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INTRODUCTION 

The investigation of possible relationships between 

psychophysiological phenomena and intellectual functioning 

has deep roots In the history of psychology, Baaed" on the 

early philosophical theorizing of th© feody-mlad problass, 

psychology has long been interested in th® bodily correlate® 

of mental processes. Th@ ultimata aim of such research is 

to discover th® neurophysi©logical foundations of human 

behaviour viewing man not aa body versus mind but a® a whola. 

Relationships batwaen neurophysiologies! and cognitive 

activity have bean sought through study of a variety of 

variables and numerous theories, largely without suceass. 

Tha inconclusive and frequently discouraging results indi­

cated the need for continued research, but daaandad that 

innovations he introduced in tarss of research variables, 

both psychophysiological and psychometric. 

From this background, tha pras-aat study evolved. The 

literature pointad to th© feasibility of relating tvo vari­

ables which previously had not been studied together. Critical 
i 

Flicker Frequency5 sal©cted as to© psychophysiological 

aaaaura, was an "old" phenomenon which had encouraging 

1 Cri t ica l f l icker frequency, or CFF? generally 
defined aa that point where a flashing l igh t i s perceived as 
f l icker 5® P«** cent of tha time and as steady or fused fC per 
cant of the time? tha threshold of Flicker-Fusion* 
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implications through recent factor analytic studies. Teat® 

of divergent thinking vara relatively "new" but offered 

distinct possibilities as a maasur© of inteXXectual 

functioning. 

Studies concerning these two saeaaurea and the justifi­

cation for their use are presented in th® Review of the 

Literature preceded fey a critical examination of paat attempts 

to relate psychophysiological phenomena and intellectual 

functioning* Chapter one concludes with a suwsary and a 

statement of the experimental hypothesis* 

The second chapter describes the Cffy Instrumentation 

and the divergent thinking tests. 

Chapter three is devoted to the design, or this ®acp®ri-

ment. Topics include the sample population, experimental 

procedure, and th© statistical analysis of the obtained data. 

the first four sections of the last chapter present 

the statistical findings* Section five discusses these 

results frosa both practical and theoretical viewpoints. 

Suggestions for further research are outlined in the susnwry 

and Conclusions. 



CHAPTER I 

REVIEW Of THE LITEBATURE 

The strong interest in the problem of relationships 

between psychophysiological phenomena and Intellectual 

functioning la demonstrated by th© abundant studies reported 

in the literature. Knowledge of these relationships remains 

minimal, however, due to th© many inconclusive results 

obtained. The present study is &n attempt to add to that 

knowledge by investigating one aspect of the problem, namely, 

the relationship between CFF and divergent thinking, the 

psychophysiological phenomenon and Intellectual function, 

respectively. 

This chapter reports and evaluates the main sources 

of information on the topic. Section one reviews past 

attempts at relating psychophysiological measure® to mental 

abilities. The second section discusses the phenomenon of 

CFjg in terms of the rational® for Its use, the general 

aspects of the phenomenon, and the relation between CFF md 

psychometric intelligence. Section three explains the 

rationale for employing testa of divergent thinking* The 

chapter concludes with a summary of th© present state of th© 

problem and a formulation of the hypothesis to b© tested. 
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1. Psychophysiological Phenomena ©nd Intel lectual 
Functioning* 

In 1929, Lashley wroteJ 

The whole theory of learning and intel l igence 
i s in confusion. We know at present nothing of 
the organic basis of these functions and l i t t l e 
enough of e i ther the variety or uniformities of 
thei r expression in behaviour* The concepts are 
so poorly defined that I t has not been possible 
even to Imagine a program of physiological r e ­
search which seemed l ikely to reveal store than 
superficial re la t ionships . 1 

Almost forty years have passed since lash ley ' s re~ 

aartes. Theories of learning and intel l igence and the organic-

basis of these functions have been advanced and certain 

facts are known. Yet, confusion s t i l l exists* 

Soae of the early studies exemplifying Lashley's 

remarks were attempts to re la te simple and discriminative 

reaction time to intel l igence. I savant! gators advanced the 

hypothesis that speed of conduction in mzv®® and Bympm® 

sa&y part ly determine the level or quality of intel l igence and 

degree of learning ab i l i ty possessed by © given individual. 

In general, the resul t s show that in te l l igence, ;aemory. and 

learning a l l have factors in coaa&on with reaction speed, 

Maerimlnative reaction tiwe correlates more highly with 

1 K*S* lashley, **Braln Mechanlsma and Intel l igence", 
Chicago. University of Chicago Press, 1929, in R*&. Reitan, 
^Investigation of the Validity of £J&lsieadfa t#asur®s of 
Biological InteXlifone**, In Archives of leurolo^ry and 
M W > Vol. 73* So. 28, 
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tests of intelligence than does simple reaction time. ' 

Fro® these findings, psychology has accepted the fact that 

«speedu is a factor in intellectual functioning* But, reaction 

time did not account for other facets such as "power"* 

The reaction tiae and intelligence studies prompted 

investigators to approach the problem of the relationship 

between psychophysiological and cognitive processes fro* the 

point of view of saotor proficiency and menial abilities, 
k 

iSertsiberg tested forty-six kindergarten children correlating 

the results of eighteen tests of motor abilities with mental 

age* He concluded that "motor development alone does not 

correlate in any practically significant degree with mental 

age when the subjects are children of the kindfrg&rton stage.'"'' 

Klefer*1 studied an older age group, eight to two! wo p&mF&i 

2 ¥*^» Lsispioa, "The Halation of Baaetion Time to 
Measures of Intelligence, H^mtsry^ and learning", in Archives 
of, pgyoftology, Ho. 9*, 1928, p. 3S* 

3 P*B* Farasworth, B*H» Seashore and M«A* Tinker, 
**3po*d In Simple and aerial Reaction «s Related to Perform­
ance in Certain 'Intelligence' Toots", in Journal of Genetic 
psychology* Vol* 3»»f 192?, p. 537-551* 

k Oscar E. Bertaborg, "The Bel&tionahIp of to tor 
Ability to the Intelligence of Kindergarten Children**, in 
Journal of iducatlonol Psychology, Vol, ?'*, Ho* 7i October 
1929* P* 507-519• 

5 Bortsborg, ftp.. Clt.. p» 5X9* 

$ fraids A. Kiefer, "Mutual Hotor Correlation in 
Superior ChlX6>oa% la fpupnal ,<rf AM>U«* fmtf^tMZ* Vol. 
13, tfe, hf August 19$9» p* 357-371. 
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with a sample of 132 children and found that "the differ­

ence in performance on manual motor testa of superior and 

average children are negligible"•? Kiefer's average 

children, however, were not tested for intelligence as was 

her high I.Q. group, neither Hertsberg nor KLefer con­

trolled for sex differences which could have affected their 

results. 

In more sophisticated studies, *7 testing children 

of retarded and normal intelligence, it has been found that 

relationships between motor proficiency and Intelligence can 

be predicted for mentally retarded but not for noraal children. 

Sloan concluded that "motor proficiency is not a distinct 

aspect of functioning which can bo isolated fro® general 

behaviour, but Is, rather, another aspect of the total 
if* 

functioning of the organism". 

Studies of reaction tlae and saotor proficiency could 

only reveal superficial relationships, in Lashley's terms, 

7 IMi*» *• 371. 
8 Willlaa Sloan, "Motor Proficiency and Intelligence", 

in fawUmJm*ml.,9$JmUX deficiency, Vol. 55, So* 3, 
January 1951, p. 39*f-*KH»« 

9 Leslie F. Itelpass, rtJfotor Proficiency In Insti tu­
tionalised *m£ Non-Institutionalized Retarded Children and 
noraal Children**, in fimpiimn Jourqsl_of Heata^ Poficlency. 
Yol. 6k$ Ho* 6, May I960",'9* 1012-1015. 

10 ftloaa, IteajajfeM P* ^ 6 » 
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because they are concerned with peripheral rather than cen­

tral functions of the organism. In an attempt to provide 

a comprehensive and centrally-based theory of psychophysi­

ological functioning underlying behaviour, lashley invoked 

the concept of "cerebral efficiency".1* This was followed 

by a number of concepts and theories, which developed, to 

a large ejctent, froa objective measurements of the perceptual 

processes* These hypothetical constructs which atteapt to 

account for individual differences in intelligence, learning 

and personality, include% satiation, mtabalic efficiency, 

neurological efficiency, weak and strong nervous systems, 

reactive inhibition, cortical conductivity, and cortical 

inhibition. The reader is referred to Eonigfield for a 

complete review of these concepts and the studies relevant 

to a a eh. 

In his review, Bonigfleld discusses the numerous 

significant results obtained In these studies and the import­

ant findings in the research relating perceptual processes to 

Intelligence5 learning, and personality* let, despite some 

of the encouraging results, iionigfield emphasises the fact 

mmmmmmmmmmmmmmmmmmmmmmmmmmmm 

11 x»8« tashley, wBrain Mechanism and Intel l igence", 
Chicago, d i v e r s i t y of Chicago Press, 1929, a® quoted bj 
Gilbert Qoalffloldf "fteurologlc&l Efficiency, Parcaption* 
and Personality", in Perceptual .and Motor S k i l l s . ¥ol. 15* 
1)6* 2, October 1962, p . 512, 

XZ ifemigf laid» Op,. C l t . . p. 531-553* 
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that no coherent, inclusive theory had developed. Indeed, 

the confusion to which Lashley referred many years earlier 

was still prominent. 

In an sttesipt to clarify the issues, Honigfiald 

conducted a factorial study of "neurological efficiency**. 

Choosing the aaost valid tests as indicated by the literature 

he attempted tot 

(a) find evidence supporting a relationship between 
several perceptual, personality, and intellectual 
ability measures by recourse to factors common, to 
all, and (b) find evidence supporting the notion 
that such a relationship is best explained by 
reference to higher rather than lower neurological 
loel«-*-3 

The perceptual measures Included a number of indices 

of Cjgg, the Spiral After Effect, eutoktnetie movement* 

apparent naovesient, and visual acuity* Th© nine scales of 

fc&® Suilford-Ziarmerman Tesiperaiaant Survey provided the 

personality measures. The following intellectual ability 

measures were administered* Scholastic ftctltuda Test of the 

jfttiflm Xntimmt Mm&M&sh JBiwrifl* the ,fiftU«A» W l & ^ u g n 
IMS* and th® AraMtft̂ g* Xut ,ff,y, ftft* Qmm&, ,ift»tery. X«,*,fr» 
The sample consisted of eighty-one female and twenty-four 

male college volunteers. Inter correlations were computed fvnd 

th i s data was subjected to factor analysis* 

13 XMd*, p . *M* 
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From the ten factors extracted, not one could be 

considered a coaraon factor of neurological efficiency* 

However, Hoaigfield interpreted Factor V "as a very United 

'neurological efficiency' factor, with apparent movement, 

CffF. and Sullford Scales '0' and fFf having sizeable factor 
ll*. 

loadings". 

In his summary, Honigfield states: 

The »ost important over-all conclusion fro© 
this investigation seems to be that to ascribe 
individual differences in perception, personality 
and intelligence to a coasson construct of central 
Neurological efficiency1 is to over-simplify a 
complex sat of observations. [...] It is 
probably not an oversimplification to assart that 
in their enthusiasm to obey the taw of paraiaony, 
psychologists are often guilty of oversimplifica­
tion*^ 

Bonigflald's criticism should b® viewed in a positive 

manner. Psychology, as a science, mist continue to try to 

obey the Law of Parsimony, but at the same tiM, psychologists 

m a t cetreis© caution in making generalisations particularly 

in the field of payohoaeurology* In this way, concrete 

facts aay still be gathered but oversimplification, and 

reductionists, avoided* 

0a© area of research, not covered by Honigfield*s 

rovlow, whleh has drawn much a t tent ion i s electroencephalography 

lh I b id . , p . 5^9* 

I f IfrU. 
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hereafter referred to as ]SEG. With its rievelopoant, the 

possibility of relating nourophyslologlcal and intellectual 

activity gained impetus as the EEC was the most direct 

method found for the analysis of brain functioning. 

Reviewing th& research dealing vlth the relationship 

between ftSO and test intelligence, Vogel and Brov^rssair^ 

state that correlations are highest In subjects who have 

either relatively undeveloped Intellectual function (i.e., 

children, feeble-minded subjects) or deteriorated intellectual 

function (brain-damaged and institutionalised geriatric 

subjects). Weak and inconclusive results were found for 

samples of normal adults. The main drawbacks, according to 

Vogel and Br overman, were methodological problems concerning 

the measurement of intelligence and conditions of £E(} 

recording and the indices used* nevertheless, they conclude: 

In any ease, there is considerable evidence that 
aloctveoortleal activity and mental activity are 
positively correlated. The hypothesis deserves 
further scrutiny that the EBG may be related to 
a physiological process underlying human 
Intelligence.17 

16 Willises Vogel and Donald M* Broverman, •'Relation­
ship Between MQ and Test Intelligence* A Critical Reviw", 
in .Pay.cb^Loglwa.bulletin* Vol. 62, S6. 2, 196>, p. 132-lMf* 

1? IM&» * P* &*• 
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IB 
Brtl, noting the failures in past attempts employ­

ing th® usual KEG Indices such as alpha rhyth®^ and alpha 
20 

index, Investigated the phenomenon of ln t racor t lca l delay 

in re la t ion to intel l igence as saeasured by th© Weehsler 

Bellevue Scale of Intel l igence. With a sample of ©laven 

males he obtained a Pearson r. of .8$. The In&deq-u&t© sample 

size and a number of uncontrollable factors , however, 

prevented generalisation of the ln t racor t lca l delay 

phenomenon.21 

Wysplanski's approach to the problem of the re la ­

t ion between electrophysiological ac t iv i ty and the function­

ing of the In t e l l ec t differed fro® that of other experisienters. 

He measured EEC brain wave amplitude by weighing the acetate 

film tracings ta&en fro® one second samples of delineated 

EEG -wave forms and in place of I.Q. t e s t s he used Guilford's 

10 John P* B r t l , "Intra^Cortlcai Delay and I n t e l l i ­
gence1*, unpublished Master's thesis presented to the School 
of Psychology and Education of the University of Ottawa, 
Ontario, l$o l , vi l 1-̂ -1 p. 

19 Alpha Rhythm: aaeasured by the EEG to determine 
the exc i tab i l i ty ot the cortex and the ease with which i t 
accepts t ra ins of impulses fro® below, 

20 Alpha Index: defined as the percentage of t l ae 
during which the regular alpha pattern pers i s t s in a given 
record* 

21 Brtl* Q?» Clt.* p . 2tf-3o. 

12 «Foha 0* WyspiaasM, "1EG Brain Waves and Creative 
Thinking*', published doctoral d i sser ta t ion , presented to the 
Ssfeool of Psychology and Education of th* tJaiToraity of 
Ottawa, Ontario, 19&3, vi l i -103 p . 
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tests of creative divergent thinking,?3 Wysplanskl classi­

fied a saiaple of thirty university students into three 

categories of low, middle, and high creative ability and 

obtained measures of Jgg brain wav® amplitude for ea©h sub­

ject. The EEG was ¥mttr&®& fro® seven cortical regions and 

under conditions of rest and photic stimulation* 

Wyapianski found, sigmifioaat differences in brain 

wave amplitude between theiie three groups* The subjects in 

the high creativity group obtained the lowest sâ an amplitude 

and showed lass change in amplitude when photlcally stimu­

lated* Working within th© theoretical framework of Xeeltar* 

who posited that creativity In the human individual is a 

fuaction of the probabilistic spread of field fronts within 

the human eortax, Mysplanskl concluded that 

[...] the smaller the amplitude the higher the 
frequency5 consequently the greater the brain 
activity. Finally, the greater the initial, 
or resting brain activity, th® leaser th® change 
will be upon stiMulatlon* To put it less formally, 
the sore alert the brain the less effort will it 
require upon, stimulation to respond adequately.25 

23 *?.?. Guilford and p*R, Marrlfield, *'The Structure 
of Intellect Jtodeli Its Uses and Implications", Report 
fr©» th* Psychological laboratory, University of Southern 
California, Ho. 2*f, April I960, p* 1*27* 

$* J*C* Iceles, *Th« Physiology of Imagination", in 
"~ *—-—-,, y ^ 199, i©. 3» September 195$, 

*d by ^ysplahski, Qj>« .cit*» p. 1-2. 

25 Wyafiamski, .to* Clt«. p* 73.79. 
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Chatelain, following Wysplanski»s promising results, 

studied auditory discrimination in relation to creative 

thinking in terms of Secies' theory* He divided his sample 

of eighty subjects Into two groups of high and low creatives 

on each of th* five teats of creative thinking and the global 

score* Comparing the mean scores of the auditory discrimina­

tion test to the two creativity groups yielded critical 

ratios significant at the *01 level of confidence for five 

of th* six creativity measures* Because of his sampling 

procedures, however, Chatelain concludes; "Las resultats 

de cette investigation ne pouvalent etre generalise, c*e$t a 

dire appliques 1st una population autre que I'd chant! lion 

utilise' lei."27 

From Secies' postulate that the creative brain Is 

highly Integrated and characteristically low in Its Inhibitory 

effeats, Hook hypothesised and experimentally Investigated 

a possible Inverse correlation between cortical inhibition 

and creative thinking ability* Cortical inhibition was 

aaasured through th* visual sense modality by means of the 

26" Pierre Chatelain, HLa Discrimination Auditive et 
la f»n»4» Cre«trice% unpublished Ifester's thesis, presented 
to the School of Psychology and Education of the University 
of Ottawa, Ontario, 1965, ix-115 p. 

27 Ibid*, p* 106. 

26 B. Moofe, "Eetlho-Cortieal Inhibition and Creative 
Thinking1*, m^ jpFaseated to the Annual Conference of the 
Ontario Peyoftologleal Association, Ottawa, February 1066, 
p* 1*9 • 
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negative after-image threshold*2^ Measures of creative 

thinking were obtained from Guilford's perceptual-visual 

tests of divergent thinking. The Pearson r. computed between 

the negative after-laage threshold and creative thinking 

t*st scores for the ninety-subject sample yielded a value 

of -.305 significant at the one par cent level ©f confidence. 

In analysing this significant relationship, Waak states? 

Th* result of this investigation revealed that 
creative thinkers do not only show a character­
istic lack of psychological inhibitions but also 
a significant lower index of neurophysiological 
inhibition as measured through the Negative After-
Image Threshold apparatus* The findings support 
Eccles' postulate about the creative brain being 
lour In Its inhibitory effects, enabling the 
brain to maintain a high level of activity*3£ 

These studies concerning electro- and neurophysl©logi­

cal correlates of creative thinking are encouraging. They 

appear to be a step towards lashley's hope that th* organic 

basis of learning and Intelligence eventually Might be 

realised* Hook's investigation, In particular, leads one 

to hypothesise that inhibition at the neurological level 

say be related to the functioning of the intellect* If 

other psychophysiological variables of a ratlno-cortical 

nature and pertaining to the phenomenon of cortical 

%9 iegative After-image Threshold 1 denotes th© 
pelat where loss of the iaage occurs as a function of th© 
particular type of field Illumination intensity* 

30 HsOk, M*JSU*» P» 6. 



REVIEW OF THE LITERATURE Xj) 

inhibition also correlate with tests of divergent thinking, 

it would lend support to Hook's findings and might allow 

greater speculation concerning the biological bases of 

Intelligence. One possible variable, CFF. Is discussed in 

the next section. 

2. The Phenomenon of CFF. 

A* Rationale for Its Use 

When looking at any source of intermittent lllUHsina-

tion, the light may appear to flicker or it may appear to 

be steady, depending upon a variety of circumstances. Within 

a defined set of conditions, a transition point or threshold 

say be found where flicker changes to steady light or steady 

to flicker. This transition point is known as Critical 

Flicker Frequency, or cfT* The literature indicates that 

it is a possible measure of the efficiency of the organ!an 

and of cortical inhibition* 

Halstea&S* used CWf in his study of brain functions 

and behavioural potentialities. Administering a battery of 

psychological and neurophyBiological tests to 207 brain-

injured and thirty control subjects, he identified four 

separate entities or factors of biological Intelligence by 

*»• 3 L ? a M ?: tolft!;f4' grain and jB$»Wffigi 
Chicago, University of Chicago Press, 19**7, xiii-2Co p. 
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aeAns of factor analysis* One of these, termed the P or 

Power factor is described ast 

A dynanic factor which, in terms of a single 
estimation, probably best reflects the overall 
status of th* brain* Its specific physiology 
i« unknown but it would not be surprising should 
it be found to parallel those vital processes 
which sustain the brain and cortex at a nigh 
I*v*l of efficiency*32 

Halstead found CFF to ba the purast power factor and recommends 

it as a test of P* 

To interpret CFF Halstead postulates a neuronal 

coupling-decoupling effect: "Coupling is direct up to th© 

point (frequency) where fusion occurs, at which point 

escape or decoupling occurs*"33 xn other words, the neuronal 

synaptic transmission is continuous up to a point where 

uncoupling or a break in the neuronal conduction takes 

place* At tills point the individual perceives the flicker­

ing light as fused. Halstead Indicated that the greater the 

Power factor in an individual, the greater will b® the 

neuronal coupling and, necessarily, th© higher the CFF. 

Halstead's hypothetical neuronal coupling-decoupling 

*ff*ct is similar to the construct of cortical inhibition.^ 

32 Iblff.. p. 98. 

33 2M&** P» ??• 
%k Cortical Inhibition! *'r*attlts from a continuous 

stimulation of a sensory surface leading to an alteration of 
«afoM®qmnt responses**, as defined by Itook, ftft*. ,Ci^«* p. i* 
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Beckar^* studied the general theory of cort ical inhibi t ion 

as interpreted by various authors in re la t ion to extraversion-

introversion* He employed a group of neurophysiologies!, 

psychophysiological and physiological t es t s to measure the 

operat ional ly-dis t inct concepts of basal cor t ical inhibition* 

sa t ia t ion , and reactive Inhibit ion, and tea ts of extraversion-

introversion* The resul ts obtained from sixty-two under­

graduate psychology students were factor analysed* CFF was 

one of the t e s t s found in the re la t ive ly pur® cor t ical 

inhibi t ion factor: 

Factor 3 [••*]* comes closest to any of the other 
factors to representing a general cort ical 
Inhibit ion factor* From th* predominance of con** 
di t ioning, CFF. and aniseikonlc lens© loadings 
i t i s apparent that t h i s factor re f lec t s primarily 
a basal Inhibit ion effect , rather than a reactive 
inhibi t ion or sa t ia t ion effect*36 

Whether one considers CFF to be a measure of the 

Power factor or efficiency of th* organism and a •"decoupling*1 

phenomenon as interpreted by Hal stead, or a basal inhibi t ion 

factor in Becker's terms, i t s use as a psychophysiological 

variable i s jus t i f i ed . Further, i f inhibi t ion and f a c i l i t a ­

t ion a t the neurological level are basic promises of 

In te l lec tua l functioning, as th is author hypothesises, than 

35 Wesley C* Becker, '''Cortical Inhibit ion and 
ixtraversion-mtroversion", in Journal of Abnoraal^..and ,Soc!i4 
PftycholOCT, Tol* 61 , Uo. 1, July I f f , p. 52-66. 

36 IMd*. p . 62. 
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CFF might b* related to divergent thinking. The reasoning 

Is as follows: <1) ftook has found an inverse relationship 

between inhibition and divergent thinking! (2) It Is possible 

to predict that a higher basal cortical inhibition level 

would act to lower the perception of QELr hypotheticslly, 

than, (3) higher thresholds of £g£ (!•••» low inhibitory 

effects) should b« related to higher scores on tests of 

divergent thinking* 

B* General Aspects of the CffF Phenomenon 

Halstead states in his study of biological i n t e l l i ­

gence that CFF i s an effective measure of the Power factor 

or efficiency of th* brain and accounts for ClfF by a 

coupI!ng-d*oott$»iing effect, similarly, Becker*is research 

indicates the possibility of defining Cfff in terms of 

cortical inhibition. This section reviews soae of the more 

general but pertinent aspects of the ffiT? phenomenon. 

3 ? M M P. 55. 
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From the many facts presented and discussed in r e ­

views of the l i t e r a t u r e / ***9> °* * 2 there emerge a number 

of laws governing the variation of £££. The principle laws 

are; 

1. The intensi ty of illuffiinatioa i s the stoat basic 

factor daterainlng Cjg* ĝgg i s related to th* logarithm 

of lualnanc* tout l a not d i rec t ly proportional. The 

relat ionship generally takes the form of a sigmoids! 

curve. 

2, Phase re la t ion (th* Light-Dark Ra t io ) . - A Maximum 

CFF i s obtained from equal light-dark phases, with a 

re la t ive ly symmetrical decrease for ra t ios smaller or 

larger than 0*5* 

3* Lower c p > tend to be obtained under conditions ©f 

dark aiaptat ion than under eondltlona of l igh t adaptation* 

%% C. Laadlf, MSost«thlng About Flieker-FuahinM, In 
Scient i f ic Monthly* Vol. 73* Ho. 5* tteveiaber 1951, p. 3C8-311*. 

39 « . — , — „ f
 nDat*ralnanta of CFF Threshold*', in 

Ffcr**,t»«K*Y»t fllVeffW* Vol. 3*** 199*, P~S9~286* 

M) G."w. Granger, "Abnormalities of Sensory Par cap-
in S* J , Bysenci 

Haw York, Basic Books. 
tion% in S.J, Eysenck»s y ^ b ^ o k of Abn^yiaa^ P jjy c ^ o g y , 

**1 E* Slaoason and J* Broa«k, "Flicker Fusion Fre­
quency i Background and Applications", in Physiological Rovl*v. 
fol* 32, 1952, p* ~*~ * 

k2 II. Pleron t "Vision In Intermittent Lights law® 
and Meehanlaas of th® Cr i t ica l Frequency for Fusion14, in 
vmiM. ». i*ff {*d*)i jBmtoWAftM,,,WMy°*y P&*Ww* 
¥ol* 1, few fork, Aea4«tt!o Proas Inc.. 1965, p. 179-26*** 
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This i s du* to the different character is t ics of the 

two receptor systems, rods and cones. 

h, CFF obtained by binocular observation i s higher 

than tha t obtained by monocular vision* 

5* On the whole, CF^ Increases almost rectilinearly 

as a function of the logarithm of the re t ina l area 

stimulated. Evidently, the larger the re t ina l area 

stimulated, the greater the probability of including 

aore sensit ive regions, and consequently, rais ing cy?. 

6. Within certain l imi t s , CFF increases with the length 

of the duration of observation of intermittent stimu­

lation* This i s a resu l t of the f ac i l i t a t ing influence 

of the increased duration of observation on perceptive 

discrimination. 

Other factors which have been found to affect CFF 

include chronological age, brain damage, drugs, and stresses 

such as anoxia and fatigue* Attempts sadc to r e l a t e 

permanent personality t r a i t s such as extraversion-introversion 

and body type to CffF have bean l&conelualve, ** 

Rfeich research has centred upon th© neurophysiological 

foundations of C)TF. These studies have emphasised e i ther 

th® peripheral ( re t ina l ) determinants or the usore e«ntral 

{cortical) factors . The chief exponent oi' th* re t ina l point 

^3 Qrangar, OP. Clt*. p . m3-166* 
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point of vl*w has been Heeat**** who outlinad a saries of photo-

aquations- to aceomnt for £ff» Although fee offered 

many new ins igh ts , ifaeht himself recognised the l imitat ions 

of studying the photoen*Mlstry of th* retina. "T»© ret ina 

i s a complicated structure and not enough la known about 

i t to furslah th* st*t*ri«l for an aaaguate formulation of 

so complex a phenomenon a* flieker*** ^ 

On th* other hand, BavtUy*** hypothesized an 

Alteraation-ef-Respons* theory to account for C.FF* Frosi 

h is s tudies , h* eoneluaed tha t "the ultimate crucial point 

of determination appears to'to* l a the«cortex*1.1^ 

Pleron c r i t i c i s e s these approaches for not taking 

in to account the ent i re process of CFF. 

Explanatory theories have generally sought to take 
aaeoust of a l l th* oharaetar ls t ics of fifa a t only 

itecheaji 
level i n th* visual systes: photo eSasieaX 

processes with Hecht, for ©ĵ uapX*, or a percept!v* 
elaboration stage with Segal, or the formation of 
messages transmitted by th* optic nerve with 
Bartley. ¥« need to examine the actual s t a t e of our 
knowledge of th® processes of exci tat ion, th* con- . 
s t i t u t i on of the nessage* and th* perceptive r e a c t i o n . ^ 

•*#» 

kk 8. H«cht and CD, ¥*rri4p, "Intersil t tent Stimula­
t ion by hipkt* Th* Relation Between Intensity and pj f for 
Different i a t i n a l location*1 ' , i n Journal of Qoaaral 
mmUlBft W k *?t 19331 P* 273-2^, as quoted by 

**•* lMd«* p. 126* 
h* *, Hewed Bartlay* "C*»t*a' Mechanism* of vision®, 

book of Jtortj|<><y» Section Xj Kffiurophysiology, Vol, 
Y'pY'TVWWF* 

N7 Ib id ; , p. 730. 
h® Pielrom, Op*. ,€l,t*« p. 213* 
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In his research, Pieron has examined each step of the 

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

events within the optic system* 

Th* absorption of photons by the molecules of a 
photosensitive pigment in the receptor ©laments 
instigates an Initial process of nervous excita­
tion* The nervous excitation is transmitted by 
means of a short conducting link (bipolar calls) 
joined to a web of connecting cells up to th© 
neurons of a retinal nervous centre (ganglion 
cells)* Messages are emitted in the form of a 
repetitive flux whioh travels through a single 
synapse in the lateral geniculate body to th® 
visual projection region of th* occipital 
cortex, starting at the cortex a perceptive 
interpretation is elaborated*^9 

Pieron does not attempt to account for CFy in tarm® 

of retinal versus cortical deterainanta but considers the 

totality of the psychophysiological process, Be notes that 

th* positive results of studies relating Qff to EEQ variables, 

if confirmed* would be highly significant. But he adds 

that «no plausible Interpretation has hmn suggested**1^ 

Th* studies to whloh Pieron refers were conducted 

in ord*r to offer support to the notion of a cortical deter-
Kl 

©ination for CFF. Beunlng, with a sample of twenty-three, 

50 Ibid*, p . 230. 

51 H* Heunlag, r,A Haw Flicker Apparatus for I n s u r ­
ing Individual Differences", In Acta Ptyoholojrlca. Vol* 11 , 
Eo» ht 1955* p. ¥*7-W. 
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found a posi t ive relat ionship between CFjP and EKG alpha 

frequency* The Pearson r. of ,5^5 i s significant a t the .01 

level of confidence. Chyatt©5'2 obtained a Spearman rank 

order coefficient of .851 between fiPF and alpha Iade« with 

th* ^BG measures taken from the occipital and temporal loba*. 

With a sample of fourteen and s* wide ag* range of tvcaty* 

four to s ixty-three years, Chyatt**j resu l t s are questionable* 

This section concerning th® general aspects of C«b 

has attempted to outline th* principle laws governing i t s 

var ia t ion. Research on the re t ina l versus cort ical deter­

minants of CF? was aiso discussed. The only apparent con­

clusion i s that CFF i s a highly complex phenomenon involving 

a l l par t s of the visual pathways from th* photoradaptora to 

the cortex. I t appears jus t i f iab le to define CJ*? as a 

measure of retine-cortical a c t i v i t y | and, for th* purposes 

of th* present study, a possible o*a*ur* of brain efficiency 

and retlno-eortieal inhibi t ion. 

C* C^f and Psychometric Intell igence 

The possible relat ionship between CfF and psycho­

metric ia te l l lganc* has been investigated by many, Results , 

on the whol%ara equivocal. 

52 C# Chyatt®, "A lo t* on th* B*l*tt<ui*hip of Alpha 
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Hals tead '^^ correlation between CFF and the 

kelson Test of Mental Ability was positive but Insignificant 

a t .117. 

Kerr and abram* correlated the Haistoad t e s t s with 

a number of group tests* Their sample consisted of twenty 

male subjects in management positions In Industry, ag# 

twenty to f i f ty-eight years, in insignificant correlation 

of ,16 was obtained between the Power factor and the Ohio 

Q^aslf.lca.tlfflje^t .of, „Inflo^g*iKfe. 

Several independent studies relat ing CFF to i n t e l ­

lectual functions in ger ia t r ic subjects have yielded sslgni-

fleant r e s u l t s . Colgan-v compared scores on the w*cnsllorN» 

m^itYW Soal* ,9X bmMfPW* to &l on z sample of forty 

males between the ages of sixty-five to ninety-five. A 

Pearson r of 0***6 was significant a t th* .01 level of 

confidence. 

Loranger and HLsiak'' with a sample of f if ty female 

subjects aged seventy-four to eighty obtained slgnifleant 

13 R»Istoad, 0a.. C l t . . ad 11-206 p. 
$k ¥*A. Kerr and P. Abrams, "H&lstead Brain Impair­

ment, Boldness, Creativity, and Group Intelligence Measures'', 
In_ Journal of. .ClinJcaI P s^gholpfty,. Vol. 16* Ho. 2, April 
1962, p» 11$-113* 

55 C.M. Colgan, "Critical Flicker Frequency, Ag«, 
and Intel l igencew , i n Mexican Journal of paycho^ogy. Vol. 
67, Ed* V, Scomber 195V, p . 711-713. 

56 Andrew W» Lor«ng*r and Henry Hlslak, *'critical 
d i c k e r ffe^uancy and S©» Inte l lec tual Function* in Old 

f*% in journal of g*r*jitolojgy* Vol. il«, So* 3* «JUy lOT* 
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corr*latlons between CFF and the following psychometric 

tests: the Digit Symbol sub-test from the W* easier adult 

Intelligence Scale, the Raven ProEressive r»trices, and. th© 

Reasoning Test (untimed) fro® Thurston©*s Primary ntntal 

Abilities. The relationship between C^P and psychometric 

intelligence in the sged, "is tentatively ascribed to a 

r*duc*d central neural efficiency In old age, which adversely 

affects both CFF *&& some intellectual functions."*^ 

Because of the limited age range used by Colgan and 

Lorsnger ana gftslak, i t was d i f f icu l t to explain what par t , 

i f any, intel l igence had in determining CFff. In attempting 

to ov.rco.« t U . l lB l to t loa , H l * t t * « l e e t * a . l g h t M i * 

and eight female subjects representing each of six ten-year 

age groups from age twenty to eighty inclusive, yielding a 

to t a l of ninety-six subjects. His CFF test ing was well con­

t ro l l ed . Intel l igence was measured i^y th* Haven Progressive 

lis t r i c e s . By employing analysis of variance and covariance 

Wilson obtained significant r e s u l t s , concluding that "there 

i s no soJE difference in CFF a t any age, but that both age 

and non-verbal intel l igence are determinants! of CFF."-" 

57 Ib id . , p. 327. 

5E T»H. Wilson, "Flicker Fusion Fr«qu*ncy* Age, and 
Intelligence*1, in Garontolosda. Vol. 7, Ho. 1, 1963, p. 200-
20a* 

$9 JM$»* p. 2(>7. 
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To date , Wilson'a findings concerning nonrvorbal intell igence 

®h& ,C3fy haw not been cross-validated* 

With a sample ol 120 boys at a$e$ s ix, eight, ten, 

and twelve years, Cross60 i&vastl gated the re la t ion between 

CFF and age, and th* re la t ion between jagg * ^ certain mental 

a b i l i t i e s . The correlat ion between CFff and I.Q, scores on 

**• W f t ^ f , „;&n\»Ulfl*nc* fficaA* ,ft*ff Children was significant 

only in the twelve-year old group. Cross concludes that CFF 

and intel l igence are correlated significantly only a t those 

age levels which are associated with extensive physiological 

change* 
61 Tanner studied .CJQ. in re la t ion to t e s t scores on 

fc&@ A.C.S. Psychological Exaalnation College gdltion* Th© 

CFF was obtained hy varying the dark-period following each 

intermit tent l igh t pulse. With a saapie of tv*Aty~on* 

college students significant correlations a t th* .05 level 

of confidence ware reached between various CJjffl dark-interval 

durations, and the to ta l score on the A«C*.E» 

60 Jan* P. Cross, "Relation of Age and Mental Growth 
to w Besponse l a Children*8, in j ^MJOSfAsa f f i l * *»*• 3*f, 
S o . " September 1963, p . 739-7*^« 

61 Wilson P. Tanner, J r . , "A Preliminary Investiga­
t ion ©f th* Relationship Between Visual fusion of Xnt*r* 
a l t t e n t Light and Xntelii«*&«*% i n a^tno^* Vol. 112, 
I©* 2903, August 1950, p* 201-203 • 
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Suba*tu*ntly, Colgan62 tested £££ in re la t ion to 

A>CE« lntellig«ne© scores with a group of ninety college 

students* His CFF apparatus was s l a i l a r to Tanner's except 

that he used an intermit tent l ight having a I t l light-dark 

r a t i o . H* found no significant correlations* Landls and 

Saiswi53"* suggest tha t the correlations reported by Tannar 

are examples of random fluctuation. 

Cri t ic is ing these studies for employing hoaogenaou* 

groups in terms of intel l igence, SCorotkin^ u t i l i sed three 

groups of subjects ranging in y*chal*r I.Q. fro® fifty to 

over 120, He found that the higher the CF^ th* higher the 

I.Q, but th© relat ionship did not reach s t a t i s t i c a l 

significance* 

In sumary. avidenea for th* relationship between 

cyF and psyohoaetrle intel l igence appears strongest for 

s a b l e s of children and ger ia t r i c subjects and weakest for 

samples of young adul ts . The psychometric tes t s way have 

62 C*H. Colgan, "'The Halation between Cri t ica l 
Flicker Frequency and Several Psychological Variables**, 
unjpnblished doctoral d isser ta t ion , University of Florida, 
195**, University Microfilms, Ann Arbor, Michigan* No. 9706, 
as reported by Carney Xjtadls and Violet asswi, "Crit ical 
Flicker Frequency, Age an$ Intel l igence", in ^aerican .Journal 
of Paycholoay* Vol* 69* ife* 3 , f ap t«ber 1956, p . *^-Hol . 

63 laaaia ana I&UBWI* Pp.. pit* * p . **61. 

6*t A*L* lorotkln, ^Perception ana Intelligence* th* 
aalatlonship of Certain Visual-Perceptual Ski l ls with I n t e l l i -
gene*, Age* ana" S«*»* unpublished doctoral d i sser ta t ion , 
Tompl® univers i ty , I960, as reported by Son!gf1*1*, Oo*. e i t* . 
P. 530. 
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b*en a factor in the inconclusive resu l t s with young adul ts . 

Vogel and Broveraan6^ speculate that the in te l lec tua l differ­

ent ia t ion of the normal young adult frequently goes unrecog­

nised by using standard t e s t s of general in t* l l i fence . I t 

i s possible tha t a relat ionship between CFF and; In te l lec tua l 

functioning wrald be ®or@ easily attained in a sample of 

young adul t s , i f indeed there i s such a re la t ionship, by 

*atploylng cognitive t e s t s of a more specific nature* This 

notion i s elaborated upon in the next section of th is 

chapter* 

3 . Rational© for Baploying Test& ox divergent 
Thinking. 

Past attempts at relating CFF and intelligence in 

normal adults have bmn hampered, possibly, by the use of 

tests of general Intelligence. Vogel and Brovara&an specu­

late that due to increased differentiation of Intelligences 

A nonsal adult would score very differently on 
particular tests depending upon which aspects of 
intelligence were measured by the tests, and 
depending upon his special mental skills.66 

Consequently, when employing adults as subjects in a study 

correlating a psychophysiological variable with intellectual 

functioning, It would be necessary to use a relatively 

•i i i . inii » • m im ii i n 11 i " ' • 

65 Vogel and Brov*nwn, Oav.qift., p . 132-lM*. 

*6 Ibid.., p* l^o. 
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differentiated and refined psychometric Instrument which 

t e s t s a specific cognitive function. Guilford's t e s t s of 

divergent thinking®? have been designed for th is \r@ry 

purpose* 

Since 19!?Q» Guilford®** has attempted to explore a l l 

aspects of In te l lec tua l functioning. Bis invest igat ions, 

by means of factor analysis , in the areas of creative 

a b i l i t i e s , reasoning, evaluation, planning, and problem 

solving, led to the formulation of a theoret ical jaodel of 

th* Structure of the In t e l l ec t . This model i s described in 

th* next chapter* 

On© section or factor i n Guilford's Structure of the 

In t e l l ec t Model which has been experimentally verified Is 

tha t of divergent thinking. Guilford designed tes ta of 

both a verbal and perceptual-visual nature to measure the 

ab i l i t y to think divergently. In each t e s t the subject i s 

presented with a stimulus and i s required to arrive i t ss 

sjany plausible answers as possible* This necessitates a 

different thought process compared with t e s t s of convergent 

thinking where only one answer i t applicable. 

67 Guilford and Iterrif ield, pp* Glfr** p. 1-2?. 

63 J .P , Guilford, "Creativity", Presidential Addreso 
of th* American Psychological Association a t Pennsylvania 
Stat* College* 195©» as reproduced in Sidney J . Parae.a and 
Harold 1* Harding, ( ads . ) , A .Sour.g*. Book toy Cr»aUv* 
¥h4«ir4n»f Haw fork, Charles Seribner*s Sons, 1962} P* 1I?2-
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In discussing the production of tests to sssess 

those factors, Guilford states; 

In tests of convergent thinking there is almost 
always one conclusion or answer that is regarded 
as unique, and thinking is to be channeled or con­
trolled in th© direction of that answer* In 
divergent thinking, on th* other hand, there is 
such searching about or going off In various 
directions [...] Divergent thinking is character­
ised as being- less go&l-bouad. There is freedom 
to go off in different directions»&9 

As indicated by Mook and hinted at by Ouilford, tests of 

divergent thinking may measure inhibitory effects in the 

thought processes, low inhibitory effects would enhance the 

ability to think divergently. 

It is not surprising that tests of divergent thinking 

have not correlated highly with tests of psychometric 

intelligence.^*?3* As Guilford points out, *%a an I.Q. 

tost there is usually almost nothing involved In the way of 

divergent thinking*»7Z Furthermore, the ability to think 

divergently is a fairly specific cognitive function whereas 

Intelligence tests are broad in scope. 

th* jnlyllect, 
Los Angeles, University of South California, 1957* P» &-K>* 

70 Jacob W* Getseis and Philip VI* Jackson. Creativity 
and..Jqt*JLlla*n.c«. New York, John Wiley and Sons, 1962, ivii-
293 P* 

71 laoru faaamoto, HRolo of Creative Thinking and 
I&telilgeno* in High School Achievement", in Psychological 
a*oort*» Vol. lk, no. 3, 196>* p. 7o>739* 

72 Guilford, "Creativity*', p. 163. 
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Another factor favouring these tests concerns 

Guilford*s ability to apply his theory with a*asur*a*nt 

skill* "The aost important asset of the tests developed by 

Guilford lies In their theoretically established bases and 

the careful studies which gave them existence*** 

The use of these tests in relation to CFF is 

justified even more emphatically by th® success encountered 

by Wyspianaki, Chatelaln, &nd i*>ok. Ivan though Wyspianski 

and Chatelaln used the verbal set of tests and .'-oak the 

perceptual*visual set, and despite the fact that each inves­

tigated a different psyehophyaiological variable, ell three 

studies gleaned significant results* 

Wyspianskl, Chatalain and Hook have Interpreted 

scores on Suilford's divergent thinking tests a& measures 

of creative thinking* Th® literature indicates that th© 

ability to think creatively involves sore than divergent 

thinking. Guilford himself notes that, •'creativity cannot 

be allocated exclusively to any particular portions of toe 

smdel.1^ Hence, for the past several yaars Guilford has 

included in creativity, other abilities from hi® Structure 

niwininiiiimm t.nnn • I I . I I » I I » I «in 11. • 

73 Wysplanski, ,0a.: Cit.. p. 1*+. 

7k Guilford and Harrifield, Op* Cit.* p. 11. 
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of th® In te l l ec t Model./J As wail, Ctolann' reports studies 

where Guilford's t e s t a , scored for quantity and qual i ty , did 

not correlate well with th* degree of creat iv i ty as Judged 

by experts in the subjects ' own f ie lds . 

Creativity i s a re la t ive ly new area ox study ai&S 

un t i l Guilford1a t e s t s demonstrate greater va l id i ty , i t i s 

deemed wiser to consider divergent thinking as part of 

creative thinking rather than equating the two concepts. 

In suaaaary, th® rationale for employing Guilford's 

t e s t s of divergent thinking I s derived from four .sources. 

F i r s t , the cognitive specificity of th* measures? second, 

thei r sound theoret ical and s t a t i s t i c a l bases; th i rd , the 

success of other studies using the® in re la t ion to psycho­

neurological variables; and, four, the assumption that 

divergent thinking t es t s may be a measure of inhibitory 

effects in the thought processes, 

k, liiuBsary and Hypothesis. 

For many years psychology has attempted to re la te 

psychophysiological phenomena to in te l lec tua l functioning 

75 These other a b i l i t i e s includet Redefinition from 
the Convergent Production category, and Sensi t ivi ty to 
Problems fro® the Evaluation category* 

76 Stuart E. Oolana, "Psychological Study o: 
Creativity"* In Paydbolo^ic^. Ki l l* t in . Vol. 6f., So. G, 
Bovesiber 19»3* fTJWT 
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with th* hop* of deriving soma understanding of the Molog-

ical bases of Intelligence* This search included a *alriad 

of neurophy si ©logical and psychometric variables and a 

variety of theories* Th* results, on the whole, have been 

inconclusive and rather discouraging* 

However, three studies concerning psychophysiological 

correlates of divergent thinking yielded significant results 

and led this author to hypothesise that Inhibition and 

facilitation at th* neurological level may be related to 

intellectual functioning, 

Factor analytic studies demonstrated that CFF may 

be a possible measure of brain efficiency arid re tin©-

cortical inhibition. Studies relating CFrF to psychometric 

intelligence produced low correlations, indicating the us@ 

of tests of a ©ore specific cognitive nature, namely, tests 

of divergent thinking* 

To further substantiate the hypothesis that fiFF is 

related to divergent thinking two theoretical assumptions, 

based on the literature may be helpfuli 

I* that, CFF is a neasure of retlno~cortical inhibition, 

i.e., inhibition at the neurological level} 

2. that, testis of divergent thinking a*aour* Inhibition 

of the thought processes, i.e., inhibition at the 

psychological level* 
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For each aeasure, th* lower llus. Inhibitory effects 

the higher the score. Consequently, high CFF should be 

related to high scores of divergent thinking. The proposed 

hypothesis is stated in the null forms there ar© no signifi­

cant relationships between CFF and scoria on (teiiford** 

verbal tests of divergent thinking. 



CHAPTER I I 

TOOLS OF EESEABCH 

This chapter presents the tools , hoth psyeho­

phyaiological and psychometric, used in this, study* Th* 

f i r s t section consists of a detailed description of the 

CFF instrumentation. Section two discusses doll ford's 

Structure of the In t e l l ec t Hodal and five of h i s tes ta 

designed to measure divergent thinking. 

!• QT Instruaentatlon* 

*&• £ E apparatus eajployed in th i s study i s s i a i l a r 

In principle to tha t of Foley ' s . 1 I t i s diagramed in 

Figure 1 on the next page and th* description follow®. 

1 F.J* Foiay and J, Kasdan, **&ra&-Intensity tela* 
tlon* within th* Fovaa for Flickering White i&4 Fart-

T SEX'S EWMg PmK""' 
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Figure 1.- £££ Apparatus. 
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Th* entire optic system was constructed on a steal 

baa* 76 cia. long, 19 om, wid*, and 2 era. do*p weighing l*0 

pounds, th* base was placed in the aiddie or a 6' & M 

adjustable, wooden*topped, at«*l-r«inforc*d table whicn 

alec supported the rest of th® electrical equipment* 

Th* light Source was a 6-? General Electric 2331 

double filasaent bulb* generated by a do 6 Volt Battery 

connect*©* in series with a 100 ohm potentiometer to 

regulate the light intensity. The battery generated 6.CJ" 

volts a.nd the current in the laap filament waa 1.37 chess. 

The light was oollimtad by Lens I and brought to a focus 

in the centre of the rotating shutter by Lens 2. The rotat­

ing shutter vat driven by a Bodin* dc Motor* No* 27555s*?? 

Type MR~3,k with i?2? rpsa. To ensure constant voltage th© 

motor was connected in series to a Sola Constant Voltage 

Transformer, Category Ho. 3C3c;6, ferial No. KOIH9. Th« 

speed of the sotor wa« controlled manually. 

A proximity asa&netic pickup (tachometer) above the 

rotating shutter op*rate«i a Universal Avoateter, t'oUel u» 

The number of revolutions of th© shutter were read in 

ailliejaparos per second on to© Avonoter* A calibration in 

flicker® per second v*v*al*d an approximate linear rela» 

tlonship between siilliajsperes and flickers. As saoted in 

Appendix lt .OlH mA per second'* 1*0 flickers per sec, 

with aoeurasy at 60 epa* better than one per cent. 
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Th* Intermittent l igh t with a l ight-to-dark 

fraction (L-B-F) of 0*5, was colligated a t r,ens 3 . i t 

then passed through the aper&ture, 1/16 in* in diameter, 

through u Kodak Wr*tt*a Ifeutral r l i t e r , of density 2.0, 

and by means of tens kt was brought to a focus a t the 

Ar t i f ic ia l Pupil, whieh was 2 mm* in diameter. 

The l igh t intensi ty w&a hold constant by making 

sinor adjustments to th* potentiometer connected in ^eriey 

fross the battery to th* l ight sour a®, The lntansi ty wai 

measured with & Photo-Cell * Hodei d PVI*AAB*aub* 3 , and 

was read In dc Microamperes on a General Elect r ic Meter* 

Type D0-76. The brightness level was IS> mieroaapere^2 

measured d i rec t ly behind lens 3 . 

In an attempt to eliminate cues from th® change In 

sound of the Bodia© motor a t different speeds, whit* 

nois©3 w a s introduced as a masking effect . The white 

noise generated fro® & tap® played on si Wollenaa* Tape 

Reorder . 

2 150 nier©»per©@- equals 22 Foot Candles z,n 
M&sured by a Photo Volt Llfht Meter* 

3 White Sol**t a bl*nd of various sound w*v# 
fpequencieg. 
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This C^F Instrumentation sa t i s f ies a muaber of 

the requirements noted by lnvestigatore*^*'' Two of tii* 

important variables* controlled ana intensity of illumina­

t ion and th® llght-Dark-Fraitlon* One dlsadvantag* of th is 

type of apparatus i s that the variable speed control of 

the Bodine motor i s sot automatic but arust fee regulated 

manually. 

2. Guilford1s Tests of Divergent Thinking.^ 

The psychometric testy designed to iseasure 

divergent thinking were selected fross Gull ford "a battery 

of t e s t s . This ab i l i t y to think divergently forms a part 

of Guilford's unifiod theory of intel l igence w&ich i s 

diagrammed in Figure 2* 

k c . i-andls* "Determinants ot jjgg Threshold", in 
Physiological Review. Vol. 31** l-'?1*-* p* 2>';-226. 

I O.W, Mclem&r, "The Ordering of individuals in 
Cri t ical Flicker .Frequency Uadtr Different MMaurwuent 
Conditions", In fourn*a, ,3* M':$Whm\ > Vol* 32, 1951, 
p . 3~2**. 

6 *T,P* Guilford and P*E* Horrifiald, ''The Structure 
of In t e l l ec t Mb6*lt I t s Uses and implications"» Roport from 
the Psychological Laboratory* University of Southern 
California* $©* 2fet April 19&0* p . 1-2?. 
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Figur* 2.- Guilford's Theoretical Model for the 
Coapiete ''Structure of Intellect ".a 

a J.P. Guilford, "Creativity: Its ,4B**urt*MHt and 
Development' , In Sidney J* Faroes and Harold F* Harding, (eds.), 
A Igjpffif^ft, |tr w?||UYf PttBilflJMh »w *e»rk, Charles 
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According to Guilford'' ther* are thr«* meaningful 

ways of grouping the factors of Intellect. On© way is by 

the kind of operations required or performed* Th* five 

fundamental kinds of operations ar« Cognition, Memory, 

Divergent and Conwrgant Production, and Evaluation. A 

seeond way of classifying th® Intellectual factors is 

according to the kind of material or content involved. 

Guilford found four kinds. Flgural, Symbolic, S@asasti©$ 

and Behavioural. 'When different operations are ixppliad to 

different contents, as many as six general products coulri 

b* involved: Units, Classes, Rotations, Systems* Trans­

forations, and Implications. 

As th* three classifications * operations, content 

and products could b* combined, Guilford provided a unified 

theory of intellectual functioning* Each mod® of classifi­

cation hocus** a parameter or dimension of the aodel. Up 

to 1963* ther* w@r* forty-seven kaown factors of intellect*0 

From Gnilford*s battery of tests measuring divergent 

thinking five v*r* selected for this &tudy* They are 

described in the order in which they war© administered* 

mmm-mmi—tr—mmmm i » in ID I — « u m m t m m * 

7 Ouilford and Marrlfleld, Op,* .fî t*.* p. 1-2?. 

«3 Stuart E» Qolaan, wF«yeholo^laal Study of 
Creativity;* in F H ^ j ^ ^ g M ^ f f U f o Vol. 60, Wo* 6* 
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The t ea t of Alternate Use** require® the subject to 

l i s t uncosimon, or leas cowaon uaea of a given object whose 

common use la s tated, f&ere are three sections to the t*«t 

containing three Items each. Four olnutes 1s allowed per 

section. The aeore la the total mssber of acceptable 

responses as defined in the manual.y Correlations of the 

t*at with the original form, Knuaual ga*a. gave r e l i ab i l i t y 

eatiiaatea ranging froa ,63 to .61* The Ms of the aamplea 

are not stat*d* 

Aggoolatlonal Fluancv ia a tes t requiring the 

individual to H a t vorda that bear some re la t ion to a giv*n 

word, Ther* are four parts; with two minutes per par t . The 

score la th* number of acceptable responses, The coeffici­

ent of r e l i a b i l i t y , using the al ternate form of th* t e s t , 

obtained on a s&stple of 2*»© naval a i r cadets and naval 

offleer ©andld&tes Is .63*^-

The t ea t of Ideational F,lu*fiey requires the Individu­

a l to l i s t ideas In accord with certain requirements, Ther® 

9 H.C* Wilson, P.R. Chrl*t*n*«n, P.H* Merrlfieid. 
and J .P . Quilfordj ^ftffnjtiP,J7«*,fo, , M fllj^iMfflfrA^tofti,. 
Scoring and. interpretation* Beverley H i l l s . California.' 
Sheridan'Supply Co*, 196C, p. 2* 

10 n&d* 

11 P*B* Cnriat*na«n &hd J*P. Guilford* toual for 
the carl«t*n$*n*Oullfori fluency T**t*. Beverley Hi l l s ' / " 
Calif oral*i Snarldan Supply Co., 1959* p . ? . 



TOOL© OF RESEARCH kl 

ar* four sections with a tl«e limit of three minutes per 

section. The acore is the total number of acceptable 

responses. Th* alternate form coefficient of reliability 

is *7$ based on a sample of 219 naval air cadets and naval 
12 off!car Candidatea* 

Th® Expression*!, Fluency teat requires th© *nbj«et 

to build four-word sentences having b**n given th* t®wr 

initial letters of each -word* The total ©core Is the 

number of four-word complete sentences containing the 

specified beginning letters. There are four sections, 

two minutes each* The authors do not report any reliability 

estimates for this teat. 

Word.Fluency taps the individual's ability to think 

of words rapidly, each word satisfying the requirement that 

it contain a specified letter* The task consists of two 

parts with a tim limit of two minutes per part* The score 

ia th* total number of responses containing the stated 

latter* Th® alternate form correlation coefficient from a 

sample of 219 naval sir cadeta and naval officer candidates 

is reported to be .73»^ 

These five test© from the Iiivergant Production 

category of Ouilford^s structure of the Intellect Model 

12 Christens©*! and Cull ford, Op. Cit*. p* 7. 

13 lett* 
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measure the abilities of fluency and originality* Copies 

of each test are found in th© Appendix, 

This chapter has described the tools of research, 

both psychophysiological and psychometric. Chapter three 

descrio«s th* experimental deaign of this invest!cation. 



CHAPTER III 

BXPEBIMBNTAL D83IGN 

This chapter discusses the methods undertaken to 

t*st th* hypothesis stated In chapter on®. It is divided 

Into sections which deal with the sample population, th® 

experimental procedures, and the statistical analysis of 

the obtained data* 

I . Th© Sample Peculation. 

Th* selection of subjects for t h i s study was based 

on the following c r i t e r i a : (1) that the chronological age 

of the subjects be within a narrow r$m$®$ (2) ao reported 

history of brain damage, epilepsy, or us* of drags*, 

(3) evidance of a preferred or dominant ey®§ (k) normal 

vision in t h i s preferred *ye; and (5) primacy of th© 

English language. 

Controlling for age was necessary as CFW i s 

negatively correlated with chronological age. Since brain 

damage* epilepsy and dru#» affect CJX,2 subjects in these 

categories were eliminated* 

1 Carney landls and Violet nanvl* "Cri t ical Flicker 
Fr*«£«a*/« Aft and Intel l igence 's in Mmi^, PfNgRtik M 
P»ydiajlo.flr« vol. 69• Mo* 3* S©pteiab*r 1956, p . **6D. 

Chisago* University of Chicago P r e s s * I W Y xITl-2©© p . 
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It waa f*lt necessary to control for th* preferred 

eye as there Is so®© evidence that the pr®£®rm$ or dominant 

ey© is qualitatively superior in its ability to process 

information compared to the non-doaimnt eye.3* Visual 

acuity In the subject** preferred eye was a criterion for 

selection since visual acuity can afiact CfF.^ The require­

ment of primacy of th© English language was detarmined 

by tisa divergent thinking tests which presuppose native 

facility In that tongue. Another criterion for selection 

was sex* Only Hales were used* 

To obtain subjects, the experimenter visited a 

number of und«rgraduate ®tt& graduate classes at th* Univer­

sity of Ottawa* briefly describing the project and listing 

soa® of th* retirements for acceptance as a subject* 

Forty~one subjects were chosen* All war© unpaid velunt#er 

students ranging is age fro® nin*-te«n to thirty-two years 

with a mean age rang* of 23*05-

Although forty-oa* subjects saade up the sampling 

pool the final JT was thirty-nine. Two bilingual subjects 

had to be eliminated as their mother tongue was not English. 

3 M.C* Corballia, ^Binocular Interaction® in Letter 

Heeognltion** in 4fts ,^ | l |a | ^ M L i K JM^H^RU» Vol. 16, 

» , , lL cSr1 H* y ^ ^ t o * | | ie Trea,^*^,|hd.ffiove^ti^.tf 
ft—dina- Problems. Springfi*ld, Thomas, 1959, xt-123 p. 

5 P.J"* Fol*y» personal coawuiii cation* at D#fesic* 
l*a*ar*h Mtdi—1 lafeoratorlw* BotflMviav, Cat** September f 
19$**# 
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2* Experimental Procedure, 

Three test ing sessions were conducted to obtain 

the data for th is study; the CFF t*sting* a r«t*at to 

deteriftine r e l i ab i l i ty? and the administration of Guilford's 

v@S v«t * 

To obtain measures of Cff\ a room was wade avail­

able by the Faculty of Psychology and Education at th® 

University of Ottawa. All subjects were tested individually 

between the hours of 9»30 a.m. and kt'X p.®. 

Prior to the administration of th* CFF each subject 

underwent the following processi a preferred~*y# teat, th* 

Snellen VIsual-Acuity test, and © period of dark adaptation. 

The preferred-eye t*st vas conducted in accord with 

Harris* instructions for nonocolar dominance. The subject 

held a piece of cardboard in front of hiss at arm*** length. 

Th* cardboard, 7 M x 10", had a one-Inch hole in th® middle. 

The ©j£p@ri«*&ter* staging at a diatano* of ten feet fro® 

the subject* held his fist to his nose, Th© subject was 

asked to ®ove th* cardboard towards his own face while fix­

ing M s vision on th* exp*riai*nt@r*s fist through the hole. 

Wn*n the oardboard was apprexiaately six inchas frosj th* 

subject** face th* exp«rim*nter raised one or two fingers. 

Th* subjeot was asked to report th© number. Three such 
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trials were used and the eye to which the subject consistent­

ly drew the cardboard was considered the preferred eye. If 

Inconsistencies existed between th* choice of eyes, the 

subject was excluded from the study. Sixty~on« pmt cent 

of the subjects preferred their right eye. 

The Snellen Visual Acuity Test was then administered 

for the preferred eye with a patch over the non-preferred 

eye. A Snellen chart read at a distance of twenty feet 

was uaed. Only those subjects with 20-20 vision in th* 

preferred eye were acceptable, subjects who wore glasses 

were allowed to participate as long as their corrected 

vision net the 20-20 visual acuity requirement* They also 

wore their glasses during th© CFF testing. 

Th* subject was then dark-adapted by wearing r^A 

gogglos for ten ©inutes during which th* *itp®ri®eater de­

scribed th* apparatus and gave the following instructions: 

Thar* will b* both Ascending and 'Descending 
trials* For th* Ascending, which is a change 
from a Flickering to a Steady Light, you will 
first be warned by th* signal, MGoing up.** 
I want you to aay pJlow,f wh*n you see th© light 
as steady. I shall reply with "Okay*1* which 
sioans that I*ve recorded your response. Than, 
we will have a Descending series« whereby th® 
light will go froa Steady to Flicker and the 
warning is •• Going down." This tint©* I want 
yon. to aay "How** when you see the light as 
Flicker. If you are di&aatisfied with M y 
response, tell ®e* and we will repeat that 
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After the period of dark-adaptation and instructions 

the lights In the room were turned off* the red goggles 

removed* and the subject, placing th® patch o^er his nofi-

pref*rred eye entered the experimental booth* The booth, 

as shown In Figure 3, was 61 * 5* x 6» and constructed of 

a 1|*» x IV" wooden frame covered with black broadcloth and 

aray blankets around th© aides and top to ansure adequate 

darkness, A small hole was cut in the cubicle covering to 

expose the Artificial Pupil* 

The mouthpiece, chosen Instead of a chin rest which 

allows the head to wobble, consisted of a dowel rod clamped 

to two upright metal stands. A piece of dental wax 

(Dencowax Ho. kS) was attached to the rod upon which th* 

subject placed his upper jaw his teeth biting into th® wax. 

thus keeping his head still and allowing him to talk. The 

apparatus could be adjusted In three spatial planes to 

accomodate each subject* 

Once the subject was la position* and the equipment 

ready* four Ascending and fonr Descending practice trials 

mrm administered. The subject was tben asked to relax, 

shut his eyes, and ask questions. The experimenter checked 

the light intensity at this point. Then, five Ascending 

and five descending trials were administered alternately 

with th* starting points for #ach trial varied to avoid 

the subject*s msaie of a tia* criterion* From th© ©ight 
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Figure 3.- Booth for £E£ Testing. 
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practice trials the experiaenter made a rough «stiiaat* of 

th* subj*ct's threshold by calculating the mean of these 

eight measures* The starting points for each A»e«ndlng 

trial were 15* 9, 17 f H , &M 13 iallllaap©res respectivelyt 

below the estimated threshold§ and, for each of the five 

Descending trials th* starting points war* 9, 17, 11» 13, 

and 15 ailliaiBper*s per sec*, respectively, above th* 

estimated threshold, gather than having fixed starting 

points for all subjects th* above method was employed In an 

attempt to oqualize the duration of exposure for each sub­

ject* This payehophysieal method for obtaining j^Ss is 

described as a *fcdified Method of Halts.? 

The experimenter trained himself to manipulate 

th* variable spe«d control so that the rat* of change of 

intermittens* was ,009 «aA p«r s®o. (0,5 Fl. per sec.)* for 

each s«cond of elapsed tlase. When the subject said "low", 

the examiner iast*dlat*ly stopped turning th* control knob, 

recorded the response, and adjusted the speed for th* 

starting point of the next trial* 

On cosspletion of th* ten trials th© light intensity 

was measured to ascertain possible changes. Following this 

7 R*A. Wagoner, "Differences in Heapons* Variability 
B*tw**a Sigh and hoy Aa«l*ty £ubj®ct$ in a Flicker-Fa*ion 
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th* apparatus was turned off and the subject left the 

booth* The total testing time was approximately a half 

hour per subject* 

For purposes of reliability, twenty-six subjects 

were retested within a weak using th© same procedure 

excluding the preferred eye and Visual ,Aculty tests. 

The divergent thinking tests were administered 

following the test-retests of CFF. The testing took 

place in a elassrooa at the Faculty of Psychology and 

Education at th* University of Ottawa* Due to conflicts 

In timetables it was necessary to conduct two testing 

sessions on consecutive days at IsCC p.m. 

The eiassrooaa had adequate lighting and ventilation 

and the seating was arranged to prevent copying. For each 

of th* five tests, instructions were read aloud hy the 

examiner while the subjects read silently. It took about 

one hour to test each group. At th* end of the first 

session the group was &s#ed to not discuss the tests until 

th* second session had been completed. 

3. Statistical Analysis of Data. 

In order to test the hypothesis that there are no 

significant relationships between Cg£ and ©cores on 

divergent thinking testa, the location of €¥f* the criterion 

variable, vas required. Frequently, the mean of th® five 



Aseonding &n& rescinding scores is taken as the threshold.^ 
9 

Dillon, however, doubts whether this averaging of Ascending 

and Descending trials is a valid procedure. To determine 

if the scores could b© combined, a three-vay classification 
in ^aalysis of variance va* chosen, " 

The three variables, Individuals, Occasions, and 

Directions gave the following interaction* 

I x C s D H u 5 * 2 "- **10 scores 

With resultant F tests, s,n& t tests where necessary, it 

would be possible to discover if there were significant 

differences between the various trials (Occasions) to 

indicate the effect of choice of starting points, and, 

between the Ascending and Descending Directions* 

Significant differences were obtained between th© 

Ascending and Descending Directions. Therefore, statistics 

concerning th© tvro thresholds were tabulated to show which 

Cff value was higher. The following formula® are relevant! 

b C. Laadis, *»Det©r»in&nts of CFF Threshold*4, in 
Phyloloalc&l a*viev. Vol, 3»*. 1°S1A p. 259-286. 

0 D. Dillon, "Differences Between Ascending and 
Descending Flicker-Fusion Thresholds Among Oroup® of 
Hospitalised Psychiatric Patients and a Oroup of normal 
Control PersonsM, la Journal of Psychology. Vol. kb* 1959, 
p. 2$5~2&2* 

10 Cyril 1. Goulden, fa&pS&M ftfr.U,ffilQ|fl AmUz 
sis, second edition, lev York, John Wiley, 1952, p. 9^a7T 
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Arithmetic Meant A ~~ r ;< a 

. " • ' " • « . U W M M limn III mj^ 

standard ueviation* ®~ *~~~ \ J H(ZX") - (lA)" 

12 

To discover if differences between Ascending and 

Descending thresholds v@r% consistent the Pearson product* 

somen! coefficient of correlation was computed:A* 

MM. W^ ^X , " ?£ ̂ X^. 
Pearson r : r>r/ * / ^ J ( z x ) y HIT2 - (IY)2 

where X * A«cending £££ 

and X a Lftacendlng CFf 

This same forssula l a applicable for estimating th* 

t*s t - r e t«s t r e l i a b i l i t y of CFF. th© X and y variables bein| 

the pFf from t e s t and r e t e s t sessions* respectively* 

Since differences between Ascending and descending 

tes t~re tes t estimates of r e l i a b i l i t y wer* found the 1 tout 

of differences b*tv*«a Pearson j**s *»* employed. The 

necessary formulae for computing a 7 ra t io are* 

sacond edi t ion, Ottawa* Editions de l 'Uhiveraltc d*Qttawa, 

IS I b ^ . * p . 6**« 

11 ,Ibla»« p* 136* 
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I'lfferenc© Dfctvtxn Two <- / 1 " 
a Co* m c lea t* i °d2»/ ^ p r ^ * A';V 'V 

and* 

"z Ratio? 
& I 
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To t e a t the main hypothesis concerning th© r e l a t i o n ­

ship between fifff and divergent thinking th* Pearson £ 

formula was used, the x varlabl© being CFF values and th* 

1 var iable* scores on the d ivergent th inking t e s t s * 

This chapter has described th© design of t h i s 

experiment i n t e ra^ of the sample studied* the experiiaental 

procedures , and the s t a t i s t i c a l ana lys i s of the da t a . Th* 

next chapter cons i s t s o ; the presentation, and discus-Jon 

or the f lno in j : ; . 

Ik J . ?* Guilford, l ^ d j p m M .ftSftftA.%^JS.S, jjj 
Piyeholfegy and gdnc^tlon* 'third' ed i t ion* How York* $4b&rav» 
B i l l , 195b\ p . l r A . 



CHAPTER IV 

RRSOLRJ AND DlJCUUcilOM 

The final chapter presents and dlaeuas** th* re­

sults. In section GO® the analysis of variance of CFF is 

outlined and coasaentod upon, followed by th* results of the 

F testa* ulff©r*nc*s b*twe*n th* Ascending and Descending 

thresholds are presented next. Section three concerns th* 

reliability of £E£. Th© fourth section offers the correia* 

tlon eoefflolents b«tve«n CFF &nd divergent thinking as a 

t*at of th* experiisent&l hypothesis. Section five* which 

is divided into thro® subsections• discusses these results. 

1. The Analysis of Varianc* of €|y. 

Th© three-way classification analysis of variance 

for <yy* vuaaaris*di in Table I* yielded hit calls with on* 

entry per cell. There were three princlpi® *ff«cta, tor** 

double interactions, and on® triple Interaction. Thore 

was no residual tor® since all th© varlanc* m& accounted 

for with each cell having on* entry* 

In order to Interpret th* analysis of variance, 

that is, to test th* significance of th* various effects, 

it was necessary to deteraln© the theoretic®.! model* in 

this case, th* »d®i would be considered to haw one 

tm&om variable ajid two fixed variables, yielding an *aBCtt 
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Table l , ~ 

Tabl* of Variance twt Thre© Dimensions of CF^» 

Source 
Suss of 
Squares freedom 

of Variance 
Estimate 

Principle Effects; 
Occasions 
Directions 
Individuals 

Doubl© Interactions? 
0 x D 

Triple lnt*ractIon(i@saInd*r)t 
Q % D x I 

„ 00173-51 
.1091612 

.00156^6 
* 03739 9** 

1 
*»o 

k 

ko 

.0276352 16C 

.10^1612 

.oiarrn 

•C0C3162 
.C0^2J37 

.0001727 

Total .02Q72S1 bo* 
jjggJHSS "|iWll»MWIlil^l^W^^lNii|>|WWWB*»M = r 
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type aaodei."*- The ftmu refers to Individuals which i s a 

r&ndoa variable, md MB" and *'C refer to Occasions and 

Directions which ar© fixed TariaDlea. v.ith th is aodol, th* 

only principle effecta which nay be tre&ted by the F tes t 

are Occasions with the interact ion of OxP as the ®rj?or 

tens , and Directions with th© interact ion of Dal as th* 

©rror torn. Only on© double interact ion may be treated by 

th* F t e s t , th© interact ion of th© fixed variables, Qxfc, 

with th© t r i p l e interact ion as th© ©rror t©r©*2 

3tie resul tant F t e s t s are tabulated on th* next 

page. The affect of Occasions vaa found to b© insignificant 

as was the doubl® interact ion of OxD. However* th© effect 

of Directions was found to b® significant a t th© .01 and 

,001 levels of confidence* 

2 . Differences Between Ascending and Descending 
Thresholds* 

I t i s generally necessary to aa^e a t t e s t follotf-
3 

ing a significant F. With Directions having on* d@gr©@ of 

1 Lavr*ne*-T» Baynav, tfenuei de frtatlstiqu*. 
second ©ditlon, Ottawa, Editions d© l»u,nl"v*r*lt'« d"*0ttawa, 
19635 p . k&G. 

2 Ls¥r©nc©-T* tayhav* personal cossaaunication« 
April 1965* These notions differ from his bo©&, p . kdl. 

Pay otology and,, }MttcatjlLon* third edi t ion . Ifm York7 McGrav-
H i l l , X95&Y p* ^63 . 
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fable I I . ~ 

Tests of Significance for Two Principle Effects and One 
Double Interaction of CffF, 

"—•••-—•"•^•^- l—rT*^-*"1—r~"—"——-—rrin—Trrt"Tri—rr—iir-rrr'i—it""—"iinwu^wiiftminrTrauiMn wiifiTirrniiî iiinrjji mini r . u n iiiiniiwmirMir 

Variant© Error 
Source Estimate Term F F.05 F.01 

Occasions .OOCM^O ,0002337 1*90 2*37 3.*»3 
<U)& (X60) 

Directions .1091612 »co2ca?2 52.29 **.C3 7-31 
(1) (̂ o) 

0 x B .0003162 .0001727 1.^3 2*37 3-*»3 
(k) (160) 

a the nu^sers in the parentheses refer to the 
degrees of freedom, 
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freedom the formula F a ts aaay be used. This fornula la 
j 

applicable whether or not the two Directions are correlated. 

The t value of 7*23 for an ,*r of forty-one la significant at 

the *001 level of confidence. 

Since the Ascending and descending Directions «*er® 

significantly different it was necessary to consider the 

two thresholds as different phenomena, or, at least deal 

with th*ai statistically as separate entities. At Occasions 

did not prove to be significant the five trials of Asesndin^ 

were totalled to give the Ascending ffly tmd the five 

Descending trials were totalled to give the Ascending £g£. 

tabl© III compares the seana and standard devlatioja* 

of the two thresholds along with the P*ar®oB r. coefficient 

of correlation between the®. The Pearson r. of .78 demon­

strates that the Ascending CFF vat consistently lower than 

the Descending CWf. at th* .01 level of confidence. 

3. Reliability of £ K * 

the test-retest estimates of rel iabi l i ty for an I 

of twanty~«ix yielded Pmrmn r. correlation coefficients of 

.939 for the Ascending £ 2 $ and .857 for the Descending 

fflffa* Significance at the ,01 l*v«l of confidence for 

2** degrees of freedosa (5-2) requires an j? of A9&. 
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Table III,-

Comparison of Statistics for Ascending and Dascendlng 
for an I of **1* 

Statistic 

Bum 

Hean 

Standard £aviation 

Pearson j; 

Aacendlng 

12^3 
3* 06 

.19 

*76 

Descending 

13a.12 

3.2S 

.23 
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Conaequantly, these r e l i a b i l i t y «atiaat*s war® considered 

acc*ptable. 

To determine i f ther* was a significant dlflerane* 

between tees® two correlation coefficients* the £ tea t of 

differences between x1® wea applied*' t*bl* I? .»tianarla«fi 

thia data , the a of 1*S3 *** laaignlflcant which meana 

that the difference between t*st*?*t*at eatiiaatea of 

r e l i a b i l i t y for Ascending ®m$ Xm&mMlm Clffia are within 

the l iaii ta of chance fluctuation. In other word*, the 

Ascending CFF i s not aignificantly aiore re l iable a aiessur® 

than th* D*seeadl»g CFff* 

*** P*? e ^ Divergent thinking. 

table V presents the correlation data &s a t e s t ©1 

the experimental swU hypothesis* namely, th* relationehip 

between Cjpy and scores on t**ts of divergent thinking* 

With an H of 39, isone of the Pearton x coefficients of 

correlat ion b*tween Ascending and Descending ,CFffg and the 

five tes ta of divergent thinfelng were algnifleant a t the 

.01 level of confidence. Fiv* of the ten correlation 

coefficients were positive and five ware n*gatlve and a l l 

f e l l within the l imits of chance fluctuation* 

5 Ibid** p» l¥** 
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fable XI?.-

Coaparison of Ascending and Descending 
Bstisatea of Reliability for an 

Teat-Betest 
of 26. 

Statistic 
Ascending Descending 

222 OFF 

Pear Jon j» 

^ Coefficient 

Standard Error of Difference 
between two £ coefficients 

Is Ratio 

.93? 

-a. * /**r 1.29 

a. 9** 

i»53 
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Table V*~ 

Pearson x Correlation Coefficients between Ascending and 
Descending €$f® and Scores on Five Teats of 

Divergent thinking for an If of 3*5* 

Teat* of Divergent 
Thinking 

Ascending r,©3ce»dlsg 
SSI ,CFF 

Alternate tTaea 

Aasociation&l Flueney 

Ideational Fluency 

gjqpreaalonal Fluency 

Word Fluency 

.212 

.00% 

,isa 
.137 

.260 

- . 3 % ' 

.013 

- .215 

*"*133 

»JLjJa 
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5» Diecuaeiotu 

This final portion di»<nus«*» the result® presented 

in the f i r s t four eactions ©f th i s chapter* 3ut>9«ction A 

focuses a t tent ion upon the significant difference between 

the Ascending and Descending Directions? of fflF. .-subsection 

B discusses the correlations o*tv*cn CEP and divergent 

thinking which support the null hypothesis* Theoretlatl 

considerations ar© outlined in 5ub**ction c. 

A. Ascending ami Descending gfF® 

Fro® the «nalysit of variance & significant differ­

ence was fouod between Ascending and Descending nireetiona 

of C?y. This n*c*a3ltat*d tvi© thresholds for each indlvisu­

a l , &n Ascending CFF *nd • Be®©ending CFF, Kach fflF w e 

the to ta l of five t r i a l s , ©esspit® th* difference between 

the t%«3 thresholds th* correlation coefficient between thea 

was high* fherefor®, even though Ascending end Descending 

CFF* wist he treated separately there its * high re la t ion­

ship between them* 

There has been mry l i t t l e research devoted to 

differences between Ascending &M Defending Cp?s. Four 

poeeihl© explanations appear worthy of discussions (I) the 

Cffi instrumentation? (2) th* psychophysical saethod us*d 

to obtain cg?t (3) poeslhle neurophysiologies.! <liffer*nc*» 
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within th* or®ani*w i n perceiving a l igh t going fro® flicker 

to fusion aa cosjparea: to the process of fusion to r i iekeri 

aao% {k} poaalble influences of a psychological mture* 

(1) In teraa of the inetrymentation* M&hneke6 ha* 

not*4 tha t to ealewlate the mmn of Asettndlag m& Descending 

t r i a l s requires th* *ce*l*ratlon of frequency to b® constant, 

th® aais* for both threnholds, a&a be indspewlont of the 

axperiaenter. in the present study, th® frequency of 

accelerat ion was controlled aanu&lly hy the *jp*xlB*at«r and 

although an a t t e s t was sad* to he eoasletent within an# 

between s u b l e t s , error was no doubt introduced* Howvar* 

th* t**t-r*t*at estimates of r e l i a b i l i t y for both Direction* 

based ©n t*#anty~ai* a d j e c t s were well beyond the l imi ts of 

ehanee* 2hsia» i t seems that whatever %tr®r® wore profecod 

by th* H £ apparatus and/or the experimenter they were 

re la t ive ly sonetaat. 

Dillon' £wm& that i f th* ra te of ehan$@ of in te r -

iaittene* (acceleration) was less than 5 cp»* for eaeh 

second of eiapaad tins®* th* Descending threaaolfie were 

Jilgaer than the Ascending. On th© other hand, If 

6 A* Mfthneke. »Fllcit*r*F«eion Threshold", in Aeta 
Ho«lea* Vol* 3*S 1956* p, 113-1K), ^ ^ 

7 D. Dillon, "Dlttaratot* Between Ascending and $e~ 
aeeMing flictauHPttalea Threshold* Among Qro&i** of Beaplt-
«lig«A FayeWatrle PtttoUat* a«Si a arouji of Ifonaal Coatrol 
gtr«0A*«» i n ifaflftHftl ftf„F#y<B>Kr*<wy> Vol* US, 1959, p . 25? -
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accelerations were greater than 5 opa* th* Ascending 

thresholds were higher. The rate of change in the present 

experiment was only 0*5 cps. for each second of elapsed 

time* Tim result*, therefore, are completely in accord 

*ith Dillon*s findings* 

(2) The Modified Method of limit®* the payehopaysl* 

cal sethod utilised in this $t\*&y* aay h*v« been a factor 

in producing the Direction differences, The usual pzyckm** 

physical Method of Limits for the determination of a stlnsu-

lua liaen requires a report trom. the aubject at specific 

intervals along the scale vaatil there la a change in 

reaponae*0 It was felt by the author that this irothod 

would be to© tiae~aoa#waiAg and might cause fatigue, Th* 

'Hodlflad Method of Limits* as r« commended by We.goner." 

requires only one response for each trial. Although this 

procedure is physically easier on the subject* it may not 

be aa accurate as th* true Method of LiKlta. 

One conatant error appeara to have bmn produced 

by th* psychophysical method* namely, the Error of 
if 

Expectation. '' Th* subjects may have }mm reporting a 

«„„, J kliX^l-kmWfl': figifl: *****edi' 
9 H#A» Wagoner, "Differences in Re$ponse Variability 

Between Sign and Low Anxiety Subjects in a Pllcfc*r-Fi-»ion 

T-IS,:A i» i g M L C i t e p i ,mnMmMJm$m\nm* vol. 
61, HO* 3? 1 W , *V 355-359* 

10 Guilford, PayanonetJPi.e jfetftoda * p* 102. 
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change before it had phenomenally occurred due to heighten-

«d attention. It was hoped that the experimental procedure 

of alternate Direction® and varying the starting pointa 

for each trial would tend to cancel th* Error of Expectation. 

Salver, with the consistent and significant dlft*r*nc« 

b*tveen the Ascending and Descending CFFj it is quite 

possible that tola constant error was In effect* !>SareQver* 

since th® Ascending £|£|? was lover than the Descending, it 

®&y indicate that the valid or true £££ amy, in actuality* 

fall between the two obtained thresholds* 

(3) Charaeteriaties of a neurophysiologies! imtur© 

aay account for differences between Ascending and Descending 

CFy*. m:stead'3 neuronal coupling theory of qffi wm based 

only on Ase*nding trials. He noted that ncoupling in 

direct up to the point (frequency) where fusion occurs* at 

*Mch point escape or decoupling occurs*p^* Tn Ascending 

triala, therefore, neuronal synaptic transmission goe^ 

frc« a coupling to a d*coupling phase. Or, in the fr&^e of 

referenc© of this investigation* there is a facilitating 

effect followed by an inhibitory efiect* What happen* 

netirologioally, however, when this procedure is r*v*r*od 

in Descending trials, that is* beginning with a decoupling 

11 yard C. Balatesd, Brain and Intflli^ace* Chicago* 
Dnl^eraity of Chicago Press* 19**7. p* 77* 
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or inhibitory phase and changing to a coupling or f a c i l i t a t ­

ing phaae? Etelatead*12 Ha r t l ey , ^ and Pieron1** did not 

concern th*»aelves with th is question. Even Dillon1^ and 

(4ahneke,AO who studied the dispari ty between the tvo 

thresholds, ignored th* possible differences in neurological 

activity* 

(k) Another possible influence upon the $1?f 

sseasures concerns psychological factors . 

Pour subjects reported an interest ing phenomenon. 

When the experimenter gave the warning, "Going up" or 

"Going down", these individuals, apparently through the 

suggest ibi l i ty of the words, f e l t that they perceived the 

l i gh t as r i s ing or flailing* 

Two suspects eta ted that the l igh t along with the 

white noise had a hypnotic effect which made discrimination 

d i f f i cu l t . 

12 Ibid.* xii l-206 p. 

13 S* Howard Bartley, "Central ttacnaniaais of 
Vision*1, In Handbook of Physiology. Section Is neurophysiology 
Vol. 1, 1959, P. 713-7*0. 

Ik H. Pieroa* "Vision In Intermittent Light? laws 
and Mechanisms of the Cr i t ica l Frequency for Fusion", in 
William 0* Heff* (ed*) * fflntrt»fottaft|, fr J t y » o r y , m ^ m m * 
Vol. 1, Sew York* Aca4*»Te Preaa Xnc*, 1̂ 65% p. 179-26**. 

15 Dillon, Op... .Clt.* p* 255-26?. 

16 Mthnok** OP*. C i t . . p. 113-120« 
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Individual differences vera noted as to the 

aasuredness of response. A quick response in many subject® 

was accompanied by a belief that they war© definitely 

correct . 0there had a tendency to milt unt i l they ¥®r© 

aero sure of the i r response and* even then* appeared to 

doubt the i r discriminatory a b i l i t y . 

These psychological factors are not easy to eat©gor» 

i a e , making the i r effect rather d i f f icu l t to analyae* fh@y 

are l ike ly indicative of personality differences* which, i t 

i s hoped, were not of a confounding influence, 

For research u t i l i s i ng the ph*noo*non of ffl? two 

points appear imperative: f i r s t , unless specifically 

investigating difference® between Ascending and Descending 

thresholds* only one Direction should be aeaaurod; and, 

second* th* instrumentation must have an automatic &pess?d 

control to equalise the ra te of acceleration* 

B» ppPy and Divergent XhlnUng 

Th* experimental null hypothesis* that there are no 

significant relationship® between £££ and aeoro* on tes t* 

of divergent thinking, was upheld. Hone of tbe ten 

correlat ion coefficients between the two thresholds and the 

five psychometric t e s t s was aigniflcantly different frost 

chance* Moreover* half of the Pearaon*/* were negative* 
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From these results it would appear logical to accept 

the null hypothesis* Hovaver, the author believes that to 

accept the null hypothesis would fe© to cowlfc a type XX 
17 

error* From this study* all that can be stated 1$ that 

significant relationships between the two variables w&re 

not found* 

Methodological errors in the experimental design 

jaay have contributed to the lack of any aignifiesnt rela­

tionships between j£££ and divergent thinking. As previously 

noted, the significant difference between Ascending and 

Descending thresholds readera questionable th© validity of 

the CFF ae&aurea* 

Sampling procedures my hav® influenced th* r®milts 

adversely, the sassple aiae of thirty-atn© v&& not really 

large enough to *m>loy the Pearson r. statistic with 

confidence. As w«llt it la mar® difficult to obtain high 

correlations with a relatively homogeneous group, in this 

case, university students* compared to a heterogeneous 

group of subject** 

An obvious Jitethodolo^ic&i question pertain® to the 

reliability of Guilford*& divergent thinking testa* As a 

test-retest eatiiaate of reliability was not conducted i 

17 Guilford, J^mmmMn fitoiUlfcUfr XU FMPMlMl 
" m* $• 215*217* 
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sp l i t -ha l f wathod* *»ploying th* Spaarman^Brown Prophocy 

Formula waa considered. But, Thorndlke and H&gen caution* 

"a sp l i t -ha l f r e l i a b i l i t y coefficient b*coa*s iaeaningisis 

whoa a t ea t i s highly apae^ed,*"^ sine* ©ach of the £%m 

divergent thinking t e s t s has a short t ia* l imit speed l* 

on* of th* essent ia! factors , Hence, the sp l i t -ha l f 

r e l i a b i l i t y was not estimated. 

Chatelaln2 0 measured r e l i a b i l i t y by correlating 

the scores of tw© independent scorers. Th® Pearson £ 

correlat ion coefficients bas*d on a sample of eighty sub­

jec t s were: Alternate Use®. *9S? association*! Fluency, 

.93$ lUmViJmik tilmm* *9*i ff^reMiona^...Fluene?* .92| 
fthd Word Fluency. .97* With inter-judge r e l i a b i l i t y 

estiaat©* a t such a high level i t was fe l t unnecessary to 

repeat the procedure in th* present study. 

Bferry23- has indicated that rocoact l i t e r a tu re offer® 

conclusive evidence that Guilford's t e s t s are r e l i ab le . 

» * M M — * W > — > W H L M I Ml IP1IIIW ll'IWIIIWMWi*** 

l^HtaA-* P« **52. 

19 Bobert L. Xboffndlit* and KIissab@th Sagen, 

20 Pierre Chatelaln. *La Discrimination Auditive *t 
La Pm»4® Creaialce"* unpublished ilastar's thesis presented 
to the "School of Psychology and Education of th* University 
of Ottawa* Ontario* 19*7* ix-115 P* 

21 Wm* F* Barry* personal eowiuai cation. Faculty of 
Faj^OlO^ &ad Education* Onlvorsity Of Ottawa. December*. 
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Heverthel*s®» the question of the r e l i ab i l i t y of (toilford's 

divergent thinking tes ta for tlie part icular sawpie studied 

remains unanswered* 

C. theoret ical Considerations 

In th* a*view of the Literature* £g£ was defined 

jus t i f iably as a measure of r e t i » - co r t i c&l activity* 

Further, jfiEE. ^&& considered to be a possible »®asure of 

the efficiency of the organism and of retin©-cortical 

inhibition* I t should be eaphaaiaed that these l a t t e r 

**4*fini l ions * are based on factor analytic s tudies* 2 2 * 2 3 ' * 

Shis technique i s dopendent upon the testa originally 

included in th* battery and upon the ejsperiaenter * a ab i l i ty 

to in te rp re t th* resul tant factors . Parh&ps store conclu­

sive findings could have b®*» obtained in th* present study 

i f other neurephy slologlcal t e s t s were adainlutered along 

with C%P. By isola t ing th is om neasur© the author asay 

have los t the offset of other measures that had been 

included in factors of neurological efficiency and inhibition* 

21 Hslst*ft4, ftp* Cit*. s i i i -206 p. 

23 Gilbert Honl&fieid, "Heurological Efficiency, 
f>ere*ption* and F e r w w i i t y N in ftflWfttjjL.MJfafm 
$&jj&* v<^* *£* m* 2y October 1 9 ^ , p; OT«551. 

%k Lesley C* Becker* "Cortical inhibi t ion &M 
_..,. slon^Xntro version's in ixtr&verslim*Xntroversian*, in % u r ^ , o^ .^baqaoal «ad 

># P* "5**S6« 
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Two theoret ical assumptions noted in the f i r s t 

chapter cannot be appraised due to the inconclusive resul t s 

and possible methodological e r rors , these aasuasptloss wares 

(1) that jggg measured inhibi t ion a t the neurological level , 

and, <g) that t e s t s of divergent thinking measured inhibi­

t ion a t the psychological l eve l . 

The underlying hypothesis of th is investigation, 

that f ac i l i t a t i on and inhibi t ion a t the neurological level 

are basic premises of in te l lec tua l functioning cannot be 

evaluated because of the inconclusive fladings. Even i f a 

signifleant relat ionship between Cfff sa5 divergent thinking 

had been obtained th i s hypothesis could only be discussed 

a t a conjectural lavel because of th* diffiewlty of defining 

CFF* Ssvertheless, fro® nook** * findings and recent 
26 

developments i n th* field of pay©honour©logy, th is hypothe­
s i s appears to dm^rm further scrutiny. 

55 B. Hook, "Betlno-Cortlcal Inhibit ion and Creative 
Shinfeing,,

) paper proseated to the Annual Conference of the 
Ontario Psychological Association, Ottawaf February 19o^ 
p* 1*9* 

26 F.C.I . Chalk* and J* B r t l , "Evoked Potentials and 
Intelligence1* * in ft^fe .fiejLfflco_a> f o i . kf no, 13* April 1%5, 
p* 1319**13^?* 
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The I n i t i a l step in exajsiniau the experimental null 

hypothesis was the computation of CIf.P, I t had been hoped 

to combine the five Ascending and five p®sc@«ding t r i a l s to 

obtain the threshold* However, th* resu l t s of the analysis 

of variance based on forty-one subjects detBOfwtrtted a 

signifleant difference between the two Directions. Con­

sequently, Ascending and Descending cfifs were calculated 

for each subject. 

a e l l ab i l i t y estimates of the two jCFffa from® t*at-

r e t e s t of twenty-six subjects w@re acceptable* Tn® r e l i ­

ab i l i ty of the divergent thinking tes t s was not ©ttimated. 

With a final I of talrty-nlo*« c&cfe of th* ten corre­

la t ion coefficients between the Ascending »nd Pescending 

CffFa and the five t e s t s of divergent thinking **r« ins ign i f i ­

cant. Thus* the mall hypothesis, tha t there are no s ign i f i ­

cant relat ionships between CFF and scores on t e s t s of 

divergent thinking, was supported* But, the author con­

cluded that the null hypothesis could not be accepted 

beeeuse of possible methodological error®, na»elyf th® 

val idi ty of th* jCffi values* sampling procedures, and lack 

of r e l i a b i l i t y measures for toe divergent thinking teats* 

The underlying hypothesis of this investigation* 

that inhib i t ion and f ac i l i t a t i on a t the neurological level 
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m&y be related to intellectual functioning, remains at & 

hypothetic©1 lavel because of the inconclusive results. 

Recommendations for further research are m 

follows t 

1. A quantitative and qualitative study of th® 

relationship between Ascending and Descending Cfga and 

various ISO indices la an attempt to ascertain possible 

differences in neurological functioning betwa«n the two 

jpfff Directions. 

2. A correlation study between jgK «-ad evoked cortical 

potentials since both apparently aeasure organ!saic 

efficiency. 

3. Investigation of £ K i2i relation to the negative 

after-image threshold vlth the goal of clarifying 

and/or defining the ,g|£ phenomenon. 

*•• A study relating J2X %® Ouilford*s parceptual-

visual tests of divergent thinking. 
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GKAPH FOR CONVERSION OF MILLIAMPERES PER SECOND 
TO FLICKERS PER SECOND FOR THE CFF APPARATUS 
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APPEHD1X 2 

GUILFORD'S TESTS Of DIVERMT THISKIifG 

1. Al ternate Uses 
2. Assooiatlonal Fluency 

, Idea t ional Fluency 
. Expressions! Fluency 

5. Word Fluency 



FORM "A" 

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

NAME 

GROUP DATE 

SEX 
M 

F 

SCORES: I 

II 

III 

Total 

In this tset, you will be asked to consider some common objects. Each 
object has a commom use, -•--• y'U be stated. You are to list as many as six 
other uses for which the object or parts of the object could serve. 

EXAMPLE: 

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

a. 

v f 7^— 
7? 

d. _ _ 

~7V 
'•L£*3 

e. itfjf' tf^LtUt^Lf &*,& 

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

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

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

If you have any questions, ask them now. 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



PART I 

L i s t as many as s i x p o s s i b l e uses f o r each of the fol lowing o b j e c t s : 

1. SHOE (used as footwear) 

a . 

b . 

c . _ _ _ 

d. 

e . 

f. 

2. BUTTON (used to fasten things) 

a. 

b. 

c. 

d. 

e. 

f. 

3 . KEY (used t o open a lock) 

a . 

b . 

c . . 

d. __ 

e . 

f. 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



PART II 

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

1*. CHAIR (used for sitting) 

a. 

c. 

d. 

e. 

f. 

5. WATCH (used for telling time) 

a. 

b. 

c. 

d. 

e. 

f. 

6 SAFETY PIN (used for fastening) 

a. 

b . 

c. 

d. 

e . 

f. 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



PART III 

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

7. WOODEN PENCIL (used for writing) 

a, 

b. 

c» 

d. 

e . _ ^ 

f. 

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

a. 

b. 

c. 

d. 

e. 

f. 

9 . EYEGLASS (used t o improve v i s i o n ) 

a . 

b . 

c . : 

d. . 

e . ^ 

f. 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



ASSOCIATION FLUENCY I 

Form "A" 

By Paul R. Chr i s tensen and J . P . Guilford 

NAME 
M 

SEX: 
F 

SCORES: I 

I I 

Total 

Li this zest you are to write words similar in meaning to the 
given word. 

SAMPLE ITEM: 

Write words similar in meaning to the word HARD. 

HARD: / A 

xJ^ttdy ^^£7 

Not-ce that the words written above are all somewhat like the word 
HARD in meaning. In the test you are to write as many words as you can 
that are similar in meaning to the given word. 

WAIT FOR THE SIGNAL BEFORE TURNING THIS PAGE. 

Write 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. 



PART I 

a . CALM: 

b . FOUL: 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



PART I I 

a. POSITIVE: 

b . FAIR: 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



IDEATIONAL FLUENCY 1 

Form " A " 

By Paul R. Christensen and J. P. Guilford 

AME 
M 

SEX: 
F 

i 

SCORES: 1 

.11 

111 

IV 

Tota l ROUP DATE 

In this test you are to name things that belong in certain classes, 

SAMPLE ITEM: 

Name FLUIDS that will 
BURN. 

:/ 

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

For this test, a fluid is any non-living thingthat is liquid of gas. 
. solid is 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 
ilasses. 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 THIS PAGE. 

There will be four parts to this test. You will have 3 minutes 
ier 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 II 

me SOLIDS that 
FLOAT on water. 

Acceptable - a cork 
Not acceptable - oil 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



PART I I I 

Nairn- 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 » A " 

By Paul R. Christensen and J. P. Guilford 
M 1 

NAMA SEX S C ORE .11" 
(Print) Last First Middle F 111" 

1V~ 

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 ^6Jl^iZy U -^jO y 6- t c^V i -?•_ _£_.._? j t 

K _r y i 

The task in this item is 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. 

All sentences should make sense and be complete. Avoid 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 £ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

. , r 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

0 0 P 

0 o P 

o o ; E 

o ; _o : 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



PART 11 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

STOP HERE. VJAIT FOR FURTHER INSTRUCTIONS. 



PART 111 

t h d 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS 



PART IV 

a 

a 

a 

a 

a 

a 

a 

a 

r 

r 

r 

r 

r 

• • r 

r 

r 

R 

R 

R 

S 

K 

g 

S 

R 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



WORD FLUENCY 

Form "A" 

By Paul R. Christensen and J. P. Guilford 

M SCORES: 1 
NAME SEX: 

F 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: 

•? Write words containing the letter 0 

A7^A 

All the words written above contain the letter "0" at least once. 

WAIT FOR THE SIGNAL BEFORE TURNING THIS PAGE 

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

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

Are there any questions? 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



PART I 

WRITE WORDS CONTAINING THE LETTER B. 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



PART II 

WRITE WORDS CONTAINING THE LETTER T. 

STOP HERE. WAIT FOR FURTHER INSTRUCTIONS. 



APPENDIX 3 

ABSTRACT OF 

An Investigation of Possible? Relationships Between 
Critical Flicker Frequency and 

Divergent Thinking 



APPENDIX 3 

ABSTRACT OF 

An Investigation of Possible HelftUorufoipg Between 
Critical Flicker Frecmency a M 

Divergent Thinkinei 

With roots in the age ©Id body-Blind problem, 

possible relationships between psychophysiological phenom­

ena and intellectual functioning have long been of concern 

to psychology, 

This paper proposed and experimentally investigated 

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, th® common element 

being Inhibitory effects, both neurological 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 subjectsf a signifi­

cant difference was obtained between Ascending and Descending 

Directions of £££. Insignificant relationship* were found 

_L.«iij_ir irj..i . " i 'i "• " " ' '"" "' 

1 Q&yle Wm. Bumsday, Master's thesis presented to 
the Faculty of Psychology and Education of the University 
of Ottawa, Ontario, February 1967» vlii-ol p. 



APPISDIX 3 81 

between these thresholds and scores on test-* of divergent 

thinking, thus supporting th© experimental null hypothesis* 

Froa evidence pertaining to the possible introduc­

tion of B&ethodologic&l errors the author concluded that 

acceptance of the null hypothesis was unjustified. 

Suggestions are made for further research. 


