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INTRODUCTION

The myetery of electrical brain waves measursble
by intricate amplifying systems has for long puzzled both
neurologists und psyohologists slike. The neurcloglst
sought and continued to sesrch for the orizins and the
possible neurophysiological concomitents of this phenomenon,
while the psychologlst saw the proalse of = possible
answer to the neurological basis of the functioning of the
intellect, The discernible variebles of these sirange
sleotriorl) patierns wers quiskly isoleted and used as
possidble comparisons to the currently available tests of
intellectual funotioning. The peychologist's enthusiass
4id not last long. The fallure of nesrly two deomdes of
sporadie, lsrgely unsucoessful investigations brought dis-
coursgessnt mmd eventuel disinterest, sesn im the spazreity
of publicatione in thie area of ressareh., In reviewing the
litersture on this tople, it became apparent to this
investigaetor thet two mejor considerstions have seemingly
been left unnoticed. One the one hand the posaible chunge
from unsuvcessfully used slectrosncephslographlc varlables
to new ones, and on the other, the use of new measures
purporting to tep verious funotiome of the intellect such as
divergent forms of oreative thinking.



IRTROCUCTION viil

The neurclogists heve not given up thelr ssareh
and wihile doing so even had time to meditate end formulate
censequent liypotheses concerning eleotrical activity
emanating from the brein and related thought processes.

Thias study owes its existenos to the tireless efforts of
neurnlozists attespting to untsngle the aystery of the
brain and their peychologist adollesgaes seeking the suswer
to the problem of the functioning of the intelleot.

The first chapter of this thesls presenta the
roview of the literature. Studies relsting eleoircenssphalo-
graphic wariables to intelligence are rirst reported, This
is fellovwed by the review of tests of crestivity. The con-
clusion of this chapter presents the hypotheses of the
investigetion,

The eriteria for the seleotion of the tools amd the
tools used in thls study ere pressnted in chapter two, First,
the psychometrie tests sre dealt with, to be followed by the
presentution of the neurslogical meassures of brain sotivity.

The third ohapter presents the desoription of the
experimental design, the population, the use of the tcols,
technigues employed, and finally, the statistiocal metheds
atilized in the enalysis of the data,

Ghapter four eonteins the pressptation of the results
and their interpretation., Sugagestions for further ressareh are
found in the conelusicn of this last chspter.



CHAPTER 1
REVIEW OF THE LITERATURE

Inveatigutions related to electroencephalographic
measures of ocerebral functioning and erestive thinking are,
to this date, not reported in research litersture. Since
this study conoerns itself with creativity and possidble
relationahips in the smplitude ststes and spread of sleotri-
¢al potentials in the ocerebral hemispheres, only these
studles will be reviewed which besr az mesningful relation-
ship to this investigution., Thus, this review will consiat
of three sections. The first section will deal with studies
relating findings in the fleld of neurology anmd elsctro-
encephalegraphy, to be referrsd to hereafter as the EEQ,
the second with measures of crestivity, end the third
section will present the summary and the hypotheses.

1. YNeurolegy and RBEG.

The initial oatalyst of this investigation was

Icclea'l speculation concerning that sectivity of the brain
whioh underlies the oreative process. Yecles hypothesizes

that orsetivity in the humen individual is e functien of

) J.C. Eaalua, "The Physiology of Imagination™,
4o Ameriocen, Vol. 199, Ko. 3, September, 1958,




REVIEW OF THE LITYRAIUKE

the probabilistic apread of field fronts within the scerebral
¢ortex. Thus, the more oreative the imdividuel the more
exteneive is the spreed of rield fronts in ths osredral
gortex.
1a order to test Zocles's hypothesis it wes neces-
sary te deteraime if a stimulus eculd be propagated and
detected beyond the normsl oerebral receptor. Fipdings of
eleotrical activity beyond the common receptor fields in
the oerebral cortex ars net new. A decade ago, Tbrren.a
investigating posaible existing relatiomships between vizual
and asuditory stimuli, found that responses obaservable on the
BEG record spresd beyond the usual receptor eentres.
w:xn::,* writing on the slsotrical aotivity af the
human braln, says;
(...} flashes appeared Lo be breaking down ascme
of ths physiologlical barrieras between different
regions of the brain. This meant that the stismulus
of the Lliocker recsived la the visual projsotion
area of the cortex was breaking bounds; ite ripples

were overflowing into other asreas (...) strange
patierns, pew apd signiflesnt emerged,

2 Eeclﬂa, ga! c; EA 3 pi 155"146.

3 F. Torres and C. Marshall, "Rec¢iprocal Influence
of Gennral Hau%onnaa Lo Viauml and Auditory Stimulation in
: linical He Ry 8. DRy , Supplement ¥o. 3,

4 %W, Oray Walter, The living Braism, Hsrmondsworth,
Penguln, 1961, p. 87.
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Ertl,s investigeting means for further iasight into
the electro-physiologicnl busis of intelligence, introduced
and measured sucocessfully intrucortloal delay and propaga-
tion supporting the fessibility of meesurement of spraad of
potentials resultant from & single stimuius, His study
sovered the oooipital and the motor cortex areas, KErtl's
atudy revealed a highly significsunt relatlionship between the
phenomenon of intrucorticsl delay and inteiligence as
msasursd by the ¥eohgler Intalligence Sigsle. The Pearson p
was found Lo be .88, The subjective msssurement teohnique
eaployed, however, presenis sarious obstzoles t0o cross-
validation.

The meening of this observable spresd remsins a
zmystery %o both the meurophysiologist and the psysholegist.
At best, both atteapt te pul forth hypotheses Concerning
this phenomenon and continue ite axploration.

Payehophysiologionul resesrch in the domain of
electronsurclogy hss besn limited to twe aress., Firatly,
reaction time studies, and necondly, in lesser velume
perhaps, the exploratiom of possible existing relatlionsnhips

betwaen human intelligence und two mevsuradle ZEEC varlables.

5 J.p. Ertl, "Intracortical Delay and Intelligence”,
uspublished Master's thesia presented to the Sohool of
Paychology end Zducatlion of the Unilversity of Otiaws,
Cansda, 1961, p. viii-4l.
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The most popular veriadbles to this date have been the slpha
index and alpha freguency. The former is simply the per
oent of time during whioh a trucing is showing the presence
of the alpha rhytha.

Intelligence and creatlive thlnkinsg have often been
linked as closely relazed; is fact, empirically observed
oreative thinking exhibite luntelligent dbehavior. Guilfara'as
multidimensionel model of the intelleot includes oreative
abilities in several of ite dimensicns, therefore the
present review will include the stullies reporting results
fourd in seerch of relationships betwesn EEG varisbles and
intelligence.

Walter .7

studying BEG frequenoy pattern variationm
and intelligence, sugzesis possible positive relationships,
He reports that his intelligent or more "brilliant® subjeots
exhibited a tendency toward a greater puttera variebility.
This ia in agreemeant with Eocles' and Sherrington's concept
that breins with more numerous znd variable scanning

rhythas sre more versatile,

6 J.P., Guilford and P,H., Merrifisld, "The Structure

or Inaellcot %aaﬁlz Its Uses and Implications™, Report from
the P 2101 BDOPs r,» The University ar oushern

?’,—"t_,_ ‘ -“gpr°60' p. l"‘%?o
7 ¥alter, 0p, 0it., p. 87.
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llllngnona attompied to test aexperimentally Walter'se
empirical observations by way of frsguency pettern variation
enalysis. His sample wus sade up of twenty-six pesychistrio
aldes &nd a high grade mentally deficient Subject, Intelli-
gence was measured by wey of s shoert form of the Yeohsler-
Bellvue Intellicence $igsle. HRank ordsar correlstions be-
tween I.5. and E¥G frequasncy pattern veristions for four
areas of the brain were not statistically significant.

Relationships beiween mental uge, slpha frequency
and alpha index were inveatignled by Knott 3§&~g;.9 The
sample esnsisted of forty-sisght eight-year old ehlldream and
42 twelve-yeazr old ahildren, The highest ocorrelztion was
found to be .5 bLetween mental age and slpha fregueney in the
sight-year old group, The suthors claimed that the ergenie
¢chaages esposiated with sdolesecencea in the twelve-year old
group may have altered the otherwise significsnt relstion.
ship between mental sge and alphas frequensy.

8 R+ Ellingeon, H.C, Wilcett, J.G. Sineps, and
¥.J. Dudek, "EEG Frequanu‘ Pattern Variation and Intelli-
gsnce®”, EEC and Glini Heurophysiolezy, Vel. 9, No. 4,
lavaabtr. 57, p. 857680,

9 J.R. Enott, H. Friedman, and R. Bardsley, "Some
%@Q Correlstes of Inemlliaanco in Eiaht~tbar ana Twalve-
sar 014 Chlildren™, Jourpal of Tx; ) 10108y,
7‘1- %; 1“59) po “l?"‘ ™
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A study ocondusted Ly Krssmerlo on forty-six non-
di fforenticted familial type mental deficients of wdult age
yielded & correlation of .32 between mental age and alpha
frequencey. No significant cerrelation was found beiween
sental ege 2nd alpha index.

Shagn:a.ll in an extensive siudy, tested 1100 air-
orew gandidates via the HCAF

test of mental ability, and found no significant relation-

ship using the variabvls of elpha frequency.

Somewhat more ensoursginmg results were found by
ﬂnndy-caltlalz using both the slpha index and alpha fre-
quensy as the EEG variables, Testing s group eof thirty-four
sabjests, he foumd signmificant correlstions betwsen alphks
index and verbal I.%. (0.33), slpha frequency end verbal I.3.
(0.42), and preotieal I.G4. (0.40), and general I.d. (0.50).

Intelligence was measured via the South Africsn version of
the ¥Weeheler-Bellvue. The author preposed the follewing

10 G.L. Ereozer and F.¥. Baith, "The helation of the
G end Intelligence lLevel iu the H@n-nifterantiated Tauiliel
%%5 of Mental Deficiency”, ) _Journs 31 083
£9, 1930, p. 47-81,

11 C. Shagass, "An Attempt Lo Torrelate the Ocoipitsl
Alpha Fregqusacy of the F90 with errmrmanca on a Mental
Ability Teat", Journal Txperimentsal Payoholof
1946, p. 88-9%,

12 4.0. Mupdy-Uastle, "Kle«trmphyaielagioal Corre~
latss of Intulllganno" Joumal of Personality, Vol. 38,
uet Z 2“0. lﬂﬁ@, 9. l%" g@i
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to acoount for the apparent disparity of the findings:

the sumpls was highly selected, I.L.'s ranged froa 112 te
135, and in a homogenoue group non-intelleotive fectors
tapped by the Hechgler-Bellvue will ssrve te reveal their
anderlying slectrophysiological correlates, whercas in 2
less homogencus group such relstiomships would be obsoursd
by the greeter varisnce oontributed by the non-intellsdulive
faoters,

Huhehinalg

and hls assecclates correlated & combina-
tion of seversl EEG veriunbles with intelligence. The EEC
varizblee were slphe lndex, freguency scatter index,
speciel orgunizetion 2nd emplitulde. Only two corrslations
wore found by the suthor to be sigsifisant. Verbel I...
erd fregusency scatter index (0.37), and performsmce l1.3.
apd freguency scstter index {(0,49). Ertl,l4 in reviewing
this study, however, Tound soms sigtistical errors,
therefore caution should be exerelised im interpreting

these results sz siguificant,
ﬁhnga0515 recently reported promising resulis of
initial experiaments with a new psychophysiological methed

13 8, Hetohine, 1. Tulen, ¢.C. Lairy end R. Zazzo,

" ot Wiveau Mental", L'Annes I'sychologlique, Vol. 2,
19589, p. 35656.372,

14 Ersl, Op, Gik., p. 5.

15 €. BShegass snd Marvin dohwartz, "Evoked “eﬁan~
tlals ana Sensation 1n Hen", Journul of Neuropsyehiubr
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msusuring cortical potentiele evoked by sensory stisulation.
Since this i{nitiel phase ies only the beginning of a lurger
study no meesures of intelligence were used. Using a
photie stimulator apd an eslectrocutaneous stimulating appesra-
tus ,Shagass sstablished that both the photlic and the eleotro-
cutaneous stimulation consiste of & relatively consztant
initial response of brief duration snd length, followed by
several waves of varieable amplitude whieh may contiaue for
relatively long periods., These sescndnry amplitude waves
seex to be influenced by paychologlical factors.

The studies reported above, with the exception of
the last one, sound a diecoursging note., Perbaps beocause
of & lack of highly sigplficant findiags, the ressarch in
this ares has diminished to purely meurcloglesl experimen-
tation. It seszs that the reseurchers have given up too
quickly, forgetting that the 1.4, 18 but & small messursbls
dimension of the human personality and other areas beg to
be investiigated further. This neurophysiolemiocsl method
still Bolds many secrets snd reazsins ¢of gonsiderable value

18 one of

in psychophysiologivsl experimentation. Shagass,
the most outstanding men in the fleld of neurophysioclogy

hae this to say:

18 Shegass, Op, Cit., p. 269,
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The abliliity to measure oortical reazponses in a
sabjeot whe is able to report his thoughts amd
feelings offers exciting possibilities (...) one
thinks of attempting to find bebuvioral corrslates
for individual differences in the characteristios
of evoked potentisals.

£, Measures of GOreativity.

The scope of this seotion will be the review of
past snd pressnt avellsble messures of creativity used with
adults.

Many differsnt kinds of taske hsve been used in
atteapls to obtuln measures of oreslive thinking abilities,
Two of the earlisst and most recurrent types of tasks are
analozlaz tesks snd projective devices such a8 ink bleots,

17 and Bpsarmanle stated thelr theoretical foundations

Eibot
for the analogy cencept., Both of these suthore considered
anelogy an almost inexhaustible instrument of ovestion end
the essentlial fundanental element of ereative imagination

in the intellectus)l sphere. Although this acncept of
srostive thinking and this type of task has received less
attention in rscent years, recognition of enelogles is nptill

regarded by some students of oreativity as an iaportant form

17 T. Ribot, Eeeay bn _the regtive langination,
Chiocago, Open Court Co., 16086, p. x :

18 C. Bpearsen, Greative Mind, London, Nisbet and
o@. [ 19&0' u"’lsa po



REVIEW OF THR LITERATURE 10

eof orestive thinking. 19 Bmurohmrdao pressuled a survey of

prejective techniques, psychoanalytioally coriented, presumed
to provide imdications of crestivity.

Dearborn®l wes ono of the sarliest users of ink
blots as a test of fwmaginetion or oreative thinking, His
teohnique was simple snd uminvolved., A dArop of Ink was
presgsed beilween itwop pages of paper snd the subjeaots had to
ereate from the pressnted ipk spot. The scors wus the
number of items orested,

Ghaasallzz designed twelve tasks toc measure the
fector eof originslity. The tesks mosily seasurasd novel
approaches to familisr situations,

&n interesting tesk wae developed by @impa&nza to
measure oreative imaginstion. The %8st wes made up of Lifty

gets of Tour dota, 7To eath set of four dots the sublect was

19 K;Ko Mﬁm@n, ‘an,; Lres ‘ SR
tion, Wew York, Harpers, 1939, xi11-293 p.

<
20 E.¥.L. Bourohard, "The Use of Projeotive lechni-
ques in the Amalysis of vrestleity”, gg%xggl of %gg}e;tgxg
Zeghniques, Vol. 18, No. 4, Deceaber, 1952, p. 413-4E7,

Bl G.V. noquarn, "Alatngglotg1ﬂ§§znatig§§;ar,
s ELEL 4 & g Rl Qf FoHYGRDLOES [ H . »

22 L.ﬁ. chassull "Testn for Origlimality™, byt
sations] Peyehology, Vel. 7, Mo. 8, June, yorfomal

25 R.M., Simpsoa, “Creutive Imaginastion™, Amsyd
5.1 Peychology , Vei. 83, Ro. 2, April, 1648
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to edd two dots to coustruat plotures. The sooring emphasis
was placed on orestive ohuznges,

Eargravoag‘

attempted to meusure imagination, fluency,
and origlnality by wey of a battery made up of twelve tests.
Originally they were designed to test whether imaginstion,
fluency, and origzimality could be isoclated fros Bpearsan's

"G" factor, No signs of s uniteary amd unique imaginsry

power were found.

MoGley end Meyer®>

attempted to atudy the osreative
process apard froam technlcal skill end other complicating
faotora. They have designed a Crestive Composition Appara-
tup where the subject had to manipulate colora and movable
aocesaories involving the play of ocolored light upon clay
forma and the introdustion of colored background., Signifi-
cant differences wers found betwean the mean perforaance
scorse of studenis and established artists.

wclcn36 sought the apsessuent of creativity through
the sesing of new combinetiona. Hie tasks inolude: Bleok

. 24 g. L. Eararuves. “The Fuoulvy of Lnaglnation“
AT B

25 W, HoCloy and N.E. Haiur, "cr.ativo Imaainatiun
in Children and Adults™, yehologlonl DOR « Yol. 851,
Ee. 5, 1939, p. 868-1l6.

86 L. Welch, "E«aamhin&ﬁlm& of Idoss {n Creative
Thisking”, dournsl of Appli sthology, Vel. %0, Ho. &,
1@45, Pe 63"650
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Construgtion, where the subject is to make up household
furnitare out of ten blocks; Septencs Construction, whaere

the aubject s usked to make sentences out of ten words;
Letter Construgtion, making words out of letters; and

finally, Short Etory Construetion.
Berszv attempted to measure flexibility by meesns of

a test made up of slxty curds esch conteining one to four
ldentiosl figures of & single color, four kinds of figures
and four colors. The sublecis were reyuired to make verie-
ties of arrangemsnts in the various categorles,

The meusurement of corestivity in mechine design was
attemspted by Owen®® and his essooiates. The euthors de-
veloped a series of mapipulative mechanical tasks to nssess
erestivity in this aresn.

Bprlnghettzg and his associates designed the
Ditfieult Lines Test, assuming that oreative thinking
differs from problea scliving only beocsuse it involves s

greater sensitivity Lo unconsoious proocesses., Signiflcant

27 X.A. Berg, "A Siaple Obﬁective Technique for
Meusuring Ilexibillty in Thioking”, ggg;%%% of Ge gggal
Psyohglogy, Vol. 39, First Halr, July, 1948, p, 1b-22.

28 V.A. Owen, “Tno Moaauremanb cr Graativity in
Mechine Deslgan", \raal g . i lozy, Vel, 41,
Ko. 5, 1867, p. 397~~~*

£9 B.4. Springbett, J.0. Park, and J. Glnrka,
;An Appraaah te the Haanurament of ﬂraative Thinkling®,
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gorrelations have boeon obtained with tlests of reasoning mmd

intelligence.
4 test of arentivitiy {n englneering wes developed
by Barria.so The test consiets of two forms of twenty

items and yields soores of fluemoy, flexivility end origina-
lity. Investigations were coundacted to establish velidity,

reliabllity, interscorer sgreement, relationships with ether
teste and face validity.

Binoce 6u11rmrd$1 and bis assoclsates have developed
the most cosprehensive tasks for measuring the ersative
thinking abilities in adults, theirs will be treated st a
relatively grester leagth.

It xppears from the literature availeble that
Gu11rord,5g ever sinee his Americam Psychologlcel Assocla-
tion presidentisl sddress, has continued to meodify his von-
ceptualization of the creative thinking abilities and the
tasks used to aessess them. In a recent monograph33 his
surrent intelleot model axnd modifications are sumanrized.

Barlier, Guilford hed copeidered ‘he thinking ebilitles

30 b, Harrie, "The Developaent aund Valldution of a
Test of Creeativity in Ezgineering®, iggxgg;_ggné@g%%gg
Peyehology, Vol. 44, Ho. 4, August, 1960, p. 257-260,

$1 Guilford and Werrifield, Op, Cit., p. 1-d7.

32 d.P., Guilford, "Creativity™, Americsn Psycholo-
M' 701- 5, HQ. g. 195\0, p. 4“*45‘:

55 ﬁuilfard &Eﬂ %Mifiﬂlé, gg- ’QLE-’ @o 1"%?-
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fuvolved in creativity to be those whioh he had defined es
*divergent produoctions and transforactions¥., He now in-
eludes the redefinition ebiliiies which are in the conver-
gent production ecategory of his sirusturs of intellset and
soeneltivity Lo problsas wbich fall in the evaluation
sategory. Kis taeks designsd by meuns of feotor analysis
to measure various dimensions of ercativity sre the most
exhauative of @ll presently fcund svallable. Thelr variety
permits the geleotion of those which tap different funetions
of ereativity, and the users may cihoose thoss which will
measure the Tuuction in whioh they are ipnterssted, The
most importaat saset of the testie developed by Guilferd
liea in thelr theoretically esteblished bases und the care-
ful studies which zave them existence. 4 zore ¢lsborate
discussion of these tests and coriterlis for their selsetion
will be prssented ia Chapter Ywe, deallimg with resesrch

tcols.,
9. Susmary asnd the Hypothesese,

It was steted that to this date studies heve not
besn reported desling with ERG variables and ersativity.
intellizence has often been 1&4@5 with oreativity aend
varicbles in oreative thinking have boen inoluded im atrue-
tures of the intellsot, therefore studlas relating a number

of ZEG varlables to imtelligenoce have beepn reviewed, It
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was noted that no signifleant correlations between REG
variubler examined and inteiligence wes reported in any
study dealing with a sample of adults with ths exception of
thl'ss‘ study in whleh nigh correlstions were found,
however through & subjaobtive msasuring technique wnioch pre-
sen.s seriocus obstecles to oross validation. It was stressed
that the large number of operutiocns necessary in the osur-~
rently used intelligesote Lesis may have introduced too many
veriables for adequate differentiation. A proposal was mede
to rsduce the variableés Lo some of those zeasursd ia
ersativity.

The past smd present tusks in the messurament of
erectivity thinking ia adults have been reviewsed, It was
streaszed that atudies other than Guilford's have not usad
the femeter asmslytic techniques %o arrive at orestivity
variables snd heve nol besn as extensive,

The theoreilcsl background is partly besed on
Eeeles’as assumptions regerding the funotioning of the brein
in oreative thipnking, Creativity lu the human Individual
is & funetion of probabilistic field fronts within the
gaTebrel cortex., It il& thersfore asvsumed thet in the orea-

tive individual the spread will be wider 2and more arsas of

34 Erel, Up, Sit., 1ii-4l p.
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the cerebrum will be involved by cellular electriocsl sotivity
at rest and resultant frox a stimulus.

The gensral hypothesie is stated in the null forsm.
There are no significant relationships between creativity
and spread of field fronts in the cerebrel ocortex. The
following sdditionsl hypotheses were formulated for testing.

There are no significant 4ifferences in LEC ampli-
tudes emong groups of individusls olessified as low, middle,
and high scorers om tests of c¢reutivity, in any one of the
cerabral cortex aress.

There are no signifieant dlfferences in EEG ampli-
tudes, among groups of individuals classified as low, siddle,
end high soorers on tests of oreativity, in any one of the
cerebral cortex aress that would be an effact of photic
etimulation.

There are no significant differences in the mean
amplisudes between the resting and photioamlly stimulated
phases, for groups of individumle olussified as low, middle,
and high scorers on testa of crestivity.

Chapter Two will present the tools used in thias
investigstion, both psychometric end neurophysiologlesal.



CHAPTER 11
TOOLS OF RESEARCH

Thia chapter will present the tools utilized ia
this study, both paychometric and neurophysiological, The
presentation will consist of the genersl description of
Guilford's intellect model and the positions which creative
thinking abilities ccoupy im it., This will be followed by
a brief deseriptiom of the Guilford tests designed to tap
ereative thipking abilities and, finally, the oriteria used
for the tests chosen in this study., The description of
the EXG instrumentation will follow and conelude thls chapter.

l. Guilford's Intelleot lodel and Creative Abllities.

Guilrard'sl major objestive since 1950 has been the
exploration of all aspects of intelligemce, His study led
te the forsmulatien of a theoretical model for the complete
ptructure of intelleot, Investigations in the areas of
creative abilities, reasoning, evaluation, planning, end
problem solving have led to the formulation of this model.

In order te better understand the meaning of oreative

1 Jd.P. Guilford and P.k, Merrifield, "The Structure
of Inhalleat Model: 1ts Uses und Impliocations™, Report from
;he hologieal Ls 7, The University of Southern
ﬂalirernia, Nio. 24, Apr 1, 1960, Pe 1-27,
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abilities it will be necessary to discuss bhriefly the

hypothesized structure of intellect,

Intelleotual sbilities as found by factor analysis

have bsen grouped inteo three major dimemslons, First, in

terzs of Operstions required in the performance of the aect,

In thie dimension, five Tundsmenial kindes of operations have

bean isoclated:

1.

2,

3.

4.

Cegnition, the operaiion of discovery, rediscovery,
or recognition;

Magzory, which la ithe cperation of retention of

what hes been cognized;

Divergent (thinking) production, the operation
which generates new inforzmsticn from known and
Temeabered infermation, i.e. thinking in different
direstions in search of varlsty;

Convergent (thinking) production, the operation
where the inforzstlion leads to one right answer,

or to & recognized conventionxl spswer; and,
Evaluation, the operstion where decisions are
reached 28 to the correctness, sultabllity or
sdequacy of what is kpnown, Tremembered and produosd.

The second Adizension cluarsifies intellasctual fsotors

agoording to the kind of Coptent involved, The fastors

isolated im this categery nuaber four:



1.

3.
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Figurel Content, concrets materisl with all the
properties of materisl objects;

8yabolic Content, composed of conventional siagns
such a® letters and 4iglts;

Sematic Content, in the form of verbzl meaninzs
or idess; and,

Behevioral Content which is non-verbal, of the
kind involved ln human interactions,

The third and final dimension is that of Products.

This means that when a certein kind of Operstion is applisd

to &8 certain kind of Content, Products are obtained. There

are six general kinds of Products., The kinds of profducts

are:

4.

5.

6.

Units which are concrete items of iuforzation;
Classee, whioh are grouped ltems of informetion
acocording to common properties;

Belations wihich are uniis of inTermstion with
recognized connections;

Systems are structured agzregales of items of
information;

Trapstormetions are chunges in the use of known
information; snd,

Implications are "extrapolations of inforastion, in
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the form of expestanciss, prediotions, zntecedsnis,
and ecnsequanees".z

Guilferd's clussifications of intelleotusl sbilities
are combined and reprasent a unified theory of intelligence
that ocan be repressnted in o cubloal wmodel, Ip this mcdel,
each mode of clussifi cetion desoribed above beoomes & pPara-~
s ter or dimension of the model. ZEvery kind of Content can
be combined with every kimd of Uperestiom end each one of
these combinationa ean be combined with evary kind of
Produet,

The oresative abilities of fluenoy &nd flexidility
come from the sategory of Divergeant (thinking) Procdustioen.
Thus, to drew amn exampls for better illuastretion of the
model , 1destional flusney is interpreted «3 the ability o
produce divergently a pumbey of meaningful asezantic units,
i.e., idess, Flexidility, on the other hand, is interpreted
as ibs diverzent production of tluases,

Guilferd spd his collndoraters hsve daveloped tests,
many of which are still in their experimental forms, to tap
sach specifiec Operetien of the intellect model, 1.e.,
Coznition, Memory, Divergent Production, Convergeat Produc-
tion, and Bvaluastion, Tests of Operstions known to be

unrelated to Creative Thinking will nmot be dealt with in

2 Guilford amd Merrifield, Op, Cit., p. 5.
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thie presentation. Convergent Froduotion, though rscognized
s8 a contributing factor te Creative thinking se a whole,
wlill not be elaborautsd upon here for the major interest in
this study is divergsnoce of thought rather thsn spontapecus
convergence. 1J1ests of Divergent (thioking) Productien will
now Yo reviewed and tneir positions in the intellsst model
stated. Tests in experimental forme ond unmvallable for
use will not be elaborated upsn.

To this dsate there ure nine coambinstions of
approaches to tap Divergent Fredusction:

is divergeat think-

ing sbout filzural saterial resuliing in a elassl-

fication;

r 48 divergent thinking

ebout Tizursl or structured muterial resulting
in transformations;

3. ¥ord Flusngy is divergemt thinkiasg sbout symbolie
gaterial resulting in unificetion;

4. ligational Fluency ie divergent thinkimg about
ssmantic material resuliiag in unificstion;

5. y 1g divergent

thinking about semantic samterisl resulbting im

clessifi ontion;

6. iop0y 1s divergent thinklang about

somanti ¢ materisl resuliing in relationshlpss
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7. Origipslity is divergent thinking about semantic

matlarials resulting in trempformeatiions;

8. ration is divergent thinking about
samentlo watsrials resulting in iaplicetions; and,
g. Fluspney 1s divergent thinklag adboat

symbolio mmterial resulilog in systexs of atrue-

tured sggregates of information.
2, Tents of Creativity.

Of the tests mentioned above, five have been chosen
for use in this study., The rsason for thelr ssluotion was,
first of all, thelr rsported quality to tep dlvergence of
thought end, secondly, their availlsbility. A brief descrip-
tion of each selacted test will now be given.

The test of Hord Fluemey teps the landividual's
ability to think of wordsrapidly, sach word satisfying the
sane latter requirement, such as Ccoptaining & stated letter.
The task is mede up of two parts wiith s time liailt of two
minutes per part. The score is the total nuasber of res-
ponses satlisfying the requirements. The slternate form
cearficlent of reliablility obtained on a sample of 219 naval

alr cadets and naval officer candidates 18 reported to be

5 E’ i!. ﬁnrmwamu md J.P. Guilford, Magga; for the
8 , lueno pste, Beverly Hil g, «wwllfornla,
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i3 a tost whioh requires the

subjeot to list rapldly ldess to meet meaninglful require-
ments., The test is composed of four parte with & time limit
of three alnutes per part. The score le the total number

of acceptables rasponses. %The gliernzie fora coefficient of
reliabllity cbtained on a semple of 219 nsvel air cadets and
navel officer candldates is reportsed to be .?6.‘

ov i & test reguiring the indivi-

dusl to list words thst besr some relzticn to & clven word,
The score is the number of acceptable responses, ilternste
form coefficient of reiiabllity obtained on e ssaple of 240
naval alr oadeis and naval officer cazniidutes is reported
to be .68.°

enoy 1s & test refuiring the indivi.

dual to mske four word sentsmoes given the ssme four initial
letters of the words to be used in all responses, The total
goore is Lhe nusber of four word compleste sentences con-
telning the specifled initial letters. The cosfficient of
rellability for this test has not besn repertsd by Lhe
suthors,

Alternzte Uses 1le o« test whlob reguires the Subleot
to 1is%t uncoomon, or less Goumon uses of & glvan objeot

4 Ohristensen and Guilford, QOp. Cit., p. 7.
5 Ibid., p. 7.
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whose comuon use is stated. There sre three perts o the
test with three items per part. The time limit is four
minutes per part. The zoora is the total numbser of accep-
table responses. Rellability astimates in "ssmplee of
young adulcs” with above average 1.G.'s range from .68 to
.85. The K of the population is not statea.®

To fucilisate comnunicatlion conceming the tests
dsscribed, the rsasder is referred to Appendieces 1, 2, 3, 4,
and 5, which represent samples of eech test used in this
investigation.

From the foregoing exumination of the tests of
Divergent Thinking 1t cun be coneludad, with scme assurance,
that they differ from the currently populer 1I.9. tests,

It appesrs that I.w. tests are very muech c¢onfinad to cogmi-
tive categories and oconcentrate on a very few factors in the
structure of the intellest., Usually they do not ineclude
items tappinz divergent thinking or transformations. Thie
is the reason why it is bslleved that former stteapts to
find reletionshipsz between I.{§. and biclogicel measures of

cerebral behevior have fauiled.

6 R.G. ¥ilaon, P, R chrisbenaen, P,R, Merrifisld,
and J.E. Gnilxord, Alternate 1 Man .L f Adminietrstion,
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é. Rleotro-Neurcologicel Mezrurss,

The iwstrumentution employed im thie study, to
stimulate, sonitor, and record cerebrel aotivity will now
be described,

EBG records were obtalned from e Type 150, Transis-
torized, eignt channel Offuer aystem. Jeven of the aight
channels were saployed Lo monllor cersbrel aetivity snd the
eizhth ohsnnel served as a msrking device for the photiic
stizulus flashes,

The puosie stivulator was o ¥Model P3 3 (rsss System,
set at single expssures, The photle stimulator was connec-
ted to the elighth channel of the EEG by way of & photo cell
to trizrer off the merking sechaniss,

Zlectrudes were of the %ﬁiaan~$w&nq type, made up of
s short sllver tube copped by a small pad whiech was in
direct oontaect with the sezlp,

The recsrding room was copper shlelded In order to
aliminste ocutside slectirionl interferance,

The following chapter will desceribe the experimental

desizn of thils investigstion.




CHAPTER 1IIX
EXPERIMENTAL DREIGR

The purpose of this chspter is to presant the
me thods followed ium order to test the hypothsslis ez stated
in the first chapter. Thus, this chepter will be divided
igto sectiong specifically desling with the population used
in this study, the experimental procedures followed, the
anelysis of BEZG amplitude potantials, and the statistical
enalyeis of the obtained dsta.

l. The Populatioen.

The melection of Bubjectis for this siudy was based
on three eriteria. Firstly, the prizsoy of the English lan-
guage; ssoondly, the minimum age of eighteen; «nd, thirdly,
aale subjects, The mecssalty for the English languuge was
detasrained by the creativity tests whieh presuppose native
facility with the Buglish langusge. The minimum sge re-
guirezent wus necesssry to precliade possibvle EIG pattern
ohanges attridatable Lo maturation level whioh occur up to
the age of sixteen. Women were excluded from this study
because of the possible eleoctrical dlstertions which cen be
brought about by the varlety of lotions used on the hair
eontaining mineral elements whiok could have Alstorted

the recording of cerebral discharges. An additicnal faotor
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for selectlon was the ability to relsx in the rscording
situation, in order to minimize elsctromyographio amctivity.
Thus, with the sbove griterie thirty subjeots were
chosen., All were unpaid volunteer undergraduste snd graduste
studentz of the University of Ottswa, in apperently normal
health, Their ages ragued from sightesen to forty-twe years

with a meun age of 28.8,
8. Experimentasl Procedure.

In order %o obiain the data for this study, two
testing sassions were necessary: the EEG reoording session
and the adainistration of the creativity tests., These
sessions will now be discussed in that order,

Faellities for EECG recordings were mede avallable
by the Nstiounsal Defence Tri-Service Hosplisl in Ottawa. The
appearatus was desoribed in Chaspter Two. 7The apparstus to
record cerebral activiiy was operated by a licensed ERG
technioien,

Regording sessions were oonducted on three consecutive
Saturday efternoons, The Subjleols were told, several] days in
advance of the proposed recordisg date, to refrain from gon-
sumption of uny aleoholic beverages twenty-four hours pricr to
recording. Before preparation for recording the Bubjeots
were inatructed that ithis part of the investigation dealt

with the recording of the elsctrical sotivity im the cerebrsl
cortex end that no painful stimull were to bve expected.
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sleotrodes. The syee were xept closed for s partiel reiuge
tion of aye blinks.

The loecation snnd the numberipmg of the recording sitss
wers as follows: Shennel I Prefrontal, Chennel II Frontal,
Channel ILII Parietveal, Channel IV QGeelpitul, Channel V
interior Temporsl, Vhaume)l VI Temperal, and Chennel VII
Posterior Teaporal. The unlilateral sethod of recording was
used, the recording side being determined by the individual's
handeduness,

The photic stimulator was set at a distuuce of
thirty-eight inches from the heed of the Subjeot, adjusted
to eye lavel., The relaction of this distunce und position
was promapied by the experimenter's tests carried on prior
to this inmvestigation in attezsptiag to eliminete eleciromyo-
graphic aotivity distorting EFG records resultaut from
common eoye blimka, The stisouwlator was g0t at aingle
eiposures.

The EEG lpstrument wis situated outside of the
shieldad room shere the subjeet wus sested., The lastrumeant
was net Lo record ot a tise constant of .3 seocondms, mester
gsin setting of 5/9. The filter wes on to eliminate nouise,
and the miore volt setting wus &t 50 with a pen deflection
of 11.5 mm, The paper speed was set at 12 cm. per seceond.

Por the purpose of this study the monepolar or

refersnce technique of EEG recordling wes chosen, The



EXTERINCHTAL DRZIGH 30

reference sloctirode was of the some kind and treated in the
asme ssnner as those described above, The onr lobe was
chosen to aot as the sonstant, Testa garried out prior to
this study by the sscme sxperizenter showed that the lobe of
the eur was inasetive wlith respect 1o responses avoked by
visual stimulation and yet was sufficlently proximal to the
scalp to minlulize the intarferznoe of other elasotrlcal
astivity,

The tetal recording tlme consisted of appreximately
three minutes duration. The first recording was obiained
of the Subjeot's cerebrel uoiivity during & reatisg state,
This paricd lesting one znd one helf =minutes) then reactions
to forty photic stimulations exposed &t rardem during s
pariod of oce apd one half minutes were recorded. With thle
the EECG rscording was ended.

The cnelysis of the EEG data obtained as desoribed
will be presented in ths seetion of this chapter dealing
specifically with the anaslysls of dets, both REG snd
craativity.

The oreativity tests desorived in Chepter Two were
admainiscered snd scorsd only after the anslysis of the ZEG
data was completed,

The five tesis of ¢reativity were administered in
one group sesalion on a Saturday afternoon. The place of

testing was a lerge olassroom in the &ohool of Payecholezy
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and Eduoation of the University of Otiawa. Bubjeois were
coafortably seated sufficlently distent from each other to
prevent copying. Before the testlng began, the group was
told that this was the second part of the study in whioh
they bhad voluntesred to partlicipate. The testing session
followed. Before each test, the instructions were resd
aloud by the writer and the subjects read silently. The
testing session lusted approximately one hour., The instruc-
tions for eech of the five orestivity teats can be read in

Appendices 1, 2, 3, 4, and 5.
3. Analysis of the EEC Amplitude Variable,

For the purpose of EEG analysis in this study the
emplitade varizble was chosen., The choloe was mede with one
purpose im mind, that is, to monitor and record cerebral
output at rest and subseguently in a stimulated stete, RBeoch
EZG record oonsisted of approximately twenty-itwo meters of
stendard EEC paper oocupied by eight red ink traces of which
the top saven representsd cerebral electricel activity and
the aighth served ss s marking device to indiocate the
instent plece of the photic stimulus exposure.

A wave amplitude anpalyels was performed om each of
the seven channels for both the resting and the stimulatsd
pheses, Attexmpts to use & polayr decompensating metyie

plenimeter to measure amplltude have proven that the human
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error in the tracing of small areas in too great for acoep-
tande of iis results, It wesz thus desided to use a different
technigue which would yleld more reliasble resaults,

To obtain indirect measures of wave amplitude, trans-
parent aeetate sheets of constant welght of .003 ineh thiok-
neas were used, The constency of weight feor this study wae
determined by cutting out one hundred, one sjuare centi-
meter pieces of scetate from the sheets to be used in ihis

study and welghing each individisl plecs sepsrately om a

Devistions ia weight were found
to be in the fourth decimal, The constanoy of acetate
welght wes acoepted,

For each Subjeot, twently zaplitude suxples wers
obtained of one sscond JSuration for esch chsmnel Aduring
reating and stimulated pheses., Thus eaeh sample repressantsd
one seocond of cerebral activity recorded from & given srea
of the saszlp.

A one sesond suaple consisted of & twelve ocoentl-
zeter ERG paper length ocoupled by an electrical wave traoce,
The wave traoe to be messured was marked off by two parale-
lol vertiosl lines with a twelve ventimeter displecexent.
The peaks of this wave trace were joined by straight lines
thus forming en enolosed delinested ares. Ueometricslly
the shape resembled & rhoabold of iwelve ocentimeter length.

in the messurement of ampliiude in the stimulated phase the
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first vertical line wags druawn at the point of astiwmulusm as
indioated by the stimulus marking espike of Chenmel VIII.

The dellineated area on the EEG paper was Lhen
covarad with an acetate sheet spd the delineating llne wes
traced with a Bard-Parker nusmber ll surglcal scslpel apply-
ing slight pressure. The result of this operation was &
separated piece of acetate having the ssme area ss the
delineated area om the EEG peper. The welght of this one
plece of acetute as weighed on s Nettler Crzamstic Balanoce
represented an indireot measure of ampliiude of a wave
trace of one seccnd duration,

This operetion was repested Z80 times for each indi-
vidual record, thet is 20 samples of resting, and 80 semples
of stiamuleted cersbral ocutput, for seven channels were
obtained.

The final emplitude score Tor a given channel at @
resting or atimulated phrse was the sum weight of the
twenty ssmples for that phase by the above deseribed method.
Thus, each BubjJeet had a totel of fourteen soores for KEG
emplitude, Xaoh one of the seven c¢hannels bore two S0Ores:
ocne for the resting phase and the other for the stimulataed
phase, Ths weigh$inge were mzde to ome ten thousandth of

a8 graa, tous the scores were represented by four dlgit
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nusbers. In order to faeilitate caloulations the sgores

were rounded out to the third digit.
4. Statistioal Analysis of Deta.

The hypothesses as presented in the third sectlon of
Chapter Une indicated several variasbles whieh might be re-
lated to oreativity and EEG amplitude potsntials., These
are: individuals, creotivity, EEG chennels, and resting and
stinulated phsses of amplitude potentiels., Creavivity ocon-
siated of five independent teat scores, and a sixth classi-
fication wes obtalned by using the sum of the five scores
obteined by each Hubject., The seven EEG chanmels represen-
ted seven areas of the cerebral cortex in twe phases:
resting amplitude and stizulaved amplitude, The sums of
amplitude for the seven cheamnels ln a resting phuse and the
stimulaced phase, and Tinally the totsl amplitude for each
channel Were pbhtained by adding the twe phases, ¥With 8o
many interacting factors, it wes decided teo use analysis of
varience es the first step in the date snalysis. A pseudo-
four dimensional model for snalysls of varlance was ehosen.l

The plan for anzalysis of vuriance divided the thirty
Bubjeots of this study into three eguel groups of tem, thus

1 Quinn McNemar, %azcho;gg%ga; ﬂhat%gtica, Third
Edition, New York, Jonn Wiley apd Zons, 1962, p. 338,
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establishing three levels of oreativity: High (M), Middle
(M), and Low (L). "The classiriocation of imdividusls into
three egual groups was arrived at through a distribution of
oreativity soores, using an interval of two. The top ten
scores oonstituted the High lsvel, the Middle ten the
Middle level, snd the lowest tem the Low level, These three
levels comnstituted the thres Blocks in the design. The
Rows of the design referred Lo the Ipdlvidusls, the Uolumns
to the seven Chanmels snd the other dimension to the Phases.

Thie design persitted the anzlysis of the following
mein effects: 1Imdivicduals (I), Orestivity (CR), Channel
{CH), and Phase (P). The three double interasctions and the
one triple intersotion computeble in this model were:
ChxCH, CixP, CHxP, and CExCHxP, The residuel combined the
quedruple interszction smd unoomputable doudble amd triple
interasctiona, To obteln ihe sums of sqgueres for the ipdivi-
dual main effset, the following formula was adapted, uaing
the oode lettiers desoribad above:

2
_=(1cR) = cRY
S3p = ™ 140

This entire procedure wae repeatsd slxz tiaes for
ssah meugure of orsativity utilized in thls study.

Bince the ¥ wvrlue of the maln affect of Creativity
4id not yleld significance in the overall snslysis it wes
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decided to perferm F tests indepsndently et sach level for
sach channel. The error term ip thls supplementary unalysis
remained the szpe s8 the one used in the overall snalysis
of V&rianeq.a

To eonsider the msan 4ifferenocesz between resiing und
stimulated amplitudess for ssoh channel, £ testa were used.
The standard arror of the differsnce for the caleulatlion of
the t value requiraed the use of the correlation between
restiamg and stizmuleated amplitude phagses for sach one of the
seven chaunele for the whole sample. For the Peerson

the following forauls wae uaed:3

NZRY -~ EXZY

(o [NEX*(EX?] [NzY ™ (2Y)*]

Thus the foraule for the standerd error of the diffserence

waE

an = 2/, "ERROR'(1-112)
The "Error" teram was copstant for each test of Oreativity
but the r differsd with esoch chennel
The following chapter will present the findinge and

interprevations of tiis investigation,

S L.7T. Dﬁyhﬂw‘ LY
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CHAPTER IV
PRESEXKTATIOR OF REEULTS

This final chapter will present the results stemming
from this investigation., The summary of the overall analyses
of variunce will be shown and dommented upon. 7This wlll be
followed by the results of individual F and t tests con-
dueted on euch channel for the six c¢reativiiy measures. The
presentation of di{fferences gseasured betwesn resting and sti-
sulated amplitude pheses will conoclude the presentation of
results, The final portion of this chapter will consiat of
the interpretetion of the results presented with possible

suggestions cencerning further resesarch,
l. The Statistioal Findings.

This section will be the presentation apd a cosmen-
tery on the results of the analyses of veriance for Lhe six
sesaures of oreativity employed in this study. To fasolli-
tate communication the reasder will be presented with &
brief desoription of each oreetivity messure prior to the
presentation of the summsry of the enalyels of varisnce.
This desoription will inolude the definition of each test
and 1ts place in Guilford's model of the intelleot.
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The preparation of sagh Subject for recording wes
approximataely of four aminutes duration. The Bubject was
esked to sit on a chelr while the EEG teohnician measured
his head end preparsd the pelectied siles of tha skull for
recording. The electrodes consisted of ashort silver tubes
capped by small pade which were im vontaet wits the szoulp.
These elestrodes were steadied by & small polythene support,
The pads were chlorided at freguent intervals and soaked,
between recordinss, in ssline selution., A seft rubber hurness
served Lo held the elecirodes in position. RBsfore applying
the sleotrode to the scalp e mmell area of the z2e¢alp wss
cleansed by rubbing vigorously with methylated aspiritse.,
FPollowing this, a little Cambridge Jelly was applied to the
cleansed srea. The harmess waz them put on und the elect-
rodes slipped under the straps of the harness so that the
pads rested om the irsstsd areas of the ekin. With this
preparation cosmpleted the Bubject wes esked to st in & con-
fortable armchair in the recording room, The room in whioh
the Subject wes seeted waes shlelded with sopper wiring ia
order teo eliminste any cutside eleetriocsl interference, =nd
was sound attenuating., The usual sounds ezanating from the
outslide could not be hesrd, ¥When the Subject was maated
he was asked to assume e Telsxed position und to close his
eyes. Mainteinming a sitting, rather than & reclinsing
position, minimized chonges in orlentation of svalp
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Table 1 summerizes the analysis of wuriaence
for the test of Alternate Uses, & oreativity test,
requiring the ability to liet uncommon, or less
conmon uses of a given object whose ccmmon use 1s

1 structure of the in-

stated., In terms of Guilford's
telleot thie test involves the operation of dlvergent
thinking zbout sementic meterial, resulting in a
alassifioation, that is, e grouping of aggregate ltems
of infomation because of their common propsrtles.

The enalysis revezle that the msln effect
of this Creativity test wesz not statistically signi-
fiezant., The main effects of Chamnel erd Phsse,
however, demonstrated high significunce beyond the
.001 level of confidence, The double interactions
of CRxCH and CHxP were both signlificant beyond the .01l
level of confidence., 7The double intersction of URxP,
as well u# the triple intersotion of CRxCHxP were

not significsnt,

1J.P, Guilford and P.R, Herrifield, "The Structure
of Inﬁaklaot %odcl Its Haea and Implicetions™, Report
1) sholozical Laboratory, The Hnivarsiﬁy of
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Teble I.-

Table of Variasnce for Four Dimensions with Creetivity Defined
as Alternate Uses.

v
-

Sums of Varisznce
Source Sgqusres df Zatimate F P.05 P.O1

Individual 3583071.86 27 1328706.36
Creativity 5996486.00 & 2y9BE3,00 2.26 3.35 5.49

Channels 1079077.2¢9 6 179846.21 39.85 2.09 2.80
Phase 113784.69 1 113784.69 25.21 3.84 6.64
CRxCH 187718.47 12 lo648.70 2,38 1.7% 2,18
CRxP 14913.20 2 7456.60 1.65 2,99 4.80
CHxP 101236.16 é 16872.69 S.74 £,09 2.80
CRxCHxP 27940.20 12 2528.385 - 1.7% 2.18

Residual 1564129.64 351 4513.19

H
1

— e e et



mailto:16@7B.69

PREUERTATION OF RIBULTS 40

Table II on the following page presenta the
sumnary of the anslysis of voriance for the test of
Bxpressional Fluenoy, a test of creabtive sbllity to muke
four word sentences given the same four lnltisl letters
ef the words to be used in all responsss. Aocording
to Guilford's® model of the intellsot this is an
operation involving divergent thinking about symbolie
materiel resulting in a system, that is, orgunized or
struotured sggregates of items of informstion. The
reader will notioce that this produet is rather
similar to the product of classificsation present in the
test of Alverpate Uses.

Here the mein sffect of thies type of Creastivity
was found to be significant at the .06 level of confl-
dence, lacking merely .07 polnts to meet the .01l probabi-~
1ity reguiresent. The maeln effeats of both Channel and
Phese wers agaln found to be signiftiosnt beyond the ,001
level of probsbility. The dcoudble intersction of CRxCH
was short of merely .l4 polints to resch the .00 levsl of
significance, The double interactions of CRxP and
CHxP, and the triple interaction of URxCHxP wers not
found to bhe significsnt in thie oversll asnalysis,

2 Guilford and Merrifield, Op. Cit., p. 1-27.
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Tﬂhl“ II [
Table of Vari=znce farWFaur ﬂimenslanw witn Creativity Defined

41

Bums of Variance

Source Sguares 4f PEotimate 5 .05 P01
Individual 2870214.12 27 84082.00

Creativity 912503.74 2 45625).87 5.4% 3,35 5.49
Channels 1079077.29 6 178846.21 16,32 2,09 2.80
Phase 113784, 69 1 112784.69 11.059 3.84 5.64
CRxCH 190016¢.05 12 15834.17 1.1 1.7% 2,18
CRxP 45874 ,.858 24 a8787.17 B.38 2.99 4,80
CHxP 101238,.16 6 l6892.69 1,72 2.09 2.80
CRxCHxP 74042.95 12 8170.25 - 1.98 28.18
Residusl 3445068.18 3851 9815.01
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The results of the overall snalysis of

veriance for the test of Aus

presented in Table III, on the following psge. This
crostivity test requires the ability to list words
that bear some relstionship to a given word. The
thought process involved in this teask, asccording

to Guilford's® medsl of the intellesct, is en
operation in divergsnt thinking about ssmantic
material resulting in relatiocnships, that is,
recognized connsctions between units of information
based upon variebles that apply to thea.

The main effeci of thie type of Creativity
d4id not yleld a signifiocant relationship to
amplltude =8 measured by the ZX0G, The maim effectis
of Chunnels end Pheee, op the other hand, were agsin
slznifiocant beyond the .001 level of probsdility.

Of the thras double effeois, CHxP was slone found
to be significent st the .05 level of confidence,
The triple offeat CRxCHxXP agein 414 mot show
statistical significancs,

S Gulilford =nd Merrifield, Op, Cit., p. 1-27.
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Table II11.-
With Oreativity Defined

Table of Variasnce for Four Dimensions
as dsngoliatlionsl Flue

Suas of Varianoe
Source Squares 4f ZFatimaute ¥ P05 P01

Individual 2996108.83 27 110966.99

Creativity 186609.03 2 $3304.51 -~ 3.38 5.49
Channels 1079077.29 6 179846.21 24.12 2.09 2.80
Phese 113764.69 1 113784.69 15.26 J3.84 .04
CRxCH 110375.94 12 9197.96 1.23 1.7 2.18
CRxP 9516.29 2 4758.14 - 2,99 4.80
CHxP 101236,.18 8 lsg72,.89 2.2 2,09 2,80
CRxCHxP 17737.81 12 1478.15 -~ 1.76 B.1B

Residual 2617065.47 281 7456.03
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Teble IV on the following page presents
the susmary of the analysie of variance for the test

of ldestione)l ¥luenocy. This orestiviiy test requires
the ability to list rapldly ideuss to meet meuninpgful

requiremants., The thought process involved here,
according to Guilford’s* model of the intellaoct

is a diveragsnt operation involving semantic content
resulting in units, thet is, segreguted or circum-
soribed items of information,

Of the ithree measursble main effects, Chanpels
and Phuse remaimed significent beyond the .001 level
of probability but the efrfeat of this type of
Creativity was found not to be significently relsted
to the EEG messures of amplitude. The double affest
of CHxP was signifiocant at the .05 level of confi-
dence, The remsining two double effescis CRxCH,

CRxP, and the triple effeot CRxCHsP 4id not show

signiri canoce,

4 Guilford und mrl‘if’l@lﬁ, OE' g’-tp y Fe 1-27.
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Tﬁbxﬁ IV [ R

4%

Table of Verlunee for Four Dizenslons With CUreativity Defiped
a8 Idsational Fluency.

Sums of Veriesnce

Source Squures df Tstinmate ¥ .05 ¥,01
Individual 30890094.30 27 114410.90

Creativity $3623.66 2 46811 .83 - 3.35 5.49
Channels 1079077,.29 6 179846.21 23,79 2.09% 2.80
Phase 113784 .48¢ 1 113764.69 15.08 J3.84 6.84
CEXGH 89303.11 13 .' 7441-93 - 1;75 2-1&
CRxP $195,.37 2 4587 .68 .- £.99 4.80
CHx?P 101£8%6.16 6 16872.89 2.32 2,09 2.80
CExCHxP 21185.5% 12 1765.486 - 1.78 2.18
Residual 2635088.40 351 7658,686
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The summary of the wpalysis of varisnce for
the test Word Fluenoy appeasrs in Table V on the
following page. This teat of orecilvity requires

the sbility to think of words repldly, each word
satiafying the same letter reguiremani. In terms

of Guilfor&'as mode)l of the imtelleat, this

test involves divergent thinking about symbolle
eontent resulting in unite, thet is, asgreguted
or sirouascribed items of informstion.

The main effect of thias type of Creativity
wae not found 40 be signiflicent. The Channels snd
Phuse effects conilnued Lo resain at she .001 level
of significance. The double effeet of CKRXUH was
significant at the ,01 level, and CHzP at the .05
level of probebility. The remsining double effsct
CRxP aend the triple esffeot CRxCHxP d4id not show

signirt cunce.

 Guilford snd Merrifield, Op, Cit., p. 1-27.
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Table V.-
Table of Variance for Four Dimensions With Craativitiy Dafined
as ¥org Fluengy.

Sums of Vaeriance
Source 8quarea 4f EHotionte ¥ P.05 P.O1
Individuel 2833788.29 27 108859.1%
Creativity 24B8920,57 2 124460.28 1l.14 3.3% 5,49
Channels 1079077.29 6 179846.21 25.43 2,09 Z2.80
Phaes 113784.69 1 113784.09 16,09 Z.84 6.64
CHxCH 180494.10 12 15674.81 2,24 1.78 £.18
CRxP 31520.39 2 16660.19 2.21 2.9% 4.60
CHxP 100£%6.16 6 16706.08 2.36 2,09 Z2.80
CRxCHxP 50440.21 12 4203.55 - 1.96 2.18
heaidual 2482439.9)1 331 7072.47
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A final dimeusion of arealivity was errived «t by
combining the test totels of the five creativity tests
used, thus arriving at en sdditional measure. Here Indivi-
duals were classifiasd into the three blocka, low, middle,
and high by tsking thelr total score op all five tests of
ereativity., The following Table VI presents a sumanry
of this analysis of varianoce,

The signiflosnt mein effsate were Chsnnels =nd Phuse,
both beyond the .00l level of probsbility. Creativity was
not significant., The doudble effecis CRxCH and CHxP were
not significsant while CHxP was significant at the .05
level of prodbabdbility. The triple effect CRxCHaP remained
not significant.

Considering the analysls of this fionl dimension
of areativity, it must be remembercd that the heterogeniety
of fupetions, sdded together from the five tepts of
eroetivity, likely cancelled out most of the existing
relationships between the mpecific measures of creativity
and EEG amplitude,

The mection to follow will present the results of
Y snd t tests performed independently of the analysis of
varience for sach tsset of oreativity ror all seven

ohannels,
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T&ﬁl& VI .~

Table of Varisnce for ithe Dimensionr of Creativiiy DNefined as
the Combined Test Teble of all Five Tests of

Creativity.
B e e e
Sums of Yarianoe

Source Squarss df Estincte ¥ P,08 P.01
Individusl 286353137.8% 27 105671.77

Oreativity 23290580.08 2 164790.02 1.56 3.538 5.49
Channels 1079077.29 8 179856.81 24.%4 2,09 2.80
Phase 113784.69 1 113784.69 16.53 2.84 6.64
CRxCH 124032.75 12 10336.,.06 1.4 1.76 2.18
CRxP 10605.71 2 5030.28 - £.99 4.80
CHxP 1012836.16 8 18872.69 £.80 3.09 £.80
CRxCHxP 49919.5¢ 128 3993.%59 — 1.798 2.18
Residual 2572147.45 351 73£8.0%
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The search for relationships between levels of
ereativity and ERG amplltudes was continued by considering
sach RRG channel separately to discover posaible existing
trends,

Table VII on page 528 presants such findings for
s6ach chazmnel on the test c¢f creativity defined as
Alternate Uses.

In viewing this table, &n interesting trend should be
notioced in the totul socres of the bthree levels of crsaiiviiy,
low, middle, and high, 1% Peocomee ismnediately evident that
in chunnele I and V there axists a descending effect from
hizh numbers in the Low orestivity group, to low nuabere
in the High oreasivity group. Ia chsmnels II, III, IV, VI,
end VII, on the other hand, there i# a ourve effsol with
the Hiddle level of creativity besring the highest amplitude
of the thrse. The High crestivity sreup, nevertheless,
bears the smallest nmplitude of the three, in sll seven
chennels, without exception.

The mext phenomsnon to be considered is the deereause
in the total soores from the Resting phese to the Stimuls ted
phese. This trend ia present in all ohannels excapt
Shenael 1.

The ¥ and § teste will now be oonsidered. It must
be noted that when applylng the F formula to any three

acores, the slanificunt difference shown 18 alwanys between
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the highest and the lowest number of the three soores. For
this reascn it wes decided to use an additionsl § test

for oaoh chunnel and phase of it to determine the signifi-
cance of the difference betwean Low soorer amplitude asnd
High scorer amplitude on essh arsativity test,

The ¥ tests rovealcd significunt differences beyond
the ,01 level of probabiliiy im boih hesting end Stimuleted
phases in chennsls I, I, and IV. <Charpnels ITI, and VIIX
showed aigpificant differences in thw Resting phuse with the
Stimulated phase deoressing below the level of significance,

The &t tesues showed similer results, Channele I, II,
ad IV, showed significant 4ifferences in amplitude beycnd
the .0l level betweon Low and High soorers for bolh phases,
For channels III, V, and VII only Resting phases showad
significant differances et the .08 level of probability.
Channel VI showed po significunt differsnce for el ther
phase.

Pinally, the totels of all seven ochsnnels for sach
phase were considared., In this operaticn only ¥ tests were
used showing lighly sigpifiount differences. The Resting
phase and Stimulated phase shoued slgnificances well above
the 001 level of confidence.

The tests of signifiosnce conducted on the test of

Expreossionsl Fluence will de considered next,



Table VII.-

Tsble of § Tests and § Tests Ubtained by Compering the F}i Amplitudes, for Seven
Cheannels, Both Reating and Stimulating Thases, of Low, Middle, and High
Scoring Uroups on the Test of Ureativity Defined as

Alternate Uses.
Chan- Creativity 2 ®
nel Phase Low Mid. High 8.8, daf A ¥y t
1 R 3470 5099 8501 A7E08.87 £ 23903.43 5.30 347.0 250.1 3.22
8 3571 3218 2555 €9267.80 2 546353.90 7.87 387.1 255.5 4.085
II R 3257 S518 2468 59771.40 £ 29865.70 6.62 325.7 246.8 2£.83
S 2076 2290 325x9 50910.90 2 SB455.45 5.84 307.6 232.9 2.49
111 R 3574 2955 2921 54690.87 2 29345.43  6.06 357.4 282.1 2.17
8 3038 5397 26128 240531.87 2 12285.8% 2.92 303.5 261.2 1.41
v R 4892 5050 3030 238360.27 2 116180.13 25.74 469.2 303.0 5.53
S 3595 5755 2607 64883.47 2 32441.73 7.19 350.5 375.8 2.99
v R 2655 2417 1978 23589.80 2 11794.90 2.61 265.5 197.8 2.25
S 2417 2285 1915 18832.17 2  6416.08 1.42 241.7 181.7 1.67
vi R 32379 2586 1026 21659.27 2 10820.63 2.40 237.¢ 102.6 1.51
8 2457 2394 1951 18500.47 2 B250.25 1.83 245.7 195.1 1.5
vIX R 2967 3498 0343 66845.40 £ 33422.70 7.40 296.7 234.3 2.08
8 2438 2644 2092 15561.87 £ 7980.93 1.78 243.8 Z09.2 1.15
ALl E 22094 24105 17167 396628.13 2 198314.08 43.94
S 203589 20881 15931 217931.00 2 108965.50 24.14
e ¥ value P.0O5 = 2,99, F.0L = 4,60, P.0OOL = 6,91,
b t value P.05 = 1.96, P.OL = £.58, P.001 = 3.29.

SLIASRY L0 NOYTLVENESEHd

g9
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Table VIII presents the results of ¥ tests per-
formed on the TEC amplitude totals of the three orestivity
groups, and t tests of ERG amplitude mesns between the Low
and High groups of ereativity, for the test definsd g
Expresgionzl Fluensy.

The obeervation of this tuble revesls trends whieh
wers present in the asnalysis of Table ViI. The trend of
descendinz amplitndes is agaln ssen, with the highseast
amplitude present in the lLow creativity group and the lowest
in the Hizgh crestivity group. This descending effect 12
present in chepnels I, IX, IV, VI, snd VII for bdoth restiing
eand stimulated phasea., In channel III the resting phase
follows the dergending pattern but im the stimulated phase
g curve effect occuys uith the Middle group emplitude
being somewhat higher then that of the Low group. In
chennel ¥V this surve effect was present in both phases,

The next trend to be observed wes the deoresse in
emplitude from the resting phsse to the stimulated pheuse,
This trend 1s present in =21] channels =nd erestivity aroups
except the Low oreativity group on channel I.

The F tests will now be coneldered, Signifioant
differences beyond the .05 level of probebllity were ob-
tained on chanpel I both resting and stimulated phases,

The resting phsse of chennel II also ylelded signifioance
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at the .05 lavel of probability, while the stimulated phase
414 not resch signifiocence. In chanpnel IXX the resting
phase was sigoificant beyond the ,01 level of probablility
and cgalin the stimulated phase remained not significant,
Channal IV showed significence far beyond the .001 level of
probability for the reating phese and the 2timuleted phuse
was siznificant et the .0l level of probesdility. Channsls
¥ and VI did not reveal siguificant differences between

the thrse groups' saplitudes, while channel VII in the
resting phase ylelded a significunce st the .01 lavel with
the stimulsted phsse reamining not significant.

The coabined channels for the resting phese showed
signifiexnt differszneas far beyond the .00l level of proda-
bility. The szme .00l signifiocance was found te be present
in the stimuluted phase,

The t tests conducted between the amplitude soores
of the Low group and the High group demonatrats the following
resulis, On channel 1 the resiing phusse signlificance was
found at the .05 level of confidence and .0l in the stimu-
lated phase. Chennel Il demonstrated significant differences
for the resting phuse st the .0l and the atimulated phase
.06, lavels of confidence. In channels 1II and VII only the
resiing phuses showed significont differences at the .01l level.
In channel IV both phuases wers signirficant at the .01 lavel,
Channels V and VI did not demonstrate signifiocant differences,



Channels, Both Resiing and Stimulating Phases, of Low, Middle, end High

Table of F Tests and t Tests Obtalned by Compuring the EEG Asplitudes, for Seven

Seoring Groups on the Test of Creativity Defined as
Expressional Flueney.

Ghan~

Cres

vit

nel Phase Low Wid, High  5.8. a2 2 ol T
I R 3418 3295 2379 63268.87 2 351634.43 3.22 341.6 237.9 2.34
5 3585 3287 2332 83306.80 & 41653.40 4.24 358.5 233.2 2.82
II R 3547 3837 2359 80397.60 2 40198.80 4.09 354.7 235.9 2.68
s 3262 3138 2295 55370.47 2 27685.23 £.82 S528.2 229.5 2,18
Iz R 4208 3407 2745 121464.47 2 60732.283 6.19 429.B 274.5 3.50
5 35188 3286 2480 38683.47 2 19341.74 1.97 516.8 248.0 1.60
Iv R 5803 4089 2880 431446.87 2 B15783.44 £1.98 580,53 288.0 6.680
8 3941 3508 2506 112311.287 2 B86155.64 5,72 394.1 230.6 3.24
v R 2506 2541 2003 18152.60 2 9061.30 -~ 250,86 200.3 1,13
8 2312 2310 1935 ©0425.27 2  4712.63 -~ 231.2 193. -
vi R 2569 2450 1845 30821.07 2 15310.54 1.56 256.9 184.3 1.84
$ 2538 2455 1791 33449.27 2 16724.64 1.70 253.8 179.,1 1.68
Vi R 3757 2805 2246 116730.20 2 58385.10 5.95 378.7 £24.6 3.41
s 2710 2480 1984 27833,.07 2 13766.85 1.40 2Y1.0 198.4 1.64
A1l R 25696 21919 16455 841840.60 2 320920.33 32,70
5 21536 20492 15323 316237.46 2 158118.73 16.11
a8 P Velue P,05 = 2.99, P.OL = 4,60, P.001 = 6.91.
b § Velwe P.05 = 1.98, P.01L = 2,58, P.001 = 3,29.

SETASLY JC NOLIVINZGEMS

141
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Teble IX presents the results of F tests performed
on the XEG amplitude totals of the three corestivity groups,
and L tests of EEC amplitude means between the Low and the
Bigh groups eof oreativity, for the test deflned as Assgola-

(-] Flu .

The examination of this table reveals trénis found
in Tables VII snd ViII. Ths trend of descending amplitudes
was found again in channels III, Iv, ¥, =2nd VII. The ocurve
erffect was observed in chennels I, I1, and VI,

The next trend reocoocuring agein was ths deoreaes in
saplitude from the resting phese to the stimulated phase,
This phenomenon is present in sll seven c¢hannels and pheses
with the exoeption of the Lew orastivity group on ohannel I
where a reveraal occurred.

It was found that in this seasure of creativity, only
channel IV in the resting phase showed signifiocsnt 4l fferences
between the groups. The significence in this channel snd
phase was beyond the .00l levsl of confidencs.

The eombined resting phase was again aignirieant at
.00 level of confldence and the stimuluted phase at .09,

Cn the § tests ouly fwo chunnels demonstrsted signi-
ficant 4iffersnces. Channel IV in the resting phuse showed
001 level of oonfidenoce, and st the stimulated phane the
probability of .05, The .05 level of signifloance was also
demonsirsied by the resiing phuse of ec¢hannel VII,



Table of ¥ Tests and § Tests Obtsimed by Comparing the
Channels, Both Reating and Stimuleting Phases, of

@ Amplitudes, for Seven
, Middle, and High
8coring Groups on the Test of Creativity Defined es

Assoeiationsl Flueney.

Chan- Crestivit s b
nel Phese Tow MITEIEE 5.8, ar 4 ol A
1 R 3132 3219 2719 14271.27 2 7185.63 .- 313.2 271.0 1.97

S 3109 3573 2662 25834.20 2 12917.10 1.72 310.9 266.2 1.16
i R 3072 3269 2808 6746.60 2 33Y5,30 -~ 307.2 290.8 --

S 2888 3004 2803 2036.07 2 1018.05 -~ 288.8 280.35 -
111 E 3695 3509 3246 10176.87 2 5089.43  -- 369.5 324.6 1.16

S 3177 2926 2851 5830.07 2  2915.03  -- 317.7 285.1 -~
Iv R 5111 4220 3441 139854.07 2 69827.03 9.36 S511.1 344.1 4.32

§ 3778 3332 2945 34798.47 2 17399.23 2.33 3Y7.8 204.5 2.16
v R 2646 2258 2144 13970.40 2 6985.20 -- 264.8 214.4 1.30

8 2378 2140 3039 6058.87 2 3020.43 -~ 237.8 205.9 -
VI R £353 2387 2131 3865.87 2 1952.95  -- 235.3 213.1 -

S 2245 2479 2058 B5896.87 2  4449.43  -- 224.5 205.8 -
VII R 3301 3079 2488 41173.80 2 20586.90 2.76 330.1 242.8 2.26

S8 2568 2453 2133 10921.67 2 5460.83 - 258.8 213.3 1.18
A11 R 28312 21941 19011 137919.73 & 68959.86 9.25

S 20183 19697 17491 58205.60 2 Z9102,80 3.90

a ¥ Velus D.09 = 2.99, 7.0l = 4,60, .00L = 6.91.

b I Velue .05 = 1.96, P.01 = 2,88, P.001 = 3.29.

SETIASENR 40 MOTLVINISENL
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Table X presents the resultis of F tests performed on
the EEG emplitude totals of the three orsativity groups, end
3 tests of REG amplitude means between the Low and the High
groups of oreetivity, for the test defined as ldestionsl
¥Yluenocy.

The trend of deasending smplitudes in this analysis
is only found to be pressnt in chennsls V end Vi, The re-
maining channels demonsirsted a curve effect with the
empliiude of the Kiddle crestivity group helng the hlgest,

The 4ecresse in amplitude from the resting to the
stimulated phage was found to be present in all three
ereativity groups for channels 11, IXI, IV, V, snd Vi, 1In
chaanel I there wes found to be & reversal in the Low and
Middle groups of ereativity, snd lm chamnnel VI the Middle
group showed the same reversal.

Bigpificant 4iffsrences betwesn oreativity zroups
were found to exist in obaunsls I and 1IV. The former was
in the stimulated phase el the .08 level of confidance and
the letier in the reating phase also at .08 level of
conf ideance,

The combined amplitudes of channels in the resting
phese ylelded aignificuni differences ab the .0l level of
probablility. 7The combined stimulated phsse showed no
slgnifiosnt differences,

The ¢ tests yielded po significant differences.



Table of F Tests and & Tests Obtsined by Compzring the
Channels, Both Resting and 8timulating Phases, of

Table X.-

Tow, 0

litudes, for Seven
ddle, and High
Seoring Groups oun the Test of Creativity Defined as

ideations) Fluenay.
Chan- Gre
pel Phase 4. Hian s.2, ar &£ 'Y K e
k § R 2038 3420 2712 26158.47 £ 13077.73 1.7 2e3.8 271.8 -
S 2946 3IOBG 2818 47822.80 & 23916.40 S3.18 £94.6 261.8 -
& 1 B 2907 S2&11 3138 49211.20 2 24355,60 - 290.7 3&i13.56 —
8 27586 £840 2999 S213.87 & 1606.43 - £756.8 2%89.% -
11 R 3699 IBTY 8978 52058.07 2 21029.0% 5,78 35%9.9 287.8 1.60
8 S102 3021 2831 I8T0.07 2 1938.03 -- 310.2 283.1} -
iv R 4345 4784 3733 54308.87 2  28154,.43 3.72 484.5 373.3 1.32
S 3344 3574 3127 2093.27 2 4996.63 - 334.4 S12.7 -
v R 2495 2308 2283 3u735.80 2 1636.90 -  £49.5 £25.83 -
3 2280 2149 2148 828,87 2 414.43 - 286.0 £14.8 -
8 2184 2405 2193 8128.87 2 1584.43 -— £l£.4 219.3 -
YiI1 K 3004 3124 2680 10530.40 2 5875.20 - 300.4 £68.0 -—
S 2438 2I78 2357 363,07 2 181 .83 - 243.9 255.9 -
211 R 21516 23047 15701 &01461.43 2 40080,71 8,40
s 15031 30047 18273 <2837.20 2 11318.60 1.50
& g Value P.05 = 2.‘3%1 POl = 6-5‘3, F.001 = 8,91,
b § Velus P,00 = 1,98, P01 = .86, P.O0L = 3.29

BITOCHE 40 MOYLY LELAHd
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Table XI presents the reaults of F tests psrformed
on the EEG amplitude totals of the thrse oreativity groups,
end § tests of EXG amplitude means betwesn the Low znd the
High groups of oreativity, for the test defined as Word -
Fluenoy.

The trends of descending smplitudes or curve effsot
were not found in this test of oresiivity., The lowest IEG
amplitude in the three groups of oresmitivity was found to be
had by the Kiddle group, thus effsstiing an inverted curve
effeact,

The dserease in amplltude from the reating to the
stimulated phase wea found to be present im ell groups of
ereativity for channele II, IIX, IV, V, and VII. 1In
ehsnnels I, and VI the Low and the Middle e¢reativity groups
woers iaverted with the stimulated phase being of higher
amplitude thsn the resting phuose,

The ¥ tests revesled significant differences at the
+0b level of confidence in the stimuleted pheses of ohannels
1 2and 1V, end the resting phase of ohannel III., A signifi-
cant 4differenoe beyond the .00l level of probabllity was
found in the resting phase of chennel IV, The remaining
ohannels ylelded no pignificant differouces,

The combined resting sheses demonstrated algnlfi esnt
dirference beyond the ,00)1 level of probsbility, snd the
stimulated phase .05 laevel of confldence,



Table X1

Table of ¥ Tests and ¢ Tests Gbtalned by Comparing the REG Amplitudes, for Seven
Chennels, Both Resting und Stimulating Phases, of Low, Middle, and High
Sooring CGroups on the Test of Crestivity Defined as

¥Yord Flyenoy.
nel Phase #id. Wigs 8.8. ar £ M Mg e
1 R 5169 2753 3118 11590.07 2  5605.04 -- 510.9. 311.8 —-
: 8 3591 2002 2651 47377.10 2 23688.55 3.35 359.1 265.1 2.50
X R 2065 2698 3580 40914.60 2  20457.30 2.89 296.5 S58.0 1.6
S 2853 2655 3187 14459.47 £  7229.73 1.02 285.3 318.7 o
11T R 3605 2928 2917 S51126.47 2  25563.23 3.61 360.5 301.7 -
B 2789 2861 3304 15555.2Y 2  7777.63 1.10 278.9 300.4 1.37
1v R 5120 3122 4530 210752.27 2 105376.15 14.90 512.0 453.0 1.57
5 2813 2747 3685 54499.47 2  27249.75 3.85 361.3 368.5 -
v B 24890 7088 2473 10809.40 2  5154.70 -~ B48.9 247.3 -
S 2343 2066 2148 A049.8Y 2  2024.63 -- 254.5 214.8 -
Vi R 2208 2189 2494 6298.07 8  5149.03 - 220.8 245.4  --
8 2283 2193 2308 56.41 2 28.20 -- Z26.3 230.8 -
vII B 3217 2413 3178 41105.40 2  Z0552.70 2,91 321.7 317.8 -
8  24D4 2133 2637 12724.87 2 6362.43 -- 240.4 263.7 -
ALl R 22803 18171 23260 £2B079.73 2 114039.86 16.12
S 19876 17557 19918 52161.10 £  £6080.55 3.69
a F Value P.05 = £.99, P.0L = 4.60, F.001 = 6,91.
b ¢ Value P.OS = 1.96, P.OL = 2,58, P,OOL = 3.29.

FINGER 40 HOILVINESTWL
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Teble XI1 presents the results of F teats performed
on the EEG amplitude totuls of the :ihrme creativity groups,
and t teats of EEG amplitude mesns between the Low and the
High groups of oreativity, final measure of creativity de-
fined es Combined Crestivity.

The trend of descending emplitudes was present in
chennels IV and VII. The rest of the ohsnnels demonstrated
the curve effect with the middle group amplitude being the
highesat of the three,

The F tests revealed significent differences between
the ¢reativity groups in ohsnnel 1 stimulated pHase &t the
.05 level of oconfidence; ip cheannel III reating phase at the
.09 level of confidence, apnd in c¢hannel IV at the .00l level
of confidence,

The combined resting phases and the combined stimu-
lated pheses were hoth found to demonstrate signifieant
differences beyond the .00l level of probablility.

The t tests estimmting differences between the
amplitude means of the Low and the High crestivity groups
demonstrated significent differences in the stimulated
phase of ohennel I st the .01l level of confidenoe, and in
the resiting phase of channpel IV a difference «t the .001
level. The resting phase of ohannel IV was significmnt ot the
.05 level, In chapnel VII the resting phsss wae found to
be significant at the .00 level of confidence,



Ad0J 319vTIVAY 1539

Table XII.~

Table of P Tests and § Tests Obtalned by Coxpuring the EFG Amplitudes, for Seven

Channels, Solh Hesting sand Stimuwlating Phsses, of

Seoring Groups on the Test of Jres:ivity Defined as
Combipwd Creativity.

Low, #iddle, znd High

Chan-

Crestivity 2 a b
i R 3190 D287 2584 £S0339.27 2 14689.63 2.00 3I19.9 258.4 1.61
8 3591 3034 519 5Y4868.80 2 28744.%0 3.92 359.1 251.9 2.80
1 R 2965 3576 2702 40212.80 2 B0106.10 2.74 298.5 <70.2 -~
8 2853 B228 £620 18428,47 2 ©214.3% 1.26 2B5.3 282.00 -
111 R 3605 3037 2908 S5162.47 8 Z2T5BL.23  5.76 380.5 290.8 1.82
8 2789 35153 2652 4:808.87 2 21404.43 2.8£ x78.% £65.2 -
1v R 5120 4551 5481 144434.07 2 71217.0%  9.85 512.0 342.1 4.44
8 3815 S570 2862 15093.63 2 75486,81  1.02 381.3 =286.2 1.96
v R 2480 2522 2039 14562.60 8 TN 248.9 203.9 1.17
g 2342 2221 1993 6832.30\ 4 WBO.AT -~ N 2343 1WM.D3 .-
vi R 22068 2580 2074 14p98.07 2 él%ﬁ.«igf —  220.8 207.4 . --
s 2R3 2486 2033 «27 2 4724.65 - £28.3 203.% .
viI R 3217 3140 E451 e;fﬁf;éiL 2 17790.)° 2.43 321.7 245.1 X.00
8 2404 8591 21y BS1).27 T egR= ¢ -— 240.4 217.%  wm
< . i
AL B #3808 18179 226911.83

8 - 19876 20817 168388

b

W g

SLTOEY 40 ROTIVY
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The observation of the date stemming from the over-
all snalyeis of variance prompted the investigater to oon-
sider one additional dimension of this study; namely, the
differential amplitude ohanges oascurring between the resting
end stimulated phases in the three orsativity groups.

Table XIIII1 presents the results of this azpalysis
condusted on ihe creativity test defined es Alternste Uses.

The date revesled no significent differonces between
phases in chennels I, 11, end ¥Vi. 1In chsannel III, the
differance between the resting end the stimulsted amplitude
me cns for the Low and the Middle groups was found to sxoeed
the .001 level of oconfidence while the mean difference in
the High group was only significsnt a2t the- .05 level of
confidence. This 1s s phenomenon that ocourred frequently.
In chznnel IV the differences betwesn means were signifli.
cant at the ,001 level im all crestivity groups, with the
Low group sgsin having relatively the smallest L value of
the three, In c¢hannel ¥ the meens of the Low group demon-
strated & differasnce at the .01l level; the Middle group
at the .08 level of eignificance, while the High group
means show no algnificunt 4ifference, In channel VII the
means of the Low and the Middle group showed differesnces
beyond the .00l level, while the High group only demen-
strated a .05 level of signirliocance,



Meens of Resting and Ltimuleted TRG mplitude Phuses, b
%'s and Their Bignifiocsnces

PRERNTITION OF HRESULTE

Table XIII. -~

Mfferences Between Meuns and
On Seven Channels for Low, ¥iddle »nd High Scoring

Groups on the Test of CUreativity Defined :is

slternete Uses.

L 347.0 357.1 -10.1 1l1.41 -
I M 309.9 581.8 ~l1l.9 11.41 1.04
H 250.1 £38.95 14.8 11.41 l.28
L 825.7 S07.6 8.1 12,81 1,43
I1 M a81.8 329.0 £22.8 12.861 1.81
. § B46.8 232.9 15.¢ £1.61 1.10
L 357.4 308.5 83,9 12,92 4.17
111 | 598.5 380.7 64,8 18,92 5.01
H 292,.1 26lL.2 30.9 18.92 2.39
L 489 .2 359.5 108.7 2,01 12.17
v M 505.0 8.8 128.7 9.0l 14.39
- | 30%.0 269.7 33,8 $.01 .89
L 265,85 241.7 3.8 7.81 .08
v M 241.7 222.%5 19.8 7.81 2.46
H 197.8 181.8 6.3 7.81 -
L 237.9 245.7 7.8 12.61 -
Vi 4 256.6 239.4 17.2 12.61 1.56
H 1g2.8 193.1 - B 1£.6) -
vii L £96.7 £43.8 BE. 9 10.81 4.89
M 549.8 264.4 85.4 10.81 7.90
8 234.3 209.& 35,1 10.81 2,32

85

&a % ;/\ﬁ"“"’m"'mm u (1

«rlg)

b Significsnt F's are:” 1.96 st ©.05; 2.58 i P.01;

3.84 at P,001.
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Table LIV presents the analysls of differentisl
amplitude changes oocurring between the resting end stimu-
lated phases in the three oreativity groupe for the test
defined ss Txpressional Fluenay.

In this enslysie ohennels I end VI did not yleld
significent Aifferences in any one of thelr threes orea-
tivity groupa. In channel II the difference betwaen the
means of the Middle creativity group was signifiosnt st the
+01l level of confidence with the High group mean differsnce
remaining below statisticel significance. In ochannel IIX
the only significant difference present was beitween the
zeuns of the Low group, at the. .001L level of oaonfidsnoce,
with the kiddle and the High remeining not sianificantly
different. Channel IV demonstirated differences inm the
low and ¥iddle oreativity groups at the .00 level of con-
filence, while the High group of this cheannel showed a
44 fferense of.0)l level of econfidence., In chaunnel Y the
means of the Middle group were significsnt &t the ,01 level
of confidence with the High group remsining not significant.
In chemnel VII the Low group means differed at the ,.001
level, snd the Widdle group at the .00 level of confidence,
while the High group means remained not significsntly
dirferent.



Heans of Resting aund Stimuluted E%G Amplitude Phuges,
Differences Between Means and t's an

PRESFNTATION OF RESULTS

Tﬂbl@ Hv. -

L Their Significences

On Seven Channsls for Low, Middle apd High Seoring
Groups on the Teat ot Graabivity Defined Ae

67

II

I1X

1v

Vi

Vi1

REr MEP oK HeEr s K Ee

341.8
S27.5
287.%

384.7
S33.7
235.9

429.8
340.7
£74.5

880.3
408.9
288.0

230 ,6
254.1
200.9

2%6.9
245.9
184.3

878.7
280.5
284.6

i

3.24 at P,O0L,

358.8
342,95
233.2

3268.8
315.8
2£9.3

318.8
SEB.6
248.0

$94.1
509.8
£50.6

231.2
231.0
193.5

255.8
245.3
176.1

£71.0
248,0
198.4

’16&9
4.8
4.7

28.5
48.4
8.4

111.0
13.9
26.95

186.8
49.1

19.4
B3.1
6.8

.1
6
5.2

104.7
32.5
20.8

oo
——bo

T
. O iR,

b Signiricent F'=1 1,98 at P,08; £.58 ot P,.0L;

2.01

&Q 56
2,04
l.64
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Table XV presents the analysls of differential
amplitude shanges ccourring between the resting and stimu-
lated phmses in three oreativity groups for the test
defined as ldestional Fluenoy.

Channels L, 1I, snd VI presented no significant
differences detwaen the resting and the stimulated means
of the three oreativity groups. In channel 11X, the Low
group's means differed at the .0l level) and the Middle
group's means at the ,001 level of confldence, while the
High group differences remsined not significent. In ¢hsnnel
IV the means of the three groups were significuntly different
st the .00l level of confidante, but the § value of the
High group was the lowest of the three. In channel V the
only signifioent diffoerence between the means was found in
the Low greup at the .05 level of confidencs. Both Middle
and Bizh groups 414 not reach statistically signifiocant
differences, In channel VII both the Low and the NHiddle
groups had mezns significently different at the ,00) level
while the High group had a difference significant at only
the .05 level of confldsnce.
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Tﬂbl‘ xv. -

Mesns of Hesting and Stimuluted REG Amplitude Phases,
Pifferences Detween Mesms und L's and Their Significences
On Seven Channels for Low, Middle end High Scorlug
Groups on the Test of Crestivity Defined as

ldeatlonal ¥luancy.

— abum j—mwm
— o b —————

CH. OR. Mg Mg D oy t
L 393.8 29406 -.5 lé-?" -
I M 342.0 388 .8 ~16.0 14.77 1.08
K 271.2 281.8 9.4 14.77 -
L 290.7 278,68 15.1 16,33 -
11 ' S3281.1 294.0 27. 16.33 1.66
R 312.5 299 .9 12.6 18.335 -
L 359.9 310.8 49.7 1. 72 £.97
111 ¥ 387 .3 302.1 88,2 16,72 5.09
B 297 .8 283.1 14,7 16.72 -
L 424.5 834.4 90.1 1l.é8 7.78
v ¥ 479.4 357.4 122.0 11.68 10.48
B 378,.3 312.7 60.86 1l.68 5.20
L £49.5 226,0 23.% 10,11 2,32
¥ ¥ 230.2 214.9 18.3 16,11 1.8
H 2R5,.3 2l4.8 10.5 10.11 1.04
L 232.8 £18.4 14.4 14.38 -
Vi u 232.3 240.9 -8,.8 16.33 -
H 222.0 219.3 2e 16,33 -
L 300.4 243,.9 $56.8 14.00 4.04
Vil M f1z.4 237.8 74.8 14.00 5.33
B 268.0 8355.7 32,3 14,00 3.81

e e e Ztem ot =t e e 2 911 e e ke e o g e - s e 2 v mebr e e b b et o

s oy & '\/" e 2l PR

b Bignificent F's sre; 1.96 at P.08; 2,58 at ~.01;
3.24 st P.001.
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Table XVI presents the analyasis of differential
amplitude chenges occourring between the resting and stimue
la ted phases in three creativity groups for the test defined
as Assooietionsl Fluenoy.

The data revealed no siznificant differences betwsen
pbases for any one of the three orsativity groups in chsnnels
I, 11, snd VI. In channel 111 the difference betwaen the
resting and stimulated phsses for the Low oreativity group
was found to be significant at the .01l level, and the
Middle group at the .00) level of sonfidence, while the
High group was only siagnifioant at the .05 level of confi-
dence. In channel IV the differences between means were
significant at the .001 level in all oreativity groupe, with
the Low grouy again having relatively the smellest t value
of the three, In channel V the means of the Low group
demonstrated & difference at the .05 level of aignificence,
while the Middle snd the High group mesans showed no signifi-
cant difference., The lowest & value wes again seen in the
High creativity group. In chamne) VYII the Low and the
Middle group means showed differences beyond the ,001 level,
while the High group only demonstirated a .05 level of
significance. The rsoccurring phenomenon of the lowest t
value in the High oreativity group seemed to be present in
all) channsls except chsamnnel I.



Moans of Hesting apd Stimulated EBG fapllitude Phases,
Differences Beiween Meuns an! §'s and Thelir 3imificinoes
On Sevea Channcle for Low, Mid2le and High Scoring
Groups on the Test of lrestivity Deflned aa

Assoof ationsl Flueney.

PRECEN STION OF LLEDULTE

Tahlﬁ WI [ e

b

L
) 8 ¥
H
L
i1 M
H
L
111 X
1
L
iv M
B
L
v M
H
L
Vi M
H
L
VIi M
|-

310.9
3.3
266.2

288 .8
300.4
280.3

&17.7
292.6
£85.1

377.8
355.8
894.9

237.8
214.0
203.9

324,98
247 .9
205.8

258.8
245,3
213.3

§
L~
< oo [ 2+ R )
. [ N )

'..i
i 0 (¢ ¥ 4.1
O W0 gm
[ » 8 » * » ]
GAMNE O Ptk GGE wad I

ol
¢ =

[

ULl
QDO

-

71.3
62.6
29.5

14.67
14.87
14.687

16.823
16,52
l16.28

18,61
16.61
16.61

11.59
11.59
11.59

10.04
10,04
10.04

16.22
16,82
16.22

13,90
13.90
13.90

71

e e e T e e e e e i e

a0 = ’\/2‘&51(1—-”12)

b Signifioant F's are: 1.96 at P,.05; 2.58 at P.0L}

3.24 ut P.00).
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Table XVII pruaents the wnalysis of differesntisl
amplitude changes oocurring between the resting and the stimu-
la ted phases in three coreativity groups for the test defined
as ¥Word Fluensy.

An intereating departure from the trends seen in the
previous tests was observed in thls test of creativity.

The differences between the msans of the Kiddle group wers
the smallest of the three., In this snalysis the only
channel showing no significant differences was channel VI.
In chennel I the mean differences in the Low and High
groups were significeant at the .0l level of confidence, whille
the High group showsd gno significancs. In channel II the
only signific=noe shown was in the High group at the .05
level of confidence. Channel III showed significances st
the .00l level in the Low and Hizh oreativity groups, while
the Middle group was not sigpificant, In channel IV the
differences hetween moans were significant at the ,001
level in all crestivity groups with the Middle group heving
relatively the smallest § value. In c¢harnel ¥ both Low und
Hiddle groups showed no significunce while the High group
showed a mean difference significsnce at the .00l level cof
confidence. In channel VII the Low and High groups were
significant at the .001 level, end the HMiddle group at only
the .05 level of oonfidence,
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Mosns of Hesting w«nd Stimuleted EEQ Amplltude Phases, b
Dirfferences Between leans wnd 1's und Their Bigonificunces
On Seven Chanmels for Low, Middle snd High Looring
Groups on the Test of Creativity Defined as

320.3 2%-5 "" 05 1&.’80 -
m-eog 219.3 "304 15066 -
£49.4 250.6 18.8 15.80 1.19

351.7 240.4 81,3 13. 564 é.00
“41.3 213,38 iB8.0 13.54 E.07
31.7.8 £263.7 54.1 13.54 3.99

Vil

Yord Fluspnoy.
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b SBignificent F'e are: 1.98 at P,06; 2.58 at P.01;
5-24 at ?0001.
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Table XVIII presents the mnulyais of differential
anplitude chuanges ocourring between the resting sni stimu-
lated phases in three creativity groups for the comblned
test of creativity.

In this snslysis no. significant differences ware
found for any of the three groups in chennel VI. Ia
channel I the Low group differsnce showed signlificence at
the .01 level of confidence while the Middls asnd High
groups 4id not demonstrate algnificant differences. 1In
chennel II both the Low and Higzh groups wers below signifi-
cance and the Middle group wss significsnt et the .05 level
of confidence., In channel IIIl Zhere was & deszcending effect
in mesn differences, The low group was sigmificant at .001,
the Middle gt .05 level, snd the High gzroup 4id not show
te be significapnt. In chanmel IV zll three orsativity
groups were signifioant at the .00l level of confideuce,
and the Lt values demcnsiraied the descending effeoct from
high values in the Low group to low values in the High
group. In channel V the only significsnce was shown in
the ¥iddle group at the .01 level of confidence. In
channel VII the desoending effest was again ssen with a
001 significence in the Low and the Middle groups, snd &
.05 significance in the High group.
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Table XVIII,-

Maans of Resilng and Stimuleted EPG Amplitude Phases, b

Pifferences Between Mesns and i's and 7 mafr Bignificances

On Seven Channsls for Lmn, Hiaﬁla amd Hgh %aering
Groups on the Combined of 1

&
CH. CR. My M D oy &
L 51?.9 sﬁgol "39n3 1‘.5‘ B.?O
I - 328.7 303.4 28.3 14.54 1.74
24 £58.4 251.9 6.5 14.54 -
L £96.5 285.9 11.2 16.07 -
I M 357.6 328.8 35.4 16.07 2,20
L $60.8 878,9 8l1.6 16.46 4.96
III M 303 .7 3561.3 42.4 16.46 2.56
H £90.8 26G.2 BG.6& 16.48 .55
L 818.0 261.4  150.7 11.48 13.138
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v ¥ 25L.8 228.1 30.1 2.95 3.08
H “08.9 1%8.3 4.8 $.98 -
L £820.8 228.3 ~7.8 16.07 -
Vi M 858.9 245.8 12,3 16.0% -
L 321.,7 240.4 81.3 13.78 5.90
Vi1 4 514.0 £269.1 54.9 13.78 .98
H 245.1 Bl7.9 27 .& 13.78 1.97

= A’a'ﬂ%@‘(l—rlg)

b Slgnificant ¥'s are: 1.96 at P.06; 2.88 ut ».01;
3.84 at P.001.
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2. Interpretation of kesultis,

The finel section of this chapter will attempt to
interpret the date stemming from this investigstion. The
Tindings will be ocnsidered in the light of the hypotheses
presented 1n conolusion of Chapter Ona. To fmeilitats the
reeding of the manuseript,the hypotheses will be presented
preceding each interpretation.

The mein hypothesis wes stated in the null fora:
There sre no siznificant relstionships between oreativity
and spread of fisld fronits in the ocerebral cortex, This
first hypothesis could not he rejected on the basis of the
tindings of this study due to iasufficlent informution
available from the EEG records. Changes upon stimulation
oseurred in all BEG channels, thet is, saeh cortical srea
monitored end recorded. After the conclusion of the total
enalysis it was realized that more sensitive electronic
laustrumentation would be necessery for the measursment of
spread of fleld fronts from the point of view of reception.
Thus, Ecolea*d hypothesie remained to be further investigated,

The first sub-hypothesis of this investigation was
formulated in the following menner: There are no signifi-

cant differences in KFG amplitudes among groups of

8 J.C. Bocles, "The Thyslology of Imsgination™,
atifle Asericen, Veol, 199, Ho, 3, September, 1958,
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individuels oclassiffed up Low, Middle, and i{igh scorers on
tests of creativity, im any one of the oerebrel cortex

greus investigeted. Thie hypothesie hed to be rejected.
Findings have demonstratad thet emplitude output signifi-
canlty d4iffers in groupe of ipdividuuls olussified s Low,
Middle, znd iigh scorers on tests of creativity. Signifi-
csnt Gl fferunces wers obtained at different levele of
probebllity on the six meesures of ereativity from the channel
IV recordings. This corticel aree representing the ooeipitsl
cortex demonstrated rost emphetieally the amplitude differ-
ences existent smong the groups. Signifioent 4ifferences,
while at different levels of probablility, were cbteined

from othar chennsls but with less comeistency.

The second sub-hypoihesis dealt with the stimulated
phese of cerebral output. There are no signifleent 44r-
fersnces in ENQ amplitudes, among groups of individuals
elassified s low, Middle, und High acorers on tests of
ocrestivity, in smy one of tha cerebral ocortex areas thut
would be an effeoct of photic stimulaticn., This hypotheels
was 2180 rejected., The findinge in this EEQG phese were
less aignificaut, however dlfferentisation belween groups
wss still obteined ewen though at less significunt levels
of probability end fewer channels. It must be noted that
in & stimulated state, d1fferencee are more 4irfioult to

obisin bDeceuse amplitude decreases in ell cases upoen photie



PRESENTATION OF RYUULTS 78

stimulation. In spite of this phenuienon, differences
were obteined on all meusures of orestivity.

The third sncd fine) sub-hypothesis was foarmulated
in the following form: There are no significant differences
in the mean amplitudes between the resting snd photically
stimulated phases, for groups of individusls oclaesified as
Low, Middle and High scorers om tests of oreativity. This
hypothesis elso hed to be rejected. This final subdb-
bypothesis was intended to lnvestlgsie information stemming
from the first and second sub-hypotheses, It beocsme evident
in the early stages of this investigatlon thet scme ipdivi-
duzls had low snd other high E¥G amplitudes. Upon olassifi-
estion of these individuels into creativity groups accerding
to thelr s3ores on the creativity measures, a speculatlion
that oreative individusla have a low saplitude cerebral
output became rffirmed. The differential reduction in
amplitude potentials upon photic stiamulation beczme e
related point of imterest, The resszon for this ianterest
wag this investigetor’s extension on Waltez's” alpha
rhythums scenning hypothesis wherein he implies that the
alpha wave rhythm best observed in the ocolpital cortex can
be thought of us & soenning mechonism. His thinking ean be
eztended to say thet the asmaller the amplitude the highex

7?7 W. Gray Walter, IThe Living Brain, Haormondsworth,
Fenguin Bocks, 1981, p. 101,




PRYBYXHTATION OF RESULIE 79

the freguency; consequently, the greater the brain activity.
Finally, the grester ihe initial, or resting brein activity,
the lesser lhe ohange will be upon stimulation, To put
it less formelly, the more clert the brain the lass sffort
will 1t require upon stimuiation to respond sdequately.
For this reason, the oreetive individuml, the person
falling into the high oreativity group in this study, will
draw enswerg to probloms with greeter fasility, since the
materiul is more readily availeble to him, while hie non-
oereative, or low scoring collesgue on the crestivity tests
will have to put forth more sffort to raspond with orea-
tive anewers. The amount of chenge of amplitude between the
resiing and the stisulated pheses was interpreted as the
sgount of the cerebral energy expended. #ith the excention
of the creativity test defined us Word Flueney, the high
crestivity sroup demonsirsted the smallest differences of
the three creativity zroupe in the chsnge of amplitude
upon stimulstion. These findinags seem to sudbstantiete
stronzly the extesnded spsoulation of walter.®

Considering these findings, it Lecomes evident
that the study of braip funotioning from the pseychoneurolo-
gical point of view should be investizeted in less global
dimensions. 'The neuroclogical complexity of the physloal

8 Walter, QE; Qi§¢| P 101,
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organ of intelleot 18 suoh thst muoh could be zained for
the understanding of the whole by careful study of its
parte. Guilford's factor analytic ettempt at considering
the intelleot in atruoctures of different operations has
opened an important avenue whioh paychoneurology can follow
in its saerch for snswers to the functioning of the brain
and the behavioral ooncomitanis of these funotions,

It is assumed thut the past attempts to find re-
lationships between intelligence snd EFG variables have
largely failed due to the oversight of the multidimenaionsl
variables present in the intellizence temts used teday.

In view of the volume of materisl stemming from
this research, & globel interpretation of the tables wes
followed., Tne interestsd reader could gain knowledge from
the serutiny of differences in individual chsnnels, pheses,
and aspecis of oremtivity. A large nuaber of observations
¢an be mzde from the date in the tables. Many of these
will result in working hypothessg for further ressarch.

Buggestions for future rasearech appesr lismitless
and the following evasion of specifity in this regurd say
be viewed s the level of present oreativity at the dis-
possal of this investigmtor. Becauss of the dlvergsnce
entailed in such speoculetion, it mey be more approprizte to

suggeat two broad cstegories of lnvesitigation. One the cne
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hend, it may prove profitable to senrop for correlations
between the esployed enoepnnlogruphgghand test productions
or performsnces purported to msseure aspedsts of eraativity,
iaeginstion end high level of oogni iive funoticning. And
on the other hand, correlations with living behavior
patterns and styles, that is, the extended guentity and

gquality of human behavioral produce.
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This investigstion attempted to compare divergent
oreative thinking abilities to EEG messured brain aoctivity
vie the amplitude variable. The first purpose was to
explore a theory of apresd of eerebral fisld fronte as &
faoctor in erestivity. The zeoond zim was to investiacte
posaible amplitude differences in ressting and photieally
stimulated states among groupe of individuysles olessified
ap lLow, ilddle, and High scorars on tests of creativity.
Finally, an attempt was made to investigute mesan emplitude
differences between the resting and photiecally stimulated
phasas for the Lhree orestivity groups.

The main hypothesis considering a possible relation-
ahip between the spread of fleld fronts in the cerebrum and
creativity could noi be conclusively tested due to the
insurfisient sensitivity of the EEC instrumentetion.

The first sub-hypothesis that there are ne sigmifi-
gant differences in ZEG amplitudes, among groups of indivi-
duals olussified as Low, Mlddle, and High scorers on tests
of ereativity, in aay one of the oerebral ocoriex areas
investigeted, was rejected, It was found that amplitude
output signifiountly differed in groups of indlviduals
alassified as Low, Middle, and High scorers on testn of
emeativity utilized in thls study.
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The second sub-hypothesis stated ithat there are
no slgnificsnt differences im EEC amplitudes, among infivi-
duals olassified as Low, Middle, and High scoreras on tests
of oreativity, ian any ome of the oerebral cortex areas
thet would de sn effect of photic stimulstion. This hypo-~
theals was alao rejsoted, Differences ware obitasined indi-
cating different levels of effected amplitude fer the
thres crestivity groups.

The third and final sub-hyprthesis that there are
no significsnt differsnces in the mesn ampliiudes between
the resting and photically stimuletsd phases, for groups
of individuals elussified as Low, Middle, and EHigh scorers
on tests of creativity also had to be rejected. Signifieant
difterences were found on all msasures of oreativity used
in this investigution.

The interesiing phonomenon of the loweat auplitude
in the high ereativity group was present in all tests with
the exosption of one, where the sxaet reversal oaccurred.

These findings suggest an eppurently limitlems
scope for further resesroh. Correlations evuld be scught
between the EEG verliaeble smployed in this investigetion
snd test perfomsnoces which purport to measure aspegts of

ereativity, imsgination end other levels of cogniiive
functioning.
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Form "A"

by Paul R. Christensen and 4 t. Guilford

Mo SCLRRS: I
b ANE SEX:

¥ 11

L1CUP DATH, Tuval

AL CAPCATTE e s £ 3% mnsf of FMEETOR T ey

fn this test you are to write words similar in meaninsz to the
g-ven word,

SAMPLE ITEM:
Write words similar in meaning to the word HARU.

HARD:

vz

ot A BT LU ARG \TUDTLAC Y TR B MU wmabamtnde W allp ok en e bekrt D e et ot T

ti ¢e that the wards written sbove are all somewhat ltive the word
HARD ip meaning. 1n the test jyo4 ave o write 28 many wivia as eeq
%uat sre similar in mesning o the plven word.

WAIT 708 THE 3XGH AL BeFOLE TUENILG JU37 vary .,
#rite as rapldly ams you can,  Avold vsine a word moyve L oon onee
our score will be *h« tatal numbtor of werde you srite o= Yo dip
reaning to the giver word).

There are Lx0 poris Lo thi~ te~t. You wild) have & vim tes Tap wach

- 4
:':;g‘bo

Are there any ansstions

STl PrEL,  Walll Foo FURTHLE IL-ioboanjulil.
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PART 1

a, CALM:

.
. -~y )
bp. FCUL:
R
I -
et e e —
o
cafrimt Xom ALY Brhe Permveitie ~ eyl e R e
& - ' - [ -
QLYUE Hika, #wAT o iR AFHD 0 TO e PTUNG,
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PART 11X

&, POSITIVE:

-
-
\
e} FAIR:
-
e
S . e
-
S
SR —
N _— o -

ST0P HLBe, WATT FLh FURTEL. DUV HOTIGRS,
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By Paul R. Christensen and J.P. Guilford

M SCORES: I
NAME SEX:
F

I1

e teTT

GROUP DATE Total

In this test you are to write words that contain a certain letter
of the alphabet. This will be a different letter in each item of the
test,

SAMPLE ITEM:

Write words containing the letter O,

%2@

ot Lot
Aao—

A1l the words written above contain the letter "O" at least once,

WAIT FOR THE SIGNAL BEFORE TURNING THIS PAGE.

Avoid using a word more than once; avoid even different forms of
the same word, such as "bond" and "bonded." Your score will be the
number of words that you write containing the given letter during
limited time, so work rapidly.

There are two parts to this test. You will have 2 minutes for each
part,

Are there any questions?

STOP HERE. WAIT FOR FURTHLR IKNSTRUCTIONS,
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PART 1

WRITE WORDS CONTAINING THE LETTER B.

%l

STOP HERE., WAIT FOR FURTHER INSTRUCTIONS.



APPERDIX &

PART 1l

WRITE WORDS CONTAINING THE LETTER T.

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.
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ALTERNATE USLS
TEST QF GﬂﬂATIVITY‘ﬂ&FIMWﬂ AB

Form TA"®

Paul R, Christensen, J.P. Guilford, Philip R, Merrifieid
and Robert C. Watson

b g4 SCORLS: I

e

NAML SEX:
r_ T
I1T __
GRCUP DATE Total ___

In this test, you will be asked to consider some common objects.
Bach object has a2 common use, which will be stated. You are to list
as many as six other uses for which the object or parte of the object
could serve,

EXANFLA:

Given: A NEWSPAPER (used for reading). You might think
of the following other ugses for a newspaper.

f. szjéﬁ/ A4 f]/ gZLgé

Notice that all of the uses listed are different from each other
and different from the primary use of a newspaper. Each acceptable
use must be different from others and from the common use,

Do not spend too much time on any one item, Write down those
uses that occur to you and go on to the others in the same Part.
You may return to the incomplete items in a Part if time for that

Part permits.

There are three parts to this test, with three items per part,
You will have 4 minutes for each part.

If you have any questions, ask them now,

STOP HeRE. WAIT FOR FURTHRR INSTRUCTIONS.



APPERDIX 3 o4
PART X

List as many as six possible uses for each of the following obiects:

1. SHOE ({used as footwear)

a-’\

2, BUTTON (used to fasten things)
a.

b.

C.

d,

€. o

f.

3. KEY {used to open a lock)

a,

b,

C,

d.

€,

f.

STOP HERE., WAIT FOR FURTHER INSTRUCTIONS.
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PART II

L. CHAIR (used for sitting)

a,

Bn

C.

d.

€,

f,

5., WATCH {used for telling time)
a,

b4

C.

d,

e,

f.

6, SAFETY PIN (used for fastening)
al’

b,

STOP HERE, WAIT FOR FURTHER INSTRUCTIONS.
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PART 1II L

List as many as six possible uses for each of ths following objects:

7. WOODEN PENCIL (used for writing)
a.

b,

C.

d,

e,

rﬂ

8, AUTOMOBILE TIRE (used on the wheel of an automobile)
a,
bf’

9., EYEGLASS (used to improve vision)
a.

b’?

c,

d.

e,

f,

STOP HERE, WAIT FOR FURTHER INSTRUCTIONS.
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Form "A" —— —

InED

By Paul R, Chrisgtensen and J.P. Guilferd
M __ . SCORES: I _

NAME SEX:
P 1

111
GROUP _ DATE . v
Total B

In this test you are to name things that belong in certain classes.
SAMPLE ITEM:

Name FLUIDS that will
BURN,

In this sample item, the task is tc make a list of fluids that will
burn. Four such fluids have been listed by way of example, Of course,
there are many other answers that could be listed.

For this test, a fluid is any non-liiving thing that is liquid of gas.
A s0lid is any non-living thing that is not liquid or gas.

The items in this test will be soewhat like the sample item above.
Your task will be to write as many things as you can that belong to

certain classes, 1If you are not certain whether a thing fits the class,
write it down anyway and try to think of another suitable thing,

WAIT FOR THE SIGNAL BEFORE TURNING THIS PAGE.

There will be four parts to this test. You will have 3 minutes per
part., Are there any questions?

STOP HERE. WALT FOR FURTHER INSTRUCTIONS.
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PART I

Name FLUIDS that are suitable for
DRINKING.

Acceptable - milk
Not acceptable - ether

STOP HERE., WAIT FOR FURTHER INSTRUCTIONS.
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PART II
Name SOLIDS that
FLOAT on water,

Acceptable - a cork
Not acceptable - oil

STOP HERE, wAIT FOR FURTHBR INSTRUCTIONS.

”
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PART 1III

Name ARTICLES of CLOTHING

Acceptable - coat
Not acceptable -~ spectacles

g

STOF HLRE., #ALT FUd rURTHeE IHGTRUCTIONS,

100
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PART 1V

Name SOLIDS that are generally used as
FOOD and that are
SWERET TASTING.

Acceptable = sugar
Not acceptable -~ flour

6

STOP HiRbB., WAIT FOR FURTHER INSTHUCTIONS.
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TEST OF CREATIVITY DEFINRD A8
EIPRESBIORAL FIUFNCY




APPENDIX &
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EXPRESSTONAL FLUENCY

Form &

By Paul R, Christensen and J.P. Guilford

“ L I e
VaME _ SEX SCORE  I1
(Print) Last Firat Middle F 11X
v
GROUP : DATE Total

In this test you are to write sentences each made up of four
wvords, FEach word ruat bepin with the letter indicated,

SAMPLE ITTM:

seep  ep Ol s plorests
/5 o foloss y el i/l«,_i_é&z?

xidnagoing u/_u-g,ér 7.7 wnfanls

K u X i

The tusk in this item is to write sentences using words that
begin with the given letterss K, u, y, and i, in that order. The test
contains items similar to this one, You will he required to write as
many four-word sentences as you cuan, using words that begin with the
given letters,

WAIT FOR THE SIGNAL BEFORE TURNING TIMIS PAGE.

All sentences should make sense and he complete, Avoid using
the samg word twice. Your score will he the numher of acceptable senten-
ces you write in the time allowed. -

There are four parts to this test. You will have 2 minutes for
each part. Are there any questions?

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.
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PART I
L ¢ ) B
L e ) n
L [} e n
L ¢ e n
L e e n
L e 2 n
L [ e n
L e e B
L [ o2 n
L (] ) n
L e [ ] n
L e [ n
L [ o n
L [ ] n
L [} e n
L [} e n
STOP HERE. VWAIT FOR FURTHER INSTRUCTIONS.



APPEKDIX B

PART IIX

104

'.d

['1

STOP NERE,

WAIT FOR FURTNER INSTRUCTYNNS.
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PART XIIX

B ) b
- t h
B, s B

I + b
B | t h
B t h
B t h
B t k
) .J 3 h
B % h
B t h
B t b
3 t h
B_ ¢ Y
B L] h
B t h

STOP HERE,

WAIT FOR FURTHER INSTRUCTIONS,
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PART IV

M o r _Z
M o T B
M a r g
] (L r. K
M 8 r E
N 2 r £
M 8 r -4
M a r E ——
M a - _r B
M a r g
1] a r £
M . X £
M a r -
A a r £
M 8 r | -
M 8 X £

STO? MERE.

WAIT FOR FURTIER INMSTRUCTTONS,
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ABS "RACT OF

EEC Brain ®oves and Creative Tg;akigg}

This study set out to investigzste the possible

relationship between measurements of EEG emplitude and
oreaiive thinking as measured by five tests of orestivity
in the dimension of divergent thinking

The first atage of the investigation involved an
attempt to evaluatie Ecocles' slectrophysiolozical theory of
ereztive thinmking. The szecond phase of the study included
an investigation of possible amplitude differences in beth
the reating and visually stimulsted phases of braln scclivity
among subjeots categorized ms lilgh, Middle, and Low scorers
on gelected tests of orestive thinking. The final stage of
the investigation included sn snelysis of mesn emplitude
differences for the reasting mnd stimulsted phages of the ihree
ereativity agroups.

Amplitude in this study wes indireotly measured by
the weighing in gZrums of transparent acetwsts film tracings

obtained from one sacond sumplee of delinnted KEG wave forms.

1 John 0. Wyspianski, doctorasl thesis presented to
the 3ehool of Peychology and Fdusetion of the University of
Miaws, Coteric, Mey 1965, viii-l08 p.
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Due to the camplexity of the differentiul vortical
activation to photlo siimulstion in all creativity groups
and with all tests of orssalivity, a testing of the maln
hypothesls d to be postponed for future reseurch when
analytie instrumentution becomes avallable.

The second and third siages of this {nvestisution
have yislded pogitive results, Positive findings wers obe
tained 1n tnt significont differencss wers found between
levels of crativity a8 meusured by five teasts of crestive
thinking and EEG measuremecnts of smplitude. The final
dimension of this study showed significent differences in
the decresons of amplitude for the thres cersativity groups
upon visual rhotic stimulation,

Bugmstions for future reseurch, oconsecuent to these
findinzgs miat profitably include zn investis:tion of
possible reltionship botween the dipmension siudied in tuls
disssrtaetionwith purported psychomeirlc assessments of
hlzh level prsonslity gqualificutions, as well as corrsela-
tions with etuctionsl behsvior categorized ms intelllgent,

imsginative and creatlive.



