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IRTRODUCTION

The ianvestigation of possible relstionshins between
psychophysiological phenomens and intellectual functioning
hes deep roots in the history of psychology. Based on the
early philosophical theorizing of the body-mind problem,
psychology has long been interested in the bodily correlates
of mental processes, The ultimate aim of such research is
to discover the neurophysiological foundatlions of husman
behaviour viewing man not as beody versus mind bul as a whole.

Relatlionships between neurophysiological and cognitive
activity have been sought through study of a variety of
variables and aumerous theories, largely without success,

The incenclusive and Irequently dlscouraging results indi-
cated the need for continued resesrch, butl demandesd that
innovations be introduced in terms of research variables,
both psychophysiocloglical and psychonetric,

From thie background the present study evolved. The
literature pointed to the fesgibllity of relating two vari-
ables which previously had not been studied together., Criticsl

1

Flicker Frequency,” selectsd as the psychophysiologlceal

agasure, wag an "oldY phenomenon which had encouraging

1 Critical Flicker Prequemcy, or CFF: generally
defined as that point where a flashing 14ght is perceived as
flicker %0 per ceni of the time and as stesdy or fused 0 per
cent of the time; the threshold of Flicker-Fusion,
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implications through recent factor analytic studies. Teutls
of divergent thinking were relatively 'new" but oflered
distinet possivilities as a messure of intellectusl
functioning.

Studies concerning these two messures and the Justisfi-
cation for their use are presented in the Review ¢of the
Literature preceded by s critical exemination of past attempis
te relate psychophysiclogicel phenomena and intellectual
functioning. Chapter one concludes with a summary and a
statement of the experimental hypothesis,

The second chapter descritces the CFF instrumentstion
and the divergent thinking tests.

Chepter three 1s devoted to the design ¢! thls experi-
aent, Topies include the sample population, experimental
procedure, and the statistical snalysis of the obtained deta.

The {irst four sections of the last chapter present
the statistical {indings. Section five discusses these
results from both practical and theoretlical wviewpoints.
Suggestions for further research are outlined in the Summary

and Conelusions,



CHAPIER I
REVIEW Of THE LITERATURE

The strong interest in the problem of relationshnlove
between psychophysiclogicel phenomena and intellectuel
functioning i9 demonstrated by the ebundant studies reported
in the litersture., RKnowledge of these relationships remains
minimal, however, due to the many inconclusive resulis
obtained. The present study i3 an ettempt to add to that
knowledge by investigating one aspect of the problem, namely,
the relstionship between CF¥¥ and divergent thinking, the
paychophysioclogical phenomenon and intellectual function,
respectively.

This chapter reports and evaluates the msin sources
of information on the topic. Section one reviews past
attempts at relating peychophysiologlesl measures to mental
abilities, The second sectlon discusses the phenomenon of
CFF in terms of the rationale for iis use, the general
aspects of the phenomenon, and the relation between CFF and
psychometric intelligence. Section three explains the
rationale for employing teasts of dlvergent thinking, The
chapter concludes with & summary of the present state of the

problen and a formulation of the hypothesis to be tested.



ABVIEW OF THE LITERATURE z

1. Psychophysiological Phenomens snd Intsllectusl
Functioning.

In 19529, Lashley wrote:

The whole theory of learning and intelligence
is in confusion. We know at present nothing of
the orgenic basis of these functlons and 1ittle
enough of either the variety or uniformities of
their expression in behaviour. The concepts are
s0 poorly defined that it has nct been possible
even to imegine a program of physiological re~
sesrch which seemed likely to revesl mors than
superficial relationships,.i

Almost forty years have passed since Lashley's re-
marks. Theories of learning snd intelligence snd the organic
basis of these functions have been sdvanced and certain
facts are known, Yet, confusion still exists,

Some of the early studles exempl.{ying Lashley's
remarks vere attempts to relate simple and discriminative
regction time to inteiligence. Inveatigators advanced the
hypothesls that speed of conductlion in nerves and synapses
may pertly determine the level or quality of intelligence and
degree of learning ability possessed by & given individual.
In general, the results show that intelligence, memory, and
learning sll have factors in common with resctlon speed,

Digeriminative reaction time correlates more highly with

1 K.5, Lashley, "Brain Mechanisms and Intellligencev,
Chiocago, University of Chicego Press, 1929, in R.M. Reitan,
"Investigation of the Validity of alsteadis weasures of
Eiala;”aal Intelligence”, in Arehi o f rolc .
iy Uaki g i 5 Vol. ? Ho. 28, A9t
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tests of intelligence than does simple reaction tima.”’z

From these findings, psychology has accepted the fact that
vgpead” 13 a factor in intellectual functioning. But, reesctlion
time did not account for other facets such ag "powsr®,

The reaction time and intelligence studies prompted
investigzators teo epproach the problem of the relationship
between psychophysiological and cognitive processesz from the
point of view of motor preficiency snd mental sbilities,
ﬁbrtzberg“ tested forty-six kindergerten children correlating
the results of elghteen tests of motor abilities with mental
age, He conciuded that "motor developmant alone does not
correlate in any practicelly signiiicant degree with mental
age when the subjects are children of the kindergerien staga."g

Kicfﬁrﬁ studied an older age group, elght to twelve years,

2 V¥, Lemmon, "The Relation of Reaction Time to
Messures of Intelligence, Memory, and Lesrning®, in Archives

of Paychology, No. 9%, 1928, p. 38.

3 P,R, Farnsworth, R.H. Seashore and M,A. Tlnker,
"3peed in 31mple and derisl Reaction s Related to Perform-
ence in Certain 'Intelligence' Tests", In Journal of Genetic

Psychology, Vol. 3, 1927, p. 537“551*

4 Osear BE. Hertaberg, "The Relationshlip of Motor
Ability to the Intelligence of Xindergarten Children®, iIn
Journal of Educational Psychelogy, Vol, 2?7, Ho. 7, Ociober
1929’9 P ?67"5190

5 Hertsberg, QR. Cit., p. 519,
6 Freida 4. Kiafer, “Maﬂual‘ﬂatwr Garra&atﬁmn in

guperior Children”, in BEY . Yol.
13, No. &%, Auguet l?ﬁﬁ,
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with a sample of 182 children and found that "the differ~
ence in performance on manual motor tests of superior snd
average children are nagligible"‘7 Kiefer's sversge
children, hovever, were not tested for intelligence as was
her high 1.0, group. Neither Hertsiberg nor EKlefer con-
trolled for sex differences which could have affected their
results.
In more sophisticated studies,®? testing children
of retarded and normsl intelligence, it has been found that
relationships between motor profieciency and intelligence can
be predicted for mentally retarded bhut not for normal children.
gloan concluded that "motor proficlency is net a distinct
sspect of functioning which can be isolated from general
behaviour, but is, rathsr, another aspect of the total
funetioning of the organizm“.lﬁ
Studies of reaction time and motor proficliency could

only revesl superficisl relatlonships, in Lashley's terums,

7 Ibid., p. 371.

8 william ﬁlaan, "Hotor Proficiency and Intelligence",
SHIL ) GUT _ﬁ _ """".'!, & 4 e i ai&n i) Vol. f,/, Fi (v 3,

9 Leslie ¥, Malpass, "Motor Proficiency in Institu-
tionalized and anwlnatituticnalinad Betard@d Ghildrwn anﬁ
Sormal Children®, in American Journal of 2l De REY v
761- 6", MQ 61 M&Y 19, Bo 1LGLgw) ™

10 8loan, Up, Cit., p. 406,
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because they are concerned with periphersl rather than cen-
tral functions of the organlism. In an attempt to provids

a comprehensive and centrally-based thsory of paychophysi-
ologicel functioning underlying behavicur, Lashley invoked
the concept of “cersbral @ffieian@y".ll This was [ollowed
by a mumber of concepts and theories, which develeped, to

a2 large extent, from objective measurements of the perceptusl
processes, These hypothetical constructs which attempt to
sccount for individusl differences in intelligence, learning
end personality, include; satiation, metabolic efficiency,
neuroleglcsl efficlency, weak and strong nervous systems,
reactive inhibition, cortical conductivity, and coriiesl
innibition. The reader is referred to Honigfield'® for a
compleate review of these concepis and the :ztudles relevant
to sach,

In his review, Honigfield discusses the numerous
significant results obtained in these studies and the import-
ent findings in the research relating perceptual processes o
intelligence, learning, and personality. Yet, desplite some
of the encouraging resulis, Honlgfield emphmsizes the {act

11 K.8. Lashley, "Brain Mechanlisms and Intelligencev,
Chiecmgoe, University of Chic&ga Press, 1929, as quoted by
Gilbert Hmn1§fiald, "ﬁauralogieal Efficianuy, Perception,
and Personality”, &r COp and akills, Vol., 15,
¥o. 2, October 1%2-2, P
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that no coherent, inclusive theory had develioped, Indeed,
the confusion to which Lashley refserred msny years earliier
was still prominent.

In an attempt to clarify the il:sues, Honligfield
condueted a factorial study of "newrologlceal efficlency®.
Chooaing the most valld tests as indicated by the literature
he atiempted toi

(2) find evidence supporting & reiationship between
saversl perceptual, personellity, and lntellectual
2bllity measures by recourse to factors common to
all, and (b) find evidence supporting the notion
that such a relationship is best explained by
refergnce to bigher rather than lower neurological
16011*3

The perceptusl measures included 2 number of indices
ef CFF, the Spiral After Effect, sutckinetie movement,
apparent movement, and vigual acuity. The nine scales of

L _Survey provided the

personality measures, The following intellectuasl abllity

measures wore administered;

The sample consisted of eighty~-one female and twenty-four

male college volunteers. Intercorrelations were computed snd

thisz data was subjected to lactor analysis,

13 Ibdd., p. 7.
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From the ten factors extracted, not one could be
considered & cosmmon factor of neurologlcezl efficlency.
Hovever, Honlgfleld interpreted Factor V "as & very limited
‘neurclogieal eif{ciency! factor, with apparent movenment,
GFF, and Guilford Sesles '0' and '¥F' having sizeable factor
loadings .t

In his summary, Honigfield states:

The most impoertant over-sll conclusion from

this investigation seems to be that to ascribe
individus)l differences in perception, personslity
end intelligence to a common construct of central
‘neurologlical efficiency! 13 to over-simplify a
complex set of observetions. [...) It is
probably not an oversimplification to assert that
in thelr enthusiasm teo cbey the Law of Persimony,
paychologists are often guilty of oversimplifica~
tion.

Honigfield's criticlism should bLe viewed in a positive
manner, Psyehology, a¢ a science, must continue to try te
obey the Law of Parsimony, hut st the same time, psychologists
must exercise caution in meking generalizations particulerly
in the field of psychoneurclogy. In this way, concrete
facts may »till be gathered but oversimplification, and
reductionism, avolded,

Une ares of resesrch, not covered by Honigfield's

review, whieh has drawn much attention is electroencephalograply,

1h M., P 5"9«»
15 Ipid.
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hereafter referred to as ERJ. With 1is develcopment, the
possibility of relating neurcphysiologics’ and Intellectual
sctivity gained lmpetus ss the BEG was the most direct
method found for the analysis of braln functioning.
Reviewing the resesrch dezling vith the relationship
between ERG and test intelligence, Vogel and Brovvrmaﬁlé
state that correlations are highest in sublects who have
either relatively undeveloped lntellectusl [unction (i.e.,
children, feeble-minded subjects) or deteriorated intellectusl
function (Uraln-demuged and institutionmlized geriatric
sub jects). Weak and inconclusive results were found for
samples of normal adulis., The maeln drawbacks, according to
Vogel znd Broverman, were methodologiczl problems conceraing
the measurement of intelligence and conditions of EEG
recording and the indices used, Hevertheless, they conclude:
In any ocase, thers iz considereble evidence that
alactreuortieal activity and mental sctivity are
positively correlated. The hypothesgis deserves
further scrutiny that the BEG may be reluated to

& physiologleal process erlying humsn
intelligence.1?

16 Willism Vogel and Donaldé M., Broverman, "Relation-
ahip Betwaﬁn JEG and Test Intelligence: A Critical Raviaw”
P By Sugabt.s. b B AId @tn’ Vel. 62, Ho. (&»g 1‘}6%‘9 Pe ""ll‘&i“}

17 1bid., p. 1h2.
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™

Ertl,la noting the failures in past attempts employ-
ing the usual BEC indices such as alpha rhythm19 end alpha
inﬂex,za investigated the phenomenon of Intracortical delay
in relation to intelligence ns mezsured by the Wechsler

eyue Sea ntel nee. With a2 sample of eleven
males he obtained a Pearson r of .83. The inadequate sample
size and & number of uncontrollable factors, however,
prevented generaligation of the intracorticsl delay
phenomenon, 21

22 gpproach to the prodblem of the rela-

Wysplanski's
tion betwsen electrophysiologlcal sctivity and the function-
ing of the intellect differed frem that of other experimenters.
He memsured EEG brain wave samplitude by weighing the acetate
film tracings taken from one second semples of delineated

EEG wave forms and in place of I.{. tests he used Guilford's

18 John P, Ertl, v"Intra-Corticel Delay and Intelli-
gence”, unpublished Hesster's thesis presented to the Schocl
of Peychology and Education of the University of Gttawa,
Ontario, 1961, viii-hl p.

1% Alpha Rhythm: messured by the EEG to determine
the exclitability of the cortex and the ease with which it
accepts trains of impulses from belov,

20 Alpha Index: defined as the percentage of time
during which the regular alpha pattern persists in a glven
record,

21 Ertl, Gp. Cit., p. 28-30.

22 John O, Wysplanski, *EEG Brain Weves and Creative
Thinking”, published doectoral dissertation, presented to tha
Sehool of Psychology and Bducation of the University of
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tests of crestive divergent thinking.?3 Wysplanskl cl&assi~
fied a sample of thirty university students into three
categories of low, middle, and high crestive ability and
obtalned measures of EEC brain vave amplitude for each sub-
Ject. The BEG was recorded from seven cortical reglons and
under conditions of rest and photic stimulastion,

Wyaplanskl found significant differencesz in brain
wave ampllitude between thewe three groups. The sudjects in
the high creativiity group ebteined the lowest mean euplitude
and showed less change in amplitude when photically stimu~
lated., Working within the theoretical framework of Ecmlwaga
who posited that crestivity in the humsn individusl i3 s
function of the probabilistic spresd of field f{ronts within
the human cortex, Wyspianski conciuded that

ot et e, th S, e
aetivity. Finally, the greater the initlal,

or resting brain activity, the lesser the change
will be upon stimulaetion. To put it less formally,

the more alert the brain the less sffort will it
require upon stimulstion to respond adequately,?®

23 7.7, Gullford and PR, Merrifield, “The Structure
of Intellect Model: Jts Uses and Implications", Report
from the Psychmloéieal Leporatory, Unlversity of Houthern
California, No. 2

] &PW&& 19&9, Pe 1*27&

¥o. 3, Beptember 1958,
ﬁnskig QE# Qigtg j* ¥ l“ﬁn

2% Wysplaenski, Op, Cit., p. 74-79.
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Chntolnin,aé

following Wyasplanski's promising results,
studied suditory discriminetion in relation to creative
thinking in terms of Eceles' theory. He divided his sample
of eighty subjects into two groups of high and low creatives
on each of the five tests of creative thinking and the global
score, Comparing the mean scores of the auditory discrimina-
tion test to the two creatlivity groups yielded criticel
ratios significant at the .Gl level of confidence for five
ef the six crestivity measures, Becsuse of his sampling
procedures, hovwever, Chatelain concludes: *Les resultats
de cette investigstion ne pouvalent &tre generzlisé, c'est a
dire appliqués & une population autre que 1'dchantillon
utilisé 1ei,n?7

From Eccles' postulate that the creative brain is
highly integrated and characteristically low in its inhibitery

effects, M°°k28 hypothesized and experimentally investigated
& possible inverse correlation between cortical inhibition
and creative thinking ability. Cortical inhibition was
measured through the visusl sense modality by means of the

26 Plerre Chatelain, "La Discrimination Auditive et
La Pensde Creatrice®, unpublished Master's thesis, presented
to the School of Psychology and Education of the University
of Ottawa, Ontario, 1965, 1x-115 p.

27 LMOQ pt 106-

28 B. Mook, "Retino-Cortical Inhibition and Crestive
Thinking®, paper presented to the Annual Conference of thse
Gntgréa Psychologiesl Assoclation, Ottawa, February 1766,

P wite
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negative after-imsge threshold.?? Heasures of creative
thinking were obtained from Guilford's percepiusl-visual
tests of divergent thinking. The Pearson r computed betwsen
the negative after~-image threshold and creative thinking
test sceres for the ninety-subject sample yielded a value
of -.305 significant at the one per cent level of confidence,
In enalysing this significant relationship, Mook states:

The result of this invesntigation revesled that

crestive thinkers do not only show a character~

istic lack of psychologiesl inhibitions but also

& significant lover index of neurophysiologlesl

inhibition as measured through ths Negetive Alter-

Image Threshold apparatus, The findings support

Eccles' postulate sbout the creative brain being

low in its inhibitory effects, enabling the

brain to maintain a high level of activity,3C

These studies concerning electro- and neurephysioclogi-

cal correlates of creative thinking are encouraging., They
appesr 1o be a step towards Lashley's hope that the organic
basis of learning &nd intelligence eventually might be
realized, Mook's investigation, in particulsr, leads one
to hypothesize that inmhibition at the neurological level
may be related to the functioning of the intellect. If
other psychephysiocloglceal variables of a retino-cortical

neture apnd pertsining to the phenomenon of cortical

73 Hegatlve After-Image Thresheld: dJdenotes the
point where loss of the imege cccurs as a function of the
particuler type of field 1lluminstion intensity.

30 Mook, Op, Cit., p. 6.
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inhibition also correlate with tests of divergent thinking,
it would lend support to Mook's findings and might allow
greater speculation concerning the biological bases of
intelligence, One possidble variable, CFF, 1s discussed in

the next section.
2. The Phenomenon of (FTF.
A. Rationale for Its Use

when looking st any source of intermittent illumins-
tion, the light may appear to {licker or 1t may appear to
be steady, depending upon a variety of circumstances. Wwithin
e defined set of conditions, a transition point or threshold
may be found where flicker changes to steady light or steady
to flicker., This transition point is known as Critical
Flicker Frequency, or CFF. The literature indicates that
it i3 a possible measure of the efficiency of the orgsnism
and of cortical inhibition.

islstead3l used LFF in his study of brain functions
and behavioural potentialities, Administering & battery of
psychological and neurophysiologicel tests to 207 brain-
injured and thirty control subjects, he identified four
separate entities or factors of biologlcsl intelligzence by

31 Ward C. Hslstead, Brain and Inte)
Chicago, University of Chicago Press, 1Y
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means of factor analysis. One of these, termed the P or
Power factor 1s described as:
A dynsmic factor which, in terms of s single
eéstimation, probably best reflects the overall
status of the brain. Its specific physiology
1s unknown btut 1t would not be surprising should
it be found tetg:ralltl those vital processes
which sustain brain and cortex at a high
level of efficiancy.l2
Halstead found CFF to be the purest Power fac¢tor and recommends
it as a test of P.

To {nterpret CFF Halstead postulates & neurcnal
coupling-decoupling effect: “Coupling is direct up to the
point (frequency) where fusicn occursz, at which point
escape or decoupling occurs.*33 In other words, the neuronsl
aynaptic transmpission is continuous up to a point vhare
uncoupling or a break iz the neurenal conduction takes
place. At this point the individual perceives the {licker-
ing light as fused. Halstead indicated that the greater the
Power factor in an individusl, the grester will be the
neuronal coupling and, necessarily, the higher the CIF,

Halstead's hypothetlcal neuronsl coupling-decoupling

effect is similar to the construct of cortical 1nhibitinn.3h

32 Ikid., ». 98.
33 lbides P 77,
3 Cortical Imhibition: “results frem a continuous

stiuvlation of & sengsory surface leading to an slterstion of
subsequent responses®, ag defined by Mook, Qg, Cit.. p. 1.
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Beakh235 studled the general theory of cortical inhibvitien
as interpreted by variocus suthors in relation to extraversion-
introversion. He employed & group of neurophysiological,
psychophysiological and physiological tests to mezsure the
operationelly~distinet concepts of basal cortical inmhibition,
satiation, and reactive Inhibitlon, end tests of extraversion-
introversion., The results obtained from sixty-two under-
graduate psychology students were factor analyzed. CFF was
one of the tests found in the relstively pure cortical
inhibition factor:

Factor 3 [...)s comes closest to any of the other

factors to representing a general cortical

inhibition factor. From ths predominance of con~

ditioning, , and aniseibonlc lense loadings

it 1s apparsnt that this factor reflects primarily

& basal Inbibition effect, rather then e reasctive

innibition or satlation effect,36

wWhether one conslders CFF to be & messure of the

Power fector or efficliency of the orgenism snd s "decoupling®
phenomenon as interpreted by Halstead, or a basal ishibition
factor in Becker's terms, 1te use a3 s psychophysiologlicel
varisble iz Justified. Further, if inhibition and facilita-
tion &t the neurological level are baslc premises of

intellectual funectioning, as this author hypothesizes, then

35 Wesgley C. Becker, "Cortical Inh&bitimn anﬂ
Extraversian»lmtrovwrsian" ' ey

Bﬁ Mi’ p. 629



REVIEW OF THE LITERATURE 16

LFF might be related to divergent thlnking. T%The reasoning

is as followa: (1) Mook has found an inverse relationahip
between inhbition and divergent thinking: (2) it is possible
to predict that & higher basal corticel inhibltion level
would act to lower the perception of QEE;37 nypothetically,
then, (3) higher thresholds of LFF (i.e., low inhibitory
effects) should be related to higher scores on tests of
divergent thinking.

B, Ceneral Aspscta of the CI¥F Phenomenon

Helstead stetes in nis study of biologleal intelli-
gence thet CFF 1g an effective measure of the Power factor
or e¢fficlency of the brain and accounds for LFF by &
couplinz~decoupling effect. Zimilarly, Becker's research
indicates the possibility of defiming CFF in terms of
eortical inhibition., This section revievs some of the more

general but pertinent aspects of the CFF phenomenon.

37 1bid.., p. 55.
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From the many facts presented and discussed in re-
views of the lituratura,35'3g’hm’hl’ug there emerge a number
of laws governing the verlation of CFF, The principle lavs
ares

1. The intensity of illuminamtion is the most basic
factor determining CFF. CFF is releted to the logarithm
of luminance but iz not directly proportional. The
relationship generally takes the form of a sigmoidal
curve.

2., Phase relation (the Light-Dark Ratio).~ A msximum
LFF is obtained from equal light-dark phases, with a
reiatively symmetrical decresse for ratios smaller or
larger than Q.5.

3. Lower CFFs tend to be obteined under conditions of

dark adaptation than under conditions of light adaptation,

38 ¢. Landis, “Something Qbout Flicker-Fushin®, in
Sclentiglc Monthly, Vol. 73, No. S, Hovember 1351, p, 308-31k.

30 mmem——— “ﬁetarminanta of CF mhre&hold", in
= 8.4 W s V@lu g 19%, p 5‘9"”2 6;

WO G,W, Granger, "ahnarualitiea of Sunsery P&rcwp~
tion", in H,J, Bysenck's Hundbook of Abnorma Rolg
Hew Y@rk, Busic Books, 196]

41 E. Simonson and J. Brozek, "Fliciker Fusion Fre-

uency: Background snd Applleations®, in Physiological Heview
Vol. 32, 1958, p. 349-378. '

%2 H., Pidron, "Vislon in Intermittent l.ight: Laws
and Mechanisus of %hu arinical Fraquana; far Fuaian“ im
Willipm D, Heff (‘dn) i ik G &) Ph ~i A L3I S
Vol. 1, Hew York, Acs 2l
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This 18 due to the different characteristics of the
two receptor systems, rods and cones.

4, CFF obteined by binocular observation is higher
than that obtained by monocular vision.

5« On the whole, CFF increases slmost rectilinesrly
a3 a function of the logarithm of the retinsl ares
stimulated, Evidently, the larger the retinel ares
stimulated, the greater the probebility of including
more sensitive reglons, and consequently, raising C¥FF.
6. Within certain limits, LFF increases with the length
of the duratien of observation of intermittent stimu~
lation, This is a result of the facilitsting influence
of the ingcreased duration of gbservation on perceptive
discrimination.

Other factors which have been found to affeot QFF
include chronmological age, brain damege, drugs, and stresses
such &3 snexia and fetigue, Attempts made to relate
permsnent personelity traits such as extraversion~introversiecn
and body type to LFF have Lesen imconaluaive.h3

Much research has centred upon the neurophysiological
foundations of CFF. These studies have emphasized el ther
the periphersl (retinal) determinsnts or the wmore ventral

{cortical) factors. The chlef exponent of the retinal point

43 dreamger, Qp. Cit., p. 100~1606,
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point of view has bm-n,ﬂmaht““ who outlined & seriss of phote~
chaniesl sguations to account for CFP. Although he offered
many nevw insights, Mecht himselfl recognized the limitations
of studying the photochemistry of the retina, “The retina
iz a complicated structure and not emough is known about
it te furnish the materisl fer an adeguate formulation of
s¢ complex a phenomenon as flimkﬂr.“kg
On the other hand, Bh»%lay“6 hypothesized an
Altermation-of-Response thesry te account for CFF. From
his studies, he concluded that "the ultimate cruciel peint
of determination sppeers to be in the. cortex®.*7
Piéron criticises these appreaches for not taking

inte account the entire process of C¥F.

Explsnatory theories have generally sought to -take

account of all the characteristics of &t only

one level in the visual system: pholoe cal

processes with Hecht, for example, or & perceptive

elaboration stage vith Begal, or ¢the formation of

measages transmitted by the optic nerve with

Beartley. We need to exsmine the actusl state of cur

knowledge of the processes of excitation, the con-
stitution of the message, and the parcepiive resction, 8

hk 5. Hecht and C,D, Verriip, "Intermittent Stimula-
tion by Light, The Relation Between Intansity auﬂ CFF for
Different Retinal Locations", in Journal of ( ¥
B8l GIORY « Vol. 17; lﬁ}&g, Pu 2?3“ s
i s g‘ .9 p- 136

hg Ibid., p. 128,

bé s, Emwarﬂ Bartley, "Central Mechanisus of Vision®,
mpdbeek of Phygialopy, Section I; Neurophysiology, Vel,

b 1bid:, p. 730.
W pidron, Qp, Cit., p. 2.8,
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In his research, Pléren has exasmined each step of the

GFF process using, as a framework, the following order of

events within the optic system;

The absorption of photons by the moleculss of a
photosensitive pigment in the receptor elemsnts
instigates an initisl process of nervous excita-
tion, The nervous sxcliation is transmitted by
means of a short conducting link (bipolar ceils)
Joined toc & web of connecting csells up to the
neurens of & retinal nervous centre (gangiion
cells), Messages are emitted in the form of &
repetitive fiux whieh travels through & single
synapse in the laters! geniculate body to the
visual projection region of the ocecipital
cortex. otarting at the cartﬁx & perceptlve
interpretation is elaborated,'?

Pidron does not attempt to account for CFF in terms
of retinal veraus cortical determinants btut considers the
totelity of the psychophysiological process, He notssz that
the positive results of studies relating CPFF to EEQ variables,
if confirmed, would be hRighly significant., But he addz
thet “no plausible interpretation has been suggested,*C

The studies to which Pidron refers were conducted
in order to offer support to the notion of a cortienl deter-

minstion for CRE. Eeuning,gl with a sample of twenty-three,

49 Ibid., p. 217.
5 ikid., p. 230.
51 H. Reuning, "A New Flicker Apparatus for Measur-

ing Individual Differences®, in Acts Peycholepgicm, Vol. 11
Ho, &, 1955, p. Ly Le66 , ’ ’ ’
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found a positive relationship between CFF and EEG aipha
frequency. The Pearson r of ,%%% 12 significant at the (1
level of confidence. cnyattesa obtained a Spearmen rank
order coefficient of ,851 between CFF and alpha index with
the EEC measures taken frowm the cceolpital and temporsl lobe:,
With a sample of fourteen and & wide age range of twenty-
four to sixty~three years, Chyatte': results are questionable.

This section concerning the gemersl aspscts of L£Fp
hes attempted to outline the principle laws governing ite
variation. Research on the retinal versus cortical deter-
minants of CFF was also discusszed. The only apparent con-
clusion is that CFF is a highly complex phenomenon invelving
all parts of the visusl pathways frem the photoreceptors to
the cortex. It appears Justifiable to defins CFF as a
meagure of retinc-cortical asctivity: and, for the purposmes
of the present study, & possible messure of braln efficlency
and retino~-cortissl inhibition,

C. LCIP and Psychometric Intellligence

The possible relationship bhetween CFF and psycho-
metric intelligence has been investigated by meny, Results,

on the whole, are equivocsl.

52 Co Chfattm, "& Rata mn thﬁ ﬁal&b&wmﬂhip of &lpn&
y P 25
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Halstesd's’> correlation betwoen CFY and the Hermopn-
was positive btut insignificant

at .117.

Kerr and Abramaﬁh correlated the Halstead tests with
a number of group tests. Thelr sample consisted ol twenty
male subjects in management positlons in industry, age
twanty to fifty-eight years., An ingigailicant correlation
of ,16 was obtained between the Power factor and the fhic

ion Test of intelligence.

Several independent studles re.ating CIY to intel-
lectual functions in geriasiric subjects have ylelded signi-
{icant results. Colzangg compared scores on the gechsler-~

dgenuce to CFE on 8 zample of forty
males betwegn the sges of sixty-five to ninety-five. 4
Faarson r of Q.46 was significant at the .0l level of
confidence,

loranger and Hisiak56 with & sample of f1{ty female

subjects aged seventy-four to elghty obtelined significant

‘3 Halstend, Op, Ci%., x111-206 p.

h W4, Kerr 2nd P, Abrame, "Halstead Brain Impair-
mant, Bolﬁnes&, Creativity and Group Intelligence Masssures®,
12T G "z ] ¢ DG 4, G 5LV ;

55 C.M. Colgan, "Critical Plivmaﬂ Frequ@nm . ﬁge,
and Intal igence"”, in Americay ,;;_ of Paycholess
67; Ho. &, QQQQMb@r 19*‘, P

6 Andrew %W, Loranger and Henry Misiak, 'Critmwml
Fiiakar ?raq%ﬁmﬂy anﬁ ﬁmma Intellcetual nctions in 014
Jourpal of Geromtolozy, Vol. L4, Ho., 3, Nly 1059,
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correlations between CFF and the following psychometric
tests: the Diglt Symbol sub-test from the Wechsler adult
Intelligzence Scele, the Raven Progressive w:itrices. and the
Reasoning Test (untimed) from Thurstone's Primary ven
Abilitiss., The relationship between LF¥F snd psychometrie
intelligence in the aged, Vis tentatively ascribed to &

reduced central neural efficlency in o0ld age, which adverssely
affects both CFF #21nd some intellectual functians."§7

Because of the limited mge range used by Colgan end
Loranger and Misiak, it was difficult to explain what part,
if sny, intelligernice had in determining CFF. In attempting
to overcome this limitation, Wilacn58 selected elght msle
and eight femele subjects representing each of six ten-yesr
age groups froa age twenty to eighty Inclusive, yielding a
total of ninety-six subjects. Hls CFF testing wes well con-
trolled, Intelligence was messured by the Raven Progregsive
Matricaes, By employing anelysis of varlence and covariance
Wilson obtained significent results, concluding that "there
iz no sex difference in CFF at any age, but that both age
and non-verbel intelligence are determinants of QEE.“5J

57 Ibid., p. 327.
58 T,R. Wilson, "Flicker Pusion Frequency, Age, and

ﬁgé&lliganea“, in Gerontologias, Vol. 7, Ho. 1, 14963, p. 200~

59 Ibid., p. 207.
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To date, Wilsen's findings concerning non-verbal intelligence
and CFF have not been cross-valldated,

With & sample of 120 boys st ages six, eight, ten,
and twelve years, Crassﬁg investigated the relatlon between
EFF &nd age, and they relation betwsen CFF snd certain mental

abilities. The correiation between CFF und I,{, scores on

Jdren was aignifiecant
only in the twelve-ysar old group. Cross concludes that LFF
and inteliigence are correlated significently only at those

age levels which are associated with eztensive physiologiesl
change.

.
Tanner

studied CFF in relation to test scores on
the 4,.C B, Psychologicsl Eaismination College Bdition, The
CFF was obtained by varying the dark-peried foilwwing each
intermittent 1ight pulse., With a sasmple of twenty-one
college students significant correlstions at the .05 level
of confldence weére reached between various CFF derk-interval
durations, and the total acore on the A,C.B.

60 Jane P, Cross, *Ralatian wr Ag@ amm Mentsl Growih
to Response in Children® ! relopment, Vol. 34,
Yo. 3, Beptember 1963, p. Pad-7es

&1 Wilson P, Tanner, Jr., "A Preliminary Inva&tigaw
tion of the Relationship Between Visusl Fusion of Inter-
aittent Light and Intelligence®, in Sglence, Vol. 112,

MQ ﬁ‘%&}, -&wat .}.Q%; i&- 301"2@3.}
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tubgeguently, culgnnﬁa tested CFF in relation to
AaCsE, intelligence scores with a group of ninety college
students. His CFF apperatus was similar to Taumer's except
that he used an intermittent light having & 131 light-dark
retie., He found no significeant correlstiions. Landis and
ﬁaauiéB suggest that the correleations reported by Tanner
are examples of ramiom fluetuation.

Criticlsing these studles for employing homogeéensous
groups in terms of iatelligence, Knretkinﬁh utilized three
groups of subjectis ranging ia ¥Wechsier I1.Q. irom {fifty to
over 120, He found that the higher the CFF the higher the
I.G. but the relationship did not resch statistical
gignificance,

In summsry, evidence for the relationsihlp bvetween
CFP and psychomeiric intelligence appears strongest for
samples of children snd gerlatric subjlects and weakost for

samples of young adults., The psychometric tests may have

62 C, M. Colgan, "The Relatlion betwsen Critical
Fiicker Frequsncy and geversl Psychologlcal Variables®
unpublished doctoral dizsertation, University of Floriéa*
1554, University Microrilms, Ann Arbor, Michigan, Ho. 9706,
a8 reported by Carney Lendisz and Violet Famwl, "Critical
Plicker Freguency, Age snd Intelligence™, in fmerlcan Jour
of Psychology. Vol., 63, No, 3, September 1956, p. &°

&3 Landis and Hamwl, Op, Cit.. p. 461,

&4 4,L. EKorotkin, "Perception and Intelligence: the
Relationship of Certein Vizual-Perceptusl Sxills with Intelli-
gence, Age, and Sex", unpublished doctoral dissertetion,
?emplg University, 1%6@, ng reporied by Honipzfield, gp, Lit.,
p. 230,
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teen a factor in the inconclusive results with young sdults.
Vogel and Broverman®’ speculate that the intellectual Aiffer-
entiation of the normal young adult frequently geoes unrecog-
nized by using standard tests of generasl intelligence, It

is possible that a relationship between CPF ané Intelleéctusl
functioning would be wmore easzily attained in n sayple of
young adults, il indeed there i{s such a relationship, by
exploying cognitive tests of & more sgpecific nature, This
notion is eleborated upon in the next section of this
chapter,

3. Rationale for Employing Tests o. vivergent

Thinking.

Past attempis st relating CFF snd inteiligence in
normal adulte have been hampered, possibly, by the use of
tests of genersl Iintelligence. Vogel and Broverusn specu-
late that due to incressed differentistion of intelligence:

A normel sdult would score very dliferently on

particular tests depending upon which zspscts of

dependlag upon his specisl mentai skills.ol
Consequently, vhen employing adults as subjects in a study
correlating a psychophysiologlcal veriable withh intellectual
functioning, it would be necessary to use a relatively

65 Vogel and Broversan, Op, Cig., p. 132-«1hh,
éé mgly E)v 1‘#(}&
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differentiated and refined psychometric instrument which
tests & specific cognitive function. Guilford's tests of
divergent thinkingé7 have been designed for this very
purpose.

Since 1950, Guilford®® nas attempted to explore sil
aspects of intellectual functioning., His investigations,
by means of fector analysis, in the areas of creative
abilities, reasoning, evaluation, planning, and problenm
solving, led to the formulation of & theoretlcal model of
the Btructure of the Intellect. This model is deacribed in
the next chaptar,

One section or factor in Guiliord's Structure of the
Intellect Model which has bLeen experimentally verifiled is
that of divergent thinking., Guilford designed tests of
both & verbal and perceptusal-visusl nature to measure the
ability to think dlvergently. In each test the subject is
presented with & stimulus and 1s required to arrive st &s
many plausible answers as possible. This necessltates s
difrferent thought process compared with tests of convergent

thinking where only one answer is applicable.

67 Guilford aund YHerrifleld, Gp, Cit., p. 1-27.

63 J.P, Quilford, "Creativity", Presidential Addresns
of the American Paychologicsl Assoclation at Pemnsylvanis
state College, 1950, as rapradmﬁaﬁ 1u 1mm$y J. F&rnag and
ﬁh?ﬁld E. Haréing, (eds.), A Bt ¢ ] Lo ‘
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In discussing the production of tests to sssess

these factors, Guilford states:
In tests of convergent thinking there is almost
always one concluplion or answer that is regarded
as unigue, and thinking is to be channeled or con-
trolled in the direction of that answer, In
divergent thinking, on the other hand, there iz
mich searching about or golng off in various
directions [..., Divergent thinking is character-
ized as being less goal-bound. There la freedom
to go off in different directions,b59
As indicated by Mook and hinted st by Cuilford, tests of
divergent thinking may measure inhibitory effects in the
thought processes., Iow inhibitory effects would enhance the
ability te thiék divergently.

It 1is not surprising that tesis of divergent thinking
ngve not correlated highly with tests of psychometric
intelligence.’" 7 A5 Guilford points out,"in an I1.G.
test there iz usually slmost nothing invelved in the way of
divergent thinking.“72 Furthermore, ihe ability to think
divergently is s fairly specifie cognitive functlion whereas

intelligence tests are broad in scope.

63 J.P. Guilford, A B
Los Angeles, Univeraity of

Vi J&cob W, Getzels and Philip wW. Jackson, ggag&&v%gz
Inkelligence, New York, John Wiley and Sons, 1702, xvli-

71 Kaoru Yamemoto, “Role of Cr&mtiv& Thinking ang
Intelligence in High Sehool Achievement®, &7 chy i o

Heports, Vol. 1k, Fo. 3, 1964, p. 743-73 w.
72 ilfoerd, "Creativity», p. 183,
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Another factor favouring these tests concerns
Quilford's sbility to apply his theery with messurement
gkill, "The most lmportent msset of the tests developed by
(iilford lies in thelr thecretically estalllished bases and
the careful studies which gave them exiﬁwncmm

The use of these tests in relation to CFF is
Justified even more emphatically by the success sncountered
by Wysplanski, Chatelain, and Mook. HKven though Wysplanski
and Chatelalin used the verbal set of tests and Jook the
percoptusl-visual set, and despite the fact that esach inves-
tigsted a different psychophysiological variable, all three
studies gleaned significant results,

Wyspienski, Chatelain and Mook have interpretsd
scores on Gullford's divergent thinking tests a¢ mesasures
of creative thinking. The literature indicates that the
ability to think crestively invoives more than divergent
thinking. Guilfoerd himself notes that, “creativity cannot
be allocated exclusively to any particular portions of the

moﬂel.dﬁ*ﬁence, for the psst ssveral years Guilford has

included in cresativity, other abilities f{rom bis Structure

73 wyspiansid, Op. Cit., p. b,
7% Guilford and Merrifield, Op, Cit., p. 11.
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of the Intelleat Mbdel.?g As wall, Gclann?é reports studies
where Guilford's tests, scored for quantity and quality, did
not correiste well with the degree of cremtivity ns jJudged
by experts in the subjects' own flelds,

Creativity iz a relatively new aros o; study and
until Guilford's tests damonstirate grester valldity, it is
deemed wiser to consider divergent thinking as part of
creative thinking rather than eguating the two concepts.

In summary, the ratiomale f{or emplioying Guilford’s
tests of divergent thinking is derived from lour sources,
First, the cognitive specificliy of the measures: second,
their sound theoretical snd stetistical bases; third, the
success of other studies using them in relation to psycho-
neurologiesl variables; and, four, the asszsumption that
divergent thinking tests ssy be a measurg of inhibltory
effects in the thought processes,

k, ummsry and Hypothesis,

For many yesars pgychology has attempled to relate
psychophysiologica! phenomens to intellectugl functioning

75 These other abilities Include: Redeflnition {rom
the Convergent Production category, and Sensitivity to
Proplems from the Evalustion catepgory.

76 Stuart E. @mlanm, 'Psyalolagical Study o
Creativity”, in Pgychologlcsl Bullstin, Vel. GOy Ho. G,
Rovembeyr 17¢3, p. Yhi.
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with the hope of deriving some understeanding of the blolog-
ical bLases of intelligence, This sesrch included & miriad
ef neurophysiclogicsl and psychometric varigbles end =
variety of theories. The results, on the whole, have been
inconclusive and rether discouraging.

However, three studles concerning psychophysiolegical
correlates of divergent thinking ylelded significant results
and led this suthor to hypothnesize that iahlbition and
facilitetion at the neurologicel level may be realsted to
intellectual functioning.

Factor anaiytlc studlies demonsireted that LIV msy
be a poasible measure of breaip effliclency and retino-
cortical inhkibition., Studlesz relating CEF to psychometric
intelligence produced low correlations, indicating the use
of tests of a more aspecillc cognitive nature, nemely, teszis
of divergent thinking.

To further substantiate the hypotheslis that CFF ia
related to divergent thinking two theoreticsl assumptions,
based on the literature may be helpiful:

1. that, CFF 1s a measure of retino-cortical inhibition,

1.8, inhibition &t the neurclogical level;

2. that, tests of divergent thinking messure inhibltion
of the thought processes, il.e.,, inhibition at the

peyehologicsl level,
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¥or each measure, the lower L inhilkitory eflects
the higher tne score, Consequently, Ligh CFF should Lo
related to high scores of divergeant thinkling. The propased
hypothesis is stated in the null form: there sre po signifi-
cant relatiocnships between CFF and zcores on Guilfordts
verbal tests of divergent thinkiag.



CHAPTER II
TOOLS OF RESEARCH

Thir chapter presents the tools, both psycho-
physiologlcal and psychometric, used in tbis study, The
first section consiats of a detelled description of the
LCFF instrumentatien, 8ection two discusses (uilford's
Structure of the Intellect Model and five of his tests
designed to measure divergent thinking,

1. CFF Instrumentation.

The CTF apparatus employed in this study is similar
in principle to that of Foley's.l It is dlagrammed in
Figure 1 on the next psge and the deseription follows.

1 P.J. Poley and J, Kazdan, "Ares~Intensity Rela~
tions within the Fovea for miekwim White snd part-
Bpsetrum Tergets®, in Journal o 0% gociel
Amarl o ¥ Vﬂlu %.’ H@. g
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The entire optic system was constructed on a stwel
base 76 cm. long, 19 om, wide, and 2 cm. doep welgning b0
pounds. The base was placed in the middle or & & z U7
ad justeble, wooden~topped, steel-reinioreced table whicn
also supported the rest of the elecirical equlipment.

The Light Source was a G-V Genersl Blectric 2331
double {ilament bulb, generated by a de O Voilt Battery
connected in series with & i7C ohm poltentiometer to
regulate the lizht intensity. 7The battery zenerated 6,07
voits and the current in the lamp {ilament was 1,37 ohms,
The 1lizght waz collimated by jens 1 and brought to s foocus
in the centre of the rotating shutter by Lens 2. The rotat~
ing shutter was driven by a Bodine dc Motor, No. 275¥547,
Type NSH~34 with 172% rpm., To ensure conmstant voltsge the
motor was connected in series to @ Jols Constant Voltage
Transformer, Category Ho. 30305, verial No. HKO1WO. The
speed of the aoter was controlled mmnually,

A proximity megonetic plekup (tachometer) above the
rotating shutter operated s Imiverssi Avometer, rodel u,
The nuaber of revolutions of the shutter were resd in
mililiemperes per second on the Avometer., & caillbration in
flickers per second revemled un approsxlimate linear rela-
tionship between millimmperes and {flickers. As noted in
Appendiz 1, .018 mA per second & 1.0 flickers per se.,
with accuracy st 60 cps, better than one per cent.



POOLS OF RESBARCH 36

The intermittent light with & light-to-dark
fraction (L-D=F) of .5, was collimated et "ons 3. It
then passed through the aperature, 1/16 in. in dlameter,
through & Xodak Wratten Neutral Vilter, of density 2.C,
and by means of Lens 4, was brought to a focus at the
Artificial Pupil, which was 2 mm. in diamater,

The Yight intensity wes held constsnt Ly making
minor adjuxtments to the poientiometer comnected in seriew
from the battery to the light sourve, The intensliy was
measured with 2 Photo-Cell, Hodel & PVI,AAB.Sub., 3, and
was read in d¢ Hicroamperes on & (sneral Eleetrlic Heter,
Type DO-78. The brightness level was 150 microampermsz
messured directly behind Lens 3.

In an atteant to eliminate cues from the change in
sound of the Bodine motor at differsnt speeds, white
noised was introduced as a masking effect, The white
noize generated {rom & tape played on & Wollensas Tepe

Recorder,

2 150 microamperes aguals 22 Foot Candles ns
measured by a Photo Velt Light Meter,

3 white Bolses & blend of various sound weve
freguencies.,
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This CFF Instrumentation satisfies & numbser of
the regquirements noted Ly invw&tigatmra.“vg ™o of tne
important variables controiled are intensity o) 1liumina-
tion and the Light~-Dark-fracilion. One dissdvantage of this
typs of apparatus iz that the variable speed contrel of
the Bodine motor iz not autometic but must te rejulsted

manusally.

-

2. Guilford's Tests of Disorgent Thinzing.®

The psychometric testy designed to measure
divergent thinking were selected from Culiford's battery
of tests., This ability to think divergently forus a part
of Cudlferd's uniried theory of intelligence which 1w

Biagrammed in Figure 2,

Y ¢. Landis., "Determinants of CFF Threshold®, in

22&219%2&;&:&; ﬂﬁ'ﬂgi@"ﬁ, Vﬁln 3)‘*’9 l"}%\g po 2:;)"’;':5&‘0

S 0.4, Molemar, YThe Urdering of Individuals in
Critical Flickey Frequency Under Nifferent Messurement
Conditions”, in Jourmal of Psyohwoiozy, Vel. 32, 1251,

P 3"'2‘*'

6 J,p, Guilford and PR, Merrifield, "The Siructurs
of Inteilect HModel: Its Uses and Implicatlionsy, Report from
the Psychologieal Laboratory, University of Southern
Califormia, No. 24, April 1260, p. 1-27.
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According to Guilford’ there are three neeningful
ways of groupling the factors of intellect., One way is by
the kind of operations reguired or performed., The {ive
fundamental kinds of operations are Cognition, HNemory,
Divergent and Convergent Productlion, and Evalustion, 4
sgeond way of classifying the intellectual factorsz iz
sccording to the kind of matarial or content involved.
Gulliford found four kinds: PFigursl, Symbolic, Semantlc,
and Behavioursl, Vhen different operations are spplied to
different contents, as many as six general products could
be involved: Unlits, Classes, Re.ations, Systems, Trans-
formations, and Implicetions.

As the three classilications. operatlions, content
and products could be combined, Guliford provided s unified
theory of intellecturl functioning. Bach mode of clasasifi-
cation bechme & parzmeter or dlmension of the model, Up
to 1963, there were forty-seven known fastors of intﬁllwmt.&

From Guilford's battery of teazts measuring divergent
thinking five were zelected for this study. They are
deseribed in the order in which they were adminlistered,

7 Guilford and Merrlfleld, Op. Cit., p. 27,

3 5tu&rt E* ﬁmlann, “Faymﬂwiusim&l S%uﬁy of
Hovenber 353,
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The test of Altemnate Usss requires the subject to
1ist uncommon, or less common uses of a glven oblect whose
common use 1s stated. There are three sectlions to the test
containing three ltems esch., Four wminutes i1s allowed per
section, The score is the tota! mumber of acceptable
responses &s defimed in the manual.’ Correlstions of the
test with the originmal form, Unususl Uses, gave reliability
estimates ranging from .68 to ,81. The Hs of the samples
are not stated.lg
1z a test reguiring the

individual to list words thatf bear some reistion toc a given
word, There are four part: with two mimites per part., The
score 1ls the number of mcceptable responsesn, The coeffici-
ent of reliablility, using the altermnate form of the test,
obteined on & sample of 240 naval sir cadets and naval
offiecer candidstes is .63.1%

The test of Jdeational Fiueney requires the individu-

al to iist ideas in aocord with certsin requirements, There

9 R.C, w1130n, P.R. Cnriwtenswn, ?.R, M&rrifi@lu

aﬂd ﬂ»‘? Wij—fﬂ‘.‘dy kS LR ‘af‘- Li B g »‘N_'_,.‘._*L~ £ d §A BLPBATCLONR .,
Scorinr and Intery ?1# 20y | var*ey Hills, California,
Sherlidan Supply Cm., oG, D. 2

10 Ibid.

11 P.R, Chriﬁtwmaﬁn end J,P, Guillord, gaﬁﬁﬁ%*ggg

istensen-Oullford Pluency Tests, Beveriey 8,

o “' Z - - " = -1y at.
;‘&;era»a, 5¢ﬁr"fan.uupﬂ'y Cov,y 1999y P 7.
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are four sections with a time limit of three mimnutes per
sectlon., The score is the total number of scceptabie
responses. The alternate form coefficient of relliebility
is ,76 based on a sample of 21% uaval air codets and naval

officer candidutea.lz

The Expres:ional Fluency teat requires the .ubjact
te bulld four-word sentences having been gziven the four
initial letters of each word, The to{sl score iz the
number of fouwr-word complets sentences containing the
specified beginuing letters., There are four sections,
two minutes each. The authors do not report any rellability
estimates for thls test.

Hord Pluency taps the individual’s abiilt, to think
of words rapidly, esch word satisfying the requirement that
it contain & specified letter. The task cvonsists of two
parts with s time limit of two minutes per part. The score
is the total mumber of responses containing the stated
letter. The alternate form correlation coefficient from s
sample of 217% neval eir cadets and naval offlicer candidates
is reported to he .73.13

these five teste from the I'ivergent Production

category of Guilford's Structure of the Inteilect Model

12 ¢hristensen and Gufiford, Lp, Clt.. p. 7.
13 Ikid.
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neesure the abilities of fluency and originality, Coples
of each test are found in the Appendix,

This chapter has deseribed the tools of research,
both psychophysiologiceal and psychometrice, Chapter thres
descerives the experimental design of this investigation.



CRAPTER III
EXPERIMENTAL DESIGN

This chepter discusses the methods undertaken to
test the hypothesis steted in chapter one. It 1s divided
into sectiona which deal with the sample population, the
experimentsl procedures, and the statisticel analysis of
the obtained data.

1. The Sample ‘’nuoulation,

The selection of subjects for this study was bazsed
on the fellowing criteria: (1) that the chronclogical age
of the subjects be within a narrow renge:; (2) no reported
history of brain dsmege, epilepsy, or use of drugs;

(3) evidence of a preferrsd or dominant eye; (4) normal
visien in this preferred eye; and (%) primacy of the

Bnglish langusge.

Controlliing f{or age was necessary as CFF is

1 Since brein

negatively correlated with chronological age.
damage, epllepsy and drugs mrfactvgﬁﬁqg gubjects 1n these

categories were eliminated,

1 Carney Landls and Viclet Hamwi, "mritic&¢ Piick@r
Frequenc Age and Intelligence™, in Amerlcen Journs
PEYCIHOLIEY » Vﬂl« {J?, N@t 3, 3%'@*&@%%@” A6 ¥ );3. REAY
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It was felt necessary to control ror the preferred
eye as there 1s some evidence that the preferred or dominant
eye 1s qualitatively superior in its abllity to process
information compered to the non-dominant ey@.B’h Visual
aculty in the subject's preferred eye was a criterion for
selection since visual acuity can afieet‘gngg The require-
ment of primacy of the English language was determined
by the divergent thinking tests which presuppose native
facility in that tongue., Another criterlon for selecticn
was gsex. OQOnly males were used,

To obtaln sublects, the experimenter visited a
number of undergrsduaste and greduate claszses at the Univer-
3ity of Ottaws, briefiy describing the project and 1listing
some of the reguirements for scceptance as & subject,
Forty-one sublects wers chosen. All were unpald vwolunieer
student: ranging in age {rom nineteen to thirty-two years
with a mesn age range of 23.95.

Although forty-one subjects made up the sampling
poel the finel N was thirty-nine., Two bilingual sublectsz
had t¢ be eliminated as thelr mother tongue wasz not English.

3uc, cwrballia, ”ﬁinucular Interaetions in Letter
Recognition®, gu, styelian Journal ¢ lory, Vol. 16,
No. 1, april 19

5 P,d. Foley, persosal communication, at Defsnce
ngﬁﬁfﬁh Hedienl Laboratories, Downsview, Ont., September,
156%,
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2« Bxperimentasl Procedurs.

Three testing sessions ware conducted to obtsin
the dsta for this study: the CFF tezting; s retest to
determine reilability; and the sdministration of fuilfurpd's
tests,

To obtalin measures of CFF, a roow wns made avail-
able by the Faculity of Psychology and Bducation st the
University of (Ottawa. All subjects were tested individusliy
between the hours of $:30 a.az, and b p.m.

Prior %o the adminisztration of the CIT each sibject
underwant the following process: & preferred-eye test, the

snellen Visual-Acuity test, snd s perloed of dark sdaptation.

The preferred-eye test was conducted in accord with
ﬁhrris'ﬁ instructions for monoculer dominance. The subject
held a plece of cardbeard in front of him st arm's lsagth.
The cardboard, 7" x 10". had & one-inch hole in the middle,
The oxporimenter, standing at e distance of ten feet Irom
the subject, held his {ist to his nosze., The subject was
ssked to move the cardboard towerds hls own fece while [ix-
ing his vision on the experimenter's fist through the hole.
When the esrdbosrd was approximately alx inches from the
subjeot's face the experimenter reised one or two fingers,

The subject was asked to repori the nusber. Three such

& MW% Jc ml’ri@, OBIELS A% B GRDE 4@ L v
sng@: Menual of 2eiions for Admil ﬁﬂ§3°£ ‘;‘. tﬁ rprets-
cion, Hew York, m *a;a‘m cg sl Cwmpmra lon, 1964, ;f n¢




EXPERIMENTAL DESION LWy

trials were used and the eye to which the subject consistent-
ly drev the cerdboard was considered the preferred eye. If
inconsistencies existed between the cholce of eyes, the
subject vas excluded from the study., Sixty-one per cent

of the subjects preferred their right eye.

The Snellen Visuel Acuity Test was then administered

for the preferred eye with s patch over the non-preferred
e¢eye, A Snellen chart read at a distance of twenty [eet
vas used. Only those subjects with 20-20 vislon in the
preferred eye were acceptable, G&Gubjects who woere glasses
were allowed teo participate as long s thelr corrected
vision met the 20~20 visual acuity requirement. <They also
wore theilr glusses during the CFF testing.

The sublect wes then dark-edapted by wearing red
goggles for ten minutes during which the experimenter de-
seribed the apparatus and gave the following instructions:

There will be both Ascending and Descending
trials., ¥For the Ascending, which i3 a change
from 8 Fllckering to a Steady Light, you will
first be warned by the signal, “Oolng up,™

I want you to say “Now" when you see the light
88 steady. I shall reply with "Okay," which
means that I've recorded your response. Then,
we will have & Descending series, wherebdby the
light will go from Steedy to Flicker and the
warning is vGoing down.” This time, I want
you to say "Now¥ when you see the light as
Flicker. If you are dlssatiefied with any
refﬁmnaa, tell me, and we will repest that
trisl.
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After the periocd of dark-adaptation and instructions,
the lights in the room were turned off, the red goggles
removed, and the subject, placing the pateh over his non-
preferred vye entered the experimental booth. Tuhe bLooth,
as shown in Figure 3, was 6' z 5' x {!' and constructed of
8 14" x 1" wooden frame covered with black broadcleth and
army blankels around the asldes snd top to ensure sdequete
darkness, 4 small hole was cut in the cublcle covering to
expose the Artificial Pupll.

The mouthpiece, chogen instead ol e chin rest which
allowa the head to wobble, consisted of & dowel rod clamped
to two upright metal stands. 4 plece of dentel wax
(Dencowax No. 43) was sttached to the rod upon which the
subject placed his upper Javw his teath Liting into the wax,
thus keeping his head z3till and allowing him to telk. The
spparatus could ke adjusted in three spatial planes to
eccommodate sach subjeot,

Once the subject was lxn position, and the eguipment
ready, four aAscending and four Descending practice trials
wore administered. The subject waz then asked to relax,
shut his eyes, and agsk guestions. The experimenter checked
the light intensity at this point. Then, {ive Ascending
and five Descending trials were administered alternately
with the starting points for each trisl varied to aveld

the subject's uvssge of & time criterion. From the elight
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practice trials the experimenter made & rough estimate of
the sublect's threshold by calculating the mesn of these
eight mesuwures. The starting points [or esch Ascending
triasl were 15, 9, 17, 11, and 13 wililamperes respectively,
below the estimated threshold; and, for esch of the [ive
Descending trials the starting points were %, 17, 11, 13,
and 15 milliamperes per sec,, respectively, sbove the
estimated threshold. Rather than having [ixed starting
points for all subjects the above method was employed in an
attempt to equalize the durstion of exposure for each sub-
Ject, This psychophysical methed for obtalming CFFs is
described &s s sodified Method of Limits.’

The experimenter trained himself to manipulste
the variable speed control so that the rate of change of
intermittence was .00Y mi per sec. (7.5 Fl. per sec.), for
each second of elapsed tlme. When the subjlect seld "Nowv,
the examiner immediately stopped turning the control knob,
recaorded the response, and adjusited the speed for the
gtarting point of the next trial.

On completion of the ten trials the light intenasity

wag messured to ascerteln possible changes. Following this

7 R,4, Wagoner, "Difierences in Hesponse Variability
Between High and Law ﬁn&i&ty uuﬁgvctﬁ in 8 %limkaermﬁhan
Taske, Journsl Abnormal 18 j
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the apparatus was turned off and tue subject left the
booth. The total testing time was approximsiely a halfl
hour per subject,

Yor purposes of reliablllity, twenty-sixz subjects
were retested within & week using the ssme procedure
excluding the preferred eye and Visusl dcuity tests,

The divergent thinking tests were adminisiered
following the test-retests of CFF. The teating took
placa in & classroom at the Fagulty of Psychology and
Education at the University of Ottawa. Due to conflicts
in timetables it was necessary teo conduct twe testing
aessions on consecutlive days at 1:8C p.u.

The classroom had sdeguate lighting snd ventiliation
and the sesting wss erranged to prevent copying. For each
of the five tests, instructions were read sloud by the
exzminer while the subjects read silemily. It took about
one hour ito test each group, At the end of the {irst
session the group was asxed to not dizcusy the tests untll

the second session hed been completed,
3. Htetiatieal Analysis of Data,

In order to test the hypotheslis that there are no
significant relationships between CFF and scores on
divergent thinking tests, the locatlon of LFF, the criterion
variable, was requlired., Froguently, the mean of the live
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htacending ané Tescending scores ;e laken av the threshold, ¥
Dillon,g hovwever, doubts whether this aversging of A-cending
and Descending trials is a valid procedure. To determine
if the scores could ve comblined, & three-way classificziion
caalysis of varisnce was chaaan.Lg
The three variables, Individuals, Uccasions, and
Directions gave the fellowing interaction:
I xCxo =Wl x% a2 = hlo scorss
With resultent F tests, and t tests where necessary, it
would be possible to discover 1f there were significant
differences between tho various trials (Occasions) to
indicate the cffect of choice of starting polnts, and,
between the Ascending and Descending Directlons,
Bignificant differences were obitained between the
Ascending and Descending Directions. Therefore, statistics
concerning the two t(hresholds were tabulated to show which
CFF value wegs higher. The following formulse are relevant:

6 C. Lendls, "Determinants of C¥F Threshold®, in

Physiologicsl Review, Vol. 34. 17%h, p, 259-286.

% D. Dillen, Differences Between Ascending and
Descending Flicker-Fusion Thresholds Among Oroups of
Hospitalized Psychiatric Patients and a Group of Hormsl
Control Persons", Lo Journel of Psychology, Vol, 4, 1753,
Pe 255“'262&

10 Cyril H. Goulden, ; :
8is, second adition, New York, D52, Po my,
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Aritihmetic Mean: 4 = P2
La
12

)
stenderd Leviation: O = [ u(zy”) - (Z0)°

To discover if differences between Ascending snd
Descending thresholds were consistent the Pearson product-

meoment coefficient of correlation was wmpuwa:l?’

3 - 35 3Y
Pearsen r: r.. = [0 o7/ o G2
where A = Aacending CFY
end Y = Lescending CFF

This same Tormils ie applicable for estimating the
test~retest reliability of CPF, the ¥ and Y variables being
the CFF from test and retest sessions, respectively.

Since differences between Azcending and Descending
test-retest estimates of reliability were found the T teut
of differencesz betwoen Pearson p's wss employed. The

necessury formulae for computing u £ ratic are:

11 Tsawrence-T. Devhav. JRiuis]
second edition, Ottuwa, Edltions de
3,963, P %t

1.2 lwug plﬁ éh’ﬁ
13 Ml’ P 176,
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s»tandard EBrror of a 14

Uifference bitwedll Two P 1 3
z Coetfticients: az=| Foo3 YW TS

ang,

- - 3’52 - 32
z Ratio: ¥ o
31

To test the main hypothesis concerning the relstion~

ship vetween CFF snd divergent thinking the Dearzon p

formule was used, the 7 varisble belng CFF values and the

Y verisbie, scores on the divergent thinking tests,

This chapter has dezcribed the design of thls

expoeriment in terms of the sample studied, the experimental

precefures, and the statlstlieal ana.ysis of the dote. The

next chapter consists o, the presentation and discus-ion

o: the fincings,

ik J.’. ouilferd. Fundementsl Statlstics ia
P87 L duceticen, third edition, New York, Holrawe-
T % %5%% 19ﬁ

y B



CHAPTER IV
BESULTS AND DILCWILION

The {inal chapter praszentis and discusses the re-
sults. 1In section one the analysis of varilance of CHY is
outlined and commented upon, followed by the results of the
F tests. Differences between the Ascending and Descending
thresholds are presented next. Section three concerns the
reliability of CFF. The fourth section offers the correla-
tion coefficlentz between LFF and divergent thinking as s
test of the experimental hypothesis., Bection five, which
is divided into tiree subsections, discusses these results.

1. The Analysis of Variance of CFF,

The three-way classification snalysls of varisnce
for CFY, summarized in Table I, yielded 4!C cells with one
entry per cell. There were three principle effects, three
double intersctions, and one triple interaction., There
was np resldual teram since ail the varisnoce was suveounted
for with each cell bhaving one entry.

In order to interpret the anmlysis of variance,
that i1a, to test the significance of the various eflects,
it was necessary to determine the theoreticsl model, In
this case, the model would be considered {o have one
rendoz varisble and two fizxed variables, yielding an *aBCv
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Table I.~
Table of Variance for Three Dimensions of CFF.

Zums of Degrees of Varlsnce
Source Sguares  Freedom Bztinate

rrinciplis Bffects:

Occasions L0178 L SOk B

Directions <1010k 1 SA0G1012

Individuals 85570981 Le LO1337
Double Interactions: )

0 xD L0012648 b LOG3L62

0 x I 0373979 16 L0233y

D x3I L 83ha8s L OROYT D
Triple Interaction(Remainder): ,

0xDxl L270352  16C RevOVevs
Total L 3207 231 e

b e e e e e et e e e e
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type model.i The "a" refers to Individuasis which 18 a
random verisbtle, and *B" and "C" refer to Occasions and
Directions vhich are fixed varisbles. with this model, the
only principle eftfects which may be trected by the F test
gre Qccosions with the intersction of (xU as the error
term, and Directions with the interaction of DxI ag the
error term. Only one double interaction may be trested by
the F test, the intersction of the fixed verisbles, Oxb,
with the triple intersction zs the error term.>

The resultent ¥ tests are teabulated on the next
page. The effect of Cccasions was found 1o be insignificant
as was the double intersetion of OxD. However, the effect
of Diractions was found to be significant at the ,Cl snd
01 levels of confidence.

2. Dilferences Between Ascending snd Descending

Thresholdsy,
It ig generally necessary to make 5 %t test follow-

ing & signilficant F.B “itn RDirections having one degree of

1 Lawrence-T, Dayhew, Mapuel de Stetistigue,
gecond edition, Cttaws, Editmm de 11Un) ite dV0¢tawa,
1963, p. 46G.

Z Lawrence~T, Layhsw, gwrﬁmnml cmm&miaatimng
April 1465. These notions dllier from hiz book, p. 401,

tes 1y
York, MoGraw-
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Teble I1.-

Tests of 8igniflcance for Two Principle Bffects and One
Double Intersction of CFF.

Variance Error
3ource Estimate Tera F HL 05 ¥.01

Oecasions .0@?&?2@ L002337 1490 2.37  3.43

(16G)

Pirections .1031612  ,on20d?2 52,29 L.03 .31
(1 (4C)

CzD LONC3162 L1727 1.83 2.37  3.43
() (1606)

& The numbers in the psrentheses refer to the
degress of freedom,
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freedom the formula ¥ = t¢ may be used., This Tormula i
applicable whether or not the two Directions sre carralat&d.&
The t vaiue of 7.23 for an N of forty-one is significant st
the .01 level of confidence,

Since the Ascending and Lescending Directions were
slgnificantly different 11 was necessary to consider the
two thresholds ss different phenomena, or, at least deal
with them statisiically as sepsarate entities. As Occasions
did not prove to be significent the five itrials af Aseanding
were totalled to give the Ascending LFF and the five
Descending trisls were totelled to give the Descending CFE.

Table III cowperes the means and standsrd deviatlions
of the two thresholds along with the Pearson p uwoefficlent
of correlastion between them, The Pearson g of .78 demon-
strates that the Ascending CFF was consistently lower than

the Descending CFF at the 01 level of confidence.
3. Heilablilility of CFF,

The test-retest estianstes of reliablliity for an W
of twenty~-six yielded Pearson p correlstion coefficients of
.539 for the Ascending CFFs end .857 for the Descending
CFFs, Significance at the .01 level of confidence for

2 degrees of freedom (H-2) reguires an g of 496,

4 Zbid., p. k27.
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Table ITi,~

Comparison of Statistics for Ascending and Descending (FFs
for an § of 41,

i e
= ol -

Ascending Descending
statistic EFE £¥x
Sun 12543 132,12
Hean 308 3.8
Standard Leviation « 3G <E3

Peurson I .78




RESULTS AND DISCUBSION

Consequantly, these reliabllity #sstimetes were considered
acceptabdble,

To determine 1f there was ¢ signiflcant 2is{erence
between these two correletion coefriclents, the z test of
dirfferences between r's was appl&wﬁ.; Table IV summarizes
this data. 7The % of 1,53 was insignificsnt which meens
that the difference between itest-retest estimates of
relisbility for Ascending snd Descending CFFs sre within
the limits of cheace fluctuation. In other words, the
Ascending CFF is not significantly wore reliable & msasure
then the Descending £FF.

4, GCFF and Divergent Thinking.

Teble V presents the correlation data &s & test of
the experimental mull hypothesia, mamely, the reletisnship
between CFF arnd scores on tests of divergent thinking.
with an N of 39, none of the Pesfson I reefficients of
correlation between Ascending and Descending CFFs end the
five tests of divergent thinking were slgnificant at the
L1 level of confidence. Tive of the ten correlation
coelficients were positive snd five were negative snd all
fell within the limits of chance fluctustion.

5 Ibid., p. 19%.
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?&bl@ IV‘ -

Comparison of Ascending and Descending Test~-Retest
Bstimates of Relisbility for an ¥ of 25,

Ascending Descending
SEE

Statistic CFF
Pearson § $ 937 57
z Coefficient 1e7h 1.29
Standard Brreor of Difference

between two 2z coeflfliclents 2.4
'z Retio 1.73

e a—" — o~

H
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Table V,-

Pearson z Correletion Coefficients between Ascending and
Descending CFFs and Beores on Five Tests of
Divergent Thinking for an ¥ of 39,

Tests of Divergent Aaaaﬁﬁiﬂg tescending

Thinking CFF LFE
Alternate Uses - 2LP - o 35
Asgociational Fluenoy L0k 013
Idestional Fluency ~vi 538 - 215
Bxpresgional Fluency 137 -o k33

Word Fluency « 260 «132
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%« Discussion.

This final portion 41.cusses the results presented
in the first four sectionz of this chapter, Jubsection 4
focuses sttention upon the significant difierence between
the iscending snd Descending Directions of CFF. subsection
B discusses the correlations between CFF and divergent
thinking which suppert the null hypothesis, Theoretipsl

considerstions are outlined in Subsection C.
A, Ascending and Descending CFFs

From the snalysls of variance g significant difier-
ence vas found between Ascending and Deszcending Cirections
of CFF. This necessitated two thresholds lor esch inpdividu-~
8l, sn Ascending CFY and & Descending CEF. Each CFF was
the total of five trisis. Desplte the dilference belween
the two thresholds the correlation coefficient between thea
was high. Therefore, even though Ascending and Descending
CPFs must be treated separately there ls & high relation-
ship between them.

There has been very little resesrch devoted to
difrerences between Aszcending and Descending CFFs. Four
possible explanations appear worthy of discussiont (1) the
LPF instrumentation; (2) the paychophysical method used
to obtain CFF: (3) pessible neurephysiological dilfersnces
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within the orgapism in perceiving & lizht geling from [licker
to fusion 28 compered to the process of fusion to flicker;
and, (4) possible iniluences of a paychological nsture,

(1) In terss of the instrumentation, Mabna&aé has
noted that to calculate the mesn of Ascending and Descending
trisls requires the sceelerstion of Irequency to be constant,
the same for both thresholds, and be independent of the
experimenter. In the present study, the irequency of
scceleration was controlled amsnuslly by the experimenter and
although an attempt was made to be consistent within and
between subjects, error was no doubt introduced, Howvever,
the test-retest sstimates of reliabllity for both Directicns
based on twenty-six subjects were well beyond the limits of
ehance., Thus, it seems that whatever ¢rrors were produced
by the CFF apparatus and/or the experimenter they wers
relatively constant.

Btll&n? found tiat if the rete of change of inter-
mittence (acceleration) was less than £ cps. for esch
second of elapsed time, the Descending thresholds were
aigher then the Ascending. On the other hand, 1f

6 A, Mahneke, "Flickar~?u31@m Threshold”, in Acta
"5«1,,."..”.'...:2'_,-‘5"‘ VQl. 3 » 19‘56, Pa 113"’1%#

7 D. Pillon, "Differences Between Ascending and De-
scending Flicker~Fusion Thresholds Among Groups of Hospit-
ailsed Paychistric ?&ttam&x snd 8 CGroup of MHormal Control
Pgrwan&“ in Jourps) ysholozy, Vol, W8, 1989, p. 259
252,
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tccelerations were greater then 5 cps. the Aszcending
thresholds were higher. The rate of change in the present
expariment was only 0.5 cps. for each second of clapsed
time., The results, therefore, are completely in sccord
with Dillon's findings.

(2) The Modified Method of imits, the psychophysie
cal method utilized in this study, may heve been a fector
in producing the Direction differences. %The ususl psycho-
dphysical Method of Limits for the determinstion of & stimu~
lus limen reguires a report f{rom the subject st specific
intervals along the scmle until there iz a change in
rssponse.é It was felt by the author that this method
would be too time~consuming and might csuse fatigue, The
Modifled Methed of Limits, as recommended by wagonmr,§
requires only one response for each triel. Although this
procedure is phyeically eusier on the subject, 1t may not
be &% accurate as thw true Method of Limits.

One conatant error appears to have been produced
by the psychophysical method, namely, the Brror of

i

Expectation, The subjects may have been reporting a

B J.p, Ouilford, Paycopmed
tion, New York, MeGraw-1

9 R.A. wagonar i fferences in Response Variability
Eetwe&n ﬁigh ‘Jaw Anxiat; ﬂub:mmtalxﬁ a Hliﬁkﬂr“fbﬁiﬁm
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¢hange before it had phenomenslly ccourred due to helghten-
ed attention. It was hoped that the experimentsl procedure
of alternate Directions and varying the starting polnts

for each trisl would tend to cancel the Error of Expectation,
However, with the consistent and significent difierence
between the Ascending snd Descending LFF: it is quite
possible that this constant error was in effect, Morasover,
since the Ascending CFF was lover than the [escending, 1t
may indicate that the velid or true CFF mmy, in actuality,
fall between the two obtained thresholds.

(3) Charscteristics of s newrophysiologicsl nature
aay account for differences between Ascending snd Descending
CFEs. He stead's nsuronal coupling theory of CIF was based
only on Ascending trials, He noted thet vYcoupling is
direct up te the polnt (frequency) where fusion ogcurs, at
vhich point escape or decoupling GQC&?%."ll Tn Ascending
trizlis, therefore, neuromgl gyneptic transmission zoes
from & coupling to a decoupling phase. Ur, in the {rame of
reference of this investigation, thers 15 & facilitating
effeqt followed by an inbibltory elffect. What happens
nsurologically, however, when this procedure is reversed
in Descending trials, that is, beginning with a decoupling

11 Werd C. Halstead, ] ¢, Chicago,

University of Chicago Press,
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or inhibitory phase and changing to a coupling or facilitat-
ing phase? Hzlstead,?? Bartley,t3 and Pidront™ 414 not
concern themselves with this question. Even Dillent? ang
Mahneke,lé vhe studied the disparity between the two
thresholds, ignored the possible differences in neurological
activity,

(4) Another possible influence upon the CFF
measures concerns psychologieal factors,

Four subjects reported an interesting phenemenon,
When the experimenter gave the warning, "Going up" or
*Going down', these individuals, apparently through the
suggestibillity of the words, felt that they perceived the
light as rising or falling.

Two subjects stated that the light along with the
white noise had & hypnotlce effect which made 4iscrimination
diffiecult.,

1\2 Zggdo, Kiii“@ﬁﬁ p-

13 8. waard Bartlay, "Cmmtral Hachanlsms of
Vision*, Handbog L OLY

1k H., Plgron, "Vision in Intermittent Light; Laws
and Mechanisms of the Critical Frequaney for Fusion“ in
w1lliam D, Herf, (ed.), Contributl B¢ siole

Vol. 1, Hew Yﬂrk, Academlc Press ndi, Ay P.
15 Billﬂn, W», P 2{55“%?.

153 3%%(@, fzga gigng @» 113“120‘«
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Individual dilferences were noted as to the
assuredness of response., A quick response in many subjlects
was accompanied by & beligl that they were definitely
correct, Others had a tendency to wait until they were
more sure of thelr responss snd, even then, sppeared to
doubt their discriminatery ability.

These psychological factors are not easy to categor-
ige, making thelr effect rather difficult to snalyzs, They
are likely indicative of personalit; differences, which, it
is hoped, were not of & confounding inflluence.

¥or resvarch utilizing the phenomenon of LFF two
points appear imperative: first, unless specifically
investizating differences between Ascending snd Dezcending
threszholds, only ons Direction zhould be messured; and,
second, the Instrumentetlion must have an automatle spesd

control to equalize the rate of scceleration,
B, LCFF and Divergent Thinxing

The experimental rull hypothesiz, that there are no
significant relstionshipe between CFF snd scores on tests
of divergent thinking, was upheld. None of the ten
correlstion coefficients between the two threshelds and the
five psychometric tests wes significantly diflerent from

chance, Yoreover, half of the Pearson z's were negative,
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From these results it would uppsar loglesl to areept
the null hypotheslis. However, the autbor believes that to
accept the null hypothesis would be to commit & type I
i7

grror., ¥rom this study, all that can be stated is that
significant relationships betwesn the tuo veriables were
not found,

Hethodological errors in the experimental design
mey have contributed to the laock of any significsnt rela-
tionships between CIFF and divergent thinking. As previously
noted, the significant difference between Ascending snd
'escending toresholds renders questionsble the valldity of
the (F¥ measures.

Ssmpling procedures msy hsve inlluenced the results
adversely. The sample slze ol thirty-aine was not reslily
large enough to employ the Pearson r statistic with
confidence. As well, 1t is more difficult %o oblasin high
correlstions with s relatively homogensous group, in this
caze, university students, compared io & heterogeneous
group of subjects,

An obvlous methodologloal question pertsing to the
reliaebility of milford's divergent thinking tests, Az &

test~retest estimats of rellabliity was not conducted, the
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split-half method, employing the Bpserman-Brown Prophecy
Formnlala was considered. But, Thorndike and Hagen caution,
“a split-half reliability coefficlent becomes meaningless
when & test is highly ﬁpaedad."l? Since each of the five
divergent thinking tests has a shori time limit speed is
one of the essential factors., Hence, the split-half
reljiability vas not estimated.

Ghatalaingﬁ mesgured reifsvility by correlating
the scores of two independent scorers. The Pearson o

correlation cosfiiclients based on s sample of elighty sube

0935 L TRy A X, B d W EME +
and Word Fluemey, .97. With inter-judge reliablility
estimates at sueh & high level it waz felt unneceszary to

Sttt Sk | e i e

repeat the procedure in the present study,
Borry?l nas indicated that recemt litersture offers

conelusive evidencs that Quilford's tests zre reliabls,

18 Ipid., p. b52.

15 Houert L. Thoradike and Ellzabeth Hagen,
nept and Bya uvation in DSyCUOLOgY B LOUCEY

A o AN

20 Plerre Chatelaln, "La Discrimination Auditive et
L& Pansée Creatdce", um‘ublf&h@d dnster's theals presented

to the School of Pasychology and Bducation of the University
of Ottaws, Ontaric, 196%, 1x-115 p.

21l wm. F, Barry, personel communication, Faculty of
ggzg&alag? and Bducation, University of Ottswe, Decembsr,
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Nevertheless, the question of the rellability of Guilford's
divergent thinking tests for the particular sample studled
Pemains unanswered.

C. Theoretical Conziderations

in the Review of the Litersture, BV was defined
Justifiably as & measure of retino-cortlieal activity.
Further, CFF was considered to be & possible measure of
the efficiency of the organism and of retlno-cortica:
inhibitien. It should be emphasized that these latter
tdefinitions® are based on factor analytie a%uﬂias.gg’ﬁ3’2h
This technique is dependent upon the tests originally
included in the battery and upon the experimenter's ability
o luterpret the resultant faetors. Perbaps aore conclu-
sive findings could have been obtained in the present study
1f other neurophysioclogical tesis were sdminlistered slong
with LFF. By isclating thls one measurs the suthor may
have loat the affect of other memsures that hsd bLeen
included in iactors of neurploglenl efTiciency and inhibition.

27 Halstead, Qp. Clb., 5ille206 p.

23 Givert Honlgfield, "ﬁaara¢m 1w&l Eff aianﬂg

Perception, and Persommlity®, in Per
Skilis, vol. 15, ¥o. 2, October i3

7+ Wesley €. Becker, “ﬁmrtuaak Imhib?tiam &nﬁ

Extvavar&icmwlntravarwiwn“, in Jourpal of Abnormsl snd
AL NN T, ok 46 Sl R % V@lq é’l; Mn ! 4 i “‘\‘- oE0Y o
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Two theoretical assumptions noted in the first
ehapter cannot be appraised due to the inconclusive resulis
and possible methodological errors. These sasumptions were:
(1) that (FF memsured inhibition at the neurologlcal level,
and, (2) that testsz of divergent thinking messured inhibi-
tion at the psychologiceal level.

The underlying hypothesis of this investigation,
that facilitation and inhibition at the neurological level
are basic premisss of intellectusl funectioning cannot be
svalusted becsuse of the inconclusive findings., Bven if a
significent relationship between CIF snd divergent thinking
had been obtained this hypothesis could only bs discussed
at & conjectural level becsuse of the difficultiy of defining
LPF. Hsvertheless, from %aak’mgg findings and recent
developments in the field of psych@n&uralogy,za this hypothe-

sis appears to deserve further scrutiny.

25 B. Mook, "Retino-Cortical Inhibltion and Creative
Thinking”, paper presented to the Anmial Conference of the
Ontario sycholegicsl Assccistion, Ottaws, Pebrusry 1966,

P 1"9.

26 P.C.R. Chalke amd J. Brtl, "Bvoked Potentlsls sngd
Intelligence”, in Lifg Sciepces, Vol. %, Bo. 13, April 196%,
Da lBl?*lB?? .
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The initial step in exmmining the experimental muil
hypothesis wes the computation of CFP. It had been hoped
to combine the five Ascending and five Descending trisls to
obtalin the threshold., However, the results of the snalysis
of variance based on forty-one subjeots demonstrsted a
significant difference between the two Dirsctions. Con-
sequently, Ascending snd Descending CFFs were caluulated
for eacn subject,

Reliability estimates of the two CEFs frome test-
retest of twenty-slix subjects were accaepteble. Toe reli-
ability of the divergent thiniing teste was not ssiimeted.

With 2 final ¥ of thirty-nine, cach of the ten caorre-
lation coefficients vetween the Ascending snd Descending
Cr¥a =nd the five tests of divergent thimiing were insignifi~
cant. Thus, the mull hypothesis, that there sre oo signifi-
cant relationships between CFF and scores on tests of
divergent thinking, wes supported. But, the author con-
cluded that the mull hypothesis could not be sceepled
beceuse of possible methedological errors, namely, the
validity of the CFF veiues, sampling procedures, and luck
of relisbility messures for the divergent thinking tests.

The underlying hypothesis of thls investlgation,
that inbibltion apd facilitation at the neurologiesl level
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zmsy be related to intellectusl functioning, remains at &
hypotketical level hecause of the inconclusive results,
Recommendations for further resesrch are as
fallows:
1. A qusatitative and quallitative study of the
relationship between Ascending and Descending CF¥Fsz and
various EEG indices in an stiempl to sscertsin possible
differencas in neurolegical functioning between the two
CFF Directions,
2. A correlation study between CFF .nd evoked cortical
potentials gines both appsrently messure orgeanismic
efficlency.
3. Investigation of LFF in relation to the negetive
after-image threshold with the gosal of clarifying
and/or defining the CFF phenomensn.
L, 4 study relating CFF Yo Guilford's perceptusl-
visual tests of divergent thinking.
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GRAPH FOR CONVERSION OF MILLIAMPERES PER SECOND
TO FLICKERS PER SECOND FOR THE CFF APPARATUS
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APPERDIX 2

GUILFORD'S TESTS OF DIVERGENT THIRKING

1. Alternate Uses

2. hssoclational Fluency
g. Idectionmnl Fluency

i, Bxpressional Fluency
5. Word Fluency



FORM uan

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

M SCORES: I

NAME SEX
F IT
ITT
GROUP DATE Total

. }n this tset, you will be asked to consider some commom objects. Tach
object has a commom use, = *-+ w1l be stated. You are to list as many as six
other uses for which the object or parts of the object could serve.

EXAMPLE s

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

a. /c2”2f52.7 7LA4/451, w1gfizlz (&%

!J/

7ﬂ/&/4?@
A4

b, AL A

4
Ny /27%4}7/ O
e. %m sl LS 2 ahelonid)
£. )/széd /44%/ 4//(%:71% )ZA]ZZ
7 7

Notice that all of the uses are diffcrent from each other and
different from the primary use of a newspaper. Each acceptable use
mist be different from others and from commom use.

Do not spend tcc much time on any onc item. Write down-thoses uses
that occur to you and go on to the others in the samc Part. You may
retrun to the incomplete items in a Part if time for that Part permits.

There are thrce parts to this test, with three items per part. You
will have L mimutes for each part.

If you have any questions, ask them now.

STOP IKRE., WAIT FOR FURTHER INSTRUCTIONS.



PART T

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

1. SHOE (used as footwear)

3. KEY (used to open a lock)

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



PART 1IT

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

L. CHAIR (used for sitting)

Qe

5. WATCH (used for telling time)

6 SAFETY PIN (used for fastening)

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



PART TII

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

7. WOODEN PENCIL (used for writing)

A,

f.

8. AUTOMOBILE TIRE (used on the wheel of an automobile )

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



ASSOCIATION FLUENCY I
Form "AM

By Paul R. Christensen and J. P. Guilford

M SCORES: T
NAME SEY:

B 1T
Total

T2 this test you are to write words similar in meaning to the
given word.

SAMPIE TITEM:

Write words similar in meaning to the word HARD.

éﬁm 54 AL Wﬂ//
b Zé/ /7

/

oyt %@
7y
i

4
Notice that the words written above are 2ll somewhat 1ikc the word

HAED “n meaning. In the test you are to write as many words as you can
that are similar in meaning to the given word.

HARD:
/

WAIT FOR THE SIGNAL BEFORE TURNING THIS PAGE.

VWirite as rapidly as you can. Avoid using a word more than once.
Your score will be the total number of words you write (similar in
meaning to the given word).

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

Are there any questions?

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



b.

CAIM:

PART I

FOUL:

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



PART 1II

a. POSITIVE:

b. FAIR:

STOP HERE. VWAIT FOR FURTHER INSTRUCTIONS.



IDEATIONAL FLUENCY 1
Form " A M

By Paul R. Christensen and J. P. Guilford

. M SCORES: 1
AME SEX:
F A1
111
1v
ROUP DATE Total

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

Name FLUIDS that will
BURN.

T gyt 0l
7 T e I £l
/ ‘247 J«Q OGP

gl a0

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

For this test, a fluid is any non-living thingthat is liquid of gas.
\ solid i3 any non-living thing that is not liquid gas.

The items in this test will be somewhat like the sample item above.
Tour task will be to write as many things as you canthat belong to certain
lasses. If you are not certain whether a thing fits the class, write it
lown anyway and try to think of another suitable thing.

WAIT FOR THE SIGNAL BEFORE TURNING THLS PAGE.

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

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



PART I

me FLUIDS that are suitable for
DRINKING

Acceptable - milk
Not acceptable - ether

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



PART 1IT

me SOLIDS that
FLOAT on water.

Acceptable - a cork
Not acceptable ~ oil

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



PART III

Name ARTICLES of CLOTHING

Acceptable - coat
Not acceptable - spectacles

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



PART IV

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

Acceptable -~ sugar
Not acceptable - flour

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



EXPRESSIONAL FLUENCY

FORM "™ Ao M
By Paul R. Christensen and J. P. Guilford
M 1
NAMA SEX SCORE .11
(Print) Last First Middle F 111
v
GROUP DATE Total

In this test you are to write sentences using words that begin
with the given letters: K, u, y, and i, in that order. The test contains
items similar to this one. You will be required to write as many four-word
sentences as you can, using words that begin with the given letters.

WAIT FOR THE SIGNAL BEFORE TURNING THIS PAGE.

SAMPLE ITEM:
K _CELF/ u /74/ y & AV $ ¢ (00 J/Z(
K./ﬁ;fﬂé?/ 11%5;141/(C£»v4v£// y{,{,Z;ZéL£4)*j i 74_2&(,(;éz2)

K (A jtaffe , gu ~72 1///3 y e )iy i 7’—7/4//"/7:[
7777 7 ~

K u v i

The task in this item is to write sentences using words that begin
with the given letters: X, u, y, and i, in that order. The test contains
items similar to this one. You will be required to write as many four-word
sentences as you can, using words that begin with the given l-tters.

WAIT FOR THE SIGNAL BEFORE TURNING THIS PAGE.

A1l sentences should make sense and be complete. Avold using the same
word twice. Your score will be the number of acceptable sentences 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.



PART 1

0 p
0 D
0 D
0 p
o i)
0 D
0 D
o p
0 D
0 2
0 p
0 bl
0 D
o D
° p
o p

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



PART 11

2 P
a P
a i
2 p
a p
a D
a o
a e
a D
a D
a el
a P
a D
a D
a D
a P

STOP HMERE. WAIT FOR FURTHER INSTRUCTIONS.



PART 111

t h d

h d
t h d
t h d

h d
t h d
1 h d
t h d
t h d
t h d
t h d
1 h d

h d
t h d
t h o)

h d

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS.



PART 1V

a T o
a r o
a T o
a r o
a T o
a T o
a r g
a r o
a r g
a r g
a T g
a r g
a r g
a r g
a T g

STOP HERE.

WAIT FOR FURTHER INSTRUCTIONS.



WORD FLUENCY
Form WA
By Paul R. Christensen and J. P. Guilford
M SCORES: 1

NAME OEX: -
r 11

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:

Wyite words containing the letter O
—— ﬁ%&é v//@fﬁ%&&’/

/ ) — i

A1l the words written above contain the letter "O" at least once.
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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?
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PART I
WRITE WORDS CONTAINING THE LETTER B.
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PART II

WRITE WORDS CONTAINING THE LETTER T.
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APPENDIX 3

ABSTRACT OF

With roots in the age old body-mind problem,
possible relationships between psychophysiological phenom-
ena and intellectual functioning have long been of concern
to psychology.

This paper proposed and experimentaelly investligated
possible relationships between CFF and divergent thinking,
the psychophysiological and intellectual activity, respect-
ively. The literature indicated that CFF may be associated
with the ability to think divergently, the common element
being inhibitory effects, both neurclogical and psychological.
The underlying hypothesis stated that facilitation and
inhibition at the neurological level are basic premises of
intellectual functioning.

Testing a total of thirty-nine subjects, & signifi-~
cant difference was obtained between Ascending and Descending

Directions of CFF. Insignificant relationships were [found

1 Qayle Wm., Dumsday, Master's thesis presented te
the Faculty of Psychology end Education of the Umiversity
of Ottawa, Ontario, February 1967, viii-B1 p.
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between these thresholds and scores on test: of dlvergent
thinking, thus supporting the experimental null hypothesis.
From evidence perteining to the possible introduc~
tion of methodological errers the autheor concluded that
acceptance of the null hypothesis was unjustifled,

Suggestions are made for further research,



