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INTRODUCTION

Since the advent of electroencephalography, a
nuaber of researchers have sttempted to find relationships
betweon measures of the electrical activity of the brain and
intelligence as measured by psychologleal tests. Many of
these efforts have been unsuccessful, and the sum total of
thelir results remains lneconclusive.

Until recently, practically all studies in this ares
concentrated almost exclusively on finding correlationsa
between intelligence and the still unexplained alpha rhytha.
Taken as a whole, the resulits of these studies have been very
disappointing. Lately, however, a few researchers have begun
to study new, more complex, encephalographle varlables, and
have demonstrated by obtaining positive results the frultful-
nesg of studylng veriables other than the alpha rhythm.

The present study has evolved from the beliefl that
gn encephalographic wariable which has once been related
successfully to a measure of intellectusl functioning
deservaes further investigation, both as originally studied
end with variatlons, on new experimental samples, and in
relation to & number of measures of intellectual functioning.
It 13 the author's belief that conclusive findings can only
pe formulated in thls area of resesrch after a number of
similar studies agree in their positive results,
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The first chapter of this thesis presents o review
of the literature. It reviews studies relating intelli-
gence to electroencephalographic vaerisbles both in mental
defectives and in normal adults., It then reviews a recent
study which uses creativity as a measure of intellectual
funetioning, and concludes with a statement of the
experimental hypotheses.

The second chapter describes the sctusl procedure
by means of which the hypotheses stated in the first chapter
are tested experimentally. It sets forth the details of
the experiment, including the statlsticel analysis of data.

The third and last chapter praesents the numerical
results of this experiment, and discusaes their significance.



CHAPTER X
REVIEW OF THE LITERATURE

Singe the advent of electrosncephslography, a rela-
tively small number of studies have been done on the possible
relationship between m’ variables and test lntelligence.
Thess elfforts have been unsuccessful in their majority, due
in part to the nature of the EEG varisbles analysed, and in
part to orude instruments and the use of very smell samples,

However, two theses done at the University of Ottaws
have obtained significant results in the comparisen of RiG
and intsllectual variables. These, coupled with the contra~-
dictory results of previous studies, point out ths need for
further ressarch in this ares. This chapier reviews all
relevant studies, and ends with s statement of the hypotheses
tested in the present study.

1. EEGC and Tesat Intelllgence in Mental Defectlves.

It is the writer's purpose to review in this section
only those studlies which compare LEG variables snd intelli-
gence of subjects free from overt mental illnees or brain

danage.

1 The abbreviamtion EEQ will be used to denote the
following, depending on the context: Zlectroencephalogram,
Electroencephalograph, Eleetroencephslography.
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Kreeser and Smith? were the first to study seriously
the posaible relationships between EKEG and test intellligence,
but their sarilest publications simply hint at possible
relationships, and do not provide statistieal data. These
early studies used such primitive apparatus that they were
doomed to fallure.

In 1950, Kreezer and amith,> using & sample of forty-
#ix adulé deficlents of the undifferentiated familial type,
found a correlation of 0.32 between alpha fregquency and
mental age. They were unable to find significant correla-
tions bn;twecn alpha indaxl' or amplitude and mental age.

Hore recently, Hetchine M.fs correlated several
EEG variables with intelligence, using a sample of thirty
deficient subjects without glinical signs of organic damege.
The BEG variables used in this astudy vere alpha index,
frequeney scatter index, spatisl organization, and amplituds.

2 G,L, Kreoezer and ¥.,W, Smith, "Brain Pot;sntials m
the Hereditary of Hental neﬁ.ciamy [he reholon
m’ V&l. » M. &, 1937! Pe 535"535'

3 «ccwwmnee, "The Relation of the Alphs Rhythm of the
and Intelligence Level in t:m Uhdirreram.tatad F*am&lial
of Mental Deflicliency", Ihe J )
Val. 29’ 195'0’ P "’51¢

b Alpha index is the percentage of time a particuler
ttaqurznay in present over the entire course of an ﬁ&
raco

5 8. ﬁﬂmm” Ia m&}lg G.C’». Lmy and H. 2&%3@;
ﬂ et Hiveau Hental®, ologigue, Vol. 2, 1959,
Po 55"‘373*
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The authors report as significant the correlations of
Verbal I.¢. and Performance I.{. with frequency scatter
index, However, Er'cl6 reports a statlstleal error in his
review of this study, and for this reason its results mast
be assessed with caution.

In 1960, Yetchine and Lairy’ did s developmental
study on children, in an attempt to relate ERC frequency
and mental development. Their sample consisted of 209
children aged five to twelve, divided into four age groups
at two-year intervels, and into three 1.4, groups: below 75,
76 to 100, and over 100, They found that the low intelli-
gence group showed s relative slowness of occipital frequency
at all ages, when eompared to the other two intellizence
groups, The authors concluded that Irequency increases with
age at all intelligence levels, but this inerease is aiauar
in mental defectives than in normals. Extrapolating from
thelr findings, it seems reascnable to hypothesize that, in
the adult, low I.Q. will be assoclated with an ERG of low
fragquency and high samplitude.

6 J.P, Ersl, "Intracortical Delay and Intalliganﬁo"
unpmhlishnd Master's thasis presented to the School
Payehology and Education of the University of Ottawa,
Ontario, 1961, viii-i p.

7 8. Hetchine and G.C. Lnir{l "Ondes curnhralen et
ﬁiwm Mentels le%m 8 Aspects de l'ivolution Geéndtique
%’? w Suivant le iiveau Mental", Enfance, 196
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2. HEEG and Test Intelligence in iormal Adults.

The present study assumes that mental deficients of
the cultural-familial type simply represent the lower end of
the intelligence distribution for normal people, since they
show no evidence of brain damage. Therefore, the findings
of studies considered in this section are directly relevant
to the present study.

In 194, Shagass® published the results of an
extengive study on 1100 young alir arew cadets ranging ln age
from eighteen to thirty-three. In this study, thelr scores
on the RCAF Classiflcation Test were correlated with the
EBG occipital alpha {requency. Tae correlation obtained
was not significant.

A study by "andy-Castle
aging results, The sample conslsted of thirty-four normal
adult sublects of both ssxes, and the intelligence measure
used was the South African version of the Wechsler-bellevue.

9 in 1958 ylelded more encour-

This study reports significant correlations betwasen alpha
frequency and Verbal I,¢, (0.42), alpha frequency and

8 C. Shagass, "An Attempt to Correlate the Ocelpltal
Alpha Freguﬁnny of the KRG wiﬁh Pmrrbrmancs on & Test o
f%nt&l Ab 1 “’ s £33 (1 LOE L LEen Lo S I L L

DIkt N (¥ s VOlu 36;
Pebruary 1 s P OO=GL

£ Inxnlg Sansen 3
1956, p. 1 199*

physiologlesl Correlates
sonality, Vol. 2&, Npe 24
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Performance 1,Q. (0.40), slpha frequency and General I.4.
(0.50), also between alpha index and Verbal I.Q., (0.33).

H‘ltcr,‘c using an sutomatis frequency analyzer,
suggests that there may be u positive relationship between
28Q frequency pattern variation and intelligence. Ths
suggestion i3 that the more intelligent brain is more versa-
tile, shows greater variability in its patterns. This
fuggestion was tested experimentally by Ellingaon, and also
forms the basis for one of the hypotheses tested in this
study.

Ellingson'! attempted to test Walter's observations
experimentally. His subjlects vere twenty-six payehiastric
aldes, of both sexes, aged between ninstesn and forty. An
1.Q. measure vas obtained from the Comprehension, Arith-
matie, Block Degign and Digit Symbol subtests of the Wechsler-
Bellevue, The author computed rank-order correlations between
1.3, and frequeney pattern variatien for four d4iffersnt
aress of the brein. Hone of these correlations wers
significant.

10 wﬁﬁ. Walter, Zhe Qrain, london, Duckworth,

1953; xi-21
11 fl.@‘,mmngum, ReC, Wiloott, J.G. Binapa ., W

Fregquenoy Pattawa V&riatiwn and In
wheat gy LAAL ST o Vﬂlw 9' el I8
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In one of the most encouraging studies done to this
date mu‘a proposed that, since only alpha waves had been
extensively used by previous authors, it would be profitable
te sxplore the reliationships of other EEG varisbles with
psychological variables. He therefore studied the relation~
ship of intra-cortical delay and intelligence on a sample
of eleven post-graduate students. The corrslation obtained
was 0.68. Howaver, as pointed out by Wysplanski'd in nis
revisw of the literaturs, Eril employed a messurement techni-
que which presents serious obstacles to cross-valldation.
For this reason, Ertl's results are cautiocusly interpreted.
Zonetheless, they point out the rwed for naw approsches Lo
the analysis of EEG records in psychophysiological resesrch.

3+ EEQ and Creativity in dormsl Adults.

In this seetion, a recent thesis by %ysp&mmw is
consldered. It is included in this review of the literature
on intelligence and EEG becsuse; in the words of its author:

Intelligence and creative thinking have often

been linked as closely rolatadmm in mﬂtﬁits

empirically observed tive nking exhd
intelligent bhhnviaur?f?

12 Wﬁ, Wﬂ, Viu"‘lfi P

13 J.a.bﬁﬁ langki, "Brain Wave Amplitude and Creative
Thinking®, unpu Shed dochoral thesis pregented to the School
of Payehology and Education of the University of Ottaws,

On oy 1 s Pe 3o
1% w«, maﬁioﬁ’ P

15 Iuid., po M.
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In this study, Wyspianski found significant differ~
ences in the EREG wave amplitudea of thirty wolunteer students
divided into three groups through their scores on creativity
tests. 7The results of this experiment furnish convineing
evidence that, in normel male adults, high creativity is
associated vith low EEG wave amplitude, snd vice verss.
Extrapolating from this finding, it seems reasonable to
expect that intelligence will bear the same general relation-
ship to EEG wave amplitude,

4. Summery and Hypotheses.

This chaptser has reviewed all major studies that
attempt to relate EEQ veriables and measures of intsllectusl
functioning. These studies report as many negative results
as they do positive. If one excludes the studies by Ertl
and Wysplanski, one finds that the sum total of all other
resuits is highly contradictory and inconelusive,

However, the studies by Brtl and Wyspianski sound a
most encouraging note, end prowide ample reason for doing
further research in this area.

The present study accepts Ertl's atatamant‘é that too
much research has been concentrated on the still unexplsined
alpha rhythu, at the expense of other EEG verlsbles. For

16 Erel, Op, Cit., p. vi.
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this reason, the varlability and amplitude of all EiCG waves
are used as the experimental variebles. o acvtempt is made
in the present study to use intra-cortical delay as the
axperimental variable, in spite of the promising results
obtained by Zrtl, because ite objectivity of measureuent
had not been adequately demonstrated at the time the data
was gathered for the present study.

Two maln hypotheses are tested in this study, and
Irom each of these will arise two sub-hypotheses. The first
main hypothesis is an extrapolation of the concept proposed
by Walter'? and tested by Ellingson,'® that intelligent
sublects exhibit a tendaney towards greater ERG patitern
veariability. In view of the signifiecant findings obtained
by Hyapiamkiw using amplitude as experimental varlable,
it seemed possible that more Intelligent subjects should
exhibit greater veriability in BEQG amplitude, and thus
Walter's ides of the intelligent brain showing its versatility
through pattern variations could be tested using smplitude
rather than frequency as experimental varlable.

17 Walter, QOp, Cit., p. 52-73.
18 Ellingson, gt gl., 9pa Gik., p. 657-660.
19 Wyspianski, Op, Cik., p. 37-81.
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In its null form, the first main hypothesis
reads:

Two groups of deficient subjects, categoriged us

Righ and low acoording %o their ALEIO intelli

genee, do not differ significan n their EEG

vave amplitude variability.

8ince the WALS was used as measure of intelligence,
and this test yields three scores for each subjeet, it was
possible to derive the following sub-hypotheses from the
above:

Two groups of deficlent subjects, categorized as

high and low seccording to ir tg%%ﬁ Verbal scores,

do not differ si icantly in r EEG wave
smplitude variability,

Two groups of deficlent subjects, categorized as

high ard low aceording to their %1& Performance

secores, do not differ sigglfiatn in thelir EEQ
wave amplitude variability.

The second main hypothesis owes its origin to
h‘y:piwski'sm study. On the assumption that there is high
correlation between creativity as messured in that study and
intelligence as measured by the WAIY, the second hypothesis
proposes that the KEG wave smplitude of more intelligent
subjects should be smsller than that of leas intelligent
subjects. In its null form, thls hypothesis reads:

790 groups of deficlent subjects, categorized as

high and low amccording to thelr intelligence,
do not differ significantly in BEQ wave
Wlimev

20 Yechaler Adult Intellizence Scple.

21 Wyspisnski, gp, Cik. vili-108 p.
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In addition to the above, the following secondsry
hypotheses are tested in the present study:

Two groups of deficlant subjects, categorized

as and low sccording to thair KALS Verbal

scores, do not differ significantly in their
LEG wave amplltude,

Twuhgroups of deficlent subjects, categorised
as nigh and low aegording to thelr &

Performence scores, 4o not diffsr s cantly

in their EKEG wave amplitude,

In coneluding this chapter, the writer wishes to
note that, although most previous studies in this research
area have attempted to find a correlation between EEG end
test intelligenee, ithe prssent study will concern itself
sxclusively with dlfferences betwesen group means. Therefore,
all hypotheses will be tested for statistical significance
by means of eriticsl ratios.

In the chapters that follow, thers will be & dis-

eussion of the itools, wethods and resulis of the present
study.



CHAPTER II1
EXPERIHENTAL DESIGH

This chapter deseribes the actusl procedure by means
of whieh the hypothases stated in the first chapter wers
tested experimentally. The first two sections describe the
sample and the instruments used. The last two sections set
forth the experimental procedure and the statistical analysis
of data.

1. The 3ample.

The sample originally chosen for this study consisted
of sixty subjects clinically diagnosed as enltursl-familial
deficients at the Ontario Hospital Bchool, Smiths' Falls,
vhere they were hospitalized, The procedure was to search
through the files at the Untaric Hospital School for all the
adult male subjscts that ranged in age {rom sixteen to
thirty years, had intelligence no lower than high imbeclle,
vere considered free from epllepsy, mental illness or any
form of brain damage, and were clinically diagnosed ss
cultursl~familial deficients. HEG records were then obtained
for all of these subjects.

Of the sixty subjects thus chosen, seventesen had to
be dropped from the experiment, sither because thelir EEG
records showed eplleptie~like paroxysmal discharges, or
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because thoy showed definite signs of neurological involve-
ment in their gait, gensral coordination or mamnerisms, It
was felt that the diagnosis of oultural-familial was not
tenable in these subjecta. Although the exclusion of these
subjects severely limits the possibllity of generalizing
from the sample used to a greater population, it is the
writer's contention that the mein purpose of & pilot study
such &8s this 1s not to generalise, but rather to sacoth the
way for a larger study from which more general conclusions
can be drawn.

The experimental sample actuslly used, therefore,
consisted of forty-three adult male oultural-femilial
deficients, free from observable brain pathology or mental
illnessa, ranging in age from sixteen to twenty-seven years,
and in ¥AI8 I.Q. from less than 41 to 61, Hone of these
subjects were under the influence of drugs at the time of
the experiment,

2, The Tools.

EBG records were made by the technical staff of the
Ontario Hospital School especially for this study, with
thelr elight-channel apparatus, Except for the initiel
evaluation of records, cnly the left cceipital tracing was
used in the pressent stwdy, The BEQ instrument used was
model 3D made by the Grass Instrument Company. This
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instrument was purchased in 1954, but is reported to be in
excellent working condition,
As measure of intelligence, the We

8, usually known as the WAIZ, was sdminig-
tered to all the subjects. This is perhaps the mosi widely
used test of general intelligence on the market today, and
bas the obviocus sdvantage over omnidbus tests that each
subject!s I,Q. is divigible into sub-gcores, so timt verbal
and non-verbal components of intelligence can be evaluasted

separately.

3. The Experiment.

Once the experimental sample had been chosen from
the files of the Ontaric Hospital School in the fashion
already described, an eight-channel EEG record of each
subject was obtained at a paper speed of & em. per second.
For this purpose, nsedle electrodes were placed over the
frontal, central, parietal and oceipital regions. The left
coelipital electrode, which yielded the only record analysned
in this study, ves placed one-sixth of the distance from
the midline to the external meatus, and upwerds from the
inion ten per cent of the dlstance betwesn inien and nasion.
Plate slectrodes on the sar lobes were used for reference,
and the muscle filters were on to eliminate from the record
as many waves as possible that were not due to the electrieal
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activity of the brain itself, In an effort to minimize later
errors in amplitude readings, each record was obtained with
the apparatus calibrated to give the largest pen deflection
that was compatible with faithful recording of the pesks
of all brain waves.

Since it was considered very important to obtaln all
AiG's under constant conditions, they were all ebtained with
the subjects awake but resting with their eyes ¢losed,
lying down in a semi~-dark, sound~attenuating rook. A pre=-
Juinary record wes made in order to accustom sach subject
to the procedure, and in order to declde how the apparatus
should be calibrated to yield large waves. Following this,
& ten~-minute record of cach subjeet at rest was made, This
record was subsequently analyzed for amplitude and
variability.

The next step in this project was to administer the
MALE individually to esch subject. The writer himself
administered all forty<three intelligence tests to ensure
standard conditions of testing. There were no significant
departures from the standard administration and scoring
instructions contained in the WALH manual.’

s Hew York,
vi~ j*
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All subjects were tested in the daytime, in a
private office that was well ventilated and free from loud
nolaes or other sources of distraction. The actual tast
sdainistration was preceded by a period during whieh rapport
was established by conversing on some simple topie of
interest to the patient. There was slse a short break
between the Verbal and Performance parts of the test.

A few of the subjects tested could not read or
write, and therefore were not able to do the Digit Symbol
subtest., They were given & score of zero in it. 7Thias wes
not considered a significant departure from standard proce-
dure because all of thess subjects belonged definitaly in
the lowser 1.Q. and lower Psrformance groups.

4, Analysis of Data.

In the present study, the intelligence measure is
used a8 independent veriable, and the EEG wave amplituds
and variability ars trested as dependent variables. It is
falt, however, that whensver variables are messured rather
then manipulated, the division into dependent and independent
varliables 1s somevhat arbitrsry. ,

The amplitude and variability of each subject's brain
waves were chosen as the dependent variables for mesons
outlinsd in chapter one. The declsion to consider only the
oceipital cortex in this pilot study is based on the finding



BXPYRIMERTAL DESLIGH 16

by Wyapinnakia that the ogeipital cortex represented most
emphatically the REG amplitude differences smong his three
creativity groups. It became necessary in this study, howe
evar, to measurs amplitude by a different technique from
wy:pi&naki'l3 in the hope of finding s way to measure
amplitude whiceh vas sufficiently rellable yet not prohible
tively lsborious for future, larger-scale studies.

In the present study, it was declded to measure
amplitude in terms of area, using 2 Xeuffel

The exact proeedure for ampllitude
opasurenents 1s deseribed in the paragraphs that follow,

The first step vas to sélect from each record thirty
segauents of EZEQ tracing, each of them 6 cm. long, in sch a
way that they would be a representative sample of the entire
record., It was felt that this ecould be achieved by taking
any 6 em. asgment within the firzt two pagesk of the record,
snd subsequent to this choosing a segment every two pages
that correzponded exactly in location within its page to the
firat segment chosen, until thirty segments had been thus

2 J.0. Wysplangkl, "Brain wave Amplitude and Creative
Thinking', unpublished doctoral thesis presented to the
gdchool of Psyshwlogy and Educatlon of University of
Ottawva, Ontario, 1963, p. 77.

3 Ibid., p. 3134,

L Fach BEG record was continuous, but made on paper
which folds into pages, each page belng 5@ cme long.
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selected. The boundaries of each segment were marked by two
vertical lines spaced six centimeters apart.

The next step was to Join the peaks of each six~
centimeter wave trace by straight lines, thus forulng an
enclosed delineated area. The dimensions of the thirty
areas obtalned in this way for sach record were caloulsted
in asquare centimeters to one decimsl, and constituted the
thirty smplitude eéstimates for that record. The calcula~
tions, as already siated, were made by umeans of s compen~
sating polar planimeter.

In viev of Wyapiansk1'35 objection that the cou-
pansating polar planiumeter is mot sufficiently accurate for
use in small areas, an attempt was made to Incresase its
acouracy by using the planimeter under a five~ineh
Pazomaznifle This procedure snsblas the observer to ses
the area being traced more clearly than he could with the
naked eye. 7TIwo rellsbility estimaies were made using the
planimeter this way, on two typical 6 ocm. areas, by caloulating
the dimensions of emech ten times. Ilw means obtained were
3.1 au? and 7.3 cm®, and the standard deviations wers 0.18
and 0.13 respectively. It was felt thet the smell standard

devistions Justified the use of the compensatlng polar
planimeter when placed under a powerful magnifying lens,

5 Wysplanskl, Op, Git., P+ 3132,
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Table I.-

Amplitude Estimates Made on Two Hix-Centimeter Lengths of EEG
Tracing, Using a Compensating Polar “lanimeter.

i 2

3.3 7.3

3.0 T2

B

2.8 713

Estimates 343 71
%.e ;.5

%:?& g8

2 7

Mean Estimate 3.1 73

standard Deviatlion 0015 0.13
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8ince errors in the use of this instrument are due partly to
lack of steadiness ln the user's pulse, the writer attempted
to keep these constant by taking all the readings himself,
and repeating any readings in whieh he felt he had deviated
from the perimeter of the traecing.

It has been mentioned that thirty amplitude esti-
mates were made for each EEG record, and this figure ean be
Justified now that the proeedure for making eaeh estimate
has been deseribed. Based on wyspianski's6 study, in which
he estimated mean amplitude for any channel from twenty one~-
seeond estimates, 1t was decided to check whether twenty
slx-centimeter (one second) estimates would also yileld a
stable mean amplitude in the present study.

In order to check this, the BEG records of three
subjects were plcked out by chance, and a mean amplitude
vas estimated for each subject both after twenty 6 cm.
estimates and after thirty 6 om, estimates. The two means
obtained for each subject were then compared, and it was
found that their differences were less than 0.1 c.m.2 in all
three cases. Therefore, 1t was concluded that twenty six-
centimeter estimates of amplitude per sublect were sufficient
to yleld a stable mean amplitude. However, since an estimate
of amplitude variabllity was also desired, 1t was declded
to take thirty amplitude estimates per subject.

6 Wysplanski, Op, Cit., p. 32.
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Table Il.=

Comparison of “ean Amplitude Estimates Made on the EEG's of
Three Cultural-Familial Mental Deficlents, after the
e T IS ik compenmatine
eng a Ansa
Polay Planime

ter.
z“mhjeet‘ Megn 1" Wean 2° Difference
1551 6.38 om.2 6,43 om, 2 0.05 cm.2
3117 5‘1"0 5&"’6 G&%
51 6.20 6.0 0.0k

8 File mugber at the Ontario Hogpital School,
@mithe' Falls, Ontario.
of 6 bhﬁaawﬁiwde tgstimtggr from 3{% Naﬂigss
e Mggn mli’gga eatimated from thirty readings
of 6 cm, lengths of EEG trecing throughout the record.
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In preparation for the tests of significance demanded
by the experimental hypotheses, 1t was neecessary to obtain
the mean amplitude and amplitude variability of each subject.
The mean amplitude of eash record was directly obtained as
the quotient of the sum of amplitude resdings divided by the
musber of readings, in other words, as the aritimetic
average of amplitude readings.

AsS has been stated earlier in this chapter, however,
the REG was calibrated separately for esch subject. On
account of this, the meanamplitudes as obtained sbove are not
direetly comparable for all subjects, unless transformed into
what they would be at a2 common awmplifiention.

The tranaformation of sach meanamplitude into a con~-
verted mean that eould be compered to those of all other
subjects vas sceomplished as followa., First, the nuuber of
EEG's that were calibrated &t each amplification was counted.
It was found that four 4ifferent amplifications had been
used. The settings on the EEG spparatus corresponding te
the four amplifications were labelled 6, 7, 8 and 9. Three
records had been calibrated at setting 6, sixteen records at
setting 7, twenty-one records at setting 8, and three records
at setting 9. 8&ince the largest number of records had been
ealibrated at setting &, 1t was decided to make this the
smplification into which all others would be converted,

Umveﬁfm‘z\g\ N
! BIBLIOT Hw

T oy onstE
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Ihe eonversion wes effected by obtaining the ratio
of a twenty-mlcrovolt calibration stimulus at s setting of
& to a twenty-microvolt eslibration stimulus at the settiing
of the record being converted, and multiplying this by the
mean amplitude being converted. The product was then
aquivalent to a mean amplitude in square centimeters at
setting ¢. This conversion wss carried ocut for all records
calibrated at a setting other than 8, before they were com~
pared in the tests of significance.

Before the above-mentionsd conversion ratio could
be calculated for sach record, it was necessary to obtain
area values for twenty-microvelt ecalibration stimuli at
settings of 6, 7, b and 9. 8ince the areas of the waves
formed by these stimull on each EEG calibration page wers
t0o small to caleculate with a compensating polar planimeter,
they were calculated as described in the next paragraph.

The procedure was to join the upper and lower pesks
of a subject's oeclipital ealibration tracing by two parallel
straight lines, A third line was then drawn between the
other two, squidistant to them., Two of the peaks produced
by twenty-mierovolt calibration stimuli were each joined by
two straight lines to the points at which the EEG tracing
crossed the middle horisontal line immediately before and
after the pesk. Thus, & triangle was formed, the area of
whieh could be used a3 an estimate of a twenty-mlerovolt
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discharge, and computed as the product of its height by ona-
half its base. The ares of each triengle was estimated using
a fine ruler, in square centimeters. It was discovered that
the bases of the triangles es formed in this procedurs were of
constant length regardless of the calibration setting used,
and that only the height of the triangles varied from one
setting to another.

In the fashion deseribed above, calibration aress
were computed for three subjlects at setting 6, five subjects
at setting 7, five subjects at setting ¢, and three subjects
at setting 9. An average value for the erea corresponding
to & twenty-mierovolt dlscharge wes calculated for each
setting. These values were then used in the ratio for the
conversion of each subject's amplitude to its value at =
setting of §. In square centimeters, the values were 0.21
for ssetting 6, 0.32 for setting 7, O.46 for setting &, and
0.77 for setting 9.

The preceding paragraphs have explained that the
tests of significance to be carried ocut in this study
required the eonversion of each subject's mean amplitude
inte e form that made it comparable to those of all other
subjects, They have also explained how this conversion was
carried out, Ais mentioned earlier, the statistical analysis
in this study will require, in addition to each subject's
mean smplitude, a memsure of the smplitude variabllity of
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Table I11I.~

Values in Square Centimeters for a Stimulus of Twenty HMicro-
volts, Computed at Four Different Amplifications from the
Calibration Pages of K0 Records Used in the
Present 3tudy.

Record®

in for each
Amplification

246 C. 24 6
aggz 0.20 6

7 0.20 6 0.21
% ok /
§E§3 0.3k ;
] 0.32 7

3625 .32 7 0.32
145 048 B
609 Gl g
1&;& o4 8
3G C.48 &

3384 0,48 & OB
448 0.76 9
o 0.7 Z

3895 O, 9 C.77

et e e A 5t P 4 2o M O 43 . 501t TR AP o 0 N A it 8O S A AL A s T 4 8 AP SRR Tl OV

& Bach record is identified by the file number of
the carre:ggnding subject at the Ontario Hospital School,
daiths' Falls, Cntardo.

b The value shown for each record is the average
value obteined for that record from two readings.

¢ The muaber used corresponds to the nuamber on the
amplification dial of the EEG apperatus used.
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his EEG. The measures of amplitude variability, like those
of amplitude, must be comparable for all subjects.

The amplitude variability of eaah subject was cal~
culated a3 a coefficilent of variation (V) rather than as a
standard deviation (G ) beecause the writer wanted an esti-
mate of varlability whieh would be independent of the size
of the mean. The coeffieclent of wariation for each subject
was obtained by the following foralas’

Ve
The coeffielient of variation 13 not affected by the
glze of the mean, snd has the added advantage of being an
absolute number. In consequence, the coefficlents of all
sabjects can be compared directly, without further
transformation,

5. Btatistical Analysis.

This section will discuss the statistics employed
in the present study. 7The results achieved by the applica-
tion of these statistios, however, are presented in
chapter three,.

All the mull hypotheses presented at the end of
chapter one are ldenticsl in thelr basic form, and can be
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ascepied or rejected by a repetition of the same atatistical
test. In outline, the hypotheses stste that, when & sample
of mentally deficient subjects are divided inteo high and
low groups aecording to their scores on an intellectusl
variable, the two groups thus formed do not differ signifi-
cantly on an ERG variasble.

In the present study, the hypotheses consider three
intellectual variables and two BEG verisbles. The intellectual
variables used as oriteria for grouping of subjects ars
BALS I.G., WALS Verbml scores and WALS Performence scores.

The EEG variables are wave amplitude and amplitude wvariabdbility,

It was decided that the critical ratio for the
significance of a difference between two means obtained froa
the scores of independent groups could be used ps test of
gignificance for all the null hypotheses stated in chapter one.

In preparation for using the ¢ritical ratio as test
of significence, the first step wasz to obteln comparable ZEG
amplitudes and amplitude varisbilities for all forty-three
subjeets. The subjects were then divided three times inte
high and low intelligence groups, according to wAILS T.Q.,

#AL8 Verbal score and WALY Performance score respectively.
After esch of these divisions into high and low groups,
using the median of the intelldgence scores as dividing line,
first the smplitude and then the smplitude varlability of
easch subject were consldered ns scores, snd a group mean for
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these measuremenis was obtained. The eritical ratio was
then used as test of significance for the difference between
these means, as required by each null hypothesis, using the

following formmla:
CR = My - M
O} 2
Vl g+ 03
In this formula, My, Mg, OMy and Ty are the means
and standard errors of the EEG variasbles.
It has been the alm of this chapter to describe the
sample and tools used in the pressnt study, and to discuss
in detail the experimental procedures. The results of the

teats of significance are presented and discussed in the
next chapter,



CHAPTER III
PRESENTATION AND DISCUSSION OF RESULTS

It ia the object of this final chapter to present
and discuss the statliatical results of this experiment.
Discussion will stress the possible lumplications of this
pllot study in terms of further research in the same
goneral ares.

1. Results of the Tests of 8ignificance.

For the sake of clarity, the null hypotheses stated
in chepter one will be repeated here, and the statistical
results will be presénted after each mull hypothesis.

The first main hypothesis states that two groups of
defieient subjects, categorized as high and low aceording to
their WALS intelligence (I.,Q.) do not 4iffer significantly
in their EEG wave aaplitude varisbility.

The amplitude veriability of subjlects in each group
was ealculated as & coefficlent of wvariation, and group
means vere calculeted for the veriation ecefficients. These
group means were 18+ for the high I.G. group and 16.2 for
the low 1.Q. group. The difference between them iz 2.2, and
the eritical ratio is 1.29. This is not signifieant.

The two sub~hypotheses arising from the firat main
hypothesis state that two groups of deficient subjscts,
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categorized as high and low, in one case according to their
WAIS Verbal scores, and in the other according to their
WAIS Performance scores, do not differ significantly in
their EEG wave amplitude variability.

When the subjects were divided aecording to their
HALS Verbal scores, the group means for the variation
coefficients were 18.1 for the high group, and 16.9 for the
low group. The difference between the means was 1.6 and
the critical ratic was Q.9%. This is not significant.,

When the subjects were divided sccording to their
¥ALS Performance scores, the group means for the varlation
coefficients were 14.5 for the high group and 15.6 for the
low group, 7The difference between the means was 2.9 and
the critiecal ratio was 1.71. 7This is not significsnt.

The statistieal results arising from the first main
hypotheslis and its sub-hypotheses are presented in Table IV,
It should be noted that, although no statistieally significant
differences vere found, the high intelligenece group in all
three cases yielded, as a group, the higher amplituds
variability. Hence, the difference found, though not
statistieally significant, was in the direction expected.
Due to laek of significance, however, the first main hypothe-
sls and 1ts sub-hypotheses have not been rejected., It seems
worthwhile, in future research, to lock for differences in

wave amplitude variabllity on groups that are larger and
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T&ble IV 2l

Comparison of High and Low Intelligence Groups of Mentally
Daficient Subjlects® in Terms of the Group Means for the
Subjects' Wave Amplitude Variability®, Using
Critical Ratio as Test of Significance
for the Difference between Two
Group Heans,

Criterion piff. of C,R. Signif.
for Grouping & 4 % Heans

BALS X.Q. 21 8.4 22 16.2 2.2 1.29 Ho
Verbal 1.Q. 21 18,1 22 16.% 1.6 0.9 Ho

Perf. I.Q. 22 ‘8.5 21 15.6 2.9 1071 Ro

2 The sibjects are forty-three cultural-famiasl
patients from the Ontario Hospitel Suhoalz SBmiths' PFells,

Ontario, divided into high and low in gence groups
according to thelr gﬁéres.
b vave tude variabllity is measured in

absclute mimbers, as a coefficlent of varliation.

30
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differ more widely in intelligence than the one used in the
prasent study. Using these, 1t should be possible to
aceept or reject this hypothesis and its sub~hypotheses with
greater certainty.

The second waln hypothwslis states that two groups of
deficlient subjecis, categorized as bhigh and low eccopding to
thelr ¥ALS intelligence (1.4.) do not differ significantly
in their ZEQ wave amplitude,

The smplitude of subjects in both groups was calou~
lated in squars centiuweters and correqtied fur diff'erences
in amplification during recording of the jEG's. Then, &
aean vwas computed for cuock group as the arithmetic average
of the mean aaplitudes of all the subjects in the group.

On tesating the above hypotagsis, the writer obtained
@eans of 6.4 cw? and 7.9 u® for the high end low I.Q.
groups resdpectively. The difference between the two means
vas 1.5 em?, and the critical ratio obtained was 1.ws, This
is not signifieant,

From the second msin hypothesis arcsgse two secondary
hypotheses. These state that two groups of deficient
sabjects,; categorized as high and low, in one case according
to their ALY Verbal seores and in the other according to
their ¥AlE Performsnce scores, do not differ significantly
in their jEQG wave amplliinde,
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when the groups were divided according to their
NALS Verbal scores, group amplitude means of 7.1 cuCand
7.3 em? were obtailned for the high and low group respectively.
The difference between the means was (.2 amz, and this data
Yielded a critical ratic of C.17. This is negllglble.

when the groups were divided according to their
HAIS Performance scores, growp amplitude means of 6.5 om®
and 7.9 oa® vere obtained for the high and low group respec~
tively. The difference between the means was 1.4 cu®, and a
eritieal ratio of 1.39 was derived from this data. 7This is
not significant.

Table V presents the date sariasing from this second
group of hypotheses. It should be noted here, as in the
firat group of hypotheses,that the results of the second
mein hypothesis and its sub-hypotheses are directionally
85 expected, sgreeing in this respect with Wysplanski's!
results, although they are not statistically significant,

2. Macussion of Results,

lione of the eritical ratios worked out in this study
showed significant differences to exist, and therefore it

1 J.0, ggapianaki, “Brain Wave Amplitude and Crmative
Thinking®, unpublished doctoral theals presented to the
Behool of Psysholeogy and Eduestion of University of
Ottawa, Ontario, 14106 P
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Tﬁbl@ V M
Comparison of Two Groups of Mentally Deficient Subjects®,
Divided into High and Lov Acaording to fhsig Test
Intelligence, in Terma of the Group Means® for
EEG Wavs Amplitnﬂai Using the Critical Ratioe

&8 Test of 3ignifiecance for the Difference
Between Two Croup Means.

Criterion Hizh ngyg Low gzggp Diff.of C.R, Signif.
for Grouping o 4 i b Meang

HALS I.G. 21 6. 22 7.9 1.% 1. o
Verbal IoQo 21 7-1 22 7.3 0.2 Ow‘? N0
Perf. I.Qq. 22 6.5 2t 7.9 1. 1,29 o

2 The subjects ars forty-thres cultural-famial
g:tients from the Ontario Hospitel Scheol, Smiths' Falls,
tario.
b EEG wave smplitude is measured in square
centimeters.
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becomes necessary to accept the eix mull hypotheses tested
in the present study. This is done with caution, because
statistically failure to find a signifieant difference does
not prove that difference to de non-existent. Furthermore,
in all cases the group that was higher on the intelleetunl
variahle had 2 lower wave amplitude but higher amplitude
variabllity, which is the directiomsl expectation stated in
chapter one.

It is poasible that fallure to find significant
differences in the present study may be parily due to the
fact the subjects used in this study, having spent a con-
siderable part of their lives in the gommon environment
of 2 hospital, are not sensitive to the rather sulturally
loaded Varbal part of the WAIR. A3 a result of this, 1t is
possilile thet intelligence differences smong at least soge
of the subjects wes obscoured, and this may have lowered the
results of the testa of significance. Unfortunately, the
writer is not avare of any intelligence tests that have been
validated on & populstion of deficient subjects similar to
that found in Cansdian institutiens.

In consequance, the validity of any standard intelli
gence test on a semple of mentslly deficlent subjects remains
doubtful. One possible solution to this problem which may be
attempted in future research is to compare groups vhich differ
very widely in intelligence, each growp bedng relatively
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homogeneous on this varisble. In this vay, even though the
validity of the intelligence test be low, differences be-
tween the groups will be large snough that very little
contamination of the EEG variable will oceur.

In support for the idea that the WAIS Verbasl itenms
do not diseriminate well among long-hospltalized mental
deficlients, it may be noted that the lowest eritical ratlocs
obtained in the presuent situdy were ylelded by the division
of subjects into high and low groups aecording to WAIS
Verbal scores.

Another possible explanation for the failure to
find significant differences in the present study may be
that subjlects classified as cultural-familial mental defi-
clents, though they are considered as consti tuting simply the
low epd of the normal intelligence distribution, may in fact
differ qualitatively from normal adults, so that the rela-
tionships between EEG variables and test intelligence which
exist in normal adults may in fact not be present in a given
gample of mental deficients.

In concluding this chapter, it seems fit{ting to make
a2 fev remarks on the directions which future research may
profitably teke in thls general area, A very recent
publication by Ertla shows that he has now developed an

2 J.P, ?@El, “netnmtimn @f Evoked Potcntials hy Zero
8.8 LA S *}2 )
18, 193%, p. 6306317
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objective technique for measuring evoked potentials, Using
this technique, he has done a pilot study on the relation-
ahip between evoked potentiesls and intelligence, the results
of which show that high psychometric intelligence may be
associated with short delays in the later components of

the evoked potantials, Due to the present success of Ertl's
studies, and due to the feet that his technique can novw be
eross~validnted, this seens a nost promising fleld for
fature study of the relationship between ERG and intellectual
functioning of mentally deficiant subjects, It is probable
that with sophisticated instrumentation, significant rela-
tionships will be found in spite of the need to use mesmsures
of intelligence which are not completely adequate.

As for the technique used in the present study for
the analysls of gLiff smplitude and amplitude variability, it
is not without its posalbilitles, especlially for studles
whiceh aust rely on the study of records already in files, if
the subjeets are not direetly avallable.

The writer wishes to gonclude the present chapter
with the following guotation which, he feels, 1s an accurate
statement of Muture possibilities in this general arec of

ressarchs
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pothesis deserves further scrutiny that

% hm%gmlrg‘:cwxgnnlogim process

Research attempting to link intelligence and EEG
has met with many failures. The present study illustrates
some of the difficuliies ancountered in zttempts to link
together these two sets of variebles when dealing with a
restricted group of subjects. Yet, a sufficlent number of
experiments have obtained significant relationships between
the two to warrant furiher investigstlion, especially as new,
more sophisticated techniques are developed for the measure-
ment of both ZEG and intellectusl variables.

3 W. Voguel and D.H, Brovermen, "Helatlonship
EEg an& Test Intelligence: éritim Review",
oiienl Bulletin. Vol. 62; Bo. 2‘1, 1%‘0’, P 133,




SUMHMARY AND COHCLUBIOHS

The presant study was an attempt to differentiate
high and low intelligence groups of deficient subjects on
the basis of theilr ZEG wave amplitude snd amplitude
variability.

Two main hypotheses were tested experimentally.
The first of these stated that when the experimental
sample vas dlvided into high and low lntelligenee groups,
these would not differ significantly in thelr EBG wave
arplitude, The second stated that when the experimental
sample was divided as above, the resulting groups would
not differ pignificantly in their ZEG wave amplitude
variability.

The criticsl retio was used ss statistical test of
significance for the experimental hypotheses. The results
wers not atatisticelly significent, and hence the expesri-
mental hypotheses were not rejected. It was noted, however,
that the more intelligent subjects, as a group, had some-
vhat lower EEG mean amplitude and somevhat higher EEG
wave emplitude variabllity,
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IHIELLIGKENCE DATA

sublest! Age  Yerbal .o

2 fg%
6 21

18€2 1o hg
2455 17 L7
3 2 Lo
% B a1
184 19

15 22 54
e 2 B
580 14 Zfé
2592 17

13& 16 58
1 16 &8
3595 16 68
2 8 g
808 20 3
831 16 2
= i 2
(/R
3645 1Z 66
2120 4 62
167 22

3223 16 AN
3 16 gz
1976 18

Wt ¥
WoE 3
2523 1; ’al

Perforsance

b
3
zg

1 File nuamber at the Ontario Hospltal Sehool,

smiths' Falls, Ontarlio.
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BEG DATA
3 @ 1 Hean 2 Auplitude
Ampld tude Variabilityd
231 6.1 20
609 g.fy 13
gao 2 19
1842 7.4 10
2465 17.2 18
153 9.6 10
1 ; 1§.z }g
1815 7.0 1z
1551 9.6 1
ks 6.% 18
3589 6. 19
380 5.0 16
% 6 A
19&3 g.5 12
3295 a 17
% 3 s
4 19.% 16
806 a,h 19
531 s 16
o ¢ 2
e &
3946 o5 26
3655 gz 16
2120 Us 21
¥ f
EA 218 9
1976 5.0 37

1 Pile liumber at the Ontarioc Hoapital
School , Bmitha' Falls, Untario. Subjects in
same order as in Appendix 1.

2 Hean amplitude measured in square
centimetars.,

3 Variebility messured as a coefficlent
of variation,
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ABSTRACT OF

This 13 an investigation based on recent findings
that groups which 4iffer on creativity test scores can be
differentisted in terms of thelr EEQ wave amplitude. On
the asgumption that tests of creativity and tests of
intelligence yleld highly correlated meagures of intellectusnl
funetioning, 1t was the purpose of the present study to see
whether the mein finding of the above-mentioned study would
alse be found on a group of mentally deficient subjlecta,
subdivided according to intelligence scores. In additien,
the present study introduced s measure of EEQ wave
amplitude variability.

Thus, it wes the purpose of the present study to
look for diffsrences in EEG wave amplitude and amplitude
variability on high end low groups of eultural-femllial
mentsal deficlents, grouped according to theiyr scores on the
Wave saplitude vas

measured as area with a compensating polar planimeter,
Amplitude varlability was calculated ag & coefficient of
variation.
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Two groups of hypotheses were tested uvaing the
eritical ratlio as statistical test of significance., The
first group stated that if the sublects were divided into
high and low intelligence groups, these groups would not
differ significantly in their ZiG wave amplitude. The
second group stated that if the sublects vere siailarly
divided, the subject groups thus formed would not differ
gignificantly in thelr LEG wave amplitude variability. The
data obtained in the present investigstion was not statis-
tically significant, and therefore the experinmental
bypotheses wure not rejected.
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