included in 

an effort to provide a theoretical basis for the connection 

between Evoked Potentials and Inforaatioa preeessiag activity 

In the brain* It was felt that no such theory could be 

acceptable which did not attempt to integrate the recent 

findings of Fox and O'Brien with those of other writers in 

tha field. 
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Evidence in support of this theory i s to be found in 
1& a study by John et a l . In this study, in which Evoked 

Potentials were recorded from cats by means of intra-cranial 

alectrodas, i t was noted that there was an alteratiea in wave 

snaps of the later components as conditioning to a visual 

08 proceeded* As s further dimension to their experiment, 

the authors applied disruptive electrical stimulation dir­

ectly to tha brain during the period of the Evoked Potential* 

They noted that, i f tha earlier component was interrupted, the 

CS elicited a correct CR in 59*5 per cent of toe trials* If 

the disrupting stimulus was administered during tha later 

components, only 20.6 per cant of the tr ia ls resulted In 

correct CE's. These results appear to be particularly signi­

ficant in relation to the hypothesis that i t i s the later 

components which are of greatest significance in the process 

of ascribing meaning to a stimulus. 

The ability to differentiate reliably among individu­

a l s , on tha basis of Evoked Potentials, i s demonstrated by the 
19 findings of Jhagass and bchwart*. Evoked Potentials, In 

lb E.R. John, D.S* Euchkln, J. Villages, "Experimental 
Backgroundi Signal Analysis and Behavioral Correlates of 
Evoked Potentials in Cats", Annals, of, the flfwYprk Academy 
of Sciences. Vol. 112, Art. 1, my 196**, p. 362-«*20. 

19 C* Shagaas and M. Sehwartx, "Evoked Cortical 
Potentials and Sensation l a Hsn", Journal of gouropaysftls^Y, 
Vol* 2, I960, p. 262-270, 
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response to visual and electrocutaneoua stimulation, were 

recorded from tha visual and somatic-sensory areas of fifty-

six male and female subjects, using scalp electrodes. It was 

noted that tha components of tha Evoked Potentials were 

highly stable within individuals with respect to latency times 

aad differed markedly between individuals. The correlation 

far intra-individua! consistency was .87, while correlations 

calculated for tha responses of different subjects to the 

same stimulus approached sero. 

These findings are supported by those of Dustman and 
20 

Beck, who obtained recordings from seven adult males, by 

means of mono-polar electrodes placed four centimeters 

anterior and lateral to the lnlon. In all subjects, it was 

possible to detect eight components, four positive and four 

negative, occurring in the first 3tO milliseconds after stimu­

lation. All these components were observed to be stable 

within individuals, while those occurlng after 3GC milli­

seconds showed greater variability. For components occurring 

in the first 300 milliseconds, test-retest correlations for 

each subject showed a median correlation of .bei. Correlations 

calculated for the latencies of different individuals showed 

a median correlation of .37* 

20 Robert E« Dustman and Edward C. Back, "Long Term 

Vol* 1*2, December 1963, p. 1 M K > 1 H 8 1 . 
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21 
As early as 1961, firtl hypothesised that the 

shorter the response time of the brain to a light flash, the 

greater Is the efficiency of the organism and, therefore, 

the higher will be its intelligence. Due to the difficulties 

involved in identifying the response in a conventional EEQ 

record, tha correlation of -.56, found in this study, could 

not be accepted with certainty* In 1965, on the basis ef 

this original idea, plus studies mentioned above, Chalks 
22 

and Ertl hypothesised thatt 

[.••2 & biologically efficient organism should process 
information more rapidly than a less efficient organism 
and that the delay or components of the evoked poten­
tials is a measure of the efficiency of this process. 

With a total sample of forty-eight subjects, using photic 

stimulation, and a technique of Zero Crossing Analysis for 

detecting Evoked Potentials, Chalks and Ertl were able to 

demonstrate a statistically significant difference between 

tha aaaa latency times of three groups of high, middle and 

law IQ. It la ox interest to note that, In accordance with 

the findings of John &£_&*.*, quoted above, this difference 

in latency tlaes was observed only for the third, fourth and 

fifth components of the Evoked Potential, and not for toe 

first and second (i.e., the eerlier) components* 

21 J.P. Ertl, "Intracortical Delay and Intelligence", 
unpublished Master's thesis presented to t.-,e School of 
Psychology and Education, University of Ottawa, 1961, p. vlil-**l. 

22 F.C.R. Chalks and J. Ertl, "Evoked Potentials and 
Intelligence", Lftf*, Ecftences, Vol. W, 1965, p. 1319-1322, 
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This section has Included evidence which auggests 

that: 1) Evoked Potentials may be related to information 

processing activity in the brain, and that the luter compon­

ents are of greater Importance as indicators of this process. 

2) Evoked Potentials are stable within individuals, and tne 

latency times of the various components may be used tc 

differentiate among individuals. 3) Tne latency times of 

the later components are related to psychometric intelligence. 

3. Speed, Power and Intelligence! A iheoretic&l 
Discussion. 

The hypothesis of Chalks and Ertl, quoted in section 

two, would seem to imply that the observed relationship be­

tween Intelligence and Evoked Potential latency is due to a 

relationship between neurological efficiency and mental 

efficiency. If this Is the case, then speculation arises 

concerning what sort of mental efficiency is involved. 

Specifically, it may be aakedt 1) Is latency time related 

to the Individual's ability to solve difficult problems 

accurately? 2) Is latency time related to the speed with 

which the Individual is able to arrive at conclusions, 

Irrespective of the accuracy of those conclusions? In an 

attempt to answer these questions, it was decided to investi­

gate two factorlally complex dimensions of Intelligence, 

namely, Speed and Power* Before reviewing literature on the 
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relationship of these dimensions to each other, and to 

Intelligence as a whole, It is necessary to give considera­

tion to the ways in which they may be measured. 

As & preliminary definition, the term Power is used 

to refer to the individual*s problem solving ability. 
23 

Guilford describes s Power test as one in which the items 

are graduated in diff icul ty and the subject has sufficient 

time In which to attempt a l l items. He refers to Thurston*, 

when he s ta tes that the Power of an Individual i s , "that 

level of difficulty of tasks at which his probability of 

success i s .50, when given inf in i te time." In practice, 

inf ini te time i s a l l the time the subject will take. Guilford 

goes on to s ta te that tha level of diff icul ty , or Llaen Ucore. 

i s almost perfectly correlated with the Summation ^core. or 

number of items answered correctly, when the individual has 

sufficient time in which to attempt a l l Items. Since these 

two scores may be used Interchangeably in correlations with 

other variables, the Power of an individual may be defined 

as being his fffflnitiflifft Score in unlimited time. This defini­

tion will be adopted in this study. 

2k L,L. Thurstone. "Ability, Motivation, and Speed", 
Pavchometrika. Vol. 2, 1937* P. 2*f9-25U, 



REVIEW OF THE LITERATURE 19 

As a preliminary definition, the term Speed, con­

sidered as s dimension of Intelligence, refers to the rate at 

which an individual works, Irrespective of the accuracy of 

that work* In the physical sciences, as well as in Psychol­

ogy, speed in a task Is expressed as the number of items, of 

equal difficulty, completed pmr unit of time, without regard 

for accuracy, and is obtained from the formula: 

S * I / T 

where I * the to ta l number of items completed 
T * the total elapsed time 

When defined in this say, Speed may oe measured by two methods: 

1) The Time a core Method wi.ich measures the time taken to 

complete a fixed number of 1ternsj 2) The Work acore method 

which measures the number of items completed in a fixed time 

Interval . 

The comparison of these two methods will be made 

easier by considering the example of a test in which all 

items are of equal difficulty. If five individuals obtain 

Work Scores of 5, It, IS, 2C and 2j items in a ten-minute 

time Interval, the corresponding Time Scores, i.e., the times 

taken by each individual to complete e fixed number of items, 

say twenty items, will be respectively *K>, 2C, 13«33» lc and 

d minutes. Speed Scores calculated from the Work Scores (by 

means of the formula S = I/T 3 IA~) will be respectively, 

.5, 1, !•?» 2 and 2.5 Items per minute. Speed Scores calculated 
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from Time Scores (by means of the formula & * I A ~ 20A) are 

also found to be respectively, .s, 1, 1.5, 2 and 2.5 items 

par minute* 

On the basis of the above figures, the following 

observations may be made concerning the Time Score and Work 

Score Methods, in a test composed of items of equal difflcultyi 

1. Speed calculated from Work Scores is identical with Spaed 

calculated from Time Ocores* 

2* Speed is a direct linear function of Work Scores* 

3* Speed Is an Inverse curvilinear function of Work iicores. 

k. Time Scares are an inverae curvilinear function of 

Work Scores* 

On the basis of these observations, the following further 

statements may now be madet 

1. If Spaed Scores are normally distributed in a sample, 

the corresponding Work Scores will also be normally dis­

tributee. Thus, in a correlation with an outside variable, 

Work Scores could be used to represent speed Scores 

without changing either the magnitude or the sign of the 

correlation. 

2* If Speed Scores are found to be normally distributed in a 

sample, tne corresponding Time Scores will be skewed, 

end reversed in order of magnitude* if these lime Scores 

are to be used to represent Speed Scores in a correlation 
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with an outside variable, u>ey must f i r s t be normalised, 

and the sign oi the resulting correlation must be changed. 

3* If Time Scores are found to be normally distributed i n a 

sample, the corresponding Speed Scores w i l l be skewed. 

If these Speed Scores were to be correlated with an out­

side variable, they would f i r s t have to be normalised, 

or, what amounts to the same tiling, the raw lime Scores 

could be used and the sign of the correlation changed. 

In summary, i f suitable procedures for normalising skewed 

distributions are employed, ;ime, Work and bpead Scores may 

be used interchangeably in correlationa with outside variables. 

The foregoing discussion has shown the relationships 

between Time, Work and Speed Scores when a l l t e s t items are 

of equal diff iculty* I t remains to be seen what happens to 

these relationships i n a t e s t where the items are graduated 

i n d i f f i cu l ty . Tate"'' tested th ir ty - s ix high school sophomores, 

using specially constructed tes t s composed of items of in ­

creasing diff iculty* Ihe t e s t s were administered individually, 

and separate time measurements were recorded for each t e s t 

item* The individual's Speed on a t e s t was represented by the 

mean of the times for a l l items. Simple calculation wi l l show 

25 ittrle E* l a t e , "Individual Differences In Speed 
of Response In .,jfenUil Test Materials :;f V'ryirs^ Se^re-aa of 
D i f f i c u l t y " , MusytlMsal and Pa jrche-l.nff? *e I ia«« f t r famn ifr Vol. 
.,, Jfo, 3* Auttian l ^ i i , p. 3?3-37'<. 
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that the scores obtained in this way are directly proportional 

to scores obtained by the Time Score Method described shove. 

Tate found that the relative positions of Individuals, in 

terma of speed, remained the same at all levels of difficulty. 

Thus, If one subject is twice as fast as another at one level 

of difficulty, he will still be twice as fast at a higher 

level of difficulty, although both will take longer to com­

plete the Item* 

With these findings la mind, an example may now be 

considered or tha Time Ecore ilethod used la a test whose 

items are graduated in difficulty. Pour individuals have 

obtained Speed Scores of J?, 10, IS, aad 20 items per minute, 

on s test la which all items are of uniform difficulty level 

X* They are then given a second test composed of eight items 

(measuring the same mental function) in which tha first item 

is also or difficulty level X, and each successive item is 

twice as difficult as the preceding item* The entries in 

Table I show the times taken by each individual to complete 

each test item* The Time Scores in 'able I show the total 

times taken to complete ell eight items* The corresponding 

Speed Scores of ,16, .31* •**&» and .63 items p9t minute (from 

the formula s - I A a & A ) represent the average number of 

Items completed per minute over the whole test* On the basis 

of the figures shown In this example, the following general 

statements may be madei 
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Table ]*-

An Example of the Time Score Method Applied to a Test with 
Items Graduated in Difficulty. 

2 3 5 5 5 7 3 * 3eor« 
u, (2a) <w (te im) i\*A) mx) am) 

A .2 A •$ 1.6 3*2 6J» 12,6 25*6 51*00 min, 

B .1 .2 ,k .ij 1*6 3.2 6**f 12.8 25#50 " 

C *06 .13 .26 .52 1.0*> 2.08 k.W d.32 16. §7 * 

D *05 .1 .2 .*• .8 1.6 3.2 6.k 12.75 * 

Cell entries indicate the time taken, in minutes, to 
complete each Item* 

a The diff icul ty levels of the Items. 
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1. In a test composed of items graduated In difficulty, 

Speed Scores are an Inverse curvilinear function of Time 

Scores* 

2* Speed Scores, calculated from Time Scores in a test of 

graduated difficulty, are directly proportional to tne 

Speed Scores obtained from a test, of the same function, 

in which all items are of uniform difficulty. 

3. The relationship of Time Scores to &p99& Scores is 

unaffected either by variations in difficulty level, 

or the number of items in the test* 

In summary, the Time Scores obtained from a test of graduated 

difficulty may be used es before to represent Speed Scores, 

either from the same test, or from a test in which all items 

are of uniform difficulty. 

The following example illustrates what happens when 

Work Scores are calculated for the same four subjects, on the 

same eight item test of graduated difficulty* The entries 

in Table II show the number of items completed by each subject 

at the end of each time interval (i.e., the subject's Work 

Score for that time Interval). Speed Scores, calculated for 

the four subjects, at the ten-minute time Interval (3 - I A 

= 1/10) are •?, .6, .7 and ,7 Items per minute* At the 

fifteen-minute time interval the Speed Scores become respec­

tively (a « I A * IAS) A , M, .**6 and .53 items per minute. 

It is immediately apparent from these figures that, in a test 
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Table II.-

An Example of the Work Score Method Applied to a Test With 
Items Graduated in Difficulty* 

Subjects 

A 

B 

C 

D 

«k 
2 

3 

k 

k 

Time Intervals (in minutes) r 
i* 

k 

* 

5 

* io 

k 5 

5? 6 

5 7 

6 7 

6 

7 

7 

a 

20 

6 

7 

S 

6 

2$ 
6 

7 

6 

a 

Cell entries indicate the number of items completed by 
each subject, at the end of each time interval* 
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of graduated difficulty, neither Work Scores nor the Speed 

Scores derived from them, differentiate between subjects in 

tne same way at the various time intervals. Furthermore, 

these scores do not vary in a fixed manner in relation to 

Work and Spaed Scores, derived from a test, of the same 

function in which all items are of uniform difficulty* It 

follows, therefore, that in a test in which all items are 

graduated in difficulty, the Work Score Method cannot be 

uded to estimate the Speeds of the individuals taking the test. 

The foregoing discussion of Speed was intended to 

show that when Speed is to be derived from a teat of graduated 

difficulty, the Time Score Method is to be preferred* The 

decision to use a graduated test results from the necessity 

of measuring ttpeed and Power from the same test* Tha use of 

different tests was ruled out on the grounds that confounding 

variables arising from differences in the test contents would 

make It impoasible to generalise concerning the relationships 

of Speed and Power to outside variables. This objection 

might be overcome, at least In part, by the use of alternate 

forms of the same test. It was felt, however, that if sub­

jects were aware that they were being marked for Speed alone, 

they would tend simply to guess at the more difficult items 

without seriously attempting to solve the problems. It Is 

doubtful if Spaed ocores obtained in this way could be con­

sidered as measures of "Speed-of-Intellectual-Functioning". 
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aawever, i f subjects are given as much tiae as they need to 

attempt a l l items, and ere instructed to work for both speed 

aad accuracy, then Power stay be measured by the number of 

ltaas answered correctly, and Speed may be represented by 

tha times taken to complete a l l items on the test , irrespec­

tive of accuracy* Intelligence, which i s a combination of 

Speed and Power, amy also be measured in the same test by -as 

number of items answered correctly In a limited time* 

This section has presented theoretical arguments in 

an attempt to show that Speed and Power, considered as 

dimensions of Intelligence, can be measured from a single 

test of graduated difficulty* Furthermore, when using such 

a test , Speed (defined by the formula £ * X/I) can bast be 

aeasured by the use of the Time ieore Method* The literature 

concerning bpeed, Power and Intelligence, measured in this 

way, i s limited* 

k. Relationships between Speed, Power and 
Intelligence* 

26 Baxter tested one hundred university undergraduates 

using tha p,Ui SA» ffififofff ,BiHWAflft̂ 9Ba, %Qm J« At the end of 

twenty minutes, subjects were stopped, given a different 

26 Brent Baxter, "An Experimental Analysis of the 
Contributions of Speed and Level in an Intelligence Test", 
IfflJjMlJti gd.WUwfiii ffE/c^ogy*. Vol. 32, Ho. k, April 19^1, 
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colored pencil, and told to complete the test* Speed was 

dafiaad as the number of minutes taken to complete all seventy-

five items on the test, irrespective of accuracy* Power was 

deflaad ae the total number oi items answered correctly, and 

Intelligence as the number of items answered correctly in 

twenty minutes. •;he following correlations were obtainedt 

Speed and Intelligence, .75! Power aad Intelligence, .62 j 

Speed &ad Power, -.06. Tne coefficient of multiple determina­

tion for Speed ;\nd Power vs. Intelligence was .996. The zero 

order coefficients of determination for Speed and Power were 

•56 and .39. Baxter concludes th t Speed and Power vary 

Independently and that, between them, they account for virtu­

ally all the variance in Intelligence, Speed contributing 

approximately 60 per cant and Power tha remaining kQ per cent. 

Davidson and Carrol2" factor analysed the results 

from a battery of tests administered to ninety-one psychology 

undergraduates. Speed, Power and Intelligence scores were 

obtained for each test in the battery* The operations used 

to define these variables were the same as those used by 

Baxter, except for two variationst 1) Subjects worked straight 

27 Baxter &&S other authors quoted below use different 
terms la referring to these operations* In order to avoid 
confusion, the words Speed, Power and Intelligence are used in 
all eases to denote these operations. 

23 William M. Davidson and John B. Carrol, "Speed and 
Level Components in lime Limit Scorest A Factor Analysis", 
Educational and. Pay choices, j,, fffiajujomeaj,, Vol. 5, So. k, 
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thraugh the test, attempting each item once, and each subject 

recorded his own time to complete* 2) After recording his 

own time, each subject was then allowed to go back and check 

his answers* The authors found that in all cases Speed 

Scores were independent of Power Scares and "time limit 

(i.e. Intelligence) scores could be represented as faetarially 

eaaplax measures having loadings on both spaed and level 

(i.e., Power) dimensions of ability." In addition, they 

found a general speed factor Involving nearly all of the 

separate spaed scores obtained from the various tests in 

the battery* 
30 

Tata tested thirty-six high school students, using 

four specially constructed tests of Arithmetic Reasoning, 

number Series, Sentence Completion, and Spatial Relations* 

Each test was composed of three levels of difficulty, and 

esch itaa of each test was administered and timed separately* 

Power on a test was defined as the number of items answered 

eorraetly* Speed was defined as the mean of the times obtained 

t9r all items on tha test* Findings showed that Speed and 

Power were independent at all levels of all tests. The rela­

tive standings of individuals in terms of Speed were not 

affected by changes in difficulty level. However, relative 

29I&*£« 

30 Tata, fia^CiJ, 
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standings did vary somewhat between the four tests* -ate 

concludes that there is probably a general speed factor, 

plus a special speed factor linked to the function in which 

it is measured. 

In this section studies have been cited which Indicate 

that, whan obtained from the same test of ascending difficulty, 

Speed and Power vary independently of each other* 

5* Summary and statement of Hypotheses. 

Findings presented in section two above provide a 

theoretical basis for regarding Evoked Potentials as electri­

cal signs of data processing activity in the brain. It was 

shown that the latency times of Evoked Potential components 

sre stable within individuals, and differ between Individuals. 

Further, it was hypothesised that inter-individual differences 

la latency times were indications of differences in the 

efficiency with which data processing activity is carried on. 

A study based on this hypothesis indicates that the latency 

times of Evoked Potential components are related to psycho­

metric intelligence. 

In section three, s theoretical discussion was pre­

sented which attempted to show that Speed and Power may be 

derived from the same test, and that when this procedure la 

adopted, Speed (as defined by the formula S - I A ) should be 

obtained by means of the Time Score Method, studies 
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employing this method were reviewed In section four. Find­

ings Indicate that Speed and Power are independent and tftfc, 

between them, they account for nearly all the variance of 

Intelligence. 

It latency is related to Intelligence, and the vari­

ance of Intelligence Is entirely accounted for by tne two 

independent dimensions of Speed im& Power, then it follows 

that latency must be related to one, and only one, of these 

two dimensions. There is no direct evidence in the litera­

ture to Indicate which of these two dimensions, Speed or 

Power, is related to latency. However, in line with the pre­

viously stated theory of data processing activity, it may 

be hypotheslKed that the latency of Evoked Potential components 

is a function of the speed with which Impulses travel from 

the various brain centers Involved to the recording site, "he 

faster tne transmission of impulses, the shorter would be the 

time taken for the integration of information and, therefore, 

the faster the individual will be able to solve problems. 

Such thinking is doubtless greatly oversimplified. However, 

it does offer a theoretical basis for hypothesizing that 

latency is related to Speed rather than to Power. 

In order to test this; and other theoretical arguments 

presented in this chapter, four null hypotheses will be tested 

experimentally. Each of the second, third and fourth null 

hypotheses will contain four sub-sections whlcn may be con­

sidered separately. 
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1. There is no significant correlation between Speed 

(represented by Time Scores) aad Power Scores. 

2. There are no significant correlations between the latency 

times of the first four components of visually Evoked 

Potentials (£1, E2, E3 and £k) and Intelligence Scores. 

3* There are no significant correlations between the latency 

times of the first four components of visually Evoked 

Potentials (El, E2, E3 and Ek) and Power Scores* 

V. There are no significant correlations between the latency 

times of the first four components of visually Evoked 

Potentials (El, E2, E3 and Ek) and Speed (aa represented 

by Time Scores). 

The following chapter describes the experimental 

procedures used to test these null hypotheses. 



CHAPTER II 

EXPERIMENTAL DESIGN 

This chapter presents the experimental design employed 

to test the hypotheses of tnls study. Section om refers 

to the Instrumentation used for detecting and recording Evoked 

Potentials and discusses the choice of the psychometric tool. 

Section two describes the sample studied. Section three 

explains the experimental procedures employed, and section 

four deals with the Methods used In analysing the obtained 

data. 

1. Tools. 

Evoked Potentials from all subjects were recorded 

from the surface of the scalp. Remonde type, bipolar, aaline-

pad electrodes were used for the majority or recordings* The 

last twenty subjects were tested using Lexington silver-

Chlorida-Sponce electrodes. :he substitution was made because 

it was touM that, with the Lexington electrodes, it w&s 

easier to obtain a good contact with the scalp* Repeated 

tests on one subject showed no difference In the recordings 

from tha two types. Raw EfiQ activity was amplified by moans 

af a Sandborne roUel yj KEG/ECG pre-amplifler and a Grass 

Modal P.5 AC pre-amplifler connected in series. For all 

recordings, filters ware set 3 DB down at 7 and ICC cycles 
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per second. This was done because it was found that changes 

in filter settings, particularly st the upper end of the 

frequency band, produced changes in the latency times of 

Evoked Potentials recorded from the same Individual. Half 

second samples of amplified EJ& activity immediately following 

each stimulus were fed to an Enhancetron 1C2*> Computer of 

Average Transients* The Enhancetron digitises each sample 

of EJft activity and records the amplitudes of its component 

wave forms at a number of successive reference points. The 

amplitudes of all samples are added at each of these points 

to produce a single wave pattern which is an average of all 

the EJg samples stored in the computer's memory* Random 

activity tends to average toward aero, while the Evoked 

Potentials, which axe time-locked to the stimulus, tend to 

suamate and so become readily distinguishable. 

The output of the Enhancetron following one hundred 

stimuli was displayed on the screen of a Tecktronix Model I.X2, 

Dual Beam Oscilloscope and permanently recorded by means of a 

Polaroid Land Camera* The stimulus consisted of very short 

duration light flashes (of the order of 3 microseconds) 

generated by a Grass Model PS-2 Photo-stimulator. The 

stimulus intensity control was set at position k% except for 

subjects who showed a marked tendency to blink, in which case 

it was lowered to position 2. In tests curried out on ten 

subjects, intensity changes of this magnitude produced no 
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observable changes in the configurations of Evoked Potentials. 

The . hoto-stimulator was connected so that the Enhancetron 

was triggered by the onset of each light flash. As a result, 

the start of each recording indicates the point at which the 

stimuli were administered. 

The psychometric measures of Speed, Power and Inte l l i ­

gence ware obtained from the PU,s §A, Ttff* 9f Mint*! AMUfrtf* 

to establish the rel iabi l i ty of these measures* The discus­

sion of Speed and Power given in the previous chapter points 

out the need to measure these variables from a single test 

of graduated difficulty. Since i t i s the intention of this 

study to investigate intelligence aa a global phenomenon, 

rather than a composite of "pure" factors, i t was fe l t that 

a multi-factor test should be used. Finally, i f Speed and 

Power are to be considered in relation to Intelligence, i t 

i s necessary to define Intelligence in terms of these two 

dimensions, i . e . , by a Time Limit Score which i s the number 

of correct answers In a limited time* ihe Otis test not only 

satisf ies a l l of these requirements, i t also enjoys wide 

acceptance in the field as an overfill measure of intellectual 

functioning* 
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2. The Sample. 

One hundred and two subjects were tested with both the 

psychometric and neurological tools* Of these, twelve were 

rejected because their Evoked Potential recordings were not 

clearly interpretable, and six others were eliminated because 

of language problems in taking the psychometric and/or because 

of histories which Indicated the possibility of brain damage. 

The final sample consisted of eighty-four adults, 72 males and 

12 females, ranging in age from 16 to 5,» with a mean age of 

2*t*9 years and a standard deviation oS 6*19* Otia IP's ranged 

from 71 to 133, with a mean of 109 and * standard deviation of 

15*17* The sample was divided in terms of occupation as 

follows* ko high school students in academic or commercial 

grades 9 and 10 (these were all former school drop-outs who 

had resumed their education under the program sponsored by the 

National Employment Service)} IS university undergraduates in 

divinity and philosophy} 20 graduate students in education} and 

6 graduate students in psychology. All subjects were tested 

with the Otis. Form A and twenty-lour were retested for reli­

ability with the Otis. Form B. All subjects were volunteers. 

The forty high school students were paid #2.00 per testing 

session; the remainder offered their services without charge. 

1 See section four, p. **3, for the analysis of Evoked 
Potential recordings. 
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3* Experimental Procedures. 

Evoked Potential recordings for all subjects were 

mode by the writer using equipment at the Faculty of 

Psychology and Education of the University of Ottawa. Bipolar 

electrodes were placed on the surface of the scalp parallel 

to, and six centimeters to the right of the mld-s&gital line, 

and three centimeters on either side of a line joining the 

centers of the ears. A ground electrode was placed six 

centimeters below tne two live ones. All three electrodes 

were mounted on a rigid piece of acetate end were held in 

place by means of a strap passed under the chin* Prior to 

application of the electrodes, the scalp was prepared with 

Sandborne Electrode Jelly, 2he subject was seated In a 

straight-backed c;air, and the stimulus light was positioned 

level with the eyes and twenty Inches from the forehead. 

Instructions were to relax completely, keeping the eyes open 

and fixed on the floor, and to avoid blinking as much as 

possible. The "eyes open" procedure was adapted because it 

would found that, with eyes closed, many subjects displayed 

a strong Alpha Rhythm which distorted the Evoked Potential 

recordings* In some cases, when good contact with the scalp 

could not be readily obtained, it was necessary to change t.e 

subject*s position by asking him to rest his elbow on a table 

and apply pressure to the electrodes with his hand. 
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A single recording consisted of the average of one 

hundred light flashes administered in a r&ndom sequence with 

not less titan one second between flashes. At least two and 

sometimes as many as five recordings were made la this way 

for each aubject. A rest period of taree to four minutes 

was given between recordings, while the oscilloscope display 

was being photographed* The period of analysis was one-half 

second immediately following the stimulus* Zn cases where 

interpretation was difficult, a one-quarter second recording 

was made in order to show the earlier components acre clearly. 

Figure 1 la a photograph of a display board used to illustrate 

the type of Evoked Potential records obtained* The Otis I0«a 

shown were derived from Intelligence Score by means of tables 

given in the Otis manual. 

The psychometric test was administered in groups with 

no more than twenty-five subjects being tested at one time. 

Each seat in the room was given a number which was also written 

on the occupant's test paper* The standard Otis Instructions 

were read to the subjects, with the exception of t i e last 

paragraph which refers to time limitations* Tha following 

special instructions were then given: 

This test contains seventy-five items and you wil l 
have as much time aa you need to attempt a l l Items. 
You will be maaked for both the speed with which 
you work, as wall as the accuracy of your answers. 
;take an honest attempt to 9n»mr each item, but do 
not spend too much time on any one item. 
You are to attempt each item in order. When you 
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BRAIN WAVES AND 
HUMAN INTELLIGENCE 

OTIS 10 
(Higher form A") 

136 
Subj.ct A 

127 
Subject B 

118 
Subject C 

108 
Subjact D 

99 
Subj.ct E 

88 
Subjact F 

77 
Subject G 

mi l l i seconds 

125 250 375 500 

Photographs of wave 
form as displayed on 
oscilloscope screen 

125 250 375 500 
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reach the and of the test, put down your pencil 
and do not recheck your answers. 
If you are unabio to answer a question, you may 
leave it blank and go on to the next one. 
On a number of occasions during the test, 1 will 
interrupt you and sayt Stop, circle the number of 
the question you have just completed* 
After circling the question number, you are to 
wait until I tell you to begin again. 
When you have attempted a l l seventy-five items, 
hold up your hand and make sure that I notice 
that you have finished* Remember, do not go back 
and check your answers. 
after you have finished, s i t quietly and wait 
until everyone has finished working* 
Are there any questions? If so, ask now aa I 
will not be able to answer questions during the 
test* 

subjects were interrupted four times, at 5, I S 20 and 30 

minutes* At each Interruption the watch w&s stopped and 

started again wuen the subjects were instructed to recommence 

working* As each subject finished and held up his hand, his 

time to complete was noted down opposite his seat number* 

The Otis Form B was administered approximately six 

weeks following the administration of Form A* The same pro­

cedure was used on both occasions. By means of this method, 

i t was possible to obtain measures for speed, Power and 

Intelligence which are defined as follows) 
Speed i s defined by the formula 5 - I/T and i s 
represented by the number of minutes taken to attempt 
a l l items on the QUi U% frit*, P£ 'MBtil ftttaUaTt 
JUKft«,r §faf«f4H«U9Bi ffCT A« irrespective of accuracy. 

Power is defined as the number of items answered 
•a. 
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Intel l igence i s defined as the number of items 
answered correctly in a twenty-minute time Interval, 
on the fiUl M% ! • ! * vf HtntiU AfrUUYi Bslhtr 

*». Analysis of Data* 

Evoked Potentials were recorded on photographs which 

show the Time Base of the Enhancetron, as well as the wave 

form i t se l f* The Time Base which i s accurate t o j °»5 per 
2 

cent, was measured for e* ch photograph in order to establ ish 

the number of milliseconds represented by each millimeter on 

that particular photograph. This standard wfcs then used i n 

measuring the latency time of the various components of the 

Evoked Potential . This procedure was necess&ry to eliminate 

errors of measurement arising from fluctions in the length 

of the osci l loscope trsce caused by fluctions in l ine voltage. 

Only the f i r s t four negative going components of tne 

Evoked Potential , designated El, E2, E3 and Eb, were measured 

far the purposes of this study.^ I t was found that the 

resolving power of the equipment did not permit the i d e n t i f i ­

cation of la ter events with any degree of certainly. In order 

for a wove to be designated as an "event", i . e . , a true com­

ponent of the Evoked Potential , i t had to sat is fy the following 

2 Suclear Data Inc. . "Instruction Manual, Model HD-bOG, 
Enhancetron 102*", published by Nuclear Data Inc . , Palatine, 
111 . , 196$, p* 2* 

3 Conventional EEJ terminology i s used here, ( i . e . , 
upward deflections of the wave are designated as negative, 
downward deflections as pos i t ive . 
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criteria i 

1* An "event" must be clearly reproduced on at least two 

photographs within a range of Z 10 milliseconds for El, 

E2, aad S3, and within a range of • 15 milliseconds In 

the esse of Bb* 

2* Aa "event" could not be closer than 17 milliseconds to 

another event} 17 millisecond being the period of line 

frequency. 

Latency times were calculated by measuring from the 

start of tha trace which marks the oaset of tha stimulus to 

tha peaks of tha various components. In cases where tha wave 

was rounded at the top, or double peaked due to the presence 

ef extraneous "noise" in the recording, the center of the peak 

was estimated by measuring the width ef the wave as aaar the 

tap as possible aad finding the center paint* 

Using these procedures, the known sources of measure­

ment error includes the 0.5 per eeat accuracy specification 

for toe Enhancetron Itselfj 9rror9 In measuring the base 

line} errors in estimating the peak of the wave} errors in 

measuring the actual latency time* Considering that all 

measurements were made to the nearest half millimeter, the 

writer estimates that all of the above factors taken together 

would produce an error factor ef approximately z 5 milliseconds 

la ealeulating latency times. Mb effort was msde to make more 

precise calculations because It was felt thet, in a sample 
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of eighty-four people, a random error of this magnitude would 

not have an appreciable effect upon the else of correlations. 

Xn order to reduce the possibility of incorrect 

identlfication of "events", all peaks which might be consi­

dered to be en "event" were measured by the writer and the 

latency times were recorded on the photograph. All photo­

graphs far all subjects were spread out on tables and sub­

jects were idantified by numbers only* Three judges, familiar 

with work on Evoked Potentials, were then asked to examine 

the photographs independently of each other, and Identify 

the third "event" for each subject* If s judge was unable to 

reach a decision, or If one judge disagreed with the ethers 

la Identifying the third event ef an individual, then that 

individual was eliminated from tha sample. Twelve subjects 

ware eliminated in this way* In only six cases out of tha 

final sample ef eighty-four did the three judges disagree 

with tha writer's previous identification of E3* The decision 

of the judges was accepted as final in all cases. 

Coefficients of reliability for all four events were 

obtained by calculating Pearson Product Moment Coefficients 

of Correlation between the latency times on the first and 

second photographs of all subjects* A further measure of the 

lntra-lndlvidual stability of Evoked Potential latencies was 

derived from recordings obtained from a single Individual 
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on 101 different days spread over the ten month period in 

which the experiment was carried out. 

The reliabilities ef the psychometric measures of 

Spaed, Power and Intelligence were estimated by means of 

Spearman Rank Correlation Coefficients calculated between the 

scores of twenty-four subjects on Forms A and B of the Otis 

In order to discover the relationships between Evoked 

Potential latencies and the psychometric variables, Pearson 

Product ?4oment Coefficients of Correlation were calculated 

between the latencies of each of the four events and the scores 

for Speed, Power and Intelligence. In these correlations, an 

individual»s "true" latency time for any given event was 

estimated by the mean of his latency scores for that event 

across all photographs. Correlation Ratios C^yX) were also 

calculated, and F Tests of Linearity were made for each of the 

relationships mentioned above, using the formulas 

F(xm) « foyx - rxyV/Cfex - 2) 

(1 - ^ x ) / (N - kx) 

The F tests showed that only the relationships between E3 &Q& 

Intelligence, and S3 and &peed were significantly non-linear. 

It was found that, by converting the E3 latency scores to 

common logarithms, these relationships could be made 

sufficiently linear to permit the use of the Pearson r. In 
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sn attempt to further clarify the relationships under investi­

gation, partial correlations were computed between the laten­

cies of all four events end Speed with Power partlaled out, 

and Power with Speed pcrtlaled out* 

In order to determine possible effects of the variables 

of Age and Eax in this study, an examination was made of the 

differences between the mean latency times of all four events 

fori 1) two groups differ lag in sax and matched tor age and 

Intelligencej and 2) for two groups differing as much as 

possible In sge and matched for Intelligence. 

This chapter has presented tha procedures used to 

test tha experimental hypotheses stated at the 9ntl of chapter 

one. In chapter three the findings of this study are pre­

sented and discussed. 



CHAPTER III 

PRESENTATION AND DISCUSSION OF RESULTS 

amotion one of tills chapter presents findings on the 

reliability of all variables under stud/* Section two con­

tains data on the possible effects or age and sex in relation 

to this sample, section three pr9*9aXa tne correlations 

obtained between the variables mentioned in tha experimental 

hypotheses* In section four the findings of the stud/ are 

discussed and suggestions for further research are offered 

in section five* Tha final section contains a brief summary 

and statement of conclusions* 

1. Reliability of Psychometric and Neurological 
Variables. 

The rel iabi l i ty ef the psychometric measures of Speed, 

Power and Intelligence was estimated by means of spearman Rank 

Correlation Coefficients. The obtained coefficients were: 

Spaet, .93} Power, .9k} Intelligence, .93. The rel iabil i ty 

coefficient of .93 obtained for intelligence scores on Forms A 

and B closely approximates the correlation of .917 given in 

the Otis manual for the relationship between IQ scores on 

the same two forms. 

1 Arthur 3* OtJs.Qtls Self-Admlnistsring Test of Mantel 

i ffighjrjg*»»ip*tiona. Harcourt Brace &M World* Ebw YorkT 
1920, p. 12. 
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Pearson Coefficients o: Correlation were calculated 

for the reliabilities of ail .four r.voked Potential components 

using the first two photographs recorded for eaci* subject. 

Tne obtained Reliability Coefficients were* El, .oL-j E2, .931 

E3, .9^} i&, ,97. These figures show tue reliability of 

Evoked Potential latencies recorded on a single occasion 

without removing the electrodes. Who day-to-day variability 

of the latencies of all four components in a single subject 

QV9T ten months is shown by the figures in Table III. 

The Reliability Coefficients obtained for all vari­

ables are significant above the .01 level of probability. 

The presence of stimulus induced artifacts observed at the 

beginning of some Evoked Potential records may account for the 

lower reliability of El in relation to the later components* 

The figures in Table III show that day-to-day variability is 

roughly the same for tne first three components, while the 

variability of E*+ is more than twice as great. Ihese findings 
2 

agree well with the statement by Dustman and Beck that the 

earlier components show greater intra-individual stability. 

It should be noted, however, that these authors consider that 

a significant Increase in variability occurs only in events 

appearing 300 milliseconds or more after the stimulus. 

2 Robert E. Dustman and Edward C. Bee, "Long Term 
stability of Visually Evoked Potentials In Man", Science. 
Vol. 1»*2, Deeeaibar 1963, P. lWc-lVol. s»*sau*. 
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Table III.-

The Variability of Evoked Potential Latency Times4 Recorded 
from a Single Subject, on 101 Days, over s Ten Month 

Period. 

Events 

El 

E2 

E3 

EW 

Range 

11 - 32 

63 - 61 

106 - 129 

177 - 217 

M 

22 

.7k 

116 

196 

°K 

A l 

.39 

A7 

.97 

G~ 

k.lk 

3.88 

W.71 

9.69 

a 1 taasurad in milliseconds. 
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2. Effects of Age and sex. 

The figures in Table* IV and V were calculated in 

order to determine if the variables of age and sex were 

affecting the latency times obtained in this sample. In Table 

V, a greater difference between the mean ages of the two 

groups could not be obtained because the sample is relatively 

homogeneous in terms of age, with only twelve subjects older 

than thirty years* A t-test calculated for significance of 

the difference between the means of the E*t latency times of 

the two age groups la Table V was not found to be significant 

All other differences were found to be within the estimated 

error of measurement. These figures Indicate that age and sex 

are not relevant variables affecting latency times recorded 

la this sample* 

3. Relationships between Psychometric and 
Neurological Variables. 

Pearson Correlation Coefficients were calculated be­

tween all variables mentioned in the experimental hypotheses. 

The correlations obtained between the psychometric variables 

Speed, Power and Intelligence were: Intelligence and Power, 

.95} Intelligence and speed, -.5©} Speed and Power, -.Mi* 

3 Time scores were used to represent Speed (defined by 
the formula 5 = 1/1) in correlationa with other variables. 
Positive correlations were obtained and their signs were re­
versed for reasons given in the Review of the Literature, p*20-21. 
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Table IV*-

Differences in the Hean Latency Times8 of Hales and Females 
>iatcheu for Age ana Intelligeaoe* 

SSSSSSSSSSSSSSSSSISSSSSSSSSSSSSSSS^ 

.lean aan |frM .Ufrsftgltfy. 
JACSU&I M km an^Ulsama n ££ $3 , ,gft 
Males 10 2A.Z 3̂.<J M> 69 1**2 212 

Females ir y .k kk.o ky 91 i**6 210 

Differences 1.6 C.2 1 2 ^ 2 
•V 

a Measured in milliseconds. 
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Table V.-

Dlfferences in the Mean Latency limes of Two Age Groups 
latched for Intelligence. 

Age fiean >4ean ufltf.nJtovfBgiftff,. 

Older 10 55-33 ^ * 3 *»-9.7 37 31 12a 196 

Younger 10 22-ld 19.9 Wci,6 Wo 76 12? 186 

Differences 2**.1* < .1 3 > 3 10 

a .leasured in milliseconds. 
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All correlations are significant above the .01 level of prob­

ability* The correlation of -*MJ found between Speed and 

Power is not in accordance with the findings quoted in the 

Review of the Literature which Indicate that Speed and Power 

vary independently of each ether. The first null hypothesis, 

there Is no significant correlation between Speed, represented 

by Time Scores, end Power Scores, is therefore rejected. 

Further discussion of the relationships obtained between Speed, 

Power and Intelligence will be given in the following section. 

The obtained correlations between Speed, Power and 

Intelligence and tne first four Evoked Potential components 

are given In Table VI. All correlations are significant above 

the .01 level of probability. The second, third and fourth 

null hypotheses stated on page 32 of the Review of the Litera­

ture are therefore rejected. These findings do not support 

the original hypothesis that one, and only one, of the vari­

ables, Speed and Power, would be related to Evoked Potential 

latency times* This hypothesis was baaed upon the expecta­

tion that Speed and Power were independent variables, which 

is not the case in this study* 

In an attempt to clarify the relationships between 

psychometric and neurological variables, Partial Correlations 

were computed between all four Evoked Potential components and 

Power, with Speed partisled out, and Speed with Power partialed 

out* These correlations are shown in Table VII* Power, with 
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Table VI.-

Correlations between Evoked Potential Latency Times and 
Psychometric Variables* (Jf*8*0 

Psychometric IP*** P«|fftttiX gfJMBffitl 

Intelligence -.Ms -.65 -.66 -*<fc 

Power -.37 -*63 -.66 -.62 

Speed -.31 -.**! -**»5 -,^3 

s Pearson Product Moment Coefficients of 
Correlation. 
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Table VII.-
Part ia l Correlations between Evoked Potential Latency Times and 

Speed and Power. 

Psychometric Evoked, p o t f ^ j a j Cogpftnonfrj 

Power (with Speed out) -.27 -.53 -.55 -.52 

Spaed (with Power out) -.16 - .16 -*19 -.18 
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Speed parUaled out, i s s ignif icantly correlated with a l l four 

componenta (the correlation with El i s just s ignif icant at 

the .01 leve l of probability). None of the correlations with 

Speed, with Power partialed out, Is s ignif icant at the .01 

l e v e l . These findings do not support the general hypothesis 

that the latency of Evoked Potentials i s related to dpeed 

rather than Power* 

*•*. Llscussion of Results. 

As stated above, the correlations obtained between 

the psychometric variables are not in agreement with the 

findings quoted in the Review of the Literature, in particular 
k 

the findings of Baxter. Of special interest i s the fact 

that speed and Power were not found to be independent, k 

possible explanation of this fact i s suggested by the very 

high correlation, .95, obtained between Power and Intel l igence. 

The virtual Identity between these variables means that, i f 

Speed i s related to Intel l igence, i t must also be related to 

Power. The high correlation between Power and Intell igence 

may result from faults in the instructions which caused sub­

jects to concentrate on Speed rather than accuracy, and did 

not permit them to go back and check their answers. I t should 

k Brent Baxter, "An Experimental Analysis of the Con­
tributions of Speed and Level in an Intel l igence Test", 
Jpum&jgt EflHCTttvflil, P^chatagy, Vol. 32, No. k, April 19**1, 
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alao be noted, however, that none of tne authors who found 

Speed and Power to be independent, sampled the full range of 

IQs in their studies. It may be that in a s&aapl© such as the 

present one, which contains both extremes of the IQ r&nge, 

Speed and Power are not in fact independent. Unfortunately, 

the high correlation obtained between Intelligence and Power 

makes it impossible to resolve the question on the basis of 

this data. 

The highly significant correlations obtained between 

intelligence and the latency times of all four Evoked Poten­

tial components clearly support the original work of Chalks 
c 

and Ertl'' in this area* The relatively lower correlation 

between El and Intelligence would seem to support the hypothe-
6 

sis of John et ,al. that it is the l&ter components which are 

of greatest sign!licence, in terms of dat** processing activity 

in the brain* However, this Interpretation must be accepted 

with caution due to the possibility that the position of El 

may have been influenced in some records by the presence of 

stimulus artifacta. ihe fact that Chalks and Ertl did not 

find a relationship between I'w snd the latency times of the 

I F.C.R. Chalke and J. Ertl, 'Evoked Potentials and 
Intelligence'1, Life Sciences. Vol. k% 1965, p. 1319-1322. 

6 E.R. John, D.S. Ruchkln and J. Viilegas, "Experi­
mental Backgroundt Signal Analysis and Behavioral Correlates 
of Evoked Potentials in Cats'*, Annals of the New York Acs deny 
of Sciences, Vol. 112, Art. 1, Hay 196H, p. 362-^20. 
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first two components may be due to the fact that his sample 

was skewed toward the high end of the IQ range. Once again, 

this Interpretation is by no meens certain. 

The findings on Speed and Power are not clear for tne 

ret.sons stated above. However, the Partial Correlations shown 

in Table VII indicate that Upeed is not of great importance 

in determining the relationship between latency and Intellig­

ence. This finding in no way contradicts the basic theory 

that Evoked Potential latencies are related to data processing 

activity in the brain. At the same time, this theory is not 

sufficiently developed to offer an explamitlon for the observed 

relationship between latency and Power. The answer to this 

question must await further research. 

As Indicated above, the ilndings of this paper support 

the conclusion of Chalke end Ertl that ivoied Potential latency 

is related to intelligence. Both of these papers may also be 

considered to support the basic hypothesis that Evoked Poten­

tials are related to data processing activity in the brain on 

the grounds that such activity Is an essential component of 

intellectual functioning in general. In the first chapter 

of this thesis en attempt was made to give credence to the 

hypothesis th t Evoked Potentia3s are related to data process­

ing activity by offering a theoretical explanation of how this 

connection might com© to exist. While the findings of this 

thesis may be said to support the basic hypothesis, they 
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cannot be regarded as a vindication of the theoretical 

explanation itself. In order to test this theory directly, 

further research will be required. Suggestions for such 

research are offered in the lollowing section. 

. . Suggestions for Further Research. 

Ihe theory, proposed in the lirst chapter, states 

that the Evoked Potential wave form is determined by the 

pattern of post-synaptic/dendritic potential changes occurring 

in the single cells of the recording area. This pattern of 

potential changes is, in turn, determined by the spatial 

and temporal interaction of Impulses arriving from the 

various brain areas activated by the stimulus. This pattern 

of interaction is thought to be unique for each stimulus and 

is hypothesised to be the "code" ay which the brain is able to 

distinguish between stimull• Disruption of this "code" might 

be expected to produce both perceptual/cognitive changes and 

concomitant Evoked Potential changes. Changes in the Evoked 

Potential might occur, not only in latency, but also in a 

number of other variables such as amplitude, frequency, etc. 

not studied in the present paper. 

Such changes might be induced in a number of ways. 

First, in animals the pattern of neuronal interaction might be 

altered by the surgical destruction of specific, stimulus 

related, breln areas. The same surgical procedures performed 
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on a number of animals might yield behavioral changes which 

would show a aignifleant correlation with Evoked Potential 

changes. 

secondly, If drugs could be tound which are known to 

act only upon certain brain centers and not on others, then 

it might also be expected that a correlation would be found 

in humans between Evoked Potential and perceptual/.ognitlve 

changes. 

Again in humans attempts might be made to relate 

perceptual and other variables in intellectual functioning 

to Evoked Potential changes preceding and following leucotomy 

andlobotomy operations. 

Finally, it has been theorized that the dramatic 

changes in perceptual and cognitive functioning produced by 

psychidelic drugs, notably LSD-2S,result from drug-induced 

alterations in the normal patterns o: neuronal transmission In 

the brain.' A study by Rodin and Lubyw indicates that LSD 

causes e shortening of the latency and a decrease in the ampli­

tude of Evoked Potential eouiponents. An experiment which 

related these variables to specific, quantifiable, perceptual 

7 Albert A. LaVerne, "Compendium of Neuropsychopharm-
acology. Psychotomemetic Drugs", Journal o,f NsurQPsrgft&sflry, 
Vol. *T, No. 1, October 1962, p. 63-07. 

<J E.A. Rodin and £.D, Luby, "The Effects of Some 
PaychoBomemetic Agents on Visually Evoked Responses and Back­
ground EEG", Electroencephalography and Clinical Neurophysiology. 
(Society ProceedingsTV Vol. 19, No. 3, September 1 % % p. 31f?. 
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changes produced by L3D might provide results valuable both 

for the understanding of the drug action Itself, as well as 

providing additional support for the theory of data processing 

activity* 

it must be added, however, that all the experiments 

suggested above can serve only to make the proposed data 

processing theory more probable as an explanation* Truly 

direct evidence in Its support can be supplied only by 

advances in neurology which will permit the examination and 

detailed mapping of the brain centers and pathways themselves* 

The Partial Correlations computed in this study indi­

cate that the latency times of Evoked Potentials sre related 

primarily to Power in Intelligence. This finding suggests 

that significant results may be obtained by Investigating the 

relationships between latency and a variety of "pure factor* 

components of Power, such &» abstract reasoning, verbal and 

arithmetic reasoning, stc. In particular, it would be of 

Interest to discover the relationship of latency to Spearman's 

«g» factor* 

in addition to work with Evoked Potentials, the find­

ings of this study suggest the need for further work on the 

relationship of Speed to Power. If difficulties arising from 

the instructions could be eliminated, and a full range of 

intelligence were tested, it should be possible to arrive at 

more definite conclusions. 



SUMMARY AND CONCLUSIONS 

She present study was an attempt to support the find­

ings of Chalks and Ertl on the relationship between psycho­

metric intelligence and the latency of components of human 

Evoked Potentials. Secondly, an attempt was made to extend 

these findings by examining the relationship 01 Evoked Poten­

tial latency to two dimensions of Intelligence, nejaely, 

Speed and Power* 

Literatux'e w*s presented in support or the hypothesis 

that Evoked Potentials are related to information processing 

activity in the br&in. Cf particular interest in this connec­

tion was a st-dy on ttie relationship of Evoked Potential 

latency to psychometric intelligence. Problems in the measure­

ment of Speed and Power were discussed and evidence w&s pre­

sented which indicated that these variables are independent 

of each other and, furthermore, that between them they account 

for all the variance of Intelligence. 

On the basis of these studies it was hypothesised that 

the latencies of the first four Evoked Potential components 

are related to Intelligence. Secondly, it was hypothesized 

that Speed and Power are independent dimensions of intelligence. 

Finally, It was hypothesised that Evoked Potential latencies 

would be related to Speed and not to Power. In an attempt to 

answer the questions raised in this way, four null hypotheses 

were tested experimentally. 
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Pearaon Product Moment Coefficients of correlation 

were used to discover the relationships between the variables 

mentioned in the hypotheses. Results showed a relationship 

between Evoked Potential latencies and Intelligence, signifi­

cant above the *01 level of probability. It is felt that 

these findings lend support to the earlier work dene by 

Chalks and Ertle in this area. Contrary to evidence given in 

the literature, a significant correlation was found between 

Speed and Power* Because of this finding, the relationships 

of Speed and Power to Evoked Potential latencies could not 

be clearly evaluated. In an attempt to overcome this diffi­

culty, Partial Correlations were computed between the latencies 

of the first four Evoked Potential components and Power, with 

Speed partialed out, and Speed with Power partialed out* 

These correlations indicate that latency la related to Power 

and not to Speed* 

Suggestions have been made for further research on 

relationships between Evoked Potentials aad other factors of 

intelligence, and also to other perceptual variables* In 

addition, it has been suggested that further work is needed 

to clarify the relation of Speed to Power* 
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Power i n I n t e l l i g e n c e . Complete understanding oi' t h i s paper 
requi res a thorou^i knowledge of factor ana ly t ic theory. 
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PSYCHOMETRIC DATA (OTIg,ro. ,A> 

Otis IQe Subject6 Sex Age bpeed( Power Intelligence 

1 
2 

I 
9 
10 
11 
12 

15 
16 

11 
19 
20 
21 
22 

2 
26 

3 
29 
3C 
31 
32 

If 
1 

M 
f 
M 
M 
M 
H 
M 
A 
F 
M 
F 
M 
M 
rt 
h 
M 
M 
li 
H 
M 
14 
F 
M 
F 
H 
M 
M 
M 
ft 
H 
H 
M 
M 
rf 
M 
M 
M 
F 
a 
* 

29 
22 
IE 
2k 
23 
35 
19 
25 
22 
23 
23 
2*4 
27 
33 
«0 
24 
20 
25 
22 
27 
2t 
50 
it 
26 
21 
25 
50 
20 
k2 

it 
Id 
26 
U 
i d 
*» 
25 
19 
19 

lb 

37 
50 
19 
25 
i * 
43 
50 

21 

a 
32 
27 

P 
39 
27 
21 
27 
19 

$ 
27 
30 
2a 
30 
35 
24 
25 
fd 
32 
55 
33 
26 
32 

k$ 
27 
26 
6I 56 
37 
50 
71 
45 
$4 
?3 
62 
kk 
k$ 
51 

2** 
38 
19 
23 
3 

6k 
53 

74 
65 
71 
21 

? 
69 
70 
42 
34 
19 
55 
53 
67 If 26 
57 
27 

I 
16 
34 
39 
69 
5a 
31 
32 
3? 
5o 
30 
51 
47 
ll 62 
71 
16 
27 
56 
52 
5& 
39 
27 
47 
32 
50 
22 
22 

3 

49 
107 
$2 
3d 
123 
112 
39 
121 
129 
7b 
102 
lot* 
132 
127 
9d 
99 
106 
127 122 
106 
118 
133 
129 
133 
75 
93 
126 
122 
127 
ioa 
93 
SO 
11a 
99 
121 
36 
36 
123 
9̂ 
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Subject 

4 l 
k2 

tl 
kt 
k6 
!*7 
kk 
49 
5C 
51 
52 

• * 

^5 
>6 
57 
5«* 
;9 
6C 
61 
0 2 

3 
6$ 
66 
67 
6a 
69 
70 
71 
12 

» 
75 
76 
77 
7b 
79 
d 0 
61 
a2 

bC 

sex 

. > 
•i 
* 
M 
,4 

M 
F 

• , ( 

M 
F 
J4 
M 
ri 

.J 
M 
M 
:i 

ii 

•4 
F 
-1 
F 
:4 
.4 
'4 
-5 

M 
•4 

4 
:-1 

M 
4 

;l 

4 
'A 

1 
; • 

F 
rt 
M 
F 
M 
A 

Age 

2t. 
23 
22 
20 
id 
22 
2a 
20 
31 
29 
20 
20 
19 
23 

I 
27 
21 
;5 
19 
39 
19 
23 
21 
19 
26 
27 
23 
i5 
1 6 
17 
21 
23 
22 
Id 
21 
20 
id 
21 
22 
k5 
2C 
Id 

Speed 

kk 

% 3** 
2ii 

8 
37 
30 
26 
47 
3d 
26 

2? 
36 
«o 

kj 
33 
:3 
37 
32 
2$ 
r t 

26 
33 
31 
26 
20 
31 
34 
42 
Hi 
37 
32 

46 
35 
2V 
23 
2l 
kd 
34 
;2 

Power 

30 
51 
37 

64 
61 
$ 
54 
65 

12 
7P 
54 

$ 
65 
50 
P 61 
32 
or 

67 
67 
32 
61 
15 
^ 
69 
62 
47 
57 
42 
57 
ft 
H-D 
59 
!;2 
26 
49 
6k 
57 
69 
43 
rt 

Intelligence 

2k 
43 

1% 
h2 
4d 
39 
45 

4o 
k2 
59 
40 
3t* 
36 
>'7 

46 

46 
26 
M, 

22 
.3 
l i 
37 
61 
62 
4c 
**? 
36 
39 

2! 
4 l 
34 
23 
43 
^9 
4a 
49 
37 
33 

Ot is IQ 

ci9 
113 
101 
124 
112 
119 
10a 
116 
127 
1C9 
112 
12B 
109 
107 
io4 126 
117 
1:2 
117 

91 
114 
123 
124 

J 6 
123 

71 
106 
129 
129 
109 
ll<i 
1()4 
10^ 
107 
111 
111 
102 

dS 
113 
126 
119 
120 
i r 6 
1^1 
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Subject oox Age iipoed Power in t e l l i gence Otis Is 

H: .^72) 
F-12) b4 

A 24*9 35.5 51 4 1 . k K 9 
v £.2 9.75 14.5 13.75 15.17 

Range 10-55 19-59 15-74 1C-71 71-133 

a F i l ing order of Evoked Potent ia l Photographs a t 
Faculty of Psychology and Education* 

b Actually the Tiaes Scores, i . e . , nunber of o inutes 
to complete a l l i tems. 

c Calculated fross twenty-ail nut a Ti«ae Scores using 
adul t norms i n Ot i s manual. 
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PSYCHOMETRIC DATA (ffl§, fQfflj fi) 

Subject Speed Power Intelligence Otis IQ 

id 
7d 
97 
133 
12S 
91 
111 
9C 
133 
132 
93 
127 
101 
93 
do 
96 
113 
103 
64 
111 
113 
lid 
1C2 
1C1 

7 
1'., 
12 

a 
15 
16 
19 
23 
25 

2b 
31 

11 
42 
53 
5* 
60 
61 
70 
71 

$ 

St .4*23) 
F* 1) 24 

i*. 

<5~ 

Range 

46 
46 
kd 
19 
20 
49 

8 
20 
f9 
Wc 
25 

3 kc 
35 

S 
53 
3<* 
3C 
26 
3C 
52 

36.2 

i c . •; 

19-53 

kz 
25 
yrf! 

73 
6C 

39 
71 
67 
44 
66 
49 
32 
26 
46 
51 
r-2 
34 
62 

s 
1.7 

4o .5 

12 .9 

2 : -73 

S 
3fc 
73 
60 
26 
41 
25 
71 
67 
27 
Id 
33 
27 
17 

8 
35 
20 
41 
! * 

5 
33 

38.4 

16 .3 

16-73 

'•*> IT 

16.61 

7b-133 
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EVOKED POTSHTIAL LATENCIES a 

subjec t 

1 
2 

I 
5 
6 

I 
9 

It'­
l l 
12 

11 
15 
16 

11 
ir, 
20 
21 
22 

ft 
25 
26 
27 
26 
29 
30 
31 
32 

11 
y 
36 
37 
3^ 

2? 

El 

65 
47 
40 
40 
59 
52 

U 
21 
61 
76 
57 
51 
2d 
34 
5d 
5S 

42 
16 

f? 
25 
3d 
32 
67 
39 
36 
39 
32 

36 
50 
67 
V t* 
65 
66 

69 

£2 

92 
103 
123 

<J9 
106 

34 
65 
So 
54 

132 
146 

9d 
97 

116 
135 
109 

94 
69 
67 
>0 
67 
65 

66 
126 

bl 
96 
ao 
69 
9: 
71 

117 
1C1 
112 

oy 
122 

90 
65 

123 

&3 

184 
145 
209 
130 
150 

ft 
121 
111 
207 
228 
141 
13p 
114 
153 
1?7 

142 
146 
106 
1C5 
12? 
l i d 
122 
116 
216 
IP 
150 
113 
132 
13p 
124 
199 
127 
151 
114 
23C 
I06 
123 
4C*u/ 

far+ 

266 
Itik 
283 
196 
187 
227 
196 
16c 
2CC 
3-r7 
297 
273 
171 
lb4 
U 7 
266 
181 
169 
199 
15} 
ld6 
201 
1?3 
lb5 
191 
362 
1^7 
19a 
154 
215 
206 
163 
27;: 
19<i 
199 
157 
292 
275 
194 
3C4 
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&VQMD POTENTIAL LATKHCIEii 

Subject El £2 B3 P> 

41 k2 121 17'i 232 
42 10 93 146 219 
43 24 92 129 201 
44 30 65 112 It 
k:s 60 65 147 1 
46 ;o 96 146 
47 35 o5 159 222 
46 39 101 158 256 
49 23 76 117 207 
•0 67 94 139 l<& 
51 62 94 124 
52 57 W 113 147 

41 96 14c 21C 
56 113 153 2d2 

55 *6 113 179 261 
',6 2? 69 103 162 
57 42 09 145 194 
5* 2^ 97 179 279 
59 20 6\ 131 233 
60 37 77 136 202 
61 2o 67 129 232 
62 35 4 H 3 174 
63 36 76 125 166 
6; 
66 

60 
7c 
71 
72 

11 
7; 
76 
77 
7U 
7v 
tit 
ol 

u2 

b4 

59 
57 

g 
26 
61 
35 
25 
39 
50 
34 

43 
w2 

43 
5* 
35 
32 
67 
51 

117 
b2 

14L 

O H 

•'2 
Z* 
60 
^6 

113 

79 
6ii 

111 

£> " ^ 
'-9 

u9 
63 

122 
92 

212 
116' 
262 
135 
131 
134 
129 
119 
165 
149 
126 
123 
151 
Ikk 
llii 
11U 
11? 
151 
101 
Idl 
149 

289 
lot: 
345 
177 
199 
179 
2bk 
203 
2ol 
271 
19o 
220 
196 
lo4 
194 
175 
lc2 
197 
176 
255 
245 
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Subject Ml £2 &3 S4 

N: M*72) 

P=12) 64 

M 46 94 145 213 

0" 15.59 21.35 33.57 46.2? 
Range 16-d4 54-146 96-262 146-357 
n a n w o a w n an iim I'm mmim i m mum mwamBeMmmMMsetSKmrnmamaMmaammmm 
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ABSTRACT OF 

ftVEW pottnttil tettnat-a am .Piycjjwit^c in^Mlntagii1 

There la evidence in the literature to suggest that 

Evoked Potentials are related to information processing activ­

ity in the brain* Of special interest in this connection i s 

the work of Chalke and Srtl which shows a relationship between 

teat intelligence and the latency tlsies of visually Evoked 

Potentials* This paper has two objectives* the f irst of which 

le to re-ex*nine the relationship revealed by Chalke and Ertl. 

Secondly, i t i s hoped that these findings may be extended 

by investigating the possible relatione of Evoked Potential 

latencies to two factorially complex distensions of Intelligence, 

nanely, Speed and Power* In connection with this second objec­

tive, i t was hypothesised that Bp99& and Power vary independ­

ently of eaeh other when derived frost the saute test of gradu­

ated difficulty* Furthermore, I t was hypothesised that Evoked 

Potential latencies are related to Speed, and not to Power* 

The psychometric measures of speed, Power and Inte l l i ­

gence were derived from a single administration of the Otis 

If** vf *Wttla AMJUtiTi ffifhtr FffiMalMsttffllt fo*TH A* Riven with 

1 Meville A. Taylor, tester's thesis presented to the 
Faculty of Psychology and Education of the University of 
Ottawa, Ontario, 1966, ix-?6 p. 
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special instructions. Evoked Potentials, in response to 

visual stimulation, were detected by means of an Enhancetron 

1C24 computer of average transients, lor the purposes of this 

study, only the first lour negative components were measured 

to determine tiielr latency times, ihe s&mple consisted of 

eighty-four adults ranging in Otis IQ from 71 to 133• 

The results of this study show correlations signifi­

cant above the .CI level of probability between Evoked Poten­

tial latencies snd overall Intelligence 3rores on the Otis. 

These findings are considered to provide direct support for 

the work of Chalke and Krtl* A significant correlation was 

also found between Speed and . ower with the result that the 

null hypothesis of no significant correlation between these 

variables could not be rejected. Because of the existence or 

this correlation, the relationships of Speed uad Power to 

Evoked Potential latencies could not be evaluated with certainty. 

However, Partial Correlations computed between Evoked Potential 

latencies and Speed, with Power partialed out, and Power with 

Speed partialed out, indicate that latency is related to Power 

and not to Speed. 

It is felt that these findings not only demonstrate a 

relationahip between Evoked Potential Latency and overs11 test 

intelligence, but also show promise that future research on 

the relations of Evoked Potentials to the "pure factor* com­

ponents of Power will yield positive results. 


