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IRTRODUCTION

A great deal of resesrch has heen done, with conven-
tional techniques of electroencephalogrsphy, on the possible
relationships between the electrical activity of the brain,
and paychological variables, 1o date, these studies have
proved to be generally incenclusive, However, within the
last decade, an alternative approach to the problem has been
made possidle by the development of techniques which perait
the detoction and analysis of Evoksd Potentials, These are
changes in electrical potential, which occur im the brain,
in response to sensory stimulation. Although the precise
nature of these variakbles is still unknown, recent ;tudiea
indicate that they may represent a very frultful field of
resezrch, for those 1nt¢fustod in the nesurelogical correlates
of human benavior,

Evidence now sxists which uugseais that the later
componsnts of fHvoked Potentials may be relsted to dats pro-
cessing activity in the brain, 0Of particular interest, in
this connectien, is the recent vork done st the University of
Ottswa vwhich demonstrates a relationship between human
intelligence and the latency times of Evoked Potentials., It
is felt that this work i{s of sufficient importance to warrsnt
further investigation,

Because the work dons at Ottawz involved 2 new and
quite revolutionary technigque, it was felt that 1t would be
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useful to re-investigate the relationship between intellizence
and Evoked Potential latencies, using an alterpnate and more
widely known method. This is the first objective of this
study. The second objective is an attempt to extend thwe
abeve findings by investigating two dimensions of intelligence
vhich may be of importance in determining the oversll rela-
tionship to Evoked Petentisls. To this end, the complex
factors of Speed and Power, in intelligesnce, 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 theorstical bases for the
experiment. It begins by referring to a paper which sives =
very comprehensive review of literature on the relationships
betveen test intelligence snd conventionsl EEG variables., 4
presentation is then made of literature concerning the pro-
perties of certain Evoked Potential veriables and their
possible relation to data processing activity in the brain.
0f particular impertance 1s the study on the relationship be-
tween human inteliligence and Evoked Potential latencies.
Following this, a theoretical discussion 1s offered concerning
problems in the measurement of Speed and Power., The insertion
of such a discussion in the {irst chapter 1s, admittedly, a
departure from the usual format of thesis writing, It wus
considered necesssry Lecause, 30 far as the writer can

determine, the problems discussed have not bean dealt with
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adequatsly in the literature. Furthermore, the solutions
offered not only affect the deaign ¢! this experiment, but
also determine the selection of papers on Spesd snd Power
which are subsequently reviewed., The chapter coacludes with
a statoment of the experimental hypotheses.

Chapter two deseribes the procedures employed to
1solate and measure the variables in the experiment, and
desarides the statistical procedures used to test the
hypetheses stated in: the first chapter.

In ehapter three the findings of the study are pre-
sented and discussed, and some suggestions are offered
concerning possible future resesrch in this area,



CHAPTER I
REVIEW OF THE LITKRATURE

This chapter begins with s reference to the present
status of work on the relationshlp between conventi onal ml
varisbles and test intelligonce, 3Section two dlscusses the
nature of Pveked Potentials, and reviews literature which
suggests that they sre related to information processing
sctivity in the brain snd, in particular, to psychometric
intelligence. £Hection three discusses theoretical questions
relating to the measurement of fpeed and Power in psychometric
tests, soction feur reviews literature on the relationships
of these varisbles to each other, and to intelligence as &
wvhole. The rifth and last section summarixes the theoreticsl
bases for this study, and cencludes with a statement of the
experisental hypothesws.

1. KEQ and Test Intelligence.

A recent review of the literature, by Vogel and
Brovemn,z indicutes that attempts to relate conventlonal EEG

1 Hereafter, the sbbreviation LEQ will be used to refer
to the following, depending on tne context: Ilectroencephalo-
gram, EBlectrosncephalogrsaph, Electrosncephalography.

2 William Vogel andé Domsld !'. Broverman, "Relationship
betwveen ERG and Test Intelligence: A Critical Reviewv,

Paxsioloxieal BULSLE, Vol. 62, Fo. 2, August 196k, p. 132-
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variables (usually the Alpha Rhythm) te test intellijgence
have been generally incenclusive. The authors do state that
signifieant cerrelations have been found, and further point
out shats

Bvidence for the relationship between these two

variables seems strongest for samples of children,
inatitutionalised geriatric patients, mentsl

deficients, and brain camaged perscns; and weekest

for samples of mormal adults,.d
However, they also point out that the results from éifferent
atudies are often contradictory and, furthermere, that many
of those studies which show positive results invelve method-
ological difficulties which limit the extent to vhich
gensralization of findings is possible,

Most recently, a study by Edwnrdn? on the relationahip
between EEG wave amplitude and WAIS intelligence, d1d not
show statistioally significant results.

The incenclusive nature of these findings suggests
the need for a different appreach to the problem of relation-
ships between intelligence and brain activity. 8uch an

approach appesrs to lie in the study of Evoked Potentials,

3 1kid., p. 132.

4 Henry P. Edwards g%% ¥AIS Intelligence in a
Sample of Culturei-Pamilial U cients" unpublished Master's
thesis prcscnt.d to the Faculty of Ptyohology and Education
of the University Ottaws, Ontario, 1965, vii«h7 p.
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2. Fvoked Fotentlisls and Informatlion Processling kctivity
in the bBrain,

An Evoked Potential may be Cescribed as s serlies of
detectatle changes in elecirical potential, oc.urring within
the brain, in response to supru-threshold stimulation,
administered via zny one of the senses, 1he most distinctive
feature of the Evoked Potential is the appearunce of its com~
ponent wave forws &t fixed intervals in time following the
stimulus to which it 13 & response. In a conventlonal EAG
record the Evoked Fotentisl 1is difficult or impossible to
detect, due to the relatlvely greater -aplitude of the ongoiny,
"random*, brein activity in whicn it is imbedded.

in papers published in 19477 end 195#,5 Dawson proposed
a solution to tnis problem. Slmply steted, his method involved
super-imposing samples ol EiQ recordings lmmediately lollowing
a series of astimuli, By this procedure, ne wus able to dlas-
tinguish between rundom activity end those wave [grms whicn
always appeared st fixed time intervals ifollowing the atimulus,
Dawson's work, together with relinementis suziested oy others
in the {ield, has provided the bLasls lor the development of =z

modern computer technique whiich is now used Iin virtually all

¢ G.0. Dawson, “Cerelrul ﬁosponses to Electri»al Stimue-
lation of Pcriphoral Ncrvo in "=n", Journgl of
498 AV ! LR | ¥ VOl. lC‘, 15 /, pb

€ wovevena, Bi Summation chhniqua for the thccticn of
Small Evoked Potentials", AT OeNCa! : : 14
Neurophysiology, Vol. 6, "y? . I o
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studies on Evoked Potentials, including thre present ono.7
In principal, this technique consists of the administration
of a number of discrete stimuli, and the slgebraic summation
by the computer, of ssmples of brain sctivity immedistely
following each stimulus. The EEG ~ctivity not related to the
stimulus oceurs randomly, &nd thus tends to averesge toward
zero, while potentisls time locked to the stimulus (i.e.,
the Evoked Potentiasl) tend to summate, and so become readily
distinguishable,

1he precise origin and nature of Evoked Potentials
are not definitely known. Bickford g&,g;.é sugzest that
Evoked potentials, recorded from the ascalp, are malnly due to
involuntary movements of the cranial muscles in response o
the stimulus. fThe authors demonstrate veriations in evoked
response patterns corresponding to varietions in the tension
of neck muscles. In the discuasion published with Blokford's
paper, G,D, Geisler disagrees with the suithors' conclusions

and sujgests that Evoked Potentials ere corticul in origin.

7 & notable exception is tle alternate metlond wiieh
hes been devigsed und suciessiully employed by Zrtl, al the
University of Ottawe, Faculty of Fsychology and EBducation. . ee:

J.P, Ertl, “Detection ol Fvoked Potentials hy lero
Crossing Analytis" ElS nceephigle ) g )
Beuroplyalology

b

& Reginald G, Bickiord, James L. Jacobson, D. Thane,
R, Cody, "Hature of Averasge Evokod ?otent&als to abhnd and
Other Stimuli in Man®, Anpals he N : Ac

Sciences, Vol. 112, Art.
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In a study designed to test tle linmdings of Bickford,
Domino and Corssen} anslyzed Pétantial recordings ~btained
from twelve surgicel patients under three different conditions.
Responses to visual stimulation were recorded from a number
of sculp electrodes while the subjects were: 1) awake; 2)
1igkly anesthetized; 3) in e state of complete muscle parasly-
sis induced by the administration of Succinylcholine, 4
variety of differences in the Evoked Potentials were observed
between thie first two conditions. However, the parulysis
of all skeletzl muscles, [cllowing anesthesia, produced no
further chaenges. ihe suthors concluds that the skeletal
muscle coaponent, in visually evoked responses, is negligible.
Unfortunately, the findings of this study are wezkened by a
lack of suitable controls. Hevertheless, the overvhelming
welight of evidence and opinion reported in the literature
supports the conciusion of the suthors, and opposes the pogi-
tion taken by Bick{ord.

Anaslian‘gg_gx.,lg in & study on cats, recorded Evoked
Potentials from micro~slectrodes implanted in somstosensory

aress I tnd II of the rortex :znd, simultaneously, from scslp

9 Edwsrd ¥. Domino and Guenter Corssen, "Visually
Evoked Response in Anesthetized Han with and Nithcut Irdured
uscle Paralysis”, Annals of the New York Academ L5 :
vol. 112, Art. 1, My ¥y Do « 7 .

VoB., Amussian, H.J, Waller, .. Macy, Jr.,, "Neurrl
dnchanian of tho Primary 8onatonensory Evokoc ﬁotential“

bede .. _l_" W i b ) @1L 7.-. VGl. 112’ Art. l,
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electredes placed over the same =re:s. Racordin:s were made
at various drug induced levels of conscicusness and, in scne
cases,with the cortical recvording arezs completely anosthet-
ized. ‘he discussion of findings, in tLis study is lengthy
and complicated, and will not be fully reposrted here. It is
noted, however, that the &uthors believe that Lvoked Polen-
tisls, recorded st the surfsce, are the result ol post-
syaaptic potentisls occurring in certical neurons. They
further sug.est that thalauplitudc of these post-synaptic
potentials is determined by the spresd oi sctivity between
corticel and sube-corti-zl structures, They c<onclude that
Zvoked Potentials do not represent simply the simul taneous
discharge of groups of cortical neurons, but are alsoc deter-
mined by the interaction of cortical and sub-cortical networks.
Uttal and 600k1 studied Zvoked Potential f{rom human
subjects, using electrical stimulation applied to the wrist,
ané¢ surface contact electredes, 1he authors ldentiilied three
major wave forms, occurring at approximately 25, 47 end 15C
milliseconds after stimulation, which they labeled respectively
the ".", "H", and "U" waves. The zuthors observed that lhe
latency times of these waves were stable within individuals

and ¢iffered between individuals, They ulsc observed that

11 Williaw R. Uttal and Louells Cook, "Jystemics of
the Somatcsensory Corticsl Potential: A Ps,ihophysicsl-
hﬂectrophysiological Comparison”, L O th
A y ¥0l, 112, an. y by 196k, p. 8T-0t,
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the "O" wave, in addition to its longer lutency time, was
pore diffuse in shape, was less stable than the other wiaves,
could be recorded from sll sress of the head, varied markedly
with respect to latency and asmplitude in relation to the
subjects' sublective state, and dissppeared almost entirely
during sleep. By contrast, the " and "N" weves were more
steble, appeared to be relatively independent of the sub-
Ject's state of consciousness, and could be detected with
certainty only over the somato-sensory ares contralatersl to
the stimulated wrist. In the discussion oif their rindings,
the authors agree with Amassian et ual. in stating that, "“the
evoked potential is not only the summation of many thousands
of neuronal potentials but slso appears to be the summsted

responses of seversl msjor neurological systaus.“la

They go
on to peint out the similarity between the charwcteristics

of the "0" wsve, and the classice]l reticular sctivation
response observed in conventional EEG studies., On this basis,
they hypothesize that the "0 wave may be mainly the result
of activitly emansting from the reticular lormation. Witn
considerably less certainty, they speculste that the K" znd
"N waves may be due to activity in tlhe spinottalamic and

medial lemniscal pathways respectively,

12 Ibid.
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It is possible that a connection exists between the
above hypethesis concerning the "0 vave, and work being done
by Schafer, on the effects of the drug "Methedrine” on Hvoked
Potential 1atancioa.L3 This drug is gensrally btelieved to
act upon the reticular forasztion, as well as other brain
centers, and has the subjective effect of increasing slertness.
Schafer has found that "Methedrine® significantly shortens
the latenecy time of the third compenent which correspends to
the negative peak of the "0O" wave, but does not affect the
earlier compenents corresponcing to the "4 and "N* waves,

In & very carsfully contrelled study using lerty
anasthetized cats, Fox snd O'Brien;“ investigated the rela-
tionship between the distribution of spike irings of &
single ecoriical neuron and the whve form of the Evoked
Potentisl recorded from the same sre:. Itimulation conelsted
of short édurstion light flashes, and recordings vere made
from both the visual and somatiec sensory aress of the cortex.
A single micro-electrode was insertad intoc the cortex im such
a wvay that, with the use of complicated instrumentation, it

13 K. Schafer, "The Bffects of Hethamphetamine HC1
on Human Evoked Cortical Potentiasls", study carried out at the
University of Ottawa, Paculty of Psychology and Education
subaitted for publication to Sciencs.

14 Stephen 8. Fox and Jumes H. O'Brien, "Duplicetion
of Evoked Potential Wavefora by Curve of Probability of
Pir .ggga Bingle Cell", Sciepnce, Vol. 147, February 1965,
P .
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was possible to record the spike firings of only one cell
fuxedistely preceding and following approximately four thousand
1C~-mierosecend light {lashes. These recordings were fed dir-
ectly to a computer vhich made a freguency distribdution of

the number of spike firings, plotted against tise. The
individual cell was then destroyed by tapping on the electrods
and an Evoked Potentisl recording was made, from the surround-
ing cortical area, using the same electrods and approximately
tvo hundred stimuli. 1In repeateéd trials, and in dirfferent
cortical sreas, it was found thst the distribution of single
cell spike firings, scross time, vas almost exactly duplicated,
in terms of both the latency and smplitude of its positive

and negative peaks, by the corresponding Evoked Potential. It
is further stated that this relationship holds for beth visual
and somatic stimuli, and for cases where two gensory stimuli
are sdainistered close together. The hypothesis that Bveked
Potentials represent the summated potential changes {rom many
calls acting tegether is defended on tne grounds that sll the
cells in a given localized area have approximately the same
firing pattern. The conclusions of the authors are given in
the follewing quotation:
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We conclude from these data that no component (posi-

tive or negative, early or late) of the ssynchronous

evoked potential recorded in this un{ is uniqualy

related to responses of specific cell populations or

to specific poriions of cells, since from each cell

a probability curve can be obtained witich closely

resexbles the waveform of the entire evoked response.

This outcome suggests, thereiore, that whatever

potential sources contridute to the evoked potential,

they are directly related to or reflected in the

riring of & single cell,.i¥
It might uppear at first glence that this conclusion 1s
direetly opposed to the hypothesiz of Uttsl and Cock, that
the third component, or *0" wave, is determined by activity
radiating from the reticular formstion. That this is not
necessarily the ciase may be seen by considering a mumber of
points. In the first place, the suthors do not rule out the
possibility that Evoked Potentials may have their erigin in
the graded post-aynapiic/dendritic potentisls. In fect, they
specifically stute that the observed relation bhetween the
pastern of spike firings (which occur only in the axon) and
Evoked Potentisls may be cue to the faet that there is an
"important relationship between cendritic activity snd the
preduction of spikes from the cell body."l6 If this is the

case, then at least the contentions of Amassian gt g). remain

19 Fox and O'Brien, Op, Cit., p. 090,

16 4 recent telephone conversstion between Fox and
the writer's thesis advisor, J.P. Ertl, confirms that the
authors do in fact subacribe to tnis view. The use of the
term "cell bedy® in this quotation may represent s confusion
in tnrninologrth:t is genereclly believed that spike rirings
occur only in Lxon, -
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tenable. That i3 to say, it may still be srgued tie i the
Bvokec Potential, as a whoele, is influenced by activity
radiating froa many bruin centers, on the grounds that it is
this activity vhich determines the characteristics of
dendritic potentials,

Further srgument is mede possible by considering two
Tindings reported by waltax.l7 In & study on humans, he
observed that: 1) Evoked Potentlals recorded from the same
site, 1n & single individual, shoved marked differences
related to the type :nd intensity of the atimulus used to
elicit the respouse, These differences were seen in rocord-
ings from both scalp electrodes and electrodes implanted in
ths brain. {(Gvoked Potentials resulting from repeated trials
with any one stimulus were found to be stable within
individuals.) 2) Any single stismulus activates neurons in
Bsany srezs of the brain in addition tw those In the primary
receiving ares, and this sctivity is reflectaed in the Evoked
Potentisl wave form., In suamary, it may be ssid that each
type of stimulus appears to produce a relativel!y unique
Eveked Potential wave form, which is stable within the
individual,. Differences between the characteristic wave forms
of various stimuli are the result, VWalter helleves, of the

17 Y. CGrey kalter, “The Convergence and Intersction of
Visual, Auéitory unﬁ iactile Reaponses in Humsn Honspecific
i . il B 1OTH 4L my ol 28088, Vol -11?,
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fact that each stimulus activates a different combination eof
brain centers and neural pathways. On the basis of these
and other sbservations quoted asbove, it is possible to form-
ulate a theary of &vﬁkod Potentials in relation to informa-
tion processing in the brain.

The interaction of impulses {rom verious brain centers
activated by a given stimulus determines the psttern of post~
synaptic potential changes of the single cells in the Evoked
Potentia) recording area. This activity is reflected in both
the Evoked Potential and the related spike firing pattern of
the single cells. Impulses arriving via direct neural path-
vays, or from adjacent cortical aress, act first upon the
cells in the recording ares and, therefore, are reflected in
the earlier components of the Evoked Petentisl. Impulses
arising in more widely sepsrated aress and itransmitted by
more indirect pathways act later upon the cells in the record-
ing area and thus are reflected in the later components., It
has been cbserved that different stimuili produce different,
yet stable, Evoked Potential wave forms within the individual,
This fact suggests the hypothesis tahat these weve forms re-
flect the "codes" by vwhich the brain is nble to differentiate
betveen stimull: the “code" itself being the spatial end tem-
poral interaction of impulses, from the particular combination
of brein centers and pathwvays, activated by the stimulus, If
this hypotheais is graunted, then it may slsc be assumed that
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the later Evoked Potential ccamponents are of greater signific-
ance, in terms of the "mesning™ attached to stimuli, on the
grounds that these components reflect the integration of
impulses (rom more widely distributed brain aress. Intra~-
individual differences in Evoked Potentials muy be attribut-
able to varistions in the background asctivity of the brain
centers involved, resulting from a wide variety of csuses such
as f[atigue, 1llness, attention, etc. Cbserved differences

in the responses of different subjects to the same stimulus
may be due to inter-individual differences in the baslce
struetural and physiclogical properties of the nervous system
as & whole.

Dus to the extreme coaplexity of the subject, the
foregeing discussion has presented s model of Evoked Poten~
tials which is, necessarily, both over-simplifried and incem=
plete in many areas, HNevertheless, it has been included in
sn effort to provide = theoretical besis for the connection
between Evoked Potentials and information precessing activity
in the brain., It was felt that no such theory could be
sceeptable which did not attempt to integrate the recent
findings of Fox ang O'Brien with those of other writers in
the field.
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Bvidence in supportof this theory 1s to be found in
& study by John‘gs_gl.l& In this study, in wnich Evoked
Potentisls vere recorded from cats by means of intra-cranial
electrodes, it was noted that there wes an slteration in wave
shaps of the later components as conditioning to a visual
CS procesded. As & further dimension to their experiment,
the suthors applied disruptive electrical stimulation dir-
ectly to the brain during the period of tihe Evoked Potantial.
They noted that, if the esrlier component was interrupted, the
C3 elicited a correct CR in 59.5 per cent of tne trials. If
the disrupting stimulus was administered during the later
components, erly 20.8 per cemt of the trials resulted in
correct CR's. These results appesar to be particularly signi-
ficant in relation to the hypothesis that it is the later
components which are of grestest significance in the process
of sscribing meaning to a stimulus.

The sbility to differentiate reilably among individu-
als, on the basis of Evoked Fotentiarls, is demonstrated by the
findings of Chagass and &chwartz.19 Evoked Potentimls, in

8 B.R, Joln, D,8, Ruchkln, J. Villegas, “"Experimental
Background: Signal Annlyois and Behavioral Corrclates or
Evoked Potentials in Cats™, Annal e New Y¢ gl 6
of Sciences, Vol. 112, Art. '

19 C. 8hegass and M. 8chwarts, "Evoked Cortical
Potentials and Sensation in Man",
Vol. 2, 1960’ Pe 362"270¢
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response to visual and electrocutaneous stimulstion, were
recorded from the visusl and somatic-sensory areas of fiftye
six male and female subjects, using sealp electrodes. It was
noted that the components of the Evoked Potentials were
highly stable within individuals with respect to latency times
and differed markedly between individuals. The correlation
for intra-individual consistency was .87, while correlations
salculated for the responses of different subjects to the
same stimulus approached zero,

These findings are supported by those of Dustoan and
Bock,zo who obtained recordings from seven adult malies, by
neans of aono-polar electrodes placed four centimeters
snterior and lsteral to the inion. In all subjects, It way
possible to detect eight components, four positive and four
negetive, occurring in the first 30 miiliseconds after stimu-
lation. All these components were observed to be stable
within individuals, while those occuring aiter 3GC milli~
seconds shoved grester variability. For components occurring
in the first 3C0 milliseconds, test-retest correlations for
each subject showed & medisn correlation of ,508. Correlations
celculated for the latencies of different individuals shoved

& median correlation of ,37.

20 Robert B, Dustman and Bdward C. Beck, "Long Term
gtability of Visua BEvoked Potentials in Men“, Science.
Vol. 12 ? December 1963, Pe 1"8{""1‘981 *
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As early as 1961, Brt121 hypethesirzed that the
shorter the response time of the brain to a light {lashk, the
greater is the efficlency of the organism and, therefore,
the higher will be its intelligence. Due to the difficulties
involved in identifying the response in s conventional EEG
record, the correlation of ~,88, found in this study, could
not be accepted with certainty. In 1965, on the basis of
this original ides, plus studies mentioned above, Chalke
and Ert.].;22 hypothesized thats

[.ee. & hicloglcally effielent organism should process
information more rapldly then s less efficlient organism
and that the delay of componenis of the evoxed poten-
tials 4s & measure of the afficliency of this process,
With a total sample of forty-eight subjects, using photic
stimulation, and &8 tachnique of Zero Crossing Analysis for
detecting Evoked Potentials, Chalke and Ertl wers ebls to
demonstrate & stastisticslly significant dirference between
the asan latency times of three groups of high, middle and
low IQ. It 4s of interest to note tnat, in accerdance with
the findings of John gt al.., quoted sbove, this dirference
in latency times was observed enly for the third, fourth and
fifth components of the Evoked Potential, and not for the

first and second (i.e., the earlier) components.

21 J.,P. Ertl, “Intracortical Delay and Intelligencev,
unpublished Master's thesis presented to t.e 3chool of
Psychiology end Education, University of Ottawa, 1961, p. viis-hl,

22 F.C.R, Chalke gnd J, Ert), "Evoked Potentisls and
Intelligence*, Life Sciences, Vol. l, 1965, p. 1319-1322,
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This section has included evidence which supggests
that: 1) Evoked Potentisls may be related to informatlion
processing activity in the brain, and that the luter compon-
ents are of greester importance as indicetors of this proceas.
2) Evoked Potentials sre stable within individusls, and the
latency times of the vurlous components may be used tc
differentiate tmong individuals. 3) The lstency times of
the later components are related to psychometric intelligence.

3. GSpeed, Power and Intelligence: 4 “heoreticsl
Discussion,

The hypothesis of Chalke and Ertl, quoted in sectlion
tvo, would seem to imply that the observed relationship be~-
tveen Intelligence and Evoked Potential latency is due to a
relationship between neurological efficlency and mental
efficlency. If this is the csse, then speculation arises
concerning what sort of mental efficiency 1s involved.
Specificaily, it may be asked: 1) Is latency time related
to the individual's ability to solve difficult problems
accurately? 2) 1s latency time related to the speed with
which the individual 1s able to srrive at conclusions,
irrespective of the accuracy of those conclusions: In an
attampt to ansver these questions, it was decided to investi-
gate two factorially complex dimensions of Intelligence,
namely, Zpeed and Power. Before reviewing literature on the
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relationship of these dimensions to cach other, and to
intelligence as 2 whole, 1t 1= necessary to give considers-
tion to the ways in which they may be measured.

As 3 preliminary definition, the term Power is used
to refer to the individusl's problem solving ability.
Guilrordz3 describes a Power test &3 one in wiaich the items
are graduated in difficulty and the subject has sufficlent
time in which to attempt all items., He relers to ;uurstonn,ah
vhen he states that the Power of an individusl is, "that
level of difficulty of tasks at which his probadility of
success is .5C, when given infinite time." In practice,
infinite time is all the time the subject will teke. Guilford
goes on to state that the level of difficulty, or Limen iLcore,
is almost perfectly correlated with the SQummation Score, or
number of items answered correctly, wvhen the individual has
sufficient time in which to asttempt all items. {ince tiese
two scores may be used interchangeably in correlations with
other varizbles, the Power of an individual may dbe defined
&3 being his Lummation ficore in unlimited time. This defini-
tion will be sdopted in tiis study.

23 J,P, Guilford, Ps
Book Co., Hew York, 1953,

2y L,L., Thurstone "Ability, dotivatien, and Speed”,
Baychometrila, Vol. 2, 1937, p. 2uglash,

g, oGraw Hill
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43 a preliminary definition, the term Speed, con=-
sidered as s dimension of Intelligence, relers to the rats at
which an individual works, _rrespective of the sccuracy of
that work, In the physical sciences, es well as in Psychol-
ogy, speed in a task is expressed as the number of items, of
equal difficulty, completed per unit of time, without regerd
for accurscy, and is obtained from the formulas

B=1I/T7T

where I = the total number of items completed
T = the total elapsed time

[}

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

1) Jhe Iime Hcore Mettwd wiich messures the time taken to
complete & fixed number of items; 2)

vhich mesaures the number of items completed in a fixed time
interval.

The comparison of thnese two methods wlll be made
easier by considering Liie example of a test in which sll
items are of equal difficulty, If five Iindividuasls cbtain
Work Scores of 5, 10, 1%, 2¢ and 2. ftems in & ten-minute
time interval, the corresponding Time Scores, i.e., the times
taken by each individusl to complete & flxed number cof items,
say twenty items, will be respectively 4C, 27, 13.33, 1¢ and
4 minutes. Speed SHcores calculated from the Work Suvores (by
means of the formule & = 1/T = I/1") will be respectively,

+5, 1, 1.5, 2 and 2.Y items per minute. 3peed Scores chlruleted
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from Time Scores (by means of the formula & = I/7 “ 20/%) are
also found to be respectiwvely, .5, 1, 1.5, 2 and 2,5 itens
per minute,
On the Lasis of the above figures, the following
observations may be made concerning the Time icore and Work
Score Nethods, in & test composed of items of equal aifficulty:
l. Speed ealculatad from Work 8Scores is identical with Speed
calculated from Time cores,

2. 8peed i3 s direct linear function of Work Scores.

3. Speed 18 an inverse ocurvilinear function of Work 3cores.

4, Time Scores are an inverse curvilinesr function of
Work Bcores,

On the basis of thess observations, the following further

ststements may now be made:

1. If Speed Scores sre normsally distributed in a sample,
the corresponding wWork ficores will also be normally dis-
triduted., Thus, in a correlation with an outside varisble,
Work Scores could be used to represent speed Scores
vithout changing either the magnitude or the sign of the
correlatien,

2. 1f 3peed Scores are found to be normally distributed in a
sample, the corresponding Time Scores will be skewed,
and reversec in order of msgnitude., 1f these 1ime ucores
are t0 be used to represent Hpeed Scores in a correlation
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with an outside variable, tuey must {irst be normalised,
and the sign o! the resulting correlation muat be changed.
3. If Time Scores are foumd to be normaliy distributed in a
sample, the corresponding Speed icores will be s:iewed.
If these Speed Scores were to be correlated witi an out=
side veriasble, they would {irst bhave to be normaliged,
or, vhat smounts to the ssme liing, the rsw ilime Scores
gould be used and the sign of the correlation changed.
In sumnary, 1f suiteble procedures f{cor normelizing skewed
distributions are employed, "ime, Work and speed Scores may
be used interchangesbly in correlations with ocutside variables.
The foregoing discussion has shown the relationships
betvween Time, Work and Speed 5Scores when &ll test items are
of equal Aifficulty. It remains to be seen vhat Lappens te
these relationships in & test vhere the items are graduated
in dirficulty. ‘I‘attoz2 tested thirty-six high school sophomores,
using specially constructed tests composed of items of in~
creasing difficulty. ‘the tests vere administered individual.y,
and separate time measurements were recorded for each test
item, The individual's Speed On 8 test was represented by the
mean of the times for all ltems. O&imple calculation will show

25 serle R. Tate, "Individual Di.ferences in 3peed
of Response in Aental Test xptezﬂa WO NTrying ~90Iﬁuh of
pirficulty*, Bducaticnal an :k deal aazuren
sy No, 3, Autumn
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that the scores obtained in this way are directly proportionsal
to scores obtained by the Time Score iHethod described sbove.
Tate found that the reletive positions of individusls, in
terms of Speed, remsined the seme st all levels of difficulty.
Thus, if one subject 1s twice as fest as another &t one level
of difficulty, he will still be twice 43 fast at a hidgher
level of difficulty, although beth will teke longer to com~
plete the item.

With these {indings in mind, an example may nov be
considered of the Time Score ethod used in a test whose
items are graduated in dlfficulty. Pour individuals have
obtained 8peed Scores of %, 10, 1i, and 20 items per minmute,
on & test in which all items are of uniform ¢iffimlty level
X. They are then given n second test composed of eight iltems
(asasuring the same mental function) in wvhich the first item
is also of difficulty level X, and esch successive item 1s
tvice as 4aifficult as the preceding item. The entries in
Table 1 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 ull eight items. The corresponding
Speed Scores of .16, .31, .48, and .63 items per mimute (from
the formula G = I/1 * §/7) represent the pverage number of
items completed per minute over the whole test, On the basis
of the figures shown in this exumple, the following genersl
statements may be made:
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Table 1.~

An Example of the Time Score Method Applied to s Test with
Items Gradusted in Difficulty.

Time
subjects "1 2 }o § [9 3 g Scores

A 2 o“ .“ 1.6 3.2 6-“ 1208 25.6 51000 ﬂinp
B % RS- S A 16 3,2 6., 12,8 25,5 v
c 06 13 2% .52 1.0 2,08 W,16 3,32 16,57 *

D 005 tl 02 Q)"' aa 106 302 60‘" 12.?‘: "

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

& The Aifficulty levels of the items.
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l. In & test composed of items gradusted in difficulty,
Spead Scores are an inverse curvilinear function of Time
Scores,

2. Ypeed dcores, calculated from Time Scores in a test of
graduated difficulty, are directly proportional to tne
Speed Hcores obtained from a test, of the same functlon,
in which all items are of uniform dirficulty.

3. 7The relationship of Time Scores to Speed SBuores 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 grsduated

difficulty may be used es before to represent Speed 3cores,

either from the ssme test, or from & test in which all items
are of uniform difrficulty.
The folloving exsmple illustrates what happens when

Work Scores are c¢zlculated for the saxe four subjects, on the

same eight item test eof graduated dirfficulty., The entries

in Table II show the number of items completed by esch sublect

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

Score for that time intervsl). 8peed Scores, cslculated for

the four subjects, at the ten-minute time interval (3 = 1/7T

z 1/10) are .5, .6, .7 and ,7 items per minmute. At the

fifteen-mimite time interval the 3Speed Scores become respec~

tively (8 = I/7 = 1/1%) .k, 46, b6 and .53 items per minute.

It 1s immediately apparent from these {igures that, in a test
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Table II.-

An Exemple of the Work Score dethod Applied to a Test With
Items Graduated in Difficulty.

Bubjects iﬁ_ :25
A 2 LY b 5 b 6 )
B 3 b 5 6 7 7 7
c 4 5 o 7 7 & 8
D ) 5 6 7 § & 8

Cell entries indicate the number of items completed by
each subject, at the end ef each time interval,
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of graduated difficulty, nelther Work Scores nor the Speed
Scores derived from them, differentiate between sudbjects in
the same wvay at the various time intervals, Furthermore,
these scores do not vary in a fixed manner in relation to
Work and Speed Scores, derived {rom a test, of the same
function in which all {tems are of uniform difficulty. It
follows, therefore, that in a test in vhich sll items are
greduated in ¢iffioulty, the Work Score Method cannot be
used to astimate the Speads of ths individuals taking the test.
The foregeing discussion of HSpeed was intended to
show that when Speed is to be derived from a test of graduated
difficulty, the Time Score Hethod 18 to be preferred., The
decision to usse a graduated test results from the necessity
of measuring Speed and Pover from the same test, The use of
different tests was ruled out on the grounds thaet comfounding
variables arising f{rom differences in the test contents would
make it impossidble to yeneralize concerning the relationships
of 3peed and Power to cutside variables. 7his objJection
might be overcome, at lexst in part, by the use of allernate
forms of the szme test. It was felt, however, that 1f sube
Jjects were asware that they were being marked for Gpeed alone,
they would tend aimply to guess &t the more Ailfficult iteus
without seriously attempting to solve the problems. It ia
doubtful if Speed Scores obtained in this way could be con-
sidered as measures of “fpeed-of-Intellectual-Functioning®.
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Hovever, if subjects are given as much time &3 they need to
attempt all itoms, and sre instructed to work for beth speed
apd sccuracy, then Pover may he measured by the number of
items answared correctly, and Speed may be represented by

the times taken to complete &ll items on the test, irrespec-
tive of accuracy. Intelliigence, which is a combination of
Speed and Pover, may also be messured in the scme Lest by e
nunber of items answered correctly in a limited time.

This section pas presented theoretical arguments in
an attempt to show tnat Speed and Power, considered as
dimensions of Inteliigence, can be measured from a single
test of graduated difficulty. Furtuermore, wen using such
a test, Speed (definec by the formula 5 = I/T) can best be
neasured by the use of the Time Score Method. The literature
concerning opeed, Power anéd Intellilgence, measured in this
way, is limited,

L. Relationships between Speed, Power &nd
intelligence.

Baxtorze tested one hundred university undergraduates
At the end of

tventy minutes, subjects wvere stopped, given & different

26 Brent Baxter, "An Exgoriuantal Analysis of the
Contributions of 8Speed and Level in an Intelligence Test®,
£ 'fr AL EER R Y 2 FRYcnal By ¢ VOI’ 32; 30- h’, Ai)!‘il l%lq

-

e
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colored pencil, and told to complete tlhe test, Jpeed was
defined as the number of minutes tulen to complete sll seventy-
five itens on the test, irrespective of accuracy, Power was
defined as the total nuaber of items answered correctly, asnd
Intelligence as the number of items answered correctly in
twenty mimites.?’ ‘e following correlations wers obtained:
dpeed and Intelligence, .75; Power amd Intelligence, .62;
Speed znd Pover, =,06, Ths coefficient of multiple determina-~
tion for Speed ~nd Power vs. Intelligence was .9%5. The zero
order coefficients of determination for 3peed and Pover vere
.56 and .39, Baxter concludes th-t speed and Power vary
independently and tiat, between them, they account for virtu-
ally all the vsriesnce in Intelligence, Hpeed contributing
approximately 60 per cent and Power the remaining 40 per cent.
Davidson and Carrol®® factor analyzed the results
from a battery of tests administered to ninety-one paychology
undergradustss. Speed, Power snd Inteliigence acores were
obtained for each test in the baltery., The operations used
to define these variables were the ssne ua those used by
Baxter, except for twe variations: 1) Subjecta vworked strsight

27 Baxter snd other authors guoted belowv use different
terms in referring to these operations, In order to aveld
confusion, the vords 3peed, Power and Intellizence are used in
all cases to denote these operations.

28 williem M, Devidson and John B, Cerrol, "Speed and
Level Componsnts in Time Limit Scores: A Factor Analysis",
Educational Aand | wlogical Messurement, Vol. $, No. b,

MEQ S




REVIEW OF THE LITERATURE 29

threugh tre test, attempting each item once, and each subject
recorded his ovn time to complete. 2) After recording his
ova time, each subject was then alloved to ge back and check
his answers, The authors found thsat in all ceses Speed
Scores were independent of Power Socores and “time limit

(1.0. Intelligence) scores could be represented as factorially
complex messures having loadings on both speed and level
(1.¢., Povwer) dimensions of abillty."zg In addition, they
found a general speed factor invelving nearly all of the
separate speed scores obtained from the various tests in

the battery.

Tut030 tested thirty-six high school students, using
four specially constructed tests of Arithmetic Reasoning,
Rumber Series, 3entence Completion, and Spatial Relations,
Each test was eomposed of three levels of difficulty, and
each item of esch test wes sdministered and timed separstely,
Pover on & test was defined as the number of items answered
eorrectly. B8peec was defined as the mean of the times obteined
for all items on the test, Findings showed that Speed and
Pover vwere independent at all levels of all tests. The rela-
tive standings of individusls in terms of Speed were not

affected dy changes in difficulty level, However, relative

29 Inid.
30 Tate, Op, Cit.



REVIEW OF THE LITERATURE 3¢

standings d1d vary somewhsat between the four tests. .ate
concludes that there is probably a general speed factor,
plus & special speed f{actor linked to the function in which
it is measured.

In this section studies have been cited whid: indicate
that, when obtained from the same test of ascending d4ifficulty,
Speed and Power very independently of esch other,

5. Summary and Statement of Hypotheses.

Findings presented in section two above provide &
theoretical basis {or regarding Evoked Potentisls 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.
Furtner, it was hypothesized thet imter-individusl differences
in latency times were indications of differences in the
efficiency with which data processing asctivity is carried on.
4 study based on this hypothesis indicmtes that the latency
times of Evoked Potential components sre related to psycho=~
zetric intelligence.

In section three, a theoretical discussion was pre-
sented which attempted to show tismt Speed and Power mey bLe
derived from the same test, and thet wien this procedure is
adopted, Speed (as defined by the formula & = I/7) should be
obtalined by means of the Time Score Method, Itudles
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eaploying this method were seviewed in section four., ind-
ings indicate that Speed and Power are independent and tmt,
between them, they account for nearly all the variance of
Intelligence.

It latency 15 related to Intelligence, and the vari-
ance of Intelligence i3 entirely sccounted for by the two
ipdependent dimensions of Speed and Power, then it fcllows
that latency must be related to cne, and only one, of these
two dimensions. There 1s no direct evidence in the liters~
ture to indicate which of these two dimenszions, Speed or
Power, 13 related to latency. However, in line with the pre-
viocusly stated theory of duta processing activity, it mey
be hypothesized that the latency of Eveolked Potential components
13 8 function of the speed with which impulses travel from
the variocus brain centers involved to the recording site. “he
faster tne transmission of impulses, the shorter would be the
tice taken for the integration of inferamation and, therefore,
the faster ti.e individual will be able to soclve problems.

Such tiinking is doubtless greatly overslimplified, However,
it does offer u theoreticul basis {or hypothesizing thet
latency is relsted to tipeed rather than to Power.

In order to test tiis and other tiworetical arguments
presented in this chepter, four null hypotleses will be tested
experimentally. Each of the second, third and fourth null
hypotieses will contain {our subwsections wilei may be cone

sidered separstely.
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There is no significent correlation Letween GHpeed
(represented by Time Scores) and Power Scores.

There are no significant correlstions between the latency
tines of the first four componsnis of visually Evoked
Potentials (El, E2, E3 and E4) and Intelligzence Scores.
There are no significant correlestions between the latency
times of the firat four components of visually Evoked
Potentisls (Bl, E2, EJ and E4) and Power Scores,

There are no significsnt correlations betveen the latency
times of the first four componenis of visually Evoked
Potentials (K1, K2, E)} and Eb) and Speed (as represented
by Time lcores).

The following chapter describes the experimentsl

procedures used to test these mull hypotiheses.



CHAPTER 11

EXPERIMENTAL DESICHN

This chapter presents the experimental design employed
to test the hypotheses of tuls study. 3eciion one refers
to the instrumentation used f{or detecting end recording Evoked
Potentials and discusses the cholice of the psychometric tool,
Section two describes the semple studled, Secllon three
explaing the experimental procedures employed, and section
four deels with the methods used in analyzing the obtained
data,

l. Toola,

Evoked Potentlsals [rom all subjects were recorded
from the surface of the scalp. Reémonde type, bipolar, saline-
pad electrodes were used for tie majority of recordings. Ihe
last twventy sublects vere tasted using Lexington &ilver-
Chloride-iponge electrodes. “he substitution was mace becsuge
it was found that, with the Lexington electrodes, it wis
easier to obtein a good contact with the scelp. Repeated
testas on one subject showed no difference in the recordings
from the two types. Haw EEQ activity vas amplified by means
of a Sandborne ~vdel 5’ REG/ECG pre-amplifier and & Grass
Model P.5 AC pre-amplifier connected in series. ¥For gll
recordings, filters were set 3 DB down at 7 and 1CC cycles
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per second., This wis done because it was found that changes
in filter settings, particularly at 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 EEQ activity immediately following
ecch stimulus vere fed to an Entancetron 1C24 Computer of
Average Transients. The Enhsncetron digitiszes esch sample
of EBG activity andi records the smplitudes of its component
vave foras at a number of successive reference points. The
amplitudes of all samples are added at each of these points
to produce 2 single wave pattern which is an aversge of all
the EEG samples stored in the computer's memory. Randoa
activity tends to average toward zero, wihile the Evoked
Potentlals, which are time-locked to the stimulus, tend to
summate and 50 become readily distinguishabdle.

The ocutput of the Enhancetron following one hundred
stimuli was displayed on the screen of a Tecktronix Model 9C2,
Dual Beam Oscilloscope and permanently recorded by mesns of a
Polaroid Leénd Camera. The stimulus consisted of very shortg
duration light flashes (of the order of 3 microseconds)
generated by & Grass Model PS-2 Photo-stimulator. The
stimulus intensity control was set at position b, except for
subjects who showed a marked tendency to blink, in which case
it was lowered to position 2, In tests cerried out on ten

subjects, intensity changes of this magnitude produced no
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cbserveble changas in the configurstions of Evoked Potentials,
Ihe . hoto-stimulator was connected so thut the Enrancetron
was triggered by the onset of each light flash, As & result,
the start of each recording indicates the point at which the
stimili vere administered.

The psychometric meszsures of Speed, Pover and Intellie

gence wvere obtalned from the Otis

Fora B of tlLe same test was used

to establish the reliadility of these messures., The discus~
sion of Bpeed end Power given in the previous chapter points
out the need to neasurs these variables frox a single test

of gradumted dilficulty. S8ince it is the intention of this
study 10 investigate intelligence as a global phencmenon,
rather than & coaposite of "pure” factors, it was felt that

& multi-factor test shouid be used., Finally, if Bpeed &nd
Pover are to be conslidered in relation to Intelligence, it

is necesszary to define Intelligence in terms of these two
dimensions, i.e,, by a Time Limlt Score which is the number
of correct answers in a limited time, The Qtis test not only
satisfies all of these requirements, it also enjoys wvide
acceptance in the field ss an overill measure of intellectual
functioning.



EXPERIMENTAL DESICN 36
2. The Sample,.

One hundred and two subjects were tested with both the
psychometric and neurological tools., Of these, twelve were
rejected becsuse their Evoked Potential recordings vere not
clearly 1nt¢rprctnble,1 and six others wvere eliminated because
of language problems in taking the paychometric and/or Lecsuse
of histories which indicated the possibility of brain damags.
The final sample consisted of eighty-four adults, 72 males and
12 females, ranging in age from 18 to 55, with a mean sge of
24,9 years and a standard deviation o: 8,19, Qtis IQ's ranged
from 71 to 133, with a meen of 109 and & standard deviation of
15.17. The sample wrs divided in terms of occupation as
follows: %? high school students in academic or commercial
grades 9 and 10 (these were &ll former school drop-outs who
had resumed their education under the program sponsored by the
Mational Employment Service); 16 univeraity undergradustes in
divinity and phileosophy; 20 graduate students in education; and
6 grsduate students in paychology. All subjects were tested
with the Qtis, Form A and twenty-{our were retested for reli-
ability with the Oiis, Forg B. All subjecis were velunteers,
The forty high school students were paid #2.0C per teating
session; the remainder oifered their services without charge.

1 See section four, p. b3, for the analysis of Evoked
Potential recordings,
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3. Experimental Pro.edures.

Evoked Potentisl recordings for all subjects vere
made by the writer using equipment at the Feculty of
Psychology and Educution 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 mid-sugltal line,
and three centimeters on either side of a3 line joining the
centers of the easrs, A ground electrode was placed six
centimeters below the twc live ones, All three electrodes
were mounted on & rigid plece of acetate 2nd were held in
place by means of & strap passed under the chim. Prior to
application of the slectrodes, the scalp was prepared with
Sandborne Electrode Jelly, 1The subject wes sested in a
straight-backed c:air, and the stimulus light wes positioned
level with tie eyes and twenty inches {rom tne forehesad,
Instructions were to relax completely, keeping the eyes open
and fixed on the floor, and to svoi¢ blinking as much as
possible. The "eyes open” procedure was adspted because it
would found thet, with eyes closed, many subjects displayed
a strong Alpha Rhythm which dlstorted 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 & table
and apply pressure to the electrodes with his hand,
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A single recording consizted of the sversge of one
hundred light [lashes sdministered in a rindom sequence with
not less tnan one second hetween (laghes, At least two and
sometimes as many as five recordings vere made in t1.is way
for each subject. A rest period of tures to four minutes
was given between recordings, while the osellloscope dlaplay
was being photographed. The period of analysis wes one-half
second immediately following the stimulus, In cases where
interpretation wes cifficult, a one-quarter second recording
wag msde in order to shov the earlier components more clearly.
Figure 1 is & photograph of a display board used to illustrate
the type of Bvoked Potential records oblained, The QOtis IQ's
shown were derived from Intalligence Gcore by means of tables
given in the Gtig wmsnusl,

The psychometrlc test wus sdministered in groups with
no more than twenty-five subjectis heing testsd &t one time,
Each seat in the room wes given s number which was slsc written
on the occupant's test paper. The standard Qtig instructions
were resd to the subjects, with the exception of tie last
paragrapn which refers to time limitations. The following
special instructions were then given:

This test contains seventy-five items and you will

have as much time as you need to attempt sll items,

Tou will be mariked for both the speed with which

you work, as well sz the accuracy of your snswers,

{ake an honest attempt to answer each item, but do

not spend too much time on any one item.
You sre to attempt esch iitem in order, When you
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milliseconds

250 500

Photographs of wave
form as displayed on

oTIS 1Q oscilloscope screen

(Higher form 'A")

136

Subject A

127

Subject B

118

Subject C

108

Subject D

99

Subject E

Subject F

77

Subject G

o] 125 250 375 500
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reach tue end of the test, put down your pencil
and do not recheck your answers.

If you are unable to ansver &« question, you may
leave it blank and go on to the next ons,

On 8 number of occvasions during the test, I will
interrupt you and suy: 3top, vir:le the number of
the question you have just completad.

After circling the question number, you are to
wait until 1 tell you to begin again.

When you have attempted &ll seventy~five iltems,
hold up your hand and make sure that I notice
that you have {inished, Remember, do not go back
and check your' snswers.

After you have finished, slt quietly and weit
until everyone has {inished working.

Are there any questions? If so, ask nov as I
will not be able to answer quostions during the
test,

subjects vere interrupted four times: at &, 19, 20 and 3IC
minutes., At each interruption the wetch was stopped and
started again wuen the subjects were instructed to recommence
working. As each subject finished snd held up hisg hand, his
time to complete wes noted down opposite hie seat pumber,

The Qtig Form B was adminigtered approximately six
weeks following the sdministration of Form A, Thre sume pro-
cedure was used on both occesions, By means of this method,
1t was possible to obtain measures for 3Speed, Power and
Intelligence which are defined sas follows:

Speed 1s defined by the formula S5 = I/T and is

rcgrcncntod by the numbcr ef ninntcs taken to attcmyt
items on tna tﬂ.u . legt o itel Abd

Power is defined as the numbcr of 1tens ansuorcd
correctly on tha Otisg SA 5% _0f ntel Abi
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Intelligence is defined as the number of items
nmmo correctly in a twenty-minute time intervel,
on

%, Analysis of Dsta,

Evoked Potentials were recorded on photogrsphs which
show the Time Dase of the Enhancetron, as well as the wave
form itself, The Time Basgse which 1s accurcte to * C.5 per
“nt,z wes measured for esch photograph in order to establish
the number of milliseconds represented by each millimeter on
that psrticular photograph. This standard wes then used in
measuring the latency time of the vericus components of the
Evoked Potentisl. This procedure was necessiry to eliminuste
errors of messursment arising from fluctions in the length
of the oscilloscopes trace caused by fluctions in line voltage.

Only the first four negetive going components of the
Evoked Potentisl, designsted El, E2, E3 and EM, were measured
for the purposes of this study.B It was found that the
resolving pover of the equipment d4id not permit the identifi-
cation of later events with any degree of certainly. In order
for a weve to be designated as an “event", i.,e., a2 true com-
ponent of the Evoked Potential, it had to satisfy the following

2 Nuclear Data Inc., "Instruction Manual, 4odel ND-~80C,
Enhancetron 102", published by Nuclear Dats Inc., Palatine,
Illo' 1965’ Pe 2o

3 Conventional terminology is used here. (i.e.,
upvard deflections of the wave sre designated 23 negative,
downward deflections as positive,
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eriterias

l. An “event” must be clearly reproduced on at least two
photographs within a range of * 10 milliseconds for El,
B2, and B3, and within a range of * 15 milliseconds in
the case of Bk,

2. An "event” could not be closer than 17 milliseoconds to
another event; 17 millisecond being the periocd of line
frequUANOY .

Latency times wvere calculated by measuring from the
start of the trsce vhich marks the onset of tue stimulus to
the peaks of the various coaponsnts. In cases vhere the wave
wvas rounded at the top, or double psaked due to ths presence
of extransous "noise* in the recording, ths center of the peak
vas estimated by measuring the width of the wave as nsar the
top as possible and finding the center point,

Using these precedures, the known sources of measure~
ment error ineludes the (.5 per cemt accuracy specification
for the Enhancetron itself; errors in measuring the base
line; errors in estimating the peak of the wvave; errors in
neasuring the actual latency time, Considering that all
neasurements vere made to the nearest half millimeter, the
writer estimates that all of the above factors taken together
wvould produce an error factor of approximately * 9 milliseconds
in ecalculating latency times. MNo effort was made to make nore

precise cslculations beczuse it was felt thet, in s sample
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of eighty-four people, & random error of this magnitude would
not have an appreciable effect upon tiie size of correletions.
In order to reduce the possibility of incorrect
identification of "events”, all peaks which might be consi-
dered to be an "event" were measured by the writer and the
lateney times were recorded on the phetograph. All photo~
graphs for all subjects were spread out on tadbles snd sub-
Secta vere icdentified dy numbers only. Three judges, femiliar
vith vork on Evoked Potentials, were then asked to examine
the photographs independently of each other, and identify
the third "event” for etch subjlect, If a judge was unable to
reach a decision, or if one judge disagreed with the others
in identifying the third event of an individual, then that
individual wes eliminated from the sample. Twelve subjects
vere eliminated in this way. In only six ceses out of the
final sample of eighty-rour 4814 the three judges dissgree
vith the writer's previocus identification of E3. ‘The decision
of the judges was sccepted as final 4in all cases.
Coerficients of reliability feor all four events were
obtained by cslculating Pearson Product ioament Coeificients
of Correlation between the latency times on the first and
second photographs of all subjects, A further measure of the
intra~individual stability of Evoked Potential latencles was
derived from recordings obtained from a single individual
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on 101 different days spread over the ten month period in
vhich the experiment was carried out,

The relisdilities of the psychometric measures of
8peed, Power and Intelligence vere estimated by wmeans of
Spearman Rank Correlation Coefficlents celculated between the
scores of twemty-four subjects on Forms A and B of the Qtig

In order to discover the relationships between Evoked
Potential latencies snd the psychometric variables, Pearson
Preduct Moment Coefficlents of Correlation were celculated
betwesn the latencies of each of the four events and the scores
for Speed, Pover and Intelligence. In thess correlations, an
individual's "true* latency time for any given event was
estimeted by the mean of his lstency scores for that event
across all photegraphs., Correlation Ratios c7$x) were also
calculated, and F Tests of Linearity were made for each of the

relationships mentioned sbove, using the formula:

2 2
F(iin) * Oyx - xy) /[ (kx - 2)
(1 =72 /7 (N = i)

The F tests showed that only ithe relationships between E3J and
Intelligence, and E3 and speed were significantly non-linesr.
It was found that, by converting the E3 latency scorea to
common logarithms, these relationships could be made
sufficiently linear to permit the use of the Pesrson r. In
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an attempt to further clarify the relationstips under investi-
sation, partial correlations were computed between the laten~
cles of &ll four events end Speed with Powsr partialed out,
and Power with 3speed purtialed out,

In order to determine possible effects of the variables
of Age snd Sex in this study, an exsmination vas ande of the
d4ifferences between the mean latency times of all four events
for: 1) two groups differing in sex and matched for age and
Intelligence; and 2) for two groups differing as much as
possible in age und matched for Intelligence.

This chapter has presented the procedures used to
test the experimental hypothweses stated at the end of chapter
ons., In chapter three the findings of this study are pre-
sented and discussed.



CHAPTER 11I
PRESENTATION AND DISCUSSION OF RESULTS

Jection one o thias chapter presents findings on the
reliability of all variables under stud,, Section twe con-
tains data on the possible effects of age end sex in relation
to this sample. Section three presents t.e correlations
obtalned between the variables mentionsd in the experimental
nypotheses, In section four the findings of the study are
discussed and suggestions for turther research are offered
in section {ive. iLe flnal sectlion conteins s brief sumamery
and statement of cencluslons,

1. Reliability of Psychometric and Neurologicel

Variables.

The reliability o the psychometric measures of Speed,
Pover end Intelligence vas estimated by means of Spearman Rank
Correlation Coefficients. 7The obtalned coefficlents were:
Speet, .93; Power, .S%; Inteliigence, .93. The reliability
coefficient of .93 obtained for intelligence scores on Forms A
and B closely approximates the correlation of .917 given in
the Ctis nannall for the relationship between IQ scores on

the saxe two forms.

1 Artiar 8. Otis, QOtis Self-Administerings 9 81 Henta

i yg MAnkpl & QS EARRE 8nd A4 Aqvisad) lor 1 erueds
and Hlgher Examiuations, Harcourt Brace snd World, New York,
“ ’ p. *

B
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Pearson Coerficlents o: Cosrelation were calculated
for the reliadilities or all sour :voked Potential cowmponents
using the first two photograpus recorded for eacu subject,
The obtained Reliability Coe.fi clents were: EBl, .0.3 E2, .93%
B3, .99y i, .97. ThLese Iigures show tue reliability oif
Evoked Potential latencies recverded on & single ocvasion
without resoving tie electrodes. .he day-to~-day variability
of the latenclies o all four components in a single subject
over ten moatiis 13 snown by the figures in Table III.

The Rellability Coefficients obtained for all vari-
ables are significant above the .Cl level of probability,

The presence of stimulus induced srtilscts obaserved at the
begiming of some Hvoked Potentisl records may account for the
lower reliability of El in relation to the lster components,
The figures in Table 111 show that duy-to-day variability is
roughly the same for tne first three components, while the
variability of Eb is more t.an twice us grent, These findings
agree vwell with the statement by Dustman and Beckz that the
earlier componsnts show greater intrs-individual stability.

It should he noted, however, tlat these autih.ors consider that
8 significant incresse in variadlility occurs only in events

appearing 30C milliseconkds or more after ti.e stimulus.

11 2 Rgbc;t R, Du;tm:n and Ed:zri Ci Becs, "lLong Term
ota ty of Visually Evoked Potentlals in Man", Jclence
Vol. 142, December 1963, p, 148C-llcl. ’ '
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Telle III.~

The Variebility of Evoked Potentisl Latency Times® Recorded
from a Bingle Sudbject, on 101 Days, over a Ten Month

Pexrlod,

KEvents Range M Oy s
El 11 - 32 22 Wl L1k
E3 166 - 129 116 Y %.71
b 177 - 217 196 U7 Q.69

a ‘easured in milliseconds.

L8



PRESENTATICN AND DISCUSSION OF RESULTS Lo
2., Effects of Age and Sex,

The figures in “Tabies lV and V were calculated in
order to determine if the variables of age snd sex were
affecting the latency times obtained in tiis sample. In Table
Vy & greeter difference between the mesn ages of the two
groups could not be obtained beczuse the sample is relatively
homogeneous in teras of age, with only twelve subjects elder
than thirty years. 4 t-test caloulated for significence of
the difference between the means of the R latency times of
the two age groups in Table V was not found to be significant
All other differences were found te be within the estimated
error of measurement, These figures indicate that age and sex
are not relevant variables affecting latency times recorded
in this sample.

3. Reiationskips betwean Psyciometric and

Heurological Variables.

Peerson Correlation Coefficients were calculated be~
tween all veariables mentioned in the experimentsl hypotiheses,
Trhe correlestions obtained between the psychometric veriables
Opeed, Power and Intelligence were: Intelligence and Power,
.95; Intelligence snd Speed, -,55; Speed and Power, -.h&.s

3 Time scores were used to represent Hpeed (defined by
the formula S = 1/7) in correlations with other variables.
Positive correlutions were obtalned sand their signs were re-
versed for ressons given in the Review of the Literature, p.20-21.
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Table IV,~

Differences 1n the Heun Latemcy Tiusn of dales and Females
Hatehed for Age and Intelligence,

b e e

ean Aean
Sroups H AL, Antellizence
“ales ic 28,9 1*3 e
Females 1n 3c.h e
Differences 1.6 D2 1 2 & 2

oot
e

& feuasured in milliscconds.
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Tab.le V. -

)
Differences in the Mean Latency Times o Two Agze QGroups
Sdatched for Intelligence.

‘Ago Hean  “ean

L 3V heind: ]

Older 10 55-33 ULh,3 49,7 37 81 128 196

Younger 10 22«18 19.9 La,6 YW 76 12% 186
Differences 2l b ‘el 23 5 3 10

e o A gl St Ao st
—— et

a Heasured 1n milliseconds.
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All correlations are significant above the .Cl level of prob-
ability. The correlation of -,48 found between Speed and
Power is not in accordance with the findings quoted in the
Review of the Literature which indicaste that 8peed snd Power
vary independently of esch other, The first null hypothesis,
there is no significant correlation between Speed, represented
by Time Scores, and Power Scores, is therelore rejected.
Further discussion of the relationships odbtained between Speed,
Power snd Intelligsnce will be given in the following section.

The obtained cerrelations betveen Speed, Power and
Intelligence and tne first four Evoked Potantlial components
are given in Table VI. All correlations are significsnt above
the Cl1l level of probability. The second, third and fourth
mill hypotheses stated on page 32 of the Review of the Liters-
ture are therefore rejected. 7These findings do not mupport
the original hypothesis that one, and only one, of the vari-
ables, 3peed znd Fower, would be related to Evoked Potential
latency times. This hypothesis was based upon the expecta-
tion that Speed and Power were independent varisbles, which
is not the case in this study,

In an attempt to clarify the relationships between
psychometric snd neurological variables, Partial Correlations
were computed between all four Evoked Potentiasl components and
Power, with Speed partialed ocut, and Speed with Power partialed

out. These correlations are shown in Table VII, Power, with
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Table V1 [

Corrclationaa between Evoked Potentiasl Latency Times and
Psychometric Variables, (N=8uL)

Psychometric
Intelligence
Power ~.37 -.63 -.66 ~-.62
Speed -.31 -t -4 -3

it e e e e e e e e

s

& Pearson Product Moment Coefficients of
Correlation,
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iable VII.-

Partial Correlations betweean Evoked Potential iLatency Times and
Speed and Power.

Psychometric

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

Speed (with Power out) -.16 -,16 ~s19 -.18

— e e e
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Speed partisled out, is significantly correlated with all four
conponents (the correlation with El is just significent at

the .01l level of probability). None of the correlations with
tpeed, with Power partialed out, is significant at the .Ul
level. These findings do not support the general hypothesis
that the latency of Evoked Potentials is related to upeed
rather than Power,

4, Liscussion ol Hesults.

A3 stated above, the correlations obtazlined hetween
the psychometric variables are not in agresment with the
findings quoted in the Review of the Literature, in particular
the findings of Baxter.h Cf special interest is the fact
that Speed and Power wer: not found to be independent, A
pessible explanation of this fuct 1s suggested by the very
high correlation, .55, obtained between Power and Intelligence,
The virtual identity between these variables wmeans that, if
Speed 13 related to Intelligence, it must mlso be related to
Fower. The high correlation between Power and Intelligence
may result from faults in the instructions which caused sub-
Jects to concentrate on Speed rather thun asitracy, and £id

not permlit them to go back and check their answers. It should

L4 Brent Baxter, "iAn Experimental Analysis of the Con-
tributionn or apecd and Lovol in an Intelligence Test"
sl _of Educational Psvchology, Vol. 32, No. k&, April 19U1,
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also be noted, however, that none of t.e authors who found
Speed and Power to be independent, sampled the {ull rsnge ot
IGs in their studies. It may be that in 8 sample such as the
present one, which contains both extremes of the Iy ringe,
Speed und Powver sre not in fact independent. Unfortunately,
the high cor.elation obtained between Intelligence and Power
makes it impossible to resolve the guestion 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 Chalke
and Ertls in this sres. The relatively lowsr correlation
between £l and Intelligence would seem to support the nypothe-
8ls of John,g&_g;.é that it is the l:zter components which are
of greatest signiiicence, in terws of Gste processing sctivity
in the brain. However, this interpretation must be accepted
with caution due to the possibility that tie position of El
may have Leen influenced in some records by tihie presence ol
stimulus artifacts. ihe fuct that Chalke and Ertl did not
find & relationship between Iy end the latency times of the

* F.C.R, Chalke and J. Ertl, "Evoked Potentials and
Intelligence", L;gnggign&gg, vol. 4, 196%, p. 1319=-1322,

6 E.R. John, D.S. Ruchkin and J, Villegas, “kxperli-
mental Hacrground: Signal Anklysis and Bohavioral Corr olatas
of Evoked Potantials in Cats", Annsls of . -
of Sciences, vol. 112, Art. 1, .
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first two components may be cue to the fact that his sample
wis skewed toward the high end of the I{ range. Once again,
this interpretation is by no means certain.

The {indings on 3peed and Power ere not clesr for t.e
re.sons stated ubove. However, the Partial Corirelatlions shown
in Table VII indicate that Upeed 1z not of great importance
in determining the relationshlp between latency and Intellig~
ence., This finding in no way contradicts the basic theory
that Evoked Potential latenciss are related to data processing
activity in the brain. At the same tlme, this thery is not
sufficiently developed to offer an explanation for the observed
relationship Letween latency and Power, Tle answer to this
gquestion must await furtier resesrct,

48 indicated above, the indinzs o this paper support
the conclusion of Chalke wnd Eril that -voied Potentisl latency
is related to intelligence. DIoth of these papers mey also be
considered to supporrt the basic hypothesis that IDvoked Poten=
tials are related to data processing activity in the Lrain on
the grounds that such activity 1s an essentizl component ¢!
intellectual functioning in genersl. In the first chapter
of this thesis an attemptl was made to gzive credence tc tie
hypothesis th.t Evoked Potentisls are related to cdata process-
ing activity by offering a theoreticezl explsnation of low this
connection might come to exist., While the {indings of this
thesls may be saild to support the basic hypothesis, they
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cannot be regarded 8s & vindication of the theoreticsal
explanation itself. In order to test this theory directly,
further researc: will be required. Juggestions for such

resezrch are offered in the iollowing section.
e Sugygestions for Further Reseurch,

1he theory, proposed in the 1irst chapter, states
that the Evoked FPotential wave iorm is determined Ly thle
pattern of poste-synaptic/dendritic potential changes occurring
in the single cells of the recording arez. 1his pattern of
potential changes is, in turn, determined by the spatial
and temporal interaction of impuises arriving from the
various brsin aress activated by the stimulus, This pattern
of interaction is thought to be unique for each stimulus end
is hypothesized to be the "code" vy which the brain is able to
distinguish between s timuli, Disruption of this "code" might
te expected to produce both perceptual/cognitive changes and
concomi tant Evoked Potential chimnges. Cuanges in the Evoked
Potential might occur, not only in latency, but also in a
number of other variables such as smplitude, f{requency, etc,
not studied in the present paper.

Such changes might Le induced in & number of ways,
First, in animals the pattern oi neuronal Interuction might be
sltered by the surgicel destruction of specific, stimulus

related,brain areas, The same surglcnl procedures performed



PRESENTATION AND DISCUSSION OF RESULTU “Y

on a number of snimals might yield behavioral changes which
would shov & signiticant correletion with Evoked Potential
changes.

secondiy, 1{ diugs could be tound which are known to
act only upon certain brain centers snd not on others, then
1t might also be expected that a correlation would be f{ound
in humans between Evoked Potential and perceptusl/rognitive
changes.

Again in humans attempts might be made to relate
perceptual and other veriables in intellectual functioning
to Evoked Potential changes preceding andé following leucotomy
and lobotomy operations,

Finally, 1t has been theorized that the dramatic
changes in perceptusl and cognitive functioning produced by
psychidelic drugs, notably L3D=-2°,result from drug-induced
alterations in the normasl patterns oi neuronal iransamisgsion in
the brain.’ A study by Rodin and Luby® indicotes thst LED
ceuses & shortening of the latency and a decrease in the ampli-
tude of Evoked Potential cowponents, An experiment which

relsted these variables to speci.ic, quantifiable, perceptusl

7 ilbert A. Laverne, "Compencdium of Neuropsychopharm=

acologys Psychotomemetic Druys", gournsl of Neuropsycristry,
Vol. Hc. 1, CGctober 1962, p. 63-57,.

v B.Ah. Rodin snd E.D. Luby, "lhe Effects ol some
Psychosonnnotic Agents on Visually Evoked Responscs and Baak~
round EEG", Elé pencephalorraphy and. gurophvsiolo;
Soclety Proca¢d1ngl s VOl., 1%, No, 3
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chenges produced by L3D might provide results valusble both
for the understanding of tne drug action itself, as vell as
providing sdditional support for the theery of data processing
activity.

It must be asdded, however, that sll the experiments
suggested above csn serve only to make the proposed data
processing theory more probable as an explanatien., Truly
direct evidence 1in ita support can be supplied only by
advances in neuroclogy which will permit the examination and
detailed mapping of the brain centers and pathways themselves.

The Partial Correlations computed in this study indi-
cate tLat the latency times of Evoked Potentials are related
primarily to Power in Intelligence. 7This finding suggests
that significant results may be obtained by investigating the
relationships between latency and a variety of "pure fucter®
components of Power, such s abstract reasoning, verbal and
srithuetic ressoning, etc., In particular, it would be of
interest to diascover the relationship of latency to Spesrmsn's
“g" factor.

In addition to vork with Evoked Potentials, the finde
ings of this study suggzest the need for further work on the
relationship of Hpesd to Power, If difficulties arising {rom
the instructions could be eliminated, and & {ull range of
intelligence wore tsated, it shoulld be possidle to arrive st

more definite concluslions,



SUMMARY AND CONCLUSIONS

ihe present study was an sttempt to support the find~-
ings of Chalke and Ertl on thlie relationship between psycho=~
metric intelligence and the latency of components of human
Evoked Pctentials. secondly, an attempt was made to exztend
these {indings by exsamining tLe relationship oir Evoked Poten-
tial latency to two dimensions of Intelligence, namely,

Speed and Power.

Literature wzs presented in support of the hypothesis
that Evoked Potentialz are related to inforumetion processing
activity in the brain. Cf particuler interest in this conne--
tion was a study on the relationship of Evoked Potenilal
latency to psychometric intelligence. Problems in the aseasure-
ment of Speed snd Power wvere discussed end eviience wes pre-
sented which indicated that these variables are incependent
of esch other and, furthermorse, that between them they acwount
for all the variance of Intelligence.

On the basis of tlese studies it was hypothesized that
the latencies of the first four Evoked Potential components
are related to Intelligence., Sacondly, it was hypotheslzed
that Speed and Pover are independent dimensions of Intelligence,
Finally, it was hypothesized that Evoked Potential latencles
would be related to 3peed and not to Power. In an attempt to
answer the questions raised in this way, four null hypotheses

weore tested experimentally.
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Pearson Product Moment Coefficients of correlation
were used to discover the relationships between the variables
mentioned in the hypotheses. Remults showed a relatioanship
betwesn Evoked Potential latencies and Intelligence, signifi-
cant above the ,01 level of probability. It is felt that
these findings lend support to the sarlier work done by
Chalke and Ertle in this ares. Contrary to evidence given in
the literature, a significant correlation was found between
Speed and Pover, Because of this finding, the relationships
of Speed and Pover to Bvoked Potential latencies could not
be clsarly evaluated, In an attempt to overcome this 4iffi-
culty, Partial Correlations vere computed between the latencies
of the first four Evoked Potential components and Power, with
3peed partialed ocut, and Speed with Power partialed out,
These correlations indicate that latency is related to Power
and not to Speed,

Suggestions have been made for furti.er research on
relstionships between Evoked Potentials and other factors of
intelligence, and alsc to other perceptual variables. In
addition, it has been suggested that further work is neecded
to clarify the relation of Speed tv Pover,
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PSYCHOMETRIC DATA (QTIS,FORM A)

—— — e —— ——

Subject® Sex Age speed’’ Power Intelligence Otis ICF

1l M 29 G 1y 2k 49
3 1§ 8 E 20
B M 24 §{ 26 23 88
5 M 23 35 6y 3 i23
6 M 35 7 56 3 112
g M 19 50 37 2 gg
A 25 19 tJC’ “'C‘ 1
9 F 22 25 71 &2 129
10 o 23 b6 2 16 7
11 F g& %3 b5 4 103
12 4 50 Sd 9 1C0
1 H 27 21 73 ¥l 132
1 # 33 21 62 58 12%
1l¢ B 26 5 by 31 9
16 y 24 4 43 32 99
1 M 20 32 51 37 106
Loi B o83 L% %
ég M 27 g G4 5 122
21 H 2 9 53 ev 108
22 F 5¢ 51 2 115
§é M ag 21 74 71 133
F ’ 27 65 62 129
25 H 26 19 71 71 13
26 M 21 Eo 21 16 7
ag 7 25 3 6 a7 93
2 W 50 27 7 56 126
29 M 2 30 69 52 122
K o2 ¥ L5 B
H g >
2 % 1 3 % 27 9
3 M 13 24 1s 17 30
3& H 26 5 £y W7 118
5 H 18 58 23 32 99
%6 i 18 32 67 50 121
7 M 24 55 36 22 86
36 F 25 3 56 22 86
éz 4 19 2 57 5 153
& A 19 32 27 2 59
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SubJect Sex Age 3peed Power Intelligence 0Otis IQ

L1 g 2. Ll 30 2h 39
b2 4 23 Ik A L3 113
b ] 22 k1N 37 3 101
b A 20 24 ¢ 7 12k
by 418 3 6k L2 112
) M 22 61 W3 119
L7 F 20 37 Ol 9 108
56 F 2 & 7 Go 109
51 M 20 34 6 L2 112
52 ] 20 26 70 7O 123
7 SR S 3 109
b H 19 36 7 36 G
56 b fz 26 6y 7 126
57 4 o gﬁ 1) k& 117
5 y 27 7 g 32 152
-9 K| 21 33 61 117
6C F 05 v 3 82 26 g1
61 A 19 37 : Ly 11k
62 F 39 32 67 }a 12
23 4 19 2 67 5 12
4 23 e 3z 22 b
5 g 2% 26 1 .3 123
66 3 19 33 15 1t 71
67 4 26 31 43 37 106
6c 4 &7 26 69 0l 129
69 4 23 20 62 62 129
7C o4 18 k31 L7 L 106
71 M 16 Y 57 47 116
72 4 17 2 2 36 10k
7 X 21 L1 g 39 100
7 4 23 37 5 S 107
2 4 22 32 40 1 111
76 ; 14 3% 59 L1 111
77 i 21 t2 34 102
76 . 20 35 26 23 48
29 ¥ 14 29 L L3 11
40 2 21 23 64 5% 12
&1 #2228 57 65 119
82 F Ly 44 69 WG 120
83 | 2 34 b3 37 176
e A ld L2 e 33 171
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Jubjeet Lex  Age Upeed Power  lntelligence Gtia Iy

N: #=72)
F=i2) Ub
4 2%.9 35,5 “1 hib 109
o &02 ‘3}075 lh’-i‘ 13-‘7:: 15.17
Range lo=by  19=39 Lo«7h 1C=71 71-133

&« Filing order of Evoked Potentlial Photograpks at
Faculty of Paychology and Edueation,

b Actually the Times Scores, i.e., number of mimites
to complete 2ll itams.

¢ Calculated [rom twenty-minute Time Scores using
adult norms in Otls manuel,.
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PSYCHOMETRIC DATA (QI18, FORM E)

e e —
Subject 3peed Power Intelligence Otis I

7 Lé b2 zg 33
1, L6 2 1 76
12 ho 2 3¢ 77
le 19 73 73 13
1 20 60 6C 12
15 Lo 8 26 91
16 a@ 7 41 11
15 b 19 25 ¢
23 20 71 71 133
2% 19 6 67 132
2g 4 Y 27 93
2 25 66 ‘g 127
B8 2 8%
31 Lo 26 17 a0
b2 35 L6 31 93
53 C 51 3 113
53 1 £ 35 1@3
6C ©3 3 20
61 39 62 L 111
7¢ £ £0 L3 113
71 26 21 ly 118
3& 3C 1 3 1c2
52 W7 23 1C1
Nt =23)
F= 1)
i 36.2 ho,5 38.4 108
S 10,7 12.9 16.3 16,61

Range 19-53 2173 16-73 76-133
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EVOKED POTENTIAL LATENCIES?

subtject Bl E2 B3 b
1 65 92 184 264
2 47 103 145 Lt
e 4O 123 209 28

Lo 69 130 ) §

£ 59 106 156 187
() 52 8k 1&{ 27
7 ag 65 1 196
& 80 121 16C
9 3l 54 111 270
10 é1 132 20 377
11 76 146 22 297
12 Y7 9 141 273
1 ¥l 97 136 171
1 23 65 11k 1ok
15 8l 1l 1% 147
16 58 135 12; 266
1 58 133 1 161
1 53 142 189
19 2 69 146 199
20 16 67 106 151
21 2 50 1cH 136
22 3 87 129 201
ge 25 6& 11a 193
36 122 155

rd 32 6 118 191
26 A A
27 o7
2u 36 96 i{b 198
29 9 8o 3 154
30 3z 6C 132 215
31 9= 13¢ 206
32 36 71 124 152
3 5C 117 199 27
3 67 121 127 19d
5 35 112 151 169
36 Sy oW ii4 17
37 6% 122 23¢C 292
3 66 9 1 27%
a? 6 8¢ 123 106
, @ 123 225 3Ch
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BVOK&ED POTENTIAL LATENCIE

e it s s et o - e ——————
El g2 E3 Eh
L2 121 175 232
14 93 16 219
24 22 120 201

o 6} 1le 13
o5 i¥7 1
o 96 146
35 05 159 222
39 1C 15 )
2 76 117 ESZ
67 Sk 139 L
2 9ly 12k
5 47 113 1y
bl 96 ¢ 2

56 113 15 262
A 113 179 261

27 6% 103 162
L2 % 145 194
29 17¢ 9
20 3) 131 233
37 77 136 202
25 67 129 232
35 - 115 17
36 7 125 166
=0 117 212 259
© Y 116 1oc
6 14k 262 345
sty 95 135 177
28 U 131 199
61 32 134 179
3¢ 78 129 264
2% éu 114 203
3% 16 165 201
0 113 145 271
3 126 194
7% 123 22¢

L3 ) 191 196
w2 111 14k 1ob
115 19k

L3 “5 118 17
S w2 il 1e2
35 <G 11 197
2 63 01 176

7 122 131 25%
51 92 149 e



APPENDIX 3 74

e - : e
tubject ¥l 52 B3 El

N: 4=72
e S

R L6 ok 145 213
ol 15.5 21.35  33.57 46,27
Range 16-dk  shelk6 G6-262 146-357
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ABUTRACT OF

There is evidence in the litersature to suggest that
Evoked Potentials are related to informetion processing active
ity in the brain. Of special interest in this connection is
the work of Chalke and Ertl which shows a relationship between
test intelligence and the latency times of visually Evoked
Potentials, This poper has two objlectives, the firat of which
is to re-examine the relationship reveasled by Chalke and Ertl,
Secondly, it is hoped thet these findings may be extended
by investigating the possible relations of Evoked Potentisl
latencies to two factorially cemplex dimensions of intelligence,
nanely, Speed and Power. In connection with this second objec-
tive, it wvas hypothesized that 8peed and Power vary independ.
ently of each other when derived from the ssme test of gradu-
ated difffoulty. Furthermore, 1t was hypothealzed that Evoked
Potential latencies are related to dpeed, and not to Power,

The psychometric measures of peed, Power and Intelli-
gonce were derived from a single sdministration of the Otia

g Ay Elven with

1 Neville A. Teylor, “mster's thesis presented to the
Faculty of Psychology and Eéucatian of the Unlversity of
Otu“Q Ont&rio, 19 4 1::-75 Pa
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special instructions. Evoked Fotentisls, in response to
visual stimulation, were detected by means ol an Enlan-etron
1024 computer of aversge transients. for the purposes of this
study, only the first lour negative components were mesnsured
to determine thelr latency times. :he ssmple consisted of
eighty-four adults ranging in Otis 1§ from 71 to 133.

Tue results of this study show correlations signifi-
cant above the .Ul level of probability between Lvoked Poten~
tial latencies &nd oversil Intelligence J:ores on the Otis.
These findings are considered to provide direct support for
the work of Chalke and Ertl., A significant correlation vas
also found between Speed znd :ower with the result tiat the
null hypothesis of no significent correlation Lietween these
varisbles could not be rejected., Becsuse of the existence of
this correlation, the relationships of Gpeed znd Power to
Evoked Potential latencies could not be evoluated with certainty.
However, Partisl Correlations computed between Evoked Potentisl
latencies and Speed, with Power partisled out, and Power with
3peed psrtisled out, indicvate that lutency is related to Power
and not to Speed.,

It is felt that these findings not only demonstrate s
relationship between Lvoked Potential Latency and oversll test
intelligence, but also skow promise that future resesrch on
the relations of Lhvoked votentials to the “pure facior" com-

ponents of Power will yleld positive results.



