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This atudy explored some aspects of fluency and
flexibility of thinking with a sample of 13 to 1§
year old pupils of high ability in science drawn
from Cngland, U.S.\. and New Zealand. Stimulus
material within the general field of science was
presented for response in the open-ended idiom.

This procedure established a closer alignment
between the nature of the task and the interests

and abilities of the subjects than hitherto obtained
for such pupils.

Tests included tluee measures of open-ended thinking
empleying sclience stimuli, an intelligence test, an
attitude scale, a2 personal preference questionnaire,

and teacher and peer rating socales.

Scoring procedures and interscorer reliabilities

for the open-ended measires were determined, and
scores from all tests converted to normalized
T-scores. Then a seriea of correlational studies

was undartaken which examined reclationships between
measures of fluency, flexibility, intelligence and
personality. 1Two centroid factor analyses - one in
the cognitive, the other in the personality domain -
vere carried out In an affort to seek further evidence
of the internal structure of matrices.

Results {rom total sample data (by country) were
employed for the majority of statistical analyses,
although selected samples incorporating high~low
scorera (=15D) and other selected groups based on
sex, age, and classrooa differences were utilised on
other occasions.

within the liimits of sample selection some inter- and
intra- cultural differences in cognitive and personality
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behaviours were observed, although the major result
was one of variation on a thewe rather than of
striking contraste. Scores on either fluency or
flexibility of thinking were seen to be less
correlated across tests (e.g. generally between .30
to .4% for fluency. and between .25 to ,35 for
flaxibility) than with each other within tests
(e.g. generally between .65 to .75). This tendency
was supgjp.orted by factor analysis which suggested a
conposite fluency~flexibility factcr anchored to
each test. Although some measure of stable cognitive
style was seon to be operating, it was overshadowed
in the present stirdy by a tendency for Jupils to be
task-syecific even within the ecience domain.

Correlations between intelligence and fluency and
flexibility of thinking were generally low and
positive,

Differences on =mowme attitude factors suggested that
within this sample of pupils of superior ability in
science high scorers in flexibility (and to some
extent in fluency) of thinking tended to approve more
of such traits as running risks, doing dongerous
experiments, teasiar seaple and investigating the
unusual, and approve less of beinz obedient, accepting

exvert advice;, and gettinge everything correct.

while the study was not primarily concerned with the
wider issues of divergent or creative thinking, nor
with the academic bias of science/arts students, they
were briefly discussed when the educational
implications of the study were considered.
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CHA¢Y TER ONE

INTRODUCTION

This investigation represents some initial
explorations into the dimensions of fluency and
flexibility of thinking with pupils of high ability
in science. Central to the study is the presentation
of stimuli within the general science domain. The
idea of a closer alignment bstween the nature of the
task and the interests of the subjects as a basis

for studying fluency and flexibility in greater

depth arose from a suggestion by Hudson (1966).

wWithin the framework of test stimuli and concept
of divergent and convergent thinking emsploysd by
Hudson, arte specialists were seen to be mostly
divergers, and physical scientists, convergers.
However, after closer examination of some of the
rather ordinary responses of boys known to be
clever at science, Hudson camments that one can
only conclude that the test failed to catch their

fancy (p.47). And, again, of boys clever at science,



ne observes that we can only hope to measure their

capabilities by setting problems within their

sphere of interest (p.49). Supportive evidence
from word assocliation studies also suggests that
respounse availability and heterogeneity - fluency
and flexibility - increase as the sub ject favours

the stimtlus (Cramwer, 1968).

The prasent atudy takes cognizance of tliese points
and hag attempted to employ stimull in the open-ended
idiom that have a degree of compatibility and
interest for pupils of science. The measurement
em.hasis is one of encouraging fluency and
flexibility of thinking, of generating as many
difforent responses to a particnlar problem as
possible rather than one of arriving at a single
‘right? answer. An open-ended mode of presenting
sclence stimuli was consequently designed fxx four
task situations. A sample comprising pupils of high
ability in science was deliberately selective, giving
a degree of parallelism between task on the one hand

and population interest and competence on the other.”

*sn incidental consequence of such &an approach was
the enjoyment that science pupils displayed in
performing the teets.



Furthermore, several of the schools in the sample
were following programmes from the Nuffield Science
Foundation (England and New Zealand) and from the
National Science Foundation (U.S.A.). Such
programmes emphasize enquiry, experimentation and
flexibility of thinking. Therefore, the curriculum
background of many of these pupils together with the
fact that test stimuli are pitched in the area of
their abilities and interests offers every
encouragemsent for the sample to meet the task
requirements of fluency and flexibility. However,
a wide range of scores can still be expected within

this framework.‘

The initial section of the study, which examines
problems of categorization associated with scoring
responses to open-ended tests, reflects an S-R
eaphasis within the general framework of word
association theory and linguistics. The remainder
mainly reflects a more general cognitive view which

congiders facets of intelligence, cognitive style

+Tho degree to which these procedures might alter
the comparative divorg.nt/gonvorgnnt bias of arts
and science students is not the concern of the
present study, although the nature of the stimulus
material must surely be a condition that influences
such results.



and personality.

The study is not premised on any strict sequence of
null hypotheses, nor on any predetermined hierarchy
of statistical procedures.* Statistical methodology
has nevertheless formed an integral part of the
investigation, having been centred on an initial
general sequential plan open to modification as the

study progressed.

Behind this general area of research, lies a silent
substructure of parental influences including child
rearing practices, styles of discipline in the

home, balance of praise over punishment and success
over failure, humour, and encouragement to pursue
speclal interests; of teacher influences including
use of open-end or dead-end questioning, encouragement
to explore, the balance of problem finding to
problem solving; and finally of social and cultural
norams which exist to be followed, questioned or
broken. These factors undoubtedly interact to
produce dramatic differences in the range and style
of thinking of which fluency and flexibility are

two important dimensions. Uli.mately they contribute

*Meehl (1967) has commented that research workers who
employ this approach resemble "a potent-but-sterile
intellectual rake, who leaves in his merry path a
long train of ravished maidens but no viable
scientific offapring” (p.114).



to the ¢yclic tension between t'normai' and
trevolutionary! science {(Kuhn, 1962) in which the
cognitive style of the scientist plays a

slgnificant role,

The present atudy, however, is concerned with a
relatively narrow shaft of this substructure. It ia
certainly not A study of creativity, although some
aspectas of research under this goneral heoading
iapinge on the study. It s not a dichotonmous
stady that contrasts divergent/convergent thinking,
or arts/science biawms, although again some aspects
of such research are relevant. MNor is it primarily
4 cruss-cultural study, although the zample is
arawn from bLngland, U.8.A. and Yew Zealanc. In
no way is it claimed to be '"represemtativet of
each country 1in any cross-gectional sense. Un

he econtrary it is selective in terma of high
ability in sclence, tiwreafter being matched as
closvly as possible in each country. .\s a rasult,
greater intra-cultural 31iffereinces may be expacted
to exist than inter-cultural differences. The
ceneral emphasis of the study {e therefore
cagnitive. PFinally, any conclusions that might
bea drawn froam the i{nvestigation are not
generalizable to wider samples - particularly to

pupils of less ability or different interests.



AIMS, METHOD

The major purpose of the study was an investigation
into the characteristica of fluency and flexibility
of thinking in the responses of pupils of high
ability in science. Stimuli generally related to

science were presented in the open-ended idiom.

Some measure of the average level of generation of
responees in terms of fluency and flexibility, as
well as the range of individual differences, was
of interest to the study. No comparisons with

arts students were made,

More specifically the study aimed at considering
the relationship between:
1. Fiuency and flexibility of thinking;
2. Fluency, flexibility and measured
inteliigence;
3. Fluency, flexibility and aspects of
personality;

4. Fluency, flexibiliity and teacher and

poeer ratings.

The major emphasis of the study was generic, with
gensral tendencies and relationships between

variables being studied by way of total sample data.



lHowever, sowe sections of the study examined
couwparisons between high and low scorers (:ISD)

on certain variables, since interesting relationships
are sometimes evident amongst special samples who
score towards both ends of a continuum. Other
special sample analyses were concerned with age

and sex differences.

Statistical procedures included the normalizing

of all scores (T scores), correlational studies,
and a centroid factor analysis of (i) cognitive
variables, and (ii) attitudes; non-parametric
techniques such as chi-square and Fisher's exact
probability tests were employed in some of the
high-low comparisons. These procedures are

detailed later (p.77).

The following tests were designed for the present
study. Three were open-ended tests employing

science stimuli : Test 1, Science vocabulary;

Test 2, Definition of science concepts;

Test 3, Uses for chemical substances and physical
objects; Test 4, was an attitude scale measuring
such attitudes as risk-taking, respect for authority,

and self-concepts.



Teacher and peer rating scales were also administered.
Intelligence was assessed with the AH§ Test (Part I).
111 teats were aidministered by the investigator to
each school sample on the one day. The development
of the tests is detailed under the section ?'Stimulus

Material - Instrumentationt (p.22).

Since no scoring procedures had been established for
the open-~-ended tests the setting up of criteria for
acoring became a central concern of the initial
section of the study. Satisfactory levels of
objecctivity were eventuaily indicated from the
interscarer reiiabilicvy study. Scoring procedures
are discussed in more detail under 'Scoring Responses!
(pe49). A rfuller description of the sample

now foilows.

SAMPLE

General: A sample of 3500 pupils of above average
ability in science over the two year range

13 years 4 months to 15 years 3 wmonths was drawn
from 16 schools and 23 classrooms - nine from

England, scven from U.S5.A., and weven from New Zealand.



The distribution of the major sample according to
geographic location, size and sex can be seen from

+

Table 1.

TABLE 1,

Country Location Scheool (Class Sample  Sex

—_——

No. Xo. Size M F
Cambridge 01 v1,02, 33 33 =~
London 02 03 26 26 -
ENCLAND  London 03 04,04,07 57 57 -
London 04 09 17 17 =
London 0S 10,11 49 49 -
E= § I= 9 £=182 132 -
Buffalo,¥.Y. 00 12 22 9 13
Chicago 07 13,14,15, 32 32 -
USA Minneapolis 00 i6 28 20 8
Minneapolis 09 17,18 58 27 31
L= 4 =7 Z=140 88 §2
Auckland 10 19 31 14 17
\uckland 11 20 27 27 -
Auckland 12 21 20 9 11
NZ Wellington 13 22 26 26 -
wWellington 14 23 21 21 -
wellington 15 24 24 12 12
vellin:ton 16 25 35 - 3§
I= 7 = 7 t=184 109 75§
I=16 I=506

A B — e D > el e - T

The English sample was tested firet, followed by

the U.S.A. sacple and the New Zoaland sample. The
opportunity to test in coeducational schools in

U.S.A. and New Zealand offered the further possibility
of considering eex differences within a cross-
cultural framework.
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Science Ability

All pupils in thia study have been designated by
their school as well above average abllity in
science, coming as they have fram either the top
stream in science or from the top general academic
stream where no 'setting' is employed. In England
and New Zealand pupils from several schools were
involved in the Nuffield Foundation Science Teaching
Project, while in the United Scates the four schools
chosen were participating in a progressive and

challenging scioence programne.,

In the initial stages of determining the sample
several science achievement tests standardized in
gngland and ¥.S.A. were considered. However, test
content proved too specific and sensitive to
curriculum emphases to he suitable as a valid cross-
cultural criterion of science attainment. Obviously
cach pupil has heen subjected to many formal and
informal evaluations based on a wide range of
criteria by the time he is 13 or 14 years. These
multiple criteria, sensitive to each pupil in his
own gschool and culture, appear more appropriate as

a basis of selection for this sample than a series
of externally standardigzed teste that are far less

tfair?! cross-culturally. Thus, the selective
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procaedurea of the educative process, saturated as
they ara with all their complexitiea were allowed
to operate in ecach culture to determine at this
woitit in time those pupils deemed to have above

avera.,e to exceptional 2billty in sciornce.

Intelicctual ability

The gencral intellectual level of these pupils may
be infarred to be above averare in terms of
measured intelliecencsa, Mevertheless some pupils
who are in tha top stream for science may ba of
only average intallicence. In order to asscsa the
intellas~tual Jovel of these pupils as measured by
the conventimnmal intellicrence teasat, the AHS5 test
yvas administered to tho azunple.+ The reanlts of
thias testing confirmed assumptisng of genarally

irh dntellectual abilitv across the sample anqd

will he ureseated in more detail lator {(up. 79-100).

The distribution of the sample over the two year
age range apypears in Table 2 arranged for the

three countries by three sight-month intervals:-

-~ . — — — -

+kH5 Group Teat ~»Pf Migh-Crade Intelligence
;..\". Iiﬁim. N.F.E.R.



EADLY 3

ase Iuborotalg Frogqaenay by Cowtry  Zotal
Yrs/Mths Yre/Mths f_‘z']f'fj__;“’.' _Uai - i‘;ép

bk = &5.:1 $ = w ® =a 2 104
14.0 - 14.7 107 - 47 19 40 30 242
14.83 -~ 15.3 26 -~ 283 17 45 43 159

I =182 - 38 §2 109 75 506

o g g Al PR T — e e i S S o SR | 8w g——

Socio~economic and Cross-—cultural Characteristics

Three-guarters of the 16 achools were situated in
attractive suburbs while the four central city schoosls
drew pupils from high rocio-economic backgrounds.
These characteristics were common to the samples

from each cultuwre. However, the English sample was
drawn from schools which reflect greater social and
educational stratification and selection. By

contrast the New Zealand and U.S.A. samples were

drawn from schools which portrayed a more egalitarian

approach to educational organization.

The sanple makes no attempt to reflect any purported
cultural traits, nor to be in any way 'repressntative?’
of each culture. Risther, it is selective, being

matched in each country by characteristics of well
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above average ability in science, 13 to 15 year
age range, well above average general intellectual

ability, and generally high socio-economic status.+

Summary and theoretical position
Since the present investigation is exploratory in

nature no single theoretical position structures the
study as a whole, but rather cognizance is taken of
several different positions which monitor the inter-
pretation of data and suggest directions for further
study. These positions include (i) stimulus response
theories - particularly associationist theory as
interpreted by Mednick (1962), and the concept of
aligning the stimulus material with the interests and
abilities of the subjects to facilitate higher degrees
of fluency and heterogeneity of associates (Cramer,
1968), and (ii) cognitive theories - particularly
those that relate fluency and flexibility of thinking
with aspects of personality associated with risk-
taking, self concept, conformity and respect for

authority.

In view of the above the more athodox position which
attempts to gather together at the outset all the

relesvant research as the basis of a single comprehensive

*It is interesting to note the similarity in the U.S.A.
sample - in terms of size, age, and socioc-econocaic
status - to that of Wallach and Kogan (196§).
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statement of theoretical poaition ('.t‘x'avezt's,'r 1964,
PP.31-50) was set aside in favour of a less pre-
determined position which still tai‘es account of
relevant research but which mediates theory and data
and is progressively self-regiilatory in nature. Such
an approach is empioyed by several workers in the
present field of research (Cropley, 19683 Ludson,
1966, 19683 Mackworth, 1965). More flexible
theoretical positions such as tlhe above are well
authenticated in literature on empirical research

(e.g. Sax" ', 1968, pp. 12, 14-16, 27, 71=73).

Further description of the thooretical background
which undergirds the study, and which formed the basis
of the first pilot study employing scientific concepts
as a means of assessing aspects of cognitive style
(p.27), will be described in the following chapter.

* Travers, Robert M.W. An Introduction to Educational
Research, Macmillan Co. New York 1964.

M'Sax, Gilbert. %Ej,rical FPoundations of Bducat ional
Research. Prentice-Hall. 1968,
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CHAPTER TWO

THEORETICAL BACKGROUND AND INSTRUMENTATION

The general field of psycholinguistics (Deese, 1970)
and semantic theory (Katz, 1967; McNeill, 1966;
Mednick, 1962) undergirds the initial section of
the study on fluency and flexibility of thinking,
since 'results'! must first be derived from

techniques of word analysis.

Relevant to such a study is the point of view
expressed by Vygotsky (1962) that the "development
of verbal thought is made possible by the use of
word meaning as the analytic unit™ (p.121) and that
"the word is a microcosm of human consciousness"

(p.153).

Attempts to explain the origin of consciousness and
its expression through modes of divergent thinking

vary from psychoanalytic interpretations (Trosman,

1969) to specific neurological ones - e.g. cortical
control and inhibition in creative thinking

processes (Morozov, 1968),and the role of the
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corpus callosum as a mediating influence on

ideational fluency (Bogen and Bogen, 1969).

As far as the interpyretation of divergent thinking
responses are concerned, two broadly contrasting
theories have been described by Cropley (1970):
(i) S-R theories, and (ii) Cognitive process

theories.

(i) The S-R approach has been developed by
Mednick through the analysis of word associations,
whereby divergent people tend to 1link stiamuli
with highly unlikely responses, while most

people associate them with those commonly

paired in the past. He further pointe out that
S-R theorists have placed considerable emphasis
on the so-called 'mediating processes'!, proposing
different theories for 'explaining'! the intervening
variables between the S-R bond (e.g. Osgood, 1953,
1957).

Berlyne (1965) also modified the S-R approach to

include an examination of intervening variables in
the chain of symbolic thinking processes, and

to emphasise the place of the organisa in giving
direction and structure to thinking. Hie theory
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of habit strength hierarchies has been further
elaborated (Mcilpine, 1970) as a restructuring
process in creative thinking. Berlyne's

integrative neoassociationist apyproach can be seen

to some extent as bridging the gap between S~R and
cognitive theorists. This general position,

reported by Shouksmith (1970), is held by several
contemporary theorista who would maintain that

"the present best guess atill favours a connectionist
theory albeit modified by symbolic msediating

responses” (pp. 33-34).

(i1) The cognitive process theorists, the other
broad group described by Cropley (1970), emphasize
the priority of the individual himself in

organizing infomation -~ coding, categoriszing etc.
Cognitive theorists, he continues, are more concerned
with broader issues such as category width and
cognitive style, and with related personality
characteriatics such ag risk-taking and

authoritarianism.

The present investigation moves from an initial
analytic examination of stimulus-response situation
which involves defining categories, establishing

taxonomies and determining scoring procedures, to a
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more general cognitive point of view which examines
the relationship between certain cognitive and
personality variables. It is appropriate here to
deacribe briefly some of the more relevant research
related to S-R conanectionist and associationist
theory as it pertains to this initial phase of the

investigation.

In general there has been a considerable revival of
interest during the last decade in word association.
Fox (1970) claims that "more psychologists have
asked more subjects to free associate to verbal
stimnuli in the past decade than over the pyrevious
half century combined®™ (p.31). Similarly Cramer (1968)
holds that "this renewal of interest in word
association in large part reflectas the general
increase in investigations of verbal learning and
vevrbal behaviour and, perhaps, an increasing
interest in the study of cognitive processes®”. To
some extent it also reflects an increasing emphasis
on the open-ended mode of asking questions.

Cramer (1968 ) continues by pointing out that "for
some investigators, the identification of natural
language associative habits is but a first atep in
the study of other cognitive processes" (p.1), and
that {n this type of study the interest is in

providing calibrated experimental materials for
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assisting the understanding of broader cognitive
procegses. It is this emphasis, rather than a
detailed study of word association per se, that

has boen taken in the present investigation.

Employing a similar emphasis, Mednick (1962)
explained how associative hierarchies are

built up from the responses of a stimulus word.
Hierarchies which have a steep slope reflect
conventional responses, those with a flat slope
unconventional or remote associates. Divergent
thinkers tend to generate more associlates (fluency),
more unique asscciates (originality), and more
heterogeneous associates (flexibility). Thus the
word associations of the divergent thinker are
characterized by leas atereotyuyy and commonality.
As a result of this theory Mednick devised the
Remote Associates Test (RAT) which has formed the
basis of a considorable amount of resesarch in
creative thinking and verbal learning behaviour:
the relationship between creativity and the need
for associative novelty (Harris and Hall, 1970);
the role of creativity and intelligence in
conceptualizing (Jacocbson et al., 1968); the
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relationship batween intallicencs and verhal ability
and ratings of reacarch graduate students on
creativity (Cinstmwre and ¢“hittenore, (963%); and
differances in assaciative respouses of honours

#d non-honours students ( \bney, 1970).

Further studies which have gpecific relevance for

this investigation include: a discussion of
orinciples involved in coding sentence structure
(Steinberg, 1970); elaborative activities and
selactive procossas that Jdatermine the ordering

of responges (DI Vesta and Bernstein, 1969);
agsoclative strens st as the result of category
membershipy (iHenry and Vosa, 1970); aasociative
groupings and frae recall (Matthews and Hoggart, 1970);
contrast and o,pnaitinral tendencles in associations
(Pollio, dcitechman and Hichards, 1969):; delayed
instructions (latancy) and resultant influence on
level of orizinality on word associationg (Masters

et al., 1970; ‘asters and Anderson., 1970); the

role of memory in the prodaction of divergent thinking
responses (Pollert, Feldhusen et al., 1969); and,

the function of memory and acousticaily similar

responses on racall (Bruce and Crowley, 1970).

Age has also proved to have been a critical variable

in many studies. In this respect Cramer (1968)
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reports that "cultural-chronological studies of word
association indicate that the responses of both
children and adults have become more stereotyped
over tne years. 1nis increased respounse consistency
is most marked in the associative behavior of
children® (p.224). 3he continues, "It is not just
that today's children are more congistent in the
responsea they givej; they also give a different

set of responses tinan did tne children of earlier
times" (p.224). This changing nature of responses
to science words like space, gravity, solar systen,
has also veen noted by Mason (1969) and Schmidt (1968).
Cramer continues, "In addition to this increaged
stereotypy, there is also evidence that there are
more idiuvayncratic responsea among today's

children (and possibly among adults, also). This
finding suggests a polarization of individuals, in
terms of asscciative mehavior, such that the flexible
amiddle of earlier times has been replaced by the
extremea of response stereotypy (high-commonality
subjects) and response idiosyncrasy (low-commonality

subjecta)n (p.224).

Sone studies (Entwisle, 1966) have employed factor
analysis to assist scoring procedures and to arrive

at weaningful clusters of assocliates.
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In this respoct Neman and Dixon (1970} comment

that facter analysis "will probably provide a more
refined structural view of the stimulus and response
components of word association® (p.507).

Similarly Rothkerg (1965) extended Deese's

procedure for classifying groupue of words similar
in associative meaning by usilng factor analyeis.
Conprehensive categories of meanirg were Jdetermined
basad on the aszaumption that the common free
asscciates to a set of related stimuli are
mediating rasponses and are part cf the associative

structare of tho aox.

A with factor analysis, Stone et al. (1966)
outlined a zomputer approach to scoring in an effort
to bring swre precisse and comprenensive techniques

to bear on the problsm of word analysis.

The prezsent investigation, however, does not employ
s>e of the sophisticated technigues of linguistic
analyais described above, nor factour analysis as a
scoring procedure, although it 18 uged later in the
study as a technique for describing the internal
atructure of matricee relating to intelligence,
fluency and flexibility. Nevertheless, a satisfactory
level of objectivity appears teo have been achieved

in scoring which perheps reflects a greater degree of
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precision than obtained by Torrance (1966) who
maintained, "it is not necessary to have special
training in scoring these tests?, and suggested,
"If the examiner doss not yet have an understanding
of the cancapts of fluency, flexibility and
aoriginality, he should do some supplementary
reading of the rationale of the Torrance tesats

of creative thinking® (p.1l).

STIMULUS MATERIAL:- INSTRUMENTATION

Subsequent discussion is devoted to a consideration

of the following:

V. Three open-ended tests of thinking employing

science stimuli, viz:

Test 1, Science Vocabulary
Test 2, Definition of Scientific Concepts
Test_3, Uses for Chemical Substances and

Physical Objects

B. Test 4, Attitude Scale and Personal Preference
OQuestionnaire
C. Test 5, AHS Test of Intelligence (Part I)

D. Teacher and peer rating scale information
E. A description of the pilot study with the

above tests concludes this section on

instrumentation.



A. __Three_ open-ended tests of thinking employing

science stimuli

General Instructions

Instructions for Tests 1, 2 and 3 aimed at:

1.

Introducing the pupil to the general tone
and demands of the open-ended situation,
Emphastzing fluent (*many?') and flexible
(?different?) thinking responses,

Allaying any concern about spelling, or
inclusion/exclusion of category membership

-if in doubt, pupils were encouraged to

record their response. This was particularly

stressed with Test 1 where 'worda to do with

sciencet'! was the stimlus,

23

Of fering some freedom of atimulus choice within

the science stimulus field (Tests 2 and 3),
Encouraging pupils to work ?*fairly quickly?,
although at the same time pointing out that

it is 'not a race against the clock!.

Introductory comments to pupils appear below:

"I want you to help me by answering some
questions. Somec of these are to do with
science, some are questions about yourself.
These questions are different from many
you have at school, in that there are no
right or wrong answers to them.

Your answers are confidential and none of
your teachers will be seeing your papers.

It is important that you keep your work to
yourself and work quietly. You should not
have to ask any queations once you start
writing. Finally, you should work fairly
quickly, although it is not a race against
the clock.

You may use ball point (biro) pen, and you
will need something to rule with.®
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A relaxed atmosphere was sought within the framework
of the demands of the task, but there was no attempt
to create the 'gume-like' atmogphere of Wwallach

and Kogan's (1965) study.' all inatructions were
read aloud while pupils paced the reading from
their own script. Pupil responses were recorded

on unlined paper (cf Torrance 1966).

Test 13 _Science Vocabulary
This test, designed last in the series of open-

ended tests, was formulated to assist rapport
and introduce the subject to the general style
of the two main tests. Although associative
procesaes ara basic to the three testa as a
whole,they appear in more simple structure form
in Test 1. Because of its single word response
pattern it also presents some of the scoring

problems in a rather more simplified form.

*More recent research by Kogan and Morgan, (1969)
reparts that "No clear-cut superiority for test-like
or game-~like contexts in reference to creativity

lovel was observed™ (p.125). However, further
work by Nicholls (1971) and Vernon (197i) suggest
that this i3 a fruitful area for further research.
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Instructions
Tost L

WMpi bt down as uary worde to Jdo with science
as you can think of.

Think of as many different words as you can.

List your words in a column.

work fairly quickly.

A sample of responmes from two pupils for Test 1

appears on the following page.




Samj e of Responses,  two Pupils, Test 1

rupil 570 Pupil 368
Chemistry bicleogy
biology astronoay
phisiclogy species
physics geology
zouvlocy ion

f lux atom
density nolecule
barn palientology
acutron ganus
roentgen archeology
suris botany
centimetre hypothesis
alkali acciology
acid kingdom .
base amarsapuial
reactor

neutron

deuterium

plasma

ion

electron

- mescn

muon

deutron

nitrogen

specific heat

tensile
steam
water

ice
merciwy
atoamic
welzht
mass
light
reflection
camora
photon
quanta
relitvity
theory

hypothesis

planet
galaxy
iren

nickel

26

+*Pupil responses represent exact copiea from original script.

'"Sovcral scientists who have examined the responses
to Test 1 have expressed surprise at the wide
vange of scientific vocabulary for 13 and 14 year
olds.
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Test 2: Definition of Scientific Concepts

Degcription
A preliminary study in New Zealand with 143 school

boys and girls of high academic ability (age 11 to
12 years) had indicated that the definition of
scientific words (concepts) held promise as a
method for assessing not only 'knowledge', in the
traditional esense, but also such aspects of
intellectual style as fluency and flexibility of
thinking.

It appeared from initial experiments, that stimulus
words which were fairly pervasive and perennial -
such as TIME, ENERGY and SPACE appeared to have the
greater scope. Words like WAVE also seemed profitable
since they could be seen in many different contexts

- light wave, micro-wave, heat wave, goodbye wave,

and not-in-ugse wave - as in 'wave that regulation®

if the pupil showed a lack of spelling ability or

a sense of cognitive sport.

Words such as TIME, ENERGY and SPACE also have the
advantage of being able to be used more fairly
across classrooas and cultures than more specific
words or concepts which may be more sengitive to
eyllabus content. It is not claimed that words
like TIMB, BNERGY, SPACE and WAVE do not feature
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in syllabi, but rather that they are more generic
than PHOTOSYNTHESIS, VECTOR, CATALYST or
QUINOL (66H4(0H)2). They aleo have the advantage

of being relevant over a wide age range.

From an initial experimental list of 86 words the

following 23 were selected as having some promise.

SOUND CHA IN-REACTION
BACTERIA AQUATIC

HEAT MAGNETISM
PLANET WATER

VIRUS GAS

GRAVITY PLASTICS
VACUUM PRIMATE
WAVE LIGHT

SPACE FORCE
PROTEIN ENERGY

TIME REPRODUCTION
COMMUNITY

Finally the following four worde were chosen as
the stimuli for Test 2:- SPACE, TIME and ENERGY,
together with a choice of one from WAVE, BACTERIA
or WATER. Pupils' responses for SPACE and TIME

have been analysed in the present study.

nat : t

Although this test is concerned with the definition

of scientific concepts, a test instruction whieh
bluntly demands "Define ENERGY" appeared inappropriate
to the aim of establishing a relaxed atmosphere and
the generation of many different ideas. The purpoese

was to establish an atmosphere that combined the
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demands of knowledge of scientific terma with the
encouragement to explore as widely as poasaible.

The following instructions were consequently devised
and read aloud to pupils who followed them from

their own paper:

é

Instrugtions
Test 2

"I am going to write some words on the
blackboard and I want you to tell me all
you know about them, I will write one
word at a tima and then you write as
many different ideas as you can about it.

trite down everything that comes into
your head. You do not nave to write
complete sentences, just short phrases
will do i.¢. a sort of 'telegram style‘.

You can list the points one under the other
if you like. write the word down each

tine and rule off when you have finished
writing all you know about it.

vork fairly quickly."”

Each stimulus word was printed on the blackboard

and presentativn time conirolled with a stop watch.

It is interesting to compare wWallach and Xogan's
(1965) test instruction at this point e.g. Teat 1 (p.29)

"In thig game I am going to tell you something
and it will be your job to name as many things

&8 you can think of that are like what I tell

you. For example, I mnight say 'things that hurt?.
Now you name all the things you can think of

that hurt®. (The experimenter then lets the
child trry.) “Yes, those are fine. Jome other
kinds of things might be falling down, slapping,
fire, bruises, or a knife".....cccccc00e
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It will be noticed that ‘allach and kogan offer

the pupils exampies of resgonses. It was decided

in tue present study that to give specific

exauples of preguonses was to hand pupils a model -
dust the opposzite of what ia required for measuring

e ——

fiexibility.

Samplie of Regpouses, two pupils, Test 2

S50ACE (rupdl (43)

"Vacuum, around us, contains gases, bounded

by s0lids or liquids, contains § letters, space
Letween everything not joined, around everything,
cin only ha saen because there 1s nothing else
to see, 3pdac:2 even in solids - molecules moving,
lack of friction, rockets travel inte space,
spaceshin, space race (i‘merica Russia etc.),

laclk of =pace,”

TIME (iupil 143)

"Time machins~, travelling in time, watches,
clocks, hcurzs, minutes, seconds, time wasating,
time to kill, no time, time is measured, all
the time Iln the vorld, contains § letters,
magazine, timre and tide, future past, fortune
telling - able to sce into future, time is
esacontial - timc flies, 3ppears to go v slowly,
time to get up.”

SPACE  (Pupil i1§)

"Em,tiness, void, moons, starts, rockets,
vacuum, planets, no atmosphere, loneliness,

no end, infintssimal, asteroid, travel through,
astronomy, ,.acking inco,"

IIME (Pupdil 115)

“arbitrary, basic setting of time for whole
world, 4th dimension, essential to concepts of
work, International date line, No true beginning
or end, relentiess, measured by clocks, set

by astroncaical reatures e.g. pos. of moon

sun in relation to eartin.n
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In keeping with the ceneral raticnale of thke study,
science pupils were asked to respond to the 'uses'
test with science stimuli. 4s in Test 2 stimulus
naterial was kept as general as poesible. Furthermore,
pupils were offered a choice amongst four stimulus
words, viz:

(1) OXYYGER or ACID
and (2) WHEEL or MAGXET
The element of choice has certain advantagee in
inducing a more poeitive attitude to the stimulus
vord and hence in the generation of ideas, but has
dicadvanteges in asetting u, two sets of scoring
nerme and of producing different eets of N for

statiatical analyses.

Instructions

- —

Test 3
"I want you to think of as many different uses

as youn can for each of the words I write on
the blackboard.

w¥rite the word down each time and them think of
as many different ueer for it as you can.

Write down everything you can think of.
vrite your ideas down in a coluan.

wWork fairly quickly.?




Samples of Responses, two pupils, Test 3

————— il ol g, vyl
OXYCEN (Pupil 145)

"Breathing

Forainz oxides

Dsing in a4 blow lam,

In hyldrogan peroxide as a bleach
For making water

For bhurning

For purmping under presaure

In a fluorescent light®

WHREYL (rupil 148%)

"urning around

As a grindstone

for plaving honla-haooy

For playing quoits

To support me swimming

To hold up a car

To steer a car

To keep an engine rolny ars 3 flywheaol
To open and shut air locks

To lock a locomntive hailer

Tu ateer a shiy

To hold uy. candles n= a chandeli-er
To wake 2 round about."

ACID (vupil 347)

™Making hydrogen
nentralization

making salts

burning through metal
getting rid of an enemy
egarbage disposal
suicide device
indigestion promoter
persuasion

creating new art forms
azporiventacion”

MAGRET (Pupil 347)

#particle accelerator

a play thing

picked up spilled nails
exporimentation

cheating at bowling
fixing roulette

plcking uy metal objects
making electricity
making a compass™
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S

This concludas a deseriddion of tosts of the
stianitas-agsociativo res.onse kind., Test 4

nticipates relationghips of the ceneral cognitive-

[

doersonaltity tyue.

B.  Test 4 Attitude Scale and rersonal Preference

- —

Questionnaire

description

Itaas in this test refiect some of the findings of
other reasarch workers concerniag the personality
traits of creative scientists (Barron, 1969; Getzels
and Csikszentmihalyi, 1967; iludmon, 1963, 1965,
1966a, 1967, 1963; Kinsbowrne, 1953: MacKinnon,
1962, 1966; rearce, 1968; Shapiro, i9598;

Taylor, 1963, 1963a; Taylor and Barron, 1963;
Walberg and VWelch, 1967). Test 4 has two sections.
Section 1 Attitude Scale

The bagic form of this section foliows the 'Personal
naalities Questionnairet! designed by Hudson (1966, p.167).

Seven of his original 30 itema’ appear in the present

e

4‘M:ix:ing well soclaily, being neat and tidy, having a
low opinion of yourself, being highly imaginative,
having set opinions, accepting expert advice, and
being a good team member.
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36 item scale. o of the new items designed by
the invasiizatar are amwe s~cific21ly anchored
in the =science dowmain e.z. "Dning & dangerous
experiment?!, but most are conc:arned with basic

acttitudes *hat ot across subject matter areas.

The six scafes can be referred to tentatively as:

(1) Reg,ect for Authority

— s B o e |

(2) ndigh Conformity
(3) High Risk
(4)

(§) Freedom of Emotional Expression

and (6) High Self Concept (ego strength)

while the test was designed with s8ix scales in
mind it was fully realised that items were in no
way discrete to each scale. 5ince items are
responded to on a rubric which moves from
thighly apgrove' o Yhighly disapprove'! the same
item can be interpreted as belonging to two

(or more) different scales at the same time e.g.
highly disapproving of 'getting inte trouble!
can be seen as Respect for Authority (Scale 1)
while highly approving of tgetting into trouble'

can be seen as High Risk (Scale 2).

The initial stage of design represents an empirical

approach to measuremont whereby items thought to
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differantiate hizii/low scorers on fluzncy and
flexibility arz included experimentally (Catteli,
1967; Edwards, 1070). One or two items such as
'suoking?! were used without bDeing initially assigned
to a gpecific scale in Liie belicf that such items
might yrove efficient in differentiating high and
low scorers in the two cognitive domains. 1ne
tentative gronpiay of {tarms agpears 1s follows:

Zcale | Respect for_ iuthority

Item No. Item
1 iseing obediernt
4 sticking to the truth
13 getting into trouble (as a negative)
(5cale 2 also)
L5 snowing regspect for teachers
13 heing neat ana tidy (Lcale 3 also)
26 keeping quiet in class
3C heing very polite (Sc..le 3 also)
32 uestioning the truth of a text book
as a negative)
33 doing one's duty (Scala 3 also)

(Nine iteams)

5 being highly imaginative
6 being cautious (negative)
9 running risks
13 getting into trouble (Scale 1 also)
14 doing new things (Scale 3 also)
16 teasing penple
19 investigating the unusual (Scale 5 also)
20 taking the lezd (Scale 6 also)
22 doing a dangerous experiment
23 emoking
25 making jokes (Scale § also)
27 arguing with people
28 showing off
31 daydreaming (S8cales 4,5 2lso)
34 exaggerating (Scale § also)

(Fifteen items)
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Conformity

Iten: No.

8
14
1%
24
30
23
36

Item

having set opiniors

doingr new things (negative, Scale 2 also)
being neat and tidy (Scale | also)
accepting expert advice

being very polite (5cale 1 also)

doing one's duty (Scale 1 also)

being a good team member

(Seven items)

Scale 4 Serious Minded : orkegr

tem No.

2
12
21
20
31

Item

working hard

doing lLomework thoroughly

setting everything correct

tekiry: things seriously

daydreaming (negative, %cale 2, § also)

(Five items)

Scale 5 _Freedom of Emotional Expression

Item No.

Item

7
10
16
25
31
34
85

being entliusiastic

having self control (negative)
investigating the unusual (Scale 2 also)
making jokes (5Scale 2 also)

daydreaming (Scales 2, 4 also)
exaggerating (Scale 2 also)

not hurting other peoplets feelings

(Seven iteas)

Scale 6 _High

Item No.

3
11
17
20

felf Concept

Itom

having a low opinion of yourself (negative)
nixing well socially

shrugping off criticism

taking the lead (Scale 2 also)

(Four items)
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itew membersi:ip in Lhe above scaies is tentative,
dependent upon factor anaiysis indicating
alternative and mors jparsimonious wavs of clustering

items arkl suggesting scdles.

Inatructions

o e

Test 4, attitude Scale

— —

mxhich of ihe foilowing do you approve
or disapprove of?

2laca a tlcle under the hcading that
neat reuresents your feeling.

aniswer hoaestly, Femember that this
in couridential, and €hat uone of your
teachers wiil be sceing your papers.

vopk Tairly aquickly.n

A copy of Test 4, Section 1, Attitude 3cale,

appears on the following page.



having set opinions |

investgating the unusual

doing a dangerous experiment

smoking

Sample Copy, Test 4, Section I, Attitude Scale

Which of the toflowing do you approve or disappiove oi?
Place o tick under the heading that best represents your feelings

38

Answer honestly.  Remember that this is confidential, and that none ot vour teachers wall he seemg wour pap o

Work tairly quickly

Strnngl\r
Approve

g~ o e - T
|||1|\_‘r ' Ne:;lrtral r Mildly | Strongly

Approve Not Sure | Disapprove Disapprove

|
|
|
1

= M e

+ + + | 7 - -

beng ohedient B 4

wmlrlnq hard

1VINg | Inw opinion l]f ynm\olf J

shcking to the mm

bemg h\qh\y \maqmduve

heing mutlous

,,,,, e SO SE{) BRSUP—| T S j

belnu unhus;awr ‘ |

running risks

having self contol

domng homewaork thoroughly

4

|

. - N +
mixing well socially ’
4

~getting into lrouhle !
1

|

~_deing new things

smwmg Tespect mr IEdChE(S I |

teasing people | | |

shrugging aft criticism

being neat and tidy

taking the lead

getting everything correct

accepting expert advice

making jokes _ _ . ’r

arguing with people

taking things seriousty

keeping quiet in class

s = e e = + _— JR—

showing off

being very polite

day dreaming

O O

questioning the truth of a text book

doing one’s duty

exaggerating

not hurting other people's feelings

being a good team member
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Aest 4. Section 2, versconal Prererence Juestionnaire
besceription

A suall nuuber of multiple-choice questions

concerned with personal choice in the science

Gdonaln were derived from aspects of the hMuffield
Seicnce Foundation lTeaching Frogramwe (1967) and
from other related research to foru the basis of

Section 2 of Test 4.

Instructicing

Test 4, Perscnal rreference Questionnaire

vhigh would yon rather do in ecach of the following?
slace @ tick zlongeide vour choice.
Rerember thils work is confidential.

tark fairly quickly.

Items included in the Personal Preference Questionnaire

appear on the following page.
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Sample Copy of items in ersonal Preference Questionnaire

1. If an experiment failed would you rather
(a) Find out why it failed?
or (b) sStart a different one? [ |

2. Vhen doing an experiment do you usually like to
(a) work alone? 1
or (b) Wwork in a group? | 7

3. %ould you prefer to
(a) Test the accuracy of a measuring
instrument? [ ]
or (b) Design a new measuring instrument?| |

4. Wwould you prefer to study how animals
(a) Co-operate? d
or (b) Compete? 1

S. In building something from plans do you prefer to
(a) Make up your own plans? ]
or (b) vork from ready-made plans? |

6. Do you prefer to
(a) work out theories?| |
or (b) Observe results? [ |

7. Do you prefer to have
(aS One or two friends? D
or (b) Many friends? ]

8. If more time were given to science at school
would you like to
a Read about science? D
or (b) Try out ideas of your own? D Y
or (c) work with the teacher on experiments?| |

9. Do you think pupils should be encouraged to
(a) Reach a good even standard of work? [ |
or (b) Follow their special interests? 1
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C. Test 5, AHS Test of HigheGrade Intelligence

(Part I)

Introduction and Description

After examining several group intelligence tests
the AH5 (Part I) was selected as being the most
appropriate because of its theoretical structure
(Mehryar and Shapurian, 1970); its high demands on
thinking (Liggett, 1965);5 its age range (separate
norms for 13,14,.5,16,17 and 18 year old pupils of
high ability); and its suitability for being used
cross-culturally (Keats, 195G; Mehryar and
Shapurian, 1970). The test has also been used in
other studies in England (Hudson, 1966, 1968;
Johns, 1970; ~rovey, 1970) and in wales (Shouksmith,
1970) where dimensions of cognitive style and

divergent thinking have been examined.

L. Teacher and_ Peer Rating Scale Information

Teacher Evaluation Questionnaire

While there is considerable research on teacher
perception of divergent thinking in pupils
(Cropley, 1969; Getzels and Jackson, 1962;

Gowan, Demos and Torrance, 1967; Hamilton, 1970;
Massialas and Zevin, 1967; Shigaki, 1970; Taylor
and McKean, 1968; Wwilliams, 1967) little appears
known concerning the cues that teachers employ in

making such observations.
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In the initial pilot run of the investigaticn science
teachers were asked to rate each pupil in their class
on such traits as originality and ability in

science and to consider the degree to which they
enjoyed taaching each pupil,on a five point scale.
The later aspect was aimed at assessing the degree

to which high scorers in fluency and flexibility,

in so far as they can be associated with divergent
thinkers, might be considered somewhat troublesome

to many science teachers. From the pilot study,
however, it becames apparent that the teacher's task
of rating every pupil in the classe was too burdensome.
It was therefore decided to ask each teacher to
nominate the four most outstanding pupils in each
rating category. It will be noted that there is no
strict equivalence between test score measures
(fluency and flexibility) and the rating categories.
No precise :degreec of parallelism was sought, since,
to ask science teachers to nominate the most 'fluent?
and *'flexibie' pupils in science would have been to
use terms with which they might be unfamiliar. On
the other hand the degree to which 'originality?

and 'highest ability in science' might correlate

with test scores in fluency and flexibility could
prove interesting.

A sample copy of the Teacher Evaluation Questionnaire

followse:
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TEACHER_EVALUATION
CONFIDENTIAL
SCHOOL. e evevavonconnss
CLASS..cevseascsascons

Would you please assist this project by filling in
the following information:

Ability in Science

¥lease 1list the names of four pupils in this
class who show the highest ability in science.

1

(3]

3
4

—

Originality in Science

?lease list the names of four pupils who diaplay
soae of the most original and unusual ideas in

gcience.
1 -
2
{any additional
3 comments welcome)
4

Behaviour in Classroom

Pleaso list the names of four pupils in this class
wiiom youa enjoy teaching most.

P lease list the names of four pupils in this class
whom you enjoy teaching least.

1

2 _
3
4
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;eer Rating Information

Conflizting reports on the value of peer ratings
as a technijue for identifving traits associated
with divergent and creative pupils occur in the
literature (McHanry and Znouksmith, 1970;

Kurteman, 1607; Yamamoto, 1964).

In the present atudy limited use was made of the
technique. ! e@av ratings were sought concerning

(i) those pupils who were perceived as working the
hardest at sciencs, and (1i) those who were seen as
displaying the wost griginal and unusual ideas in
sclence. Ranzulli (1970) lLas pointed sut that
teachsrs and pupils scem ©To equate original with
hard working or aigh achieving in making evaluations
on rating scales. Alerting pupils to both traits
separately in the present study may overcome this to
some degree and increase reliabllity and validity.
Each of the 506 .upils in the study was asked to

1ist two claszmates For each of the two categories.

B. Pilot Study

The tests were administered to an English Gramsar
School where responses to the following questions
were sought:

what specific tiwme limits should be set? Are the

instructions easily understood? Do they produce a
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relaxed atmosphere yet motivate pupils to the task?
And finally, do the pupils enjoy doing the test?
Pupils in the pilot study were encouraged to write
down comments about the test, particularly

concerning words or phrases .i1ot understood.

Time Limits

Observations from the initial study sugéosted that
when half to three quarters of the class appeared
unable (or unwilling) to generate any more responses
the upper limit for time and rapport had been
reached for group administration. This seemed an
appropriate time to stop responses for each stimulus
word. 3Such 3 policy allowed tie majority of pupils
to have reached that point on response gradients
where it is reported that a higher percentage of

low frequency words or ideas are generated

(Mednick, 1962; Renzulli, 1470; wallach and Kogan,
196§). On the other hanc it does not push the
majority of the class to the point of boredom and
unrest which wouid occur if everyone, or nearly
everyone, were to work themselves out (although it
would be interesting to administer the test
individually on this basis). Unfortunately, direct
comparisnns between group and individual administrations
would be difficult since, for some, the face to face
situation of individual adainistration inoreases

nervousness (anxiety) with a consequent decreage in
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fluency and flexibility (Cramer, 1968; Krop, Alegre,
and williams, 1969; McCutcheon, 1970; Pankove and
Xogan, 1965; ward, 1969; %wood, 1970). If tioe
limits were to be extended to the upper limits of
endurance for groupy administrations a wider range
of scores at the upper end of the scale would be
obtained, but at the expense of continuing rapport.
It i3 doubtful whether any consistently high
scorers in the written response situation are
penalized either by the present time limits or by
the statistical procedure of taking Z1SD as cut-off

points for designating high and low scorers.

The gresent time limits allow for a wide range of
individual differences in fluency and flexibility
to be manifested, and appear quite recasonable for

classroom group administrations (Kogan, 1967).

On this basis, the following time limits were

detoermined for the testss

Test 1, Science Vocabulary
Test time, 3 minutes. VWith administration
time, 4 minutes.

Test 2, Definition of Scientific Concepts

Test_time, 12 minutes. With adminjistration
time, i4 minutes.
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Taest 3, Uses for C

Test time, 0 minutes,
time, ¢ minutes.

Test 4, Attitude scale

No time liwit was placed on this test,
pupils being aliowed to finish.

completed test time was 10 minutes.

hemical jubstances

with administration

all
iwveraga

with

adninistration time, 12 minutes.

Information lage

Test_ time, 4 minutes.

Administration time,

8 minutes for beginning and ending test.

Test 5, i5 Test of Intelligence, Part I

Test_time, 20 ainutes.

time, 30 minutes,

ilh administration

Total Test Time, 55 minutes,

Total Administration and Test Time, 76 minutes,

Testing Modifications, Instructions and Rapuort

The earlier forms of the tests were modified in

several ways.

A controlled presentation of each

stimulus word was found necessary whereby each

word was printed on the blackboard and presentation

timed by stopwatch.

In Teat 2 delineation between

the beginning and ending of each set of responses
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vwiae found necessary, and incoiporated into tiw
instructions. In Test 4 more strict control over

coluwn width was rogyuaired,

The methed of . resentling instructions orally,
while pnpils paced the reading from their own
script, secmed to work satisfactorily. Pupils
also appeared to enjoy the tasks set by the tests,
a condition which wae later seen to hold across

administrations in each country.

The opcn-enied tosts in science, the «il§ and the
teacher evaluatlion sheet were 3lill adainistered
by the investigator on the same day to each class

(cf. Getzels wu<d Jackson, 1962).
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CHAr TLR ThRES

SCORING RESPONSES

Operational definitions of fluency and flexibility,
the formulation of taxonomies to guide scoring,
and interscorer reliability results are discussed
in this chapter,

(1) Operational befinitions of Fluency and

— i e —

Flexibility

Fluency of thinkirg was defined in this study as
the nurber of written responses representing a
basic unit of thought or idea. Obviously no
universally acceptable definition of an idea can be
given. For the purpose of scoring fluency in these
tests an 'idea' was taken as the smallest unit of
coherent meaning. In many circumstances single

words (often nouns) such as 'vacuum' represent an

idea as much as the sentence 'It is a vacuua'.

The scoring of fluency for Test 1 (Science vocabulary,
or 'words to do with science') was straightforward,
since in this context fluency was premised on a

word count. The fluency score for Test 1 was
therefore the most objective measure of the test

and had the highest interscoarer reliability.
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However, responses to Tests 2 and 3 caused some
problems. 35ingle words or short phrases could be
scored fairly easgily but it was necessary to break
down complex phrases and sentences into more basic
units of axgression and thougint. It was therefore
particularly important to be alert to elaboration
within the basic unit of expression e.g. "Space ias
lonely/dark/and mainly a vacuua/" scored three for
fluency. "Time is measured in minutes/hours/days/
weeks/ and uwonths/" scoreud five. "Time goes quickly/
and slowly" scored two - representing as they do,
opposite aspects of psychological time (cf wallach

aud wing, Y09, p.35).

The general aim in scoring fluency was to maximize
the number of specific units. 1lhis has the effect
of increasing the number and range of responses and
hence individual differences. It also has the

effect of increasiug Lhe reliability or scores.

vhile there will always be a margin of error in
interpyreting responses, the above priunciple at least
lielped Lo reduce it. 1Iiw logical extension of the
principle of meaimiazing the specificity of
coutizonents of cucl: phrase or santence weuld occur

at the point where every word counted as a unit,
Further reseaich could investigate the correlation

between the present intermediate approach (words and
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short phrases) with such an extreme one as a word
count. For the moment it should be realised that
different scoring criteria are sensitive to
individual differences in response style, and that
changing the criteria for fluency would change the
status of scorers to some degree. This would be
true of Tests 2 and 3 in the present investigation,
but not of Test L, since this is in fact based on

a word count.

Flexibility of thinking was defined in this study
as the number of category changes in the sequence
of words and/or ideas. A category may be defined
as: a systematic arrangement, a classification,

an organization, a codification, a class based on

essential or fundamental considerations, a taxonomy.

A category change occurs when responses switch from
one category membership to another. Thus
A,A,A,/B,/C,C,C,C,/D,D/E,/F/G represents six
sequential changes of category (seven gategories)
and hence a flexibility score of six i.e. N - 1
where N = total number of sequential categories).
A,/B,/A,/B,/A,/B,/A also represents a flexibility
score of six (but with only two categories). The
latter pattern, which did not occur in any script,
would be a highly contrived and difficult pattern

with which to persist. The astudy was therefore
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concerned with flexibility of thinking defined as
category change and not with the number of
categories per se.’ The problem of what is a
*category! still remains, however. There are
*categories and categoriest!, e.g. 'chemical
apparatus'! which could represent a single
category under one set of definitions could bhe
broken into several categories under another set
of definitions, e.g. apparatus made of glass,
apparatus used for measuring, apparatus used for
heating, etec. Thns 'teat tube, pipette, and
bunsen burner' could represent three categories
(A,/B,/C,/) under the latter definition, and

one category under the former. It all depends on

the width of categories.

The present policy avoided a highly specific

basis for categorication (e.g. each chemical

apparatus determining its own category) in

preference for an intermediate one. Such an

approach allowed the flexibility score to be something
different from the fluency score (which would not
occur if every response, or nearly every response,

was interpreted as a change of category). These

*Both category change and number of categories
were measured in the interscorer reliability
studies. More intensive research with smaller
numbers could investigate the triple components
of fluency, category numbers and category change.
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different approaches to category widili wmay be

represented diagrammatically in Figure 1.

1 = A few broad categories.
Carried to its extreme
only one category e.g.
in lest 1, all responses
could be classified
under the single cate-
gory "wordas to do with
science™.

ol 2 = Intermediate number of
categories. Tiis
offers adequate range
of scores.

i 3. -3 = Highly specific cate-
gorization. Every word
a category 1i.e. Fluency
= Flexibility.

FIGURE 1

Diagrammatic Representation of Three Category widths

while some pupils displayed contiguous responses
with strikingly different category membership (sharp
gradient), others shaded one response into the next
in a particularly subtle way (smooth gradient).

Such a gradient placed considerable strain on the
scoring taxonomy. It was with this latter type of
response-gradient that moat of the variability in
flexibility scores occurred in the interscorer

reliability study. To some extent responses
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reflecting arooth sratients &Lill reaain difficulc
to scere, gegpite a fairly rigorous icterscorer
vellacdility sctucy. caooth and ghar, gradients
regrescaiting ddtlerenl pattesras of res.onse-category

chuange are illustrated in Fizguare 2.

Bg
E
(&
A”*c D
¢
1 aaooth gradient 2 sharp gradient

FIGURE 2

bmooth and Sharp Response Gradients Kepresenting
Diffarent “atterns_of Kewsonse-Caterory (henge

—— — o

Travsiated into actaal respouses the above gradients

agpeir 33 Pollovs:

«+ 3Szmgoth zradient

A A 3 B c D D
heat, iignt/ enerdy, power/ electricity/ amp, volt/

b E B F F G
electrons, nasutrons, ionsy Atom, molecula/ water

2. Charp gradlent

J"l .‘\ t\ B B
Cheamlstry, rihy=zics, Biology/ photosyntheasis, hydrolisis/

C C < c D
pastenr, Archimedes, Yalton, Viatson/ experiment/

% F F F G
microacope/ modium, sulphur, ammonia/ equivalent weight.



55

These two kinds of gradients have been related, in
one study (Vick and Jackson, 1967), to two types of
cognitive style - 'levellers! and 'sharpeners?.
Levellers are described as being relatively
insensitive to differences between similar stimuli
while sharpeners are predisposed to emphasize them.
These two styles may be contributing to the two

kinds of gradient in the present investigation.

(ii) Taxonomies
Responses for each test stimulus were categorized
into a taxonomy which acted as the scoring guide

for that particular test.

Category membership in the first place was premised
on common or shared characteristics. It was realized
that many bases exiat for establishing these and

that category inclueion or exclusion was a matter

of degree. As a result, systems of sets and subsets
were eaployed in the establishment of some

categories (e.g. 2A, 2B, 2C). Similarly, 'generic!
and 'specific-example' categories were employed in
some cases (e.g. "chemical reactions" - generic;

"combustion”, "oxidation"™ - specific).

Since no a priori view was taken concerning either
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the names of gataesarliss o Lhs nusbel i cateygories

Yor cuch teat stiwriuns, tLhe total population of

rosponsesd S0 @asch lest was used se the basis for

. ' - . i +
toe Corwuiation of thae Laxonomy for that teagt.

Comp arable numbers of categordes wore sought between
paralilel or alternative teet stimuli within each
test, It was necessary for each taxonomy, once
formulated, to be raszistent to superficial aspects
of responsc, {(forr exampla, Fformat, writing style),
yet e sensitive Lo the range of responses premised
o3 fluency and rlexibility of thilnking. Exacples

of different Tornatl and style appear as followss

D R R R ]

“Thus the resgoness of rescarch sciontists might
sugrest guite difforent catecories fram those
of the present sample. Yaroshevskii (1969)
nstrasans the need to loek at such categorical
nets as representative of the logical
development of science in a particular sample
(group or culture) at a particular time in
history, emphasizing that such dimensions of
thinking can have po meaning outaside such a
specific context.
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pACE Meomredzty of afaaq
is a vacuum
has slancts
is being explored
ne 1ife a3z far as wr krow
goes on and never ends
erptiiness
no gravity
infinite
rockets travel into space
\mprica ve Ruecina
lack of space
a nount®

SPACE "You: ~can i1l space with many Aifferent
kinds of things.
Tt has been used for atoring thinge in.
Space on earth is becoming a little more
scarce as the populaticn 1increca-es and
large cities sprawl over the landscape."

OXYGEN "used for oxy-acetalene welding
el ing ehemical exgeriments
under water diving
pilolts neced oxysen mashka
for testing sulphur dioxide
as a cleanalng agent
makes things burn hotter"

OXYGEN "T would like to develop a sort of oxygen
we can breathe which does not support
large fires so that when a forest fire
occurs, when it reachee a certain
temperature it will oxtinguish itselif."

It is not claimrd that iy of the taxonorics
developed here holds a2 position of any special
privilege. RNifferent taxonanies are useful for
diffcrent purposea, A coaparison of several
different taxcnomies utilizing a amaller samj.le
wvould prove interesting. llowever, thle aim of t'.:
present. study was to establish one scoring taxcnoay
premised on a reasoned interpretation of categories

that would stablise the scoring procedures and offer
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Pehy doervee of congitteoncy and dnterscorer
relicbllivy.  I7 Lhis eenld Lo aclideved, different
scorerns shoid redie sirilar nuhers of category
Cldinig s atel aiso actee Thirly closely concerning
the actual position of the category change. Wwere
thils not s0, two different scoi/rs coulid arrive

at the sams number of category chianges, but based
on iidte different taxcnomies o.g.

Scorer | (Taxonamy i) AAy/B/CC/R/EEB/F (Five category
changes) .

Scerer ! oor @ (Taxoromy 2) ~3/bBB, CCC/D/EE/F (Five
ciategory changes).

a graphic scoring record of Lategory change was
nade f'or Test 1 te cheeck thiy phenosernon. The
representation of this procedure together with

seme oviderce of its reliability ae derived from

a fre-mark!'! carriec At eight weeks later carc Le

seen isova Vigure 3,



rupil 555 - pupil 5§56

Original Pupil 555 Original #Pupil 5§56

Scoring Re-mark Scoring -~ Re-mark
Scoring ’ Scoring

FIGURE 3 {

Graphic Record of Responses Indicating Position of Category
han and N r Categories for Original and Re-mark Scoring
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Mo folloviag taxouounias gulded tha scoriang of

tie tatal samgls aud cualributed touward a suatisfactory
loevel of wbjectivity aad interscores reliability.
Taxonuwies for lTeast o, Zcieuce Vocavulary, aad

Test 2, Dofiultion of Scientific Concepts, Y3»ACLE?,

follow., The rcmaiander appear in Appendix 4.

Taxonomy Cast 1. Science Vocabulary - Guide lines
for Scofiﬂg Responses to Science
Vocabulary

1. Subiject _XNamag chomistry, physics,
biology, astronomy,
radio physilcs

2. giomiciai Jrocenses photosynthesis, eluctrolysis,
distillaticn, aydrolyais

3. Names of Scientists Pasteur, Archimedes,
Galileo, Curie, Binstein,
Watson

4. Science Laboratory
LEqudpacnt test tube, retort, tripod,
bunsen burner, spatula,
beaker, filter

5. Personal vriting and
Regerding Equipment science book, lab. book,
ruler

6. Soecifically Named
Elements, Compoundg
and_Gases potassium, magnesium,
sulphur, phosphorous,
nickel, copper, mercury,
oxygen, nitrogen, C02,
Xenon

Specific grouping

7. Observation, experiment, hypothesis, results,
discevery, theory

8. Valency, equivalent weight, chemical equivalence,
atomic number
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ii.

12.
13.
4.
5.
16.
17.
13.
19.
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pwecific gravily, deasdty

Veight, soise, watlei, Torce, eccoleration, gravity

Radicactivily, nucicar rcacitor, radiation,
X-rays, geiger counter

Electricity, magnetism

Heat, light, sound, refraction, reflectijion

Amp, amperage, volt, voltage, voltameter, ammeter
Animal, plant, insect

Alr, water

Sex, reproduction

i'ower, eneryy, work

Acid, bose, alkali, liquids, solids, compounds,
elements

Llects s, seatroitys, i1oins, proltutls, atous,
swwolecules, nucleus

Solids, liquids, gases

'ires, batteries, contacts, cell, resistor,
capacitor,
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Aaxonony Test 2, Definition of Scientific Councepts -

Guide Lines for Scoring Responses

to_'SPACE!

1A Bodies in outer space
e.g. planets (single words)

stars
sun
earth
rioon
noteorites
nova
quasers
solar system
galaxies
constellations
univerases

1B Description of universe
e.g. surrounds heavenly bodies
makes up part of the universe
area in which earth is located
positioning in space
everything in the werld
anter space

1C  Structure, composition

e.Z. composed of different elements
densge parts
no weight in it
no gravity
molecules and atoms
energy
all matter occupies it
contains modulating wavee
light travels through it (rate, speed)
sound doesn't travel through it

2A Study of outer space
e.g. studied by man
research in
scientific study
astronoay
radio telescope

2B Conquest of, exploration of outer space
e.g. space travel

disasters. accidents in outer space
voyages

space ships

astronauts

satellites

rockets

U.FP.0's

flying saucers

impenetrable

the last boundary

orbits

cost of, expenditure on space exploration



2C

2D

2F

3A

4A

Methods of propulsion
e.g. rocket fuels

atomic energy
use of gravity towards

—— et o s

e.g. Russia vs U.S.A.
France and Britain behind
Space race
Cape Kennedy

NASA
Specialized communication system
. T.V. Satellites
Telstar
Earlybird

weather stations

Life forms in space
8.E. may hold other civilizations

nc good living conditions
new worlds

alien men

Mars and vegetation

Empty/full
e.g. emptiness
void
nothingness
nowhare
really invisible
Size and distance

e.g. iemsnse
vast
huge
large or saall
infinite
endless
isolated
dimenxion
forever
continuous
universal
3 - dimensional
4th dimension
Sth dimension
goes in all directions
distance

63

measured in hundreds of light years
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SB

6A

7r§

8A

Location
e.g. space is location
a location
an infinite number of points are
contained in space
area
no area
planes
volume
Space between two things
e.g. a clearing
a gap

a vacancy

wide open space

a space in which one can move
a parking space

can turn around in this space
something to f4i1l in

room

openness

blank

Space needs_on earth
e.&. India needs more space

Air, comparison with atmosphere

e.f. lack of air
1little oxygen
gases
little pressure
vacuum
atmosphere
clouds
dust

cosmic dust
cosamic rays
cannot breathe in it

Empat val beliefs
e.E. lonely

cold
is precious
dismal
dangerous
dark
bleak
dreary
quiet

64
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8B Known, unknown
e.g. unknown mysteriee

puzzlement

man dreams to possess it

beyond comprehension

cooplicated

controversial

untouchable

cannot imagine space

it has fascinated people for a
long time

unimaginable

9A Derivation of word
e.g. a noun
it forms the adjective aspacious
the set of all points
from latin sgpatium

10A Entertainment
e.g. basis of T.V. programs
sclience fiction
Startrek

1tA God
e.g. birth of Christ
associated with some religions

12A Space of time
e.g. a space of time
spacetime

(1i1) Interscorer iability Results
Most of the principles and yroblems of scoring
previously discussed grew directly out of attempts

to establish satisfactory interscorer reliability.

In the first place such reliability was a way of
testing the scoring taxonomay and the operational
definition of fluency and flexibility. Three

scorers were employed in order to gain greater inasight



into the amount and direction of discrepancy,

and to see 1if any trends between three sets of
scorer~correlationa would occur, i.e. between

scorers 1 and 2, scorers 1 and 3, and scorers

2 and 3. This strategy aimed at yielding

more information on interscorer reliability

than one employing only two scorers.

In the second place it was crucial to establish
satisfactory interscorer reliability at this
stage otherwise little faith could be placed
in the results and conclusions obtained from

scoring the major sample.

Three markers were chosen for their previous
experience in content analysis and in science.
Three sets of twenty scripts were then selected

at random for the first three trial runs. For

66

the final study from which interscorer reliability

figures were calculated, sixty scripts were

chosen, representing approximately every fifteenth

script from the major sample.

The following procedures guided the developaent

of interscorer reliability:
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(1) An initial meeting discussed oper ational
definitions of fluency and flexibility and
devised tentative taxonomies for scoring
sample responses.

(2) A random selection of 20 scripts was then
marked by each marker; records were kept
of fluency and flexibility scores.

(3) Discussions were held to consider discrepant
cases; operational definitions and taxonomies
with stricter guide lines for scoring were
devised; records were kept of the exact
points on a pupil?s script where a category
change occurred, as well as of the number
of categories; each test was marked separately
for fluency and then for flexibility, in order
to reduce contamination of scores between
tests within each individual's responses;
results of each test (1,2,3) were kept discrete
for recording purposes.

(4) Another random sample of 20 scripts was marked;
taxonomy and guide lines were further refinedj;
remaining discrepant scores were discussed.

The final randoam sample of 20 scripts was then
marked before the interscorer reliability
marking was untertaken.

(5) A selection of 60 scripts representing



approximavely every Tifteenth script from

the major sample was then made for the

Lnterscorer reliability study; each test

was marked and recorded mseparately, and

raw scores pouoled for the turee tests {or

the three markers as follows:

Tost | = 360 scores, Test 2 = 1030 scores,

Test 3 = 720 scores. Total test scores = 2160.

Analysis of final scores showed some pockets

of discrepancy still remaining, although the

overall picture looked promising. Reasons

for continuing variability in interscorer

reliability were discussed; some suggested

reasons appear below:

(a) smooth flexibility gradients in responses
of some pupils.

(b) different width of categorizing tendencies
between scorers.

(c) different degrees of scientific literacy

of scorers.

A sample of results from the interscorer reliability
study appears in Table 3. The remaining results

appear in Appendix B.
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Column 1

= Scorer 1
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= Scorer 2
Coluam 3

= Scorer 3.

6 10 10

6 11

11 11 11

17 16 15
23 21 18

33 33 33
27 27 27

145
150
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reans, significance of difference between means,
standard deviations, and interscorer reliability
coefficients (#carsonts product-moment) for tests
separately, and for tests combined, were computed

for the above data and appear in Tables 4 and §.

TABLSE 4

Interscorer Reliability Data: Means, and S.D.'s for
Three Scorers on Three Test

TEST 1 _words to do with Science

Sceorer Mean S.D.
Variable Yariable
1 29.65 9.4935
FLUENCY 2 29.20 9.3976
: | 29.63 g.gg}g
1 15.41 420
FLEXIBILITY 2 16.26 5.7817
3 14.76 §.3020

TEST 2 (Three Tests) SPACE, TIME, ENERGY
nk

E% ing Scoreyr Mean S.D.
Variable VYariable

1 10.57 5.3166
FLUENCY 2 10.21 4.1230

3 10.69

1 6.46 3.3779
FLEXIBILITY 2 5.70 2.6708
S -3 6.45 3.2703
TEST 3 (Two Tests) ACID or OXYGEN; WHEEL gg MAGNET
Thinkipg  Scorer Mean S.D.
Yariable  Variable
| 1 8.53 4.2699
FLUENCY 2 g.o 3.6596

5. g.ggg%

1 ; 3.264
FLEXIBILITY 2 5.22 2.7145

2 $.88 3.1414

t-tasts yielded no significant differences between
sets of scorer msans.
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TABLE §

Interscorer Reliability Data: Correlation
Coefficients for Three Scorers on Three Tests

Scorer 1 Scorer 2 Scorer 3

TEST 1 (Fluency)’

Scarer 1 ——— .9989 +9998
Scorer 2 L0989 eeeee <9991
Scorer 3 . 9998 9601 -—————
IEST t_(Flexibility)
Scorer | ———— .3987 .9319
Scarer 2 8987 2 eeeew .8971
Scorer 3 9319 .8971 e
TEST 2 (Fluency)
Scorer 1 ————— .8518 .9283
Scorer 2 .3518 ——— .9248
Scorer 3 .9283 9248 ————
TEST 2 (Flexibility)
Scorer 1| === wecee- .3488 .9427
Scorer 2 3433 ————- .3534
Scorer 3 9427 .8534 ===
TEST 3 (Fluency)
Scorer 1 ———— .9411 .9667
Scorer 2 941 0 eeeea .9533
Scorer 3 .9667 9883 00 ceeea
TEST 3 (Flexibility)
Scorer 1 -————— .9071 <9547
Scorer 2 9071 eeeea .9208
Scorer 23 - 9547 + 9208 ————
CORRELATION MATRIY for 3 Scorers on ngal Test Data
Sgorer 1 @2@@=0 00 eee-- . 9045 9524
Scorer 2 .9645 -————— 9744
Scorer 3_ . .9824 29744 = ----=

+
wor'd couut

No significant difference between scorer combinations
oceurred although there was a tendency for scorers

1 and 3 to agree most, and 1 and 2 least.

There was little difference between the figures for
fluency and flexibility, although coefficientas for
fluency were on the whole slightly higher.
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Pinally, there was little difference between the
tests, although Test 1 held a slight superiority
over Teet 3 which in twrn held a slight supericrity
over Test 2. The lowest cuvefficient (.8488) was
for Test 2 on flexibility, between scorer 1 and 2.
Correlation coefficients from both total teat data
and the more stringent individual test data suggest
that satisfactory interscorer reliability has been

achieved.

Scoreres 1 and 3 thereafter scared the responses
(64,123) for the total sample of 506 scripts.
The results car be seen in Table 6 "Baaic Statistics

for Samples by Country?, o.age 79 .,



CHA¢TER FOUR

. vt = S . W - e

Statistical Methodology in the present investigation

is related to the aims and purposes of the study,
viz, L0 examine:

(i) the nature of acores iu fluency and
flexibility of thinking - their

distribution, mean, and range within
2 sampla of pupils of high ability
in science;

(ii) the rolationsahip betwean fluency and
flexibility of thinking and measured
intelligence {(total culture samples);

(iii) the relationship batwean high and low
scorers on specifias cognitive and personality
variables (218D samples by country); and

(iv) the relationship between high and low
scorers f{or ohserved and sxpected
frequencics according to sex, classroom,

teacher and peer variables.
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While a general methodological plan was determined
before statistical analysis was commenced, there
wae progressive opportunity to evaluate results,
and to consider the aporopriatenesa of each stepn.
All computations were carried out on the Massey

University TBM 16/20 with standard procrammes.+

Statistical methodology incorporated the followlng

sequential procedures:-

1. Determination of means, standard deviations
ard rargre of scores for all cognitive variables.

2. Plotting of frequency distribution curves for
the examination of normality of distribution.

3. Translation of all cugnitive acores to
normalized standard scores (T-scares).

4. Examination of the influence of age as a
significant variable within a country sample
by use of tests of significance of -iifference
hetweann rweana (t-teates).

5. Correlational studies between all mcasures of

fluency and flexibility and measured intelligence.

*Computer print-outs and programmes may be obtained on
request. General formulae employed in the study appear
in AppendixC . Appreciation for advice concerning
statistical procednres 1s acknowledged to
Nola Gordon, Computer Dept., Masscy University;

Dr G, Arvidson, Education Dept ., Auckland University;
Professor Adcock, Psychology Dept., Victoria Universeity;
br Nl. Beresaford, LEducation De,t. Massey University;

Professor B, Bayman, Mathematics Dept., Massey University.
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Raw
(a)
(b)

(c)

Centroid factor analysis, with orthogonal
rotations, of (a) cognitive variables and

(b) personality variables involved in the
attitude scale, Test. 4 Part 1.

snalysis of high and low scorers (X1SD) on
speciflc cognitive and personality variables
(t-tests),

Use of chi-square and Fisher's exact
probability tests in the examination of
cbserved and expected frequencies for high
and lov ecorere (cognitive) according to sex,
classroom contributions, teacher and peer
ratings.

Test-retest reliability together with earlier

interscorer reliability studies.

gscores were coded separately by

Country: England, U.%.A. and New Zcaland, and

Age: Grouy I = i3.4 - 13.11 years,
Gron;» TT = 14,0 - 14,7 years,
Groug YXII = 4.8 - 15.3 years, and

Test variables (cognitive)

1. Intellirence = AHS
2. Pluency Test 1 = Fl11
3. Flexibility Test 1 = Px 1

=S

Fluency Test 2. = F1 24

Y

. Flexibility Test 2A = PFx 2A

75
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6. Fluency Test 2B = F1 2B

7. Flexibility Test 2B = Fx 2B

8. Fluency Test 3\ = F1 3A

9. Flexibility Test 3A = Fx 3A

10. Fluency Test 3B = F1 3B

11, Flexibility Test 3B = Fx 3B

12. Fluency Test 3T = F1 3C

13. Flexibility Test 3C = Fx 3C

14. Fluency Test 3D = F1 3D

15. Flexikility Test 3D = Px 3D
(d) Test variables (personality)

Test 4, vart 1 - Attitude scale - 36 item
correlation matrix for factor
analysis

Part 2 - rersonal preference questionnaire -
54 seta of probabilities

{chi-square).

Statistical analyses at the commencement of the study
employed a 3-ages x 3-countries approach with all

data, which thereafter became a 3-country approach

when it was found that age was not a significant
variable within the framework of the present study.

The 3-country approach necessitated three separate
computations for statistical analyses, e.g. three
factor solutions were required for each factor analysis
study. These statistical procedures provided the basis

for interpreting the results which will now be examined.
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RESULTS
Results are organized under the following headings:-

A. COGNITIVE

(1) Description of test variable, sample size,
number of responses, measuwes of central

tendency and dispersion, and distribution

curves.

(41) (a) within-country differences (t-tests),
influence of age on scores from
cognitive variables;

(b) Between-country differences (t-tests),
significance of differences between
means on cognitive variables.

(iii) Correlational studies employing cognitive

variables.
(iv) High and low scorer comparisons,
(v) Pactor analysis - cognitive variables.

B. PERSONALITY

(1) Factor analysis of Attitude Scale, Test ¢,
Part 1.
(11) High and low scorer comparisons (fluency,

flexibility) on attitude factor scales.

(iii) Chi-square analysis of high and low scorers
(fluency, flexibility) on Personal Preference

questionnaire, Test 4, Part 2.
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C. SEX, CLASSROCM, TEACHER _AND PEER RATING DIFFERENCES

FPurther chi-aquare analyses of high and low acorer
comparisons (fluency, flexibility) with the above

vartables.

The concepts of reliability and validity will be

discussed in the following chapter.

and_dispersion, and distribution curves

e — . —a—

Since age was not found to be a significant variable
within the three age groupings of each sample (see
r. 37 for t-tests on age differences), data
corcrrning test variables, sample size, number of
responses etc. are presented for each country ae a
whole in Table 6, 'Basic Statistics for Samples by

Countrv', p. 79.

It will be noted from these results that, with a
few exceptions, measures of central tendency and
dispersion are similar for each sample. F-tests
for homogeneity of variance yielded no significant
differences in 30 out of the 45 sets of variances

(see Apnendix D for P-test results).



TABLE 6 79
BASIC STATISTICS FOR SAMPLES BY COUNTRY

Test Varable Country N No. of Responses Mean Range S.D. s?
ENG 180 3008 16.7 4-25 3.9188 15.3570

AH5 USA 139 1864 13.4 3-25 3.9412 15.5331
NZ 184 2661 14.4 6-25 3.6899 13.6154
ENG 182 5075 27.8 11-50 8.0181 64.2899
Fl 1 USA 140 4015 28.6 9-58 8.7649 76.8235
NZ 184 6636 36.0 19-62 7.5361 56.7928
ENG 182 2450 13.4 1-28 4.8028 23.0669
Fx 1 USA 140 1923 13.7 2-28 4.8139 23.1736
NZ 184 2864 15.5 1-31 5.3342 28.4537
ENG 181 2109 1.6 4-26 4.3018 18.5055
Fl 2A USA 140 1643 97/ 5-29 5.1963 27.0015
NZ 184 2736 148 2-33 5.5381 30.6706
ENG 181 1278 7.0 0-23 3.1112 9.6796
Fx 2A USA 140 967 6.9 2-19 2.9792 8.8756
NZ 184 1513 8.2 0-18 3.1638 10.0096

ENG 182 2191 12.0 2-23 4.5266 20.4901

Fl 2B USA 140 1521 10.8 1-29 4.9533 24.5352
NZ 184 2762 15.0 2-39 6.4798 41.9878

ENG 182 858 4.7 0-12 2.0180 4.0723
Fx 2B USA 140 616 4.4 0-15 2.2847 5.2199
NZ 184 1112 6.0 1-18 2.7695 7.6701
ENG 138 1156 8.3 3-17 2.8211 7.9586
FI 3A USA 96 720 7.5 2-19 2.9379 8.6313
NZ 145 1252 8.6 2-27 3.4637 11.9972

ENG 138 695 5.0 0-14 2.4920 6.2101

Fx 3A USA 96 464 4.8 1-13 22741 5.1715
NZ 145 695 4.7 0-13 2.4178 5.8458
ENG 44 394 8.9 2-20 4.0517 16.4163
Fi 3B USA 42 274 6.5 2-15 3.2999 10.8893
NZ 38 328 8.6 4-17 3.6791 13.5358
ENG 44 259 5.8 1-12 2.5988 6.7538
Fx 3B USA 42 177 42 0-10 2.5040 6.2700
NZ 38 200 52 1-1 2.4349 5.9287
ENG 138 1453 10.5 2-23 4.2686 18.2209
Fl 3C USA 116 980 8.4 3-21 3.8069 14.4925
NZ 151 1701 11.2 2-35 4.6053 21.2088
ENG 138 832 6.0 0-14 3.1759 10.0863
Fx 3C USA 116 540 4.6 0-12 2.2921 5.2537
NZ 151 886 5.8 0-16 3.0346 9.2088
ENG 44 382 8.6 2-19 4.1862 17.5243
Fl 3D USA 22 163 7.4 4-11 1.9918 3.9673
NZ 33 254 7} 3-27 5.4571 29.7799
ENG 44 245 53 1-13 2.9046 8.4379

Fx 3D USA 22 120 5.4 3-19 2.0172 4.0691
NZ 33 156 4.7 1-19 3.5643 12.7042
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Consenuently, there apgears to be a measure of
comparability in the samgling as secen through the se
result s, More sencgitive teste of significance of
differences hetwesan means are neverthelese likely
to indicate many differences on specific test
variables. Thisg, rowever, dees not destroy the
general overall picture of hemogeneity of variance

within the responses of the three samples by country.

Distribution curves (frequency polygons) were
plotted for each test variable for each country.
Distribution curves for A'"'§ and Fluency 1 and
Flexibility | can be seen in Figures 4. 5 and 6.
(The remaining distributfon curves can he seen in

Appendix E, Figures 1-12.)

It can be seen that each distribution curve for

the sels of AHS scores approximateg a normal
distribution, although there is a tendency for the
English sample to be slightly negatively skewed and

for the New Zealand sample to be slightly bimedal.
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In the light of sample size, smoothing the curves
yields a near normal distribution. It is interesting
to note that the frequency polygons show graphical
differences in characteristics between the samples.
Although the English sample is generally superior

on measured intelligence it should not be thought
that the New Zealand or U.S5.A. samples are 'only
average'!. In fact the means of both these countries
are very high, matching the AlS level equivalent to
the top 25% of a population sample already selected

in terms of superior intelligence.

The frequency polygon for Fluency Teat 1 (Figure §)
shows differencea in mean scores between countries,
but a general tendency toward normal distribution

can he seen in each case. Similarly for Flexibility
Test i (Figure 6) approximation toward normal
distribution 1is apparent, although the shapes of the
curves for Flexibility Test 1 are different from
those obtained for Fluency Test | and reflect different
standard deviations. The curves of distributions for
Test 2A, and 2B, on fluency and flexibility show
slight tendencies toward being positively skewed
(Appendix E, Pigures 1-4).

Since differences in the nature of distributions occur

both from test to test and country to country, all
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score s were converted to T-acores. In translating

tn Tescores not ouly are standardized scores
employed, but distributions are normalized. Thie
procedure i of fundamsntal Iaportance for subasequent

statistical analycsece.

“rom Lhe (€ zsols of cogritive viriahles recorded as
rawv scares in Tablo 6 (Basic Statistics for Samples
by Country) six further calctlations determined:
(i) the pmeans of lests 23 and 2B (F1 2M, Fx 2M)
(ii) the means of Tests 3.0/3B, 3C/3D (F1 2M, Px 3M)
and
(ii11) the weans of 21l test Sluencios (Fl M)and
test flexibilitics (Fx M).
This resulted In 2t sots of scares for cognitive
test variablece which wers converted to T-scores. .
Of these 21 msets of scores 20 were for open-ended
test varianles and one ror the at§. And of the 20
open-ended 18 were recorded for each individaal,

the othor two being alternatives for Test 3.

finally, all scores wers recorded in three saparate

age groupe for each country separately.

—

*Unless stated otherwise Yscores' in subsequent
data presentationz refer to T-scores.
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(i1) (a) within-country differences (t-tests) -

influence of age on_scaores from cognitive variables

The influence of age on scores from cognitive
variables was sought at an early stage of analysis.
If results from cognitive test variables classified
by the three age groupings within countries showed
few significant difference, the consequent degree
of homogeneity on the basis of age would suggest
that the groups could be combined to form a total
sample for each country. On the other hand if a
fairly high incidence of significant differences
occurred no such procedure could be adopted.
Moreover, it would be necessary for tendencies of
non-gsignificance to be apparent in all of the three

countries before such a step could be taken.

An analysis of the significance of differences
between the means (t-tests) on 153 sets of scores
(17 test variables by three age groups by three
countries) was undertaken on a within-country
basis. A condensed report using 81 sets of scores
(nine test variables by three age groups by three
countries) derived from the nine major test

variables is reported in Table 7, page 87.
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TABLE 7
THE EFFECT OF AGE ON SCORES FROM COGNITIVE VARIABLES : WITHIN-COUNTRY DIFFERENCES

An analysis of the significance of difference between means (t—tests) on 81 sets of scores for
test variables

(Intelligence = 15 Fluency : 4; Flexibilitys 4) for three age groups and three countries -
(England, U.S.A., New Zealand)

Age Groups within Cognitive Variables Level of Group with
Countries Showing Significance Sign'i:fi(canoe Higher Mean
ENG | — ENG I None —— e
ENG | — ENG Il None e -
ENG Il — ENG Il None —_ S
=0 (out of 27 sets
of significance)
USA | — USA 1II Fl 1 .05 USA |
Fx 2M .05 USA |
USA | — USA 111 Fl 2M ) .05 USA |
Fx 2M .01 USA |
FI' M .05 USA |
USA Il — USA Il None S o
=5 (out of 27)
NZ | — NZ |l AH5 .05 NZ 1l
NZ I — NZ Il AH5 .05 NZ 1l
NZ Il — NZ Ill None — —_—

=2 (out of 27)

Total =7 (out of 81)

KEY

Ages | = 13.4 — 13.11 yrs; Il = 140 — 147 yrs; il = 148 — 15.3 yrs
Sets of Scores for Cognitive Variables

AH5 = Intelligence

FI 1, FI 2M, FI 3M, FI M = Fluency Test 1, Fluency Test 2 (Means),

Fluency Test 3, (Means), Mean of all Fluencies
Flexibility Test 1, Flexibility Test 2 (Means),
Flexitility Test 3 (Means), Mean of all Flexibilities.

Fx 1, Fx 2M, Fx 3M, Fx M

1l

Significance of Difference

p \( .05 represents .02 to .05; p { .01 represents .01 and beyond; — represents p > .05. This
interpretation will be used throughout the treatment of results.

Example of Interpretation:

Age Groups within Cognitive Variables Level of Group with
Countries Showing Significance Significance Higher Mean
NZ | — NZ Il AHS5 .05 NZ Il

Interpretation:.  With sample NZ | age 13.4 — 13.11 yrs, against NZ Il age 14.0 — 14.7 yrs,
on AH5 (Intelligence) the null hypothesis can be rejected at the .05 level of
confidence. From the significance of the difference of two means (NZ | against
NZ 1l on AH5) the group with the higher mean is NZ II.
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Relativelv few si-nificant differences agpear
within seta of acores orn cognitive teast variables
in relation to age. 74 out of R1 gets of
differences are not sifrificant when nine sets

of te3t variables ars emploved.‘ 140 ont of '53
sets of differences are not significant when 17

sets of test variables are employﬁd.’

Differences within tests

Of the 72 gsets of differencesa for the finencies
and flexibilities 67 re not significant. The
five that are aignificant oceur in the U.S.A.

sample, the hirher mean favonring the younger

age groun in each rasge,

Of the nine cets nf differences for the aAHS,
geven ara not sienificant, The two that are
slgnificant ocecur in the New Zealand mample,
the higher mean favouring the older age group

in each case,

Differences within countries

Of the 27 aets of differences for each country,

27 are not significant for England (49 are not

*81 = § tests x 3 countries x 3 ages. For each
country this means 27 test results (3 AHS acores,
12 fluencies, 12 flexibilities).

++

153 = 17 tests x 3 countries x 3 ages. For each
country this means 51 test results (3 AH§ scores,
24 fluencies, 24 flexibilities).
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significant on the 51 sets of scores). For New Zealand,
of the 27 sets of differences 25 are not significant
(49 are not significant on the §1 sets of scores).

For U.S.A., of the 27 sets of differences 22 are not
significant (42 are not significant on the §1 sets

of scores). Of the total 153 sets of differences
between the means for all countries on all variables
140 are not significant. Thus age does not appear

to be operating as a significant variable on the

test scores within countries in the three nine-

month age groupings. If it is indeed still a
significant variable, its influence on all of the

nine subsamples is being masked by other overriding
factors (e.g. teaching style), or by compensatory
sample selection factors. Both of these are unlikely,
except that for AHS scores a compensatory factor
could be operating whereby younger but brighter
pupils appear in the same classrooms as slightly
older pupils. On a raw score basis (AHS) there is

no significant difference between the means of the

three age groups in England or U.S.A.

(i1) (b) Between-country differences (t-tests)

Between-country differences on cognitive variables

present a somewhat different picture (Table 3, page 90).’

‘For further details see Appendix P
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TABLE g

ANALYSIS OF BETWEEN-COUNTRY DIFFERENCES

Analysis of the significance of difference between means (t—tests) on 45 sets of scores for
cognitive variables (Intelligence , 1,;Fluency ‘ 7,.F|exibi|ity, 7) for three countries, England,
U.S.A., and New Zealand =+ L

Cognitive Variables

Countries Level of . G“roup with
Showing Significance Significance Higher Mean
ENG USA AH5 Pe .01 ENG
ENG NZ AH5 .01 ENG
USA — NZ AH5 .05 NZ
ENG USA Ft 1 = _
ENG NZ FiI1 01 N2
USA — NZ Fi1 .01 NZ
ENG USA Fx 1 — -
ENG NZ Fx 1 01 NZ
USA NZ Fx 1 01 NZ
ENG USA FI 2A = -
ENG NZ F1 2A .C1 NZ
USA - NZ FI 2A 01 NZ
ENG — USA Fx 2A — -
ENG - NZ Fx 2A .01 NZ
USA - Nz Fx 2A 01 NZ
ENG USA FI 2B .05 ENG
ENG - NZ FI 2B .01 NZ
ESA‘ NZ B F1 2B 01 NZ
ENG - USA Fx 2B = — -
ENG NZ Fx 2B .01 NZ
USA — NZ Fx 2B .01 NZ
ENG USA Fi 3A .05 ENG
ENG — NZ FI 3A —
USA NZ Fl 3A 05 NZ
ENG - USA Fx 3A ==
ENG — NZ Fx 3A =
USA — NZ Fx 3A =
ENG — USA Fi 3B 01 ENG
ENG — NZ FI 3B — -
USA - NZ F1 3B .01 NZ
ENG - USA Fx 3B .01 ENG
ENG -- NZ Fx 3B = e
USA — NZ Fx 3B = :
ENG — USA Ell BE .01 ENG
ENG - NZ F1 3C = -
USA — NZ Ell IBE .01 NZ
ENG — USA Fx 3C .01 ENG
ENG NZ Fx 3C ot =
USA — NZ Fx 3C .01 NZ
ENG — USA FI 3D -
ENG - NZ FI 3D — ——
USA - NZ F1 3D -
ENG - USA EX] BD — ==
ENG - NZ Fx 3D - —-
USA — NZ Fx 3D s

* KEY, see page 87
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These results indicate that in approximately half

of the 45 sats of means the difference is statistically
significant. nuite a clear pattern emerges from

thece differences whereby the English sample records

a higher mean <rare on iH§ than New Zealand or

U.S.A., and vwhereby New Zealand scores higher than
U.5.A. On fluency the New Zealand sample records
higher mean acores thanr U.S.A. in six out of the seven
tests, and on flexibility in four out of the seven
teats (thc remiiinin:: one and three sets of comparisons
being not sigrnificant). The ¥ew Zealand sample
records higher mean =scores than the English sample

in only two ouv of the seven tests of fluency, and

in three out of the revan tests of flexibility (the
remaining five and fHir setas of comparisons being

not simmificant). The IEnglish sample records higher
mean scores than the U.5.A. sample in four out of the
seven testa of fluency, and in two out of the seven
tests of fluxibility (the remaining three and five
sets of comparisons being not sirnificant).

NDiffering degrees of cross-cultural difference which
will reappear in other analyses are therefore
discernible in ti» sample. These differences again
highlight the necessity for separate statistical
analyses tor each conntry in terms of correlational

studies, anu factor analysis.
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(iii) Correlaticnal Studics

Yariabhles

One of tlhoe major questions concerned the way in
which the two dimensions of fluency and flexibility

of thinking related to each other.'

Although several other studies (GCetzels and Jackson,
1662; Guilford, 1959, 195¢a, 1964) have investigated
aspects of fluency and flexibility of thinking as
aspects of divergent or creative thinking, none has
looked at the specific relationship between the se

tvo dimensions of thinking. Instead, such studies
apgpear Lo have submerged the relationshipy betwecen

fluency and flexibility in a single test score

(sometimes incorporating originality) which is then
correlated with other tests in the bhattery. The
jresent analysis, by contrast, examines the
rolationship between fluency and flexibility as

separate measures.

Information was also sought on the relationship

Letweecn measured intelligence and (a) fluency, and
(b) flexibility. Of course any relationship with

intelligence would depend in part on the correlation

*It is understood that the relationship is within the
present framework of scoring criteria, science test
stimuli, and sample. Although the sample represemnts
a reatricted range on the basis of gh;;;gz_L%_gg;gggg
the range becomes less restricted in terms o luency
and flexibility. In addition all scores have been
normalized (See McNemar, 1964, p.879).
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between Pluency and Plexibility. If the correlation
between fluerncy and flexibility were low it could
then be suggested that intelligence may correlate
more highly with flexibility than fluency, since
it requires th: .,ility to encode and recall over
many catecorices, o skill which conld ke claimed to
require higher level intellectual functioning than
that required for narrow categorization and recall.
On the other hand sheer ideational fluency with

a tolerable deyrec of flexibility (on the basis of
present scorin. criteria) may represent a more

poverful intellactual pradictor,

Evidence which assiat . to answer some of these
questions ajpears in the f£ollowing tables of

correlation cocfficionts,

Correlation coefficients for

(a) fiusnecy across tests are presented in Table 9,

(b) flexibility across tests are presented in Table 10,

(c) fluengy against flexibility within tests are
presented in Tabhls 11, and

(d) measured intelligence (AH5) against (a) f

and (b) flexibility are presented in Table 12.
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CORRELATION COEFFICIENTS FOR FLUENCY ACROSS TESTS FOR ENGLAND, U.S.A,, NEW ZEALAND

Fluency Test_1 Test 2A Test 2B Test 3A/B Test 3C/D
ENG .41 .34 .37 .32
Fl 1 USA .51 .4 .41 .26
NZ .37 .28 .36 .31
.61 .39 .45
FI 2A .60 49 37
.59 47 .36
.39 40
Fl 28 .30 .23
46 .36
.56
FI 3A/B .65
.61

FI 3C/D
TaBLE 1G

CORRELATION COEFFICIENTS FOR FLEXIBILITY ACROSS TESTS FOR

ENGLAND, U.S.A, NEW ZEALAND

Flexibility Test 1 Test 2A Test 2B Test 3A/B Test 3C/D
ENG .38 .20 24 34
Fx 1 USA .35 .10 42 22
Nz .32 .15 A7 5
58 .35 40
Fx 2A 155 49 .18
52 A1 .32
.39 .29
Fx 2B 133 .16
.36 .26
50
Fx 3A/B .49
.63

Fx 3C/D
TABLE 11

CORRELATION COEFFICIENTS FOR FLUENCY AGAINST FLEXIBILITY WITHIN TESTS FOR ENGLAND
US.A., NEW ZEALAND

""\-\._\_\_“H—‘-
Sea Fluency
TR Fi1 FI 2A Fi 28 FI 3A/B FI 3C/D
Flexibility ~s
ENG 66
[ USA 69
NZ 51
67
Fx 2A 68
65
43
Fx 28 63
59
77
Fx 3A/B 85
79
77
Fx 3C/D 67
71

Por sample sise soe Page 79.
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TABLE 12

Correlation Coefficients for Intelligence Against
Fluency and Flexibility on Tests for England, U.S.A.
New_Zealand

1 Fx1 F1 2 Fx 2 P13 Fx 3 PF1L M Fx M
(Mean)(Mean)(Mean)(Mean)(Overall Means)

ENG .31 .18 .26 .10 .14 .10 .30 .16
AHS UsA .24 .16 .19 .19 .12 .16 .24 22
(Pal“tl) NZ .0‘ -002 .00 —.02 -00 -06 .Ol .01

For sample size see i’age 79.

The level of significance for coefficients in
Tables 9 - 12 is, in nearly all cases, between
.01 and .0§5.

A fairly consistent pattern of results across tests

and samples by country can be seen from the correlation
coefficients in these tables. Some differences

between tests and samples are apparent, and these

will be elaborated, but the general picture is

one of variation on a theme.

*Employing tables for the values of the correlation
coefficient for different levels of significance
(Fisher, 1925, §tat15§§ca§ Methods for Research
Workers in Popham, (1967 the probabilities for
df 100 (which is the sample size in moet of the

present cases) ares
.01 for r .2543 .02 for r .230; .05 for r .195.
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Fluency across tecsts

The coefficients revealed a generally iow Lo

noderate positive correistion. On the whole,

Tests ¢ against Testa § indicated siightly bigiers
coefficiants. Tf{he highest coefficients oscourred
between Tests 2A/B (.61, .60, .%9) and Terts 3:-B/C-D
(.56, .65, .61) which are equivaleat-gart corrcli:t ions

or wmeisures of internal consistency.

“hen viewed croess-culturally the samples showed few
differences in correl:tional behaviour acrosc tests:

Test t against 725t 2 (azan correlations employing
Fisher's z coefficient for averaging coafficients’ )
England .38, U.S.4A. .46, N.2Z. .33

Test 1| against Test 3, bngland .35, U.S.AN. .34, N.Z. .343

Teat 2 aguinsnt Test 2, England .43, U.S.A. .35, N.Z. .42.

Flexibility across tests

As with fluency, generally low positive correlations
across testa were observed for flexibility. However,
they are slightly lower than for fluency and indicate

a wider range. The highest coefficients occurred between
tests of equivalent parts 2A/B (.55, .55, .52) and
3A-B/C-D (.50, .49, .63). When viewed cross-culturally

the wmean correlations (Pisher's z) showed greater

*Guilford (1950), p.355, 616.
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vardiability than for fluency:
lent i agalust Test 4, vngiand 2y, U.5.a. .23, N.ié. .24;
Test 1 apgainet Test 3, tngland .29, U.S.A. .32, N.Z. .163

Tent 2 against Teat 3, Eungland .36, U.3.a. .29, N.Z. .34.

Fluency against flexibility within tests

Hodeirate to high positive correlation ceefiicients

occursred for fluency against flexibility. Moreover,
the pattern waa quite conasistent across tests and
countries. [he highest correlations were found with
Test 3a-B (.77, .35, .79). Mean coefficients for
fluency against 7Fiexibility weres

Test (, England .66, U.3.A. .69, N.Z. .31

Test 2, Engiand .56, U.S.A. .66, N.Z. .62;

Test 3, England .77, U.S.Aa. .78, N.Z. .7§.

The correlations for the mean of all fluencies

against the mean of all flexibiliities for each country
weres England .79, U.S.A. .76, N.Z. .73.

The question of how auch influence intelligence has
over the fluency/flexibility relationship should be
considered. As a result a firet order partial
correlation holding AHS5 constant was calculated for
the mean of all Tluencies against the mean of all
flexibilities for sach country, yielding the following
results: Bngland .73, U.S.A. .75, N.Z. .72. These
figures indicate that a moderately high ceorrelation
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between the two variables of fluency and flexibility
was sustained when the influence of the third

variable (AHS5 intelligence) was partialled out.

Intelligence against (a) fluency and (b) flexibility

A generally low to slight positive correlation occurred
between intelligence and (a) fluency and

(b) flexibility for the population and content-sample
of the present study.* Again, there was a fairly

high degree of consistency in the pattern of
correlations. But some interesting croass-cultural
differences were apparent, e.g. a correlation of .30
was obtained between intelligence and the overall

mean of all fluenciea (FP1_M) for the English sample,
while for New Zealand it was virtually zero. For

the U.S.A. sample it was .24.

Differences between the two dimensions of fluency

and flexibility in their relationship with intelligence
exleted in a few corrclations e.g. Test 1: Fluency .31,
Flexibility .18, F1 M .30, Fx M .16, (England). Over
the sample as a whole, however, differences between
fluency and flexibility in their correlations with

intelligence were not great. But where differences

*Whilo it is possible to correct for attenuation and
claim greater generality over a wider sample it is
not the concern of this study to do so.
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did occur, fluency indicated a higher correlation with

intelligence than flexibility.

Further analyses of these correlations will be made

later by way of factor analysis (;.102).

(iv) High and Low Scorer Comparisons:

Extreme scorers at the -1SD level for fluency and
flexibility on the one or the other or on both
dimensions were examined in each sample by country

for any significant changes and trends in correlational
behaviour. It could well be suggested that different
relationships between intelligence and fluency/flexi-
bility, or between fluency and flexibility, might be
apparent with extreme scorers. The general tendency,
however, was one of reduced correlation (attributable
to restricted range) and of increased variability.

In the light of these two points and since no

clear trends were discernible it was decided not

to correct the correlations for attenuation. A

more fruitful approach to the issue of extreme scorers
may be one of individual analysis whereby, for example,
pupils with exceptionally high or low fluency-flexibility
ratios are examined further in relation to other
cognitive variables. It might well be, however, that
personality traits rather than cognitive variables

are of more value in illustrating significant
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relationships. 3Some insight into this question was
obtained from later analyses of extreme scorers and

from the results of the Attitude Scale (Test 4).

Tests of significant differences with high and low
scorers; AllS againgt fluency and flexibility

Using the same groups of Z1SD extreme scorers,

another approiach was made to examine in a mare
precise way the relationsghip between measured
intelligence and fluency and flexibility of

thinking.

A modification of the usual plan of employing high

and low scorers alone was suggested by MacKinron (1967)
whereby a control group of mean scorers might be

used to further illustrate the nature and extent of
the difference. Thus a three-way t-test programme

was implemented - (i) high against low

(i1) high against mean, and (iii) low against mean.

Results appear in Table 13.
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Tests of Significant Differences Between the Means

of Hi-Lo Scorers for Fluency and Flexibility Against

Intelligence (\H5), England, U.S.A., New Zealand

Country Fl Groups T ratio d.f. g Group with
on_ AHS Higher Mean
on AH s
ENG +18D/-15D 3.1972 68 .01 +1SD
+1SD/Mean 2.8298 145 .01 +18D
-iSD/Mean -1.0567 141 o —
USA +1SD/-1SD 3.4334 35 .01 +1SD
+1SD/Mean 2.7371 118 .01 +18D
-18p/Mean -2.1726 119 .0§ Mean
Nz +1SD/-13D -.417§ 50 -—- et
+i5D/Mean -.7883 160 —-- B—
-1SD/Mean -.1964 152 R e
Fx_ Groups
on .'\Hs
ENG +18D/-1SD 2.1475 57 .0§ +1SD
+1SD/Mean 1.5830 1§33 e i
-1SD/Mean -1.1542 144 == ——
USA +1SD/-1SD  2.27%9 36 .05 +18SD
+1SD/Mean 1.6639 117 — -
-1SD/Mean -1.3922 119 awwias ——
NZ +1SD/-1SD -.19§9 [{. JRp—— -
+1SD/Mean -1.4327 1. J— -
-1SD/Mean -1.1453 151 ——a ———

wWith fluency, the +13SD group showed a superiority on

measured intelligence which was significant in every

case in both the English and U.S.A. samples. The

trend was also supported in terms of -1SD and mean

differences.

with flexibility, the superiority for

the +1SD group was again significant for the English
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and U.S.\. samples, but was less clear for -15D
and mean groups. Tt would seem that fluenecy is
again more jpowerful than flexibility in indicating
a relationship with measured intelligence. For
New Zealand, howevzar, no significent differences
occurred between extreme ycorers in fluency or

flexibility and intelligence.

Significant differences with high and low scorerst

————

Age

Using the same grou,.s of 215D extreme scorers for
fluency and flexibility, the question of whether
high (or low) scarers were significantly younger
(or older) was asked. Usaing 215D on the mean of
all fluencies and on the mean of all flexibilities
for each country in turn no eignificant differences

in age were indicated.

(v) Factor Analysis - cognitive variables

Factor analyais was seen as an efficient method of
further describing the internal structure of matrices
of covariances and correlatione relating to
intelligence and fluency and flexibility of

thinking.

Since relatively few cognitive factors
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account for the covariance of test variables in the
present study the centroid method was selected as
being most appropriate (Arvidsoun, 1970; Fruchter, 1954;
Lawley and Maxwell, 1963; Thomson, 1956).

Orthogonal rotations were undertaken, and Tucker'!s phi
used as a guide to the termination of factors. These
procedures resulted in a relatively fast convergence
to three factors as the best fit for explaining the
covariances in the present 7 x 7 matrix. A separate
factor analysis was undertaken for each set of
correlations for each country, the results of which

appear in Tables 14, 15 and 16.

The rotation to three factors yielded an efficient

and parsimonious solution for all three countries.

The three factors for each country appear below:

ENG Factor I  Two high loadings F1 3 (.849), Fx 3 (.850)

Factor II Two high loadings F1 1 (.778), Fx 1 (.709)
Factor III One high one moderate F1 2 (.712),

Fx 2 (-.564)

USA Pactor I Two high loadings F1 3 (.827), Fx 3 (.870)
Pactor II Two high loadings F1 1 (-.786), Fx 1 (-.750)
Factor III Two high loadings F1 2 (.341), Fx 2 (.776)

Nz PFactor I Two high loadings F1 2 (.784), Fx 2 (.782)
Factor II Two high loadings F1 1 (-.717), Fx 1 (-.655)
Factor III Two high loadings F1 3 (-.802), Fx 3 (-.849)

The solution in each of the three cases bears a similar
pattern although the identity of the first and third

factors is reversed for New Zealand.
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FACTOR ANALYSIS RESULTS FOR INTELLIGENCE (1), FLUENCY (3), & FLEXIBILITY (3), - ENGLAND
Unrotated
VAR H2 F1 F2 F3
AHS5 .180 .309 220 —.188
Fl 1 .708 .709 447 .074
Fl 2 .644 690 —.132 -.387
FI 3 .841 779 —.419 243
Fx 1 .588 631 399 172
Fx 2 530 663 —.226 -.196
Fx 3 .800 744 —.326 374
Three Factors Rotated
AH5 .179 —.033 .327 —.266
FlI 1 .707 .238 778 ~.213
Fl 2 643 .284 233 -.712
FI 3 841 .849 146 -.312
Fx 1 .586 .270 .709 —.103
Fx 2 .529 426 170 - 564
Fx 3 .799 .850 220 —.165
Lower Triang Corr. Matrix
AHS5 AH5 Fl Fl Fl 3 Fx 1 Fx 2 Fx 3
Ell .307
Fl 2 .263 410
F1 3 .140 .389 537
Fx 1 179 .661 331 315
Fx 2 .102 .386 594 505 352
Fx 3 .104 .397 .396 .821 .360 472
TABLE 1§
FACTOR ANALYSIS RESULTS FOR INTELLIGENCE (1), FLUENCY (3), & FLEXIBILITY (3), - US.A.
Unrotated
VAR H2 F1 F2 F3
AHS5 A1 .288 ~.130 106
Fl 1 .728 713 —.461 .085
Fl 2 792 717 .218 479
FI 3 .781 .719 349 -.377
Fx 1 .632 .613 —.475 —-.176
Fx 2 .693 .685 257 .395
Fx 3 .839 731 269 —.482
Three Factors Rotated
AHS5 11 034 —.269 .193
Fl 1 728 143 —.786 .298
Fl 2 791 183 -.221 841
FI 3 .780 827 —.153 267
Fx 1 632 .258 —.750 .045
Fx 2 691 239 —.174 776
Fx 3 .839 .870 -.230 .168
Lower Triang Corr. Matrix
AH5 AH5 Fl 1 FI FI 3 Fx 1 Fx 2 Fx 3
Fl 1 240
Fl 2 185 .510
FI 3 118 379 429
Fx 1 .160 .687 239 .282
Fx 2 187 .361 742 377 .270
Fx 3 57 323 .359 .814 414 .386
TABLE 16

FACTOR ANALYSIS RESULTS FOR INTELLIGENCE (1), FLUENCY (3), & FLEXIBILITY (3), - N.Z.

Unrotated
VAR
AHS5
Fl 1
Fl 2
FI 3
Fx 1
Fx 2
Fx 3

Three Factors Rotated
AH5
Fl 1
Fl 2
FI 3
Fx 1
Fx 2
Fx 3

Lower Triang Corr. Matrix
AH5
Fl 1
FI 2
FI 3
Fx 1
Fx 2
Fx 3

H2

.014
584
.713
.787
443
724
.793

.014
.584
712
.785
442
723
791

AH5
.042
004
.004
-.024
-.025
.065

F1

032
607
.710
.760
436
17
728

-.073
175
.784
.359
102
782
.219

FI 1

.364
362
509
.337
301

F2

—.040

—.462
.255
.314

—.491

.185

232

—.039
-.717
—.205
-1
—.655
—-.2NM
—.150

Fl 2

.509
41
723
372

F3
—-.110
048
379
—.881
.106
418
—.456

—.087
—.196
—.236
—.802
—.040
—.190
—.849

Fl 3 Fx 1 Fx 2 Fx 3

153
421 .279
794 177 407
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It is clear that no overall intelligence or fluency
or flexibility factor can be postulated. This in
itself is a siguificant finding and confirms in a
wmore striking way the lack of any pervasive fluency

or flexibility trait across tests mentioned earlier.

The consistently high loadings on fluency-flexibility

suggests some kind of composite factor. But further

examination shows that the fluency-flexibility
composite is anchored to specific tests. Further
illumination of this can be seen by determining

the percentage of variance contributed by the major
fluency-flexibility test-composite for each factor

for each country (Table 17).

TABLE 17

Percentage of Variance Contributed by Major Fluency-
Plexibility Test-Composite for Each Factor for Each
Country

Country Factor High loadings £ Variance Rank

ENG I Fl1 3 - Fx 3 38.30 (i)
II F11 -Fx 1 30.02 ii)
I1X F1 2 - Fx 2 27.35 iii)
Z 95.67
USA I Fl1 3 - Fx 3 35.41 (1)
II F11-Fx1 30.00 (i11)
IIX F1 2 - Px 2 32.63 (i)
Z 98.04
NZ I F12 -Px 2 35.42 ii)
IX Fl1-PFx1 28.32 iii)
IIX F1 3 -Px 3 38.90 (1)

I 99.64
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From this procedure it 18 evident that the fluency-
flexibldlity test-composite contributing most of the
variance is the =ame in eacih country, i.e. Test 3,
(Factor I England, Factor I U.5.i., Factor IIIX

New Zealand). Thereafter differences occur by
country in ‘he ranking of importance of the
contrivution of test-composite factors toward the
cotrecntage of variance, but thess are slight in
most cases. What jis significant is the same pattern
of tihe fluency-~flexibility test-composite factor
across the three countries, and the common priority
of Test J in accounting for the highest percentage

cf variance.

The question of interpreting these factora in the
light of the stimulus material now remains. First
of all no general cognitive factor, either as
general intelligence (AHS§) or as fluency or
flexibility of thinking, ean be constructed from
the results. 3econdly, whilc there is consistent
evidence for some kind of composite fluency-
flexibility factor, it is #0 convincingly test-
oriented that it would seem necessary to refocus
attention en the specific nature of each test. It
is not simply a case of some absatract cognitive-style
complox (fluency-flexibility) but of a somewhat

specific coynitive~style fector that emphasizes
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set and task, What originally might have been thought
to have been a fairly general stimulus-response
ground within the domain of science has turned out
+a be otherwise. Thus scientific vocabulary

(Test 1), definition of scientific concepts (Test 2)
and uses of chemical substances and physical objects
(Test 3) elicit very different competencies despite
the overriding request tc think as fluently and
flexibly as poesible on all occasions. And this

is 80 with the threse culture-samples. Interpreted
another way, what originally might have been thought
tc have been 2 fsirly stable cognitive style trait
of fluency (or fiexibility) operating across tests
has turned out to be somewhat less pervasive and

more task-oriented.

It would thue seem that the nature and demand of
each task iz powerful in deterrmining the three
factore. Further analyesis suggeste that while the
fluency~flexibility composite may be partly
cognitive, it may aleo be partly attitudinal -
premised on initial attitudes of like/dislike,
interest/uninterest toward each set of test stimuli.
Both cognitive and attitudinal aspects appear to

be interacting and be anchored in past experiences
assoclated with each test task. Moreover, this

explanation seems to hold across the threse culture
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samulea, It aleo seeme Lo carry with it a warning
about referring to Pluency or flexibility (or
divergaat thinking or creativity) as {f it existed
outcide a particnlar field of endeavour such as
sclience or architacture or even outside a

specific sphere witliin the diacipline.

Do _sRONALITY

(i) Fagctor snalysis oif_ otlitude Scale, Test 4, Part I

The: 36 item attitude sculoe which comprised Part I of
Tesl 4 was subjoclzd To & raccor analysis employing

a centroli approuacin wilih ortnogonally rotated axes.

an iterative prucesa dincorpoitaving Tuckerts phi

resulted in i {fau’ly ragid converygence to four factors.

since aspecvs of yeli-pureeustion relalting to the
actitude Scaic (Test 1) are 1ikely to be sensitive
to cultuaral differences, soparate factor analyses
for each swiple Ly coultsry were naecessary. In the
present situation the nature and order of factors
couid wedl be very diflarent Jes adchh country. The
rasult.a of & rotated solution to four fectors for

each of che Liwae countries are presented in Tables 18,

1y, and 20.°

*Details of unrotated and rotated solutions for
the 36 x 36 matrix obtainable from computer print-out.
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TABLE 138

FACTOR ANALYSIS RESULTS FOR ATTITUDE SCALE : ENGLAND

VAR H2 F1 F2 F3 F4
1 389 576 .023 .215 .103
2 337 470 133 --.194 .244
3 193 120 .100 406 --.065
4 214 417 .164 .109 —.034
5 .065 —.012 .108 —.083 .215
6 .055 —.014 .079 —.019 221
7 .240 117 457 —.002 132
8 .048 —.141 .158 ~.055 017
9 .243 —.270 134 --.194 —.339

10 347 .306 502 .021 .021
11 344 .056 516 —.231 144
12 431 595 .063 —.197 184
13 324 —526 044 -.055 -.207
14 104 .099 260 —.080 —.143
15 474 651 174 .140 —.007
16 270 —.406 274 ~.025 —.172
17 .059 --.077 .004 -.120 —.197
18 .286 473 225 —.106 -.019
19 .307 .026 .026 535 —.141
20 317 044 197 —51 .124
21 235 .219 .183 --.345 .186
22 .365 —.425 201 —.207 -.317
23 291 —526 -.025 .091 .079
24 .202 .250 352 —-.029 .118
28 .354 --.324 475 —.058 142
26 293 536 073 --.027 —.005
27 136 --204 192 —.117 —.208
28 121 —.202 039 —.190 —.205
29 290 432 115 —.295 .058
30 345 554 .160 .079 .078
31 192 —.080 --.147 .185 —.360
32 .100 —.081 .075 —-.190 —.228
33 402 475 .388 .095 .126
34 .064 .028 —.009 .018 —.251
38 .081 132 .063 —.036 .241

36 236 .138 461 .001 .063



TABLE 19

FACTOR ANALYSIS RESULTS FOR ATTITUDE SCALE : US.A.

VAR H2 F1 F2 F3 F4
1 440 .502 —.124 407 .080
2 .353 173 -.017 .306 479
3 .098 —.020 .054 -..056 --.303
4 259 .126 .080 .196 444
S .148 .009 -.379 —.060 —.003
6 .208 334 —.089 .295 .037
7 271 .076 -.370 311 176
8 122 —.272 —.153 .130 .090
9 243 --.320 —.290 --.234 .028

10 520 .279 --.134 634 .146
11 .382 —.193 -.212 533 124
12 471 .207 .040 .260 .5699
13 401 —.506 .149 --.221 -.27
14 .355 .220 —.453 317 —-.013
15 492 444 —.260 465 .105
16 146 —.192 —-.102 -.310 .054
17 123 --.287 —.056 —.021 —.193
18 384 .295 --.275 433 .183
19 335 —.017 —.534 .161 .151
20 .308 .011 --.479 .153 232
21 234 --.091 —.187 .004 436
22 269 —.249 —.409 —.181 .083
23 .205 —.389 119 -.138 —.141
24 376 .013 --.059 520 .318
2§ .298 --.394 —.255 .250 .120
26 267 491 --.013 137 .086
27 192 -.337 —.099 —.228 .129
28 .236 —.071 --.128 —.447 —-.119
29 .203 .263 —.263 --034 .251
30 460 449 —.280 413 .093
31 .390 —.502 —.344 024 -.136
32 .163 --.014 —.245 —.069 -.313
33 .302 142 .007 .498 .182
34 118 —.028 --.288 =122 —.140
35 246 .108 127 457 .095

(2]
(- )

392 .033 --.022 .623 —.038
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TABLE 20

FACTOR ANALYSIS RESULTS FOR ATTITUDE SCALE : NEW ZEALAND

H2

397
.245
.041
.201
.153
.109
078
123
293
151
074
359
361
.158
507
463
065
459
136
287
124
338
.240
296
227
.209
.158
170
.085
340
.265
164
381
342
.090
325

F1

.256
—.023
.047
.106
-.376
.034
-.179
.083
—.467
—.011
—.107
—.039
—.236
—.202
.267
—-.113
118
353
---.296
—.482
—.086
--.542
--.252
--.056
--.341
221
—-.375
--.069
.007
328
--412
--.301
132
--.002
—.072
—.063

F2 F3 F4
317 —.040 478
230 067 433
130 L) .089
152 138 384
—.068 —.068 —.047
316 073 --.054
~.021 --013 212
—.208 —.268 .025
~.207 —.085 —.157
—.080 142 352
052 —.042 240
094 113 579
—.258 —.458 —.167
159 230 198
1100 245 604
043 ~.626 —.236
--.033 —.181 ~.130
039 .205 539
124 147 .106
.160 025 .168
316 --.003 132
—.144 —.072 ~.136
--.252 ~335 013
503 .186 .072
066 -.291 146
—.003 1199 348
113 055 —.044
-.138 —.351 ~.151
.036 261 125
233 161 390
-.125 --.271 -.072
198 172 .066
478 206 305
041 ~.581 —.054
048 036 286
447 —.100 334



1:2

Factor loadings above .3 were then extracted for each
factor for each country and keyed to the appropriate
itom in the original questionnaire. Thecse results

are presgented in Table 21,

These reeulte highlight items that constitute an
attitudinal factor as well as reveal cross-cultural
similarities and differences in self-perception.
Somc similarities exist on Factor I for the three
samples by country:

Iter 25 (making jokes), SNC =324, Uth -394, NZ -341
item 30 (being very polite), ENG 554, USA 449, NZ 328

On the whole, the degree of correspondence in Factor I
is greater between England and U.S.A. After these
initial similarities in Factor I, many differences
between the countries in pupil self-perception

are apparent for Factors II, III and IV. This

does not mean lack of meaningful agreement within

a factor, since all significant items are related

by definition of the factor analysis solutionj;

e.g8. Factor IV} item 4 (sticking to the truth) USA 444
relates with item 21 (getting everything correct) USA 436.
Indpod the factor analysis of ths Attitude Scale not
only contributed towards a degree of parsimony and
meaningfulness in the grouping of items but also
contributed toward the validity of the instrument

as a whole. Further examination of the factors reveal s
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Items with Factor lLoadings Above .3 Grouped Under the
Appropriate Four Factors for Test 4, Attitude Scale (ENG, USA, NZ)

ltem Loadings Loadings Loadings Loadings
No Factor | Factor 11 Factor |11 Factor |V
Item ENG |USA | NZ |ENG |USA | NZ |ENG |USA | NZ |ENG |USA | NZ

1. | being obedient 576 | 502 | 317 407 478
2. |working hard 470 306 479 | 433
3. |having a low opinion of yourself 406 -303
4. [sticking to the truth 417 444 | 384
5. | being highly imaginative —376 379 |
6. |being cautious 334 316
7. |being enthusiastic 457 |-370 31

8. | having set opinions

9. |running risks -302 |-467 -339

10. | having self control 306 502 634 352
11. | mixing well socially 516 533

12. |doing homework thoroughly 595 599 | 579
13. |getting into trouble -526 |~506 -458

14. | doing new things -453 317

15. |showing respect for teachers 651 | 444 465 604
16. | teasing people —406 -310 |-626

17. | shrugging off criticism

18. |being neat and tidy 473 353 433 539
19. |investigating the unusual —534 -535

20. |taking the lead --482 -479 --511

21. |getting everything correct 316 |~345 436

22. |doing a dangerous experiment ~425 --542 -409 -317

23. |smoking --5626 |-389 —335

24. | accepting expert advice 352 503 520 318

25. | making jokes —324 |-394 |-341 | 475

26. | keeping quiet in class 536 | 491 348
27. |arguing with people =337 |-375

28. |showing off —447 |-351

29. |taking things seriously 432

30. | being very polite 554 | 449 | 328 413 390
31. | day dreaming ~502 |-412 —344 —360

32. | questioning the truth of a text book —301 -313

33. | doing one’s duty 475 388 478 498 305
34. |exaggerating -581

35. |not hurting other people’s feelings 457

36. |being a good team member 461 447 623 334
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that Factor T ig hipolar for all three countries,

HYut again this 1s consimtently meaningful;

a.g. item 30 (beinz very polite) N2 +328 can be seen
azainst item 32 (questioning the truth of a text book)
NZ -3C1. Thereafter,Factor TIX (ENG and US4) and
Factor IV (USi) are bipolar. The remaining

factor solutions contain either all negative or

211 positive loadings. ‘ttention tv sirn values

is therefore impoartant in attributing ;<ychological

meaning to each factor.

Ttems with the bhighest loadings were then extracted
and ranked (Hizhest to lowest) {or cach factor for
e¢ach country. These wetre related back to their
original phenomenological grouping undor the six

original scales Tables 22, 23, and 24.



FACTOR ANALYSIS AND PHENOMENOLOGICAL APPROACHES ON ATTITUDE SCALES :

TABLE 232
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ENGLAND

FACTOR |
Rank Loading
1 651
2 595
3 576
4 554
5 536
6= -526
6= —526
8 475
9 473
10 470
11 432
12 —425
18 417
14 —406
15 —-324
16 306

FACTOR il
1 516
2 502
3 475
4 461
3 457
6 388
7 352
FACTOR Il
1 —-535
2 —-511
406
4 —345
FACTOR IV
1 —-360
2 -339
3 -317

Item

showing respect for teachers
doing homework thoroughly
being obedient

being very polite

keeping quiet in class
getting into trouble
smoking

doing one’s duty

being neat and tidy
working hard

taking things seriously
doing a dangerous experiment
sticking to the truth

teasing people

making jokes

having self control

mixing well socially

having self control
making jokes

being a good team member
being enthusiastic
doing one’s duty

accepting expert advice

investigating the unusual

taking the lead
having a low opinion of yourself

getting everything correct

day dreaming

running risks

doing a dangerous experiment

Item No.
15
12

30
26
13

23
38
18

29
22

16
25

10

1M
10

25

36

33
24

19

20

21

31

22

Original Scale (Phenomenological)
Respect for authority

Serious minded worker

Respect for authority

Respect for authority, High conformity
Respect for authority

Respect for authority (negative), High risk
High risk

Respect for authority, High conformity
Respect for authority, High conformity
Serious minded worker

Serious minded worker

High risk

Respect for authority

High risk

Freedom of emotional expression
High risk

Freedom of emotional expression
(negative item originally)

High self concept

Freedom of emotional expression
(negative originally)

High risk, Freedom of emotional
Expression

High conformity

Freedom of emotional expression

High conformity, Respect for authority
High conformity

High risk, Freedom of emotional
Expression

High risk, High self concept
High self concept (negative originally)

Serious minded worker

High risk, Freedom of emotional
Expression

High risk
High risk



FACTOR ANALYSIS AND PHENOMENOLOGICAL APPROACHES ON ATTITUDE SCALES :

TABLE 23
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U.S.A.

FACTOR |
Rank Loading
1 —506
2= 502
2= -502
4 491
5 449
6 444
7 -394
8 —389
9 -337
10 334
1" —-302
FACTOR I
1 —534
2 —479
—453
4 —-409
5 -379
6 -370
7 —344
FACTOR 11}
1 634
2 623
3 533
4 520
5 498
6 465
7 457
8 —447
9 433
10 413
1 407
12 317
13 311
14 =310
15 306
FACTOR IV
1 599
2 479
3 444
4 436
o) 318
6 -313
Z -303

Item

getting into trouble
being obedient
day dreaming

keeping quiet in class

being very polite

showing respect for teachers
making jokes

smoking

arguing with people
being cautious
running risks

investigating the unusual

taking the lead

doing new things

doing a dangerous experiment
being highly imaginative
being enthusiastic

day dreaming

having self control

being a good team member
mixing well socially
accepting expert advice
doing one’s duty

showing respect for teachers
not hurting other people’s feelings
showing off

being neat and tidy

being very polite

being obedient

doing new things

being enthusiastic

teasing people

working hard

doing homework thoroughly

working hard

sticking to the truth

getting everything correct

accepting expert advice

questioning the truth of a text book
having a low opinion of yourself

Item No.

13
1
31

26
30
(5
25

23
27
6
9

19

20
14

22

31

10
36
1
24
33
15
35
28
18
30

14

16

N

21
24
32

Original Scale (Phenomenological)

Respect for authority, High risk
Respect for authority

High risk, Freedom of emotional
expression

Respect for authority
Respect for authority, High conformity
Respect for authority

Freedom of emotional expression,
High risk

High risk
High risk
High risk (negative originally)
High risk

High risk, Freedom of emotional
expression

High risk, High self concept

High risk, High conformity
(Negative originally)

High risk

High risk

Freedom of emotional expression

High risk, Freedom of emotional
expression.

Freedom of emotional expression
High conformity

High self concept

High conformity

Respect for authority, High conformity
Respect for authority

Freedom of emotional expression
High risk

High risk, Respect for authority
High conformity, Respect for authority
Respect for authority

High conformity

Freedom of emotional expression
High risk

Serious minded worker

Serious minded worker

Serious minded worker

Respect for authority

Serious minded worker

High conformity

Respect for authority

High self concept (negative originally)



TABLE 24
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FACTOR ANALYSIS AND PHENOMENOLOGICAL APPROACHES ON ATTITUDE SCALES : NEW ZEALAND

FACTOR |
Rank Loading
1 —542
2 —482
3 —467
4 —-412
5 -376
6 -375
7 353!
8 -341
9 328
10 -301
FACTOR i
1 503
2 478
3 447
4 317
5= 316
5= 316
FACTOR 111
1 -626
2 —581
<) —458
4 -351
5 —335
FACTOR IV
1 604
2 579
3 539
4 478
5 433
6 390
7 384
8 352
9 348
10 334
1 305

Item

doing a dangerous experiment
taking the lead

running risks

day dreaming

being highly imaginative
arguing with people

being neat and tidy

making jokes

being very polite

questioning the truth of a text book

accepting expert advice
doing one’s duty

being a good team member
being obedient

being cautious

getting everything correct

teasing people

exaggerating
getting into trouble

showing off

smoking

showing respect for teachers
doing homework thoroughly
being neat and tidy

being obedient

working hard

being very polite

sticking to the truth

having self control

keeping quiet in class

being a good team member

doing one’s duty

Item No.

22
20

9
31

5
27
18
25
30
32

24
33
36

21

16
34

13

28
23

15
12
18

30

10
26
36
33

Original Scale (Phenomenological)

High risk

High risk

High risk

High risk

High risk

High risk

Respect for authority, High conformity
High risk

Respect for authority, High conformity
Respect for authority

High conformity

High conformity, Respect for authority
High conformity

Respect for authority

High risk (negative originally)

Serious minded worker

High risk

High risk, Freedom of emotional
expression

Respect for authority (negative
originally) High risk

High risk
High risk

Respect for authority

Serious minded worker

High conformity, Respect for authority
Respect for authority

Serious minded worker

Respect for authority

Respect for authority

Freedom of emotional expression
Respect for authority

High conformity

Respect for authority, High conformity
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Comparison between the earlier phenomenological
approach and the later factor analysis approach

in grouping items is interesting. For the most

part there is agreement, although some unexpected
groupings of original scale items exist within some
factors (notwithstanding sign changes in loadings
which are quite consistent).

ENGLAND, Factor I is mostly loaded with items from
the original Respect for Authority and High Risk
scales. Factor II is mainly composed of items

from the original High Conformity, High Self Concept
and Freedoam of Emotional Expression scales. FPactors
IIXI and IV comprise items from the original High
Risk scale.

U.S.A., Pactor I comprises items almost equally
drawn from the original High Risk and Respect for
Authority scales, and squares with England Factor I.
Factor II comprises items almost exclusively froam
the original High Risk scale. Factor III represents
a mixture from the following original scales:
Freedom of Emotional Expression, High Self Concept,
Respect for Authority, High Conformity and Serious
Minded worker. Factor IV coamprises items from
Serious Minded Worker, High Self Concept, Respect
for Authority, and High Conformity.

NEW ZEALAND, Factor I is almost completely composed

of items from the original High Risk scale and again



119

resembles England and U.S.A. Factor I. Pactor II

drawg items from the original High Conformity,

High Risk and Serious Minded Wworker scales. Factor III
involves the original High Risk, Freedom of

Emotional Expression, and Respect for Authority scales.
Factor 1V comprises a majority of items from the
original Respect for Authority scale together with

some from High Conformity.

On the whole a more meaningful relationship is seen
to exiat between the phenomenological and factor
analysis approaches than might have been predicted.
This may be partly attributable to the process of
having three professional workers in the field
independently rate each item for inclusion in each
original scale. However, factor analysis adopted

a more parsimonious approach and a more across-the-

scale approach based on actual pupil perception.

The naming of factors attempts a harmony between
mathematical and peychological meaning. In the
present situation items were ranked on the basis of
their factor iocadings in order to assist in the
naming process - those items with highest loadings
being given special consideration. As the result
of this procedure the following factor labels can

be suggested:



England Factor I Respect - Obedience
" II Self Control
" IIT Self Concept
» IV Risk Taking

U.S.A. Factor I Respect - Obedience
i II Rigk Taking
s III Self Control
2 IV  Serious Mindedness

New Zealand Factor I Risk Taking
= II Conformity
= III Salf Control
% IV Respect - Obedience

It will be noticed from Table 25 that the number
of items per Factor Scale varies considerably and
that for Factor III England and New Zealand and
for Factor IV England, there are too few items for

any reliable individual, and probably amall group,

analysis.
TABLE 2§
Distribution of Number of ;te!f Per Pactor Scale
for_ Attitude Scale (Test 4
No. of
Items
Factor Factor Pactor Factor

Cauntry 1 II 111 Iv
KNG 16 7 4 3
Usa 11 7 18 7

NZ 10 6 S 11
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(114) High and low scorer comparisons on Attitude
Factors

The degree to which high and low scorers on fluency
and flexibility of thinking might be significantly
different in their resjponses to items comprising
attitude factor scales was investigated. In order
to examine this question 24 sets of iL-tests between
high and low scores on fluen~y and flexibility,
separately, and for each of the four factor scales

for each country were calculated (Table 26).

Differences according to country, factor scale,
fluency, and flexibility were observed as follows:
Country differences: Y.3.A. yielded four setes

of statistically significant differences, England
two, and New Zealand one.

Factor scale differenceas: Factor IY revealed three
sets of significant differences; FPactor III, twoj;
Factor I, two; and Factor IV, none.
Fluency/flexibility differences: Flexibility
accounted for five of the seven sets of significant
differences, and would therefore appear more
sensitive than fluency in revealing personality

dif'ferences in this study.



TaBLE 40 122
HI—LO FLEXIBILITY AND FLUENCY SCORERS ON ATTITUDE FACTORS
(t--Tests Between High (+1 S.D.) and Low (-1 S.D.)
Scorers on Fluency and Flexibility (separately) on each of the Four Attitude Factors)
ENG. Fluency .
Degrees
Factor Freedom Means Variance No.Obs. t Rrig
2354 1570 592 _
. 1138 2.268 1641 544 f- 8
1579 799 259
2 D 1,600 634 238 g2 -
3.770 1.231 148
& 282 3.941 893 136 —1.386 =
2819 1318 11
g i 2735 1547 102 513 -
ENG. Flexibility
2318 1654 544
1 R 2122 1382 400 2.390 01
1533 610 238
2 A 1.485 478 175 644 -~
4.060 956 100
3 234 3772 1205 136 2.075 =
2.843 1504 102
& 175 2573 1417 75 1.455 -
U.S.A. Fluency
2516 1,656 209 _
) il 2.421 1.602 209 e
4240 754 133
a e 3.676 1,226 133 4.603 01
1,842 1.024 285
3 568 i P 2% 3.199 0l
2037 1.705 133 _
= e 2.255 1.498 133 e
U.S.A. Flexibility
2722 1.789 209
! S22k 2.400 1.694 220 Sick L
4.165 814 133
3 Zal 3864 1188 140 sale el
1670 796 285 _
S e 1676 872 300 e
2.157 1.832 133
1 21l 2.107 1.652 140 Bille -
N.Z. Fluency
3296 1.881 300 .
! o118 3236 1,735 220 S04
1966 1.054 180
2 310 " 1840 1073 132 106 -
2373 1,580 150
< BER 2.136 1.408 110 1581 -
1,990 1.190 330
© 570 1.851 903 242 18398 -
N.Z. Flexibility
3.438 1.775 310
1 578 3.251 1795 270 legy -
2048 1.261 186
2 346 2008 el b 2.294 05
2.400 1543 155
3 288 2177 1272 135 1.580 -
. o 2076 1.307 341 684 _

1.936 .854 297
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The interuretation of high and low scorers toward
items comprising each factor scale was obtained

from the direction of significance of the two

means (1-5 coding corresponding to "strongly approve®
- "gtrongly disapprove" for positively loaded items
and 5-1 for negatively loaded items). The results

appear below:

England (Ex.{3<.0Ll Factor I (Respect - Obedience)

- - High ecorers in flexibility tended to be neutral

toward, while low scorers tended to strongly
approve ot...

Ybeing obedient™

Yworking hard®

"gticking to the truth®
Yhavin:; self control?
"doing homework thoroughly”
"showing respect for teachers"
"being neat and tidy"
"keeping quiet in class"
"taking things seriously"
"being very polite®

"doing one's duty"

But high scorers tended to approve more of .....

"getting into trouble®
"teasing people®

"doing a dangerous experiment®
"moking™ .

"making jokes"

England (Fx N Factor IIIX elf Concept)

- ﬂ%gn gﬁgg!rs in flexibility tended to rove
of, while low scorers tended to tral about ...

"having a low opinion of yourself®

but high scorers tended to approve more of ....

finveetigating the unusual®
®taking the lead"
fgetting everything correct®

’Tho-o last five items have negative loadings (Factor I
is bipolar) and hence require reversal of initial
interpretational rubric above. Such is also the case
with England, Pactor III; U.S.A., Pactors I and III.



U.S. A (FI.P( .01) Factor II (Rigk Taking)

- High scorers in fluency tended to approve of,
while low scorers tended to be neutral about...

"being highly imaginative®"
"being enthusiastic®

"doing new things®"
"investigating the unusual®
"taking the lead"

"doing a dangerous experiment"
"day dreaming"

U.S.A. (F1,p< .01) Factor III (Self Control)
&

- High scorers in fluency tended only mildly to
approve of, while low scorers tended to strongly

approve of ....

"being obedient™

"working hard"

"being enthusiastic®

"havine self control"

"mixing; well socially"

"doing new things"

"gshowing respect for teachers"
"being neat and tidy"
Maccepting expert advice"
"being very politen

"doing one's duty™"

"not hurting other people's feelings"
"being a good team member"®

but high scorers tended to approve more of ....

"*teasing people™
"showing off"
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U.S.A.  (Fx, P .01) Factor I (Respect - Obedience)

- High scorers in flexibility tended to be neutral
toward, while low scorers tended to mildly

approve of ...

"being ohedient®

"being cautioua®

"gshowing respect for teacheras”
"keeping quiet in class™
"being very polite®

but high scorers tended to approve more of...

"prunning riazks®
fretting into trouble®
Ysmoking®

"makine jokos®
"arguing with people™
"day dreaming®

U.S.A. (Fx,p{.01) Factor XX (Risk Taking)

- High srorers in flexibility tended to approve of
while low_scorers tended to be neutral about...

"being highly imaginative®
"heing enthusiastic®

"doing new things®
"investicating the unusual®
"taking the lead®

doing a danzerous experiment®
"day dreaming"

New Jealand (PFx, p{ ,05) Pactor II (Conformity)
1

- High scorers in flexibility tended to only mildly
approve of...

"being obedient®

*being cautious®

#getting everything correct®
®accepting expert advice"
®*doing onets duty"
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Conclusions from this section of Test 4 suggest a
consistent pattern in the direction and trend of
the seven sets of significant differences. High
scorers on both fluency and flexibility are seen
as more approving of running risks and being

imaginative, hut less approving of showing respect

for authority, being a serious minded worker, and
conforming, than low scorers. It is as if their
increased fluency (i.e. generation of many ideas)
and flexibility (switch of category) bring them

into conflict with the atatus quo.

Nevertheless the Jegree and incidence of these
findings for each factor scale and each country is
uneven, and some caution is necessary. First of
all, the actual amount of directional change,
although significant, is amall. It is certainly
not a bipolar change - rrom strongly approve to
strongly disapprove. It is only the direction of
the attitude trend that significantly differentiates
high and low fluency and flexibility scoring groups,
and it would be incorrect to see high and low
scorers on fluency and flexibility as being

diametrically opposed on the factor scales.

The incidence of significant differences is uneven for

the three countries. Taken overall thsy suggest a
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trend, but for eitiher New Zealaund or England
separately, the results must be viewed tentatively.
In both these countries the number of factors
showing significant differences between high and

low scorers on fluency and flexibility is small

and within two of these factors the number of

items is also small. For the U.5.A. sample, however,

the evidence is more substantial.

Furtier stuay employing more specifically item-
keyed factor scores witii a wider sample of pupils
woitld seem advisable hefore any generalizable

conclusions could be made.

(1ii) Chi-square analysis of high and low scorers

(fluency and flexibility) on Personal Preference

Questionnaire, Test 4, rart II

This short multiyle choice questionnaire which
formed the final section of Test 4 was of a personal
preference type; eo.g. If an experiment failed would
you rather

(4) Pind out why it failed? .
or (b) Start a different one? L)
Results were analysed by employing chi-square and
Pisher'!s exact probability tests to the responses of

high and low scorers on fluency and flexibility
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separately for each item. IYn only two out. of the

§4 mets of probabilities were the differences beyond
chance at the .0t or .05 level. It woiuld therefore
seem that unlike the factorised rart I (Attitude Scale),
Ppart II proves a ponr differentiator of extreme

scorcrs in the fluency and flexibility domain.



129
C. SEX, CLASSROOM, TEACHER AND °PEER RATING DIFFERENCES

Further chi-square ana s_of high and low_sco
A series of non-parametric analyses employing
chi-square and Fisher's exact probability tests
were undertaken to examine expected frequency
contributions in the above areas.

Sex Differences

The question of whether significantly more boys or
girls might fall into either of the high or low
scoring categories of fluency or flexibd 1ity of
thinking is of some concern for science, and of

some importance for certain statistical analyses in
the present investigation. Chi-square analysis of
high and low scorers on fluency and flexibility in
U.5.A. and New Zealand yielded no significant
differences in expected frequencies by sex (Aippendix G).
It should be stressed that this conclusion is

valid only for the sampyle of pupils and test content
of the present study. One explanation for this
conclusion - which is contrary to the expectation
of results drawn from a wider heterogeneous sample
- is the very fact that these pupils represent the
highest ability level in science that each school
could offer. This means that a selective process
has already occurred in the echools, whereby the
girls in the sample are greatly superior to the

average run of girls in science - more so than in
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the case of boys. This is borne out by the smaller
number of girls in the sample to begin with.
Another explanation (which may run pari passu with
the former) is that, particularly in fluency and
flexibi 1lity of thinking, girle may have a slight
superiority over boy=s - despite any culturally-
determined sex disadvantage in working with such
science stimulus words as acid, oxygen, magnet,

space, etc.

Classroom and_ school differences

How far different classroom and school samples

contribute toward high and low scorers in fluency

and flexibility is of some interest in terms of
classroom climate, teaching style and other variables.
However, the present study can only examine the

extent to which they exist and not the causes for

them.

Through the use of chi-square and the more stringent
Fishert'!s exact probability test (for cell numbers

less than five) the null hypothesis that the contribution
to high (or low) scoring groups from each classroom

and each school occurs by chance, was investigated.

(Table 27)°

*See Appendix H for compilation of observed and
expected frequencies by classroom and school.



TABLE 27

Classroom and School Contributions to Hi-L rers on Fluency and Flexibd 1lit England,
U.S.A., New Zealand, hi-square and Fisher's Exact Probability Tests

Country Classroom Chi-square Significance School Chi-sguare Significance
Level p«< Level p<
ENG o1 Fl 4.9864 .05 (Pisher's exact Ol  Fl 7.85§76 .01
test .17)
Fx .8514 - Fx .688 —_—
02 F1 1.8913 ——
03 F1 3.1963 .05 02 F1 3.1963 .08
Fx 1.2437 - Fx 1.2437 _—
04 Fl 2.0410 — 03 Pl 2.4466 —
Fx 3.0773 .0§ Fx .9117 —
06 Fl1 2.1154 ——
07 F1 .486% —_—
Fx 1.4726 -
09 F1 3.5751 .05 (Fisher's exact 04 F1 3.5751 .05 (Fisher's exact
test .09) test .09)
FPx 1.6704 -—— fx 1.6704 -
10 F1 2.5816 05 F1 1.4866 -—
Px .3864 Fx .7284 —
11 F1 .0360
Fx .3270

1€



TABBE 27 (continued)

Country Clagsroom Chi-square Significance School Chi-square Signiiicancg
Level p< Level _p<
USA 12 F1 .1666 = 06 F1 .1666 —_
fFx 2.1349 -— Fx 2.1349 -
13 Fl1 .5230 -— 07 F1 .0428 -
Fx .0378 — Fx .9102 ——
14 F1 8.3692 ,01)(Fisher's exact
) teat .20)
Fx 7.3565 .01)
i§ Fl1 1.2624 e
16 F1 .4683 - 08 F1 .4683 -
Fx 5072 — Fx -5072 =)
17 F1 .0216 —_ 09 F1 .0404 -
Fx .4301 — Fx 1.1926 -—
18 F1 .0428

TEY



TABLE 27 (continued)

Country Classroom Chi-sguare Significance School Chi~.gquare Significance
level p < Level p ¢
NZ 19 F1 1.6391 - 10 ) 7
Fx .2535 )
20 Fl .0303 - 11 ;
Fx .90811 -— )
21 Fl 1.4707 — 12 )
Px .6879 - )
22 Fl 1.8794 -— 13 ; Same as for classroom
23 F1 .4029 -— 14 )
Fx .0833 - )
24 Pl .1866 — 15 ;
25 Fl .028¢ -— 16 )
Px 1344 -_ )

’Chi-nquare calculations on Olivetti frogramma 101 programmed with Yates correction
for continuity factor.

Fisher's Exact probability calculations on I.B.M. 16/20 Computer.

£€1
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The results indicated that for England the null
hypothesis can be rejected beyond the .05 level
in four out of nine classroom cases, although
Fisher's exact probability lowers the strength

in two cagses. In three out of four cases the
rejection was premised on fluency. ITwo classrooms
contributed significantly more pupils to the high
scoring fluency catagory than on the basis of
expected frequency; one classroom contributed
significantly more pupils to the low scoring
fluency category, and one classroom contributed
significantly fewer pupils to the high scoring

flexibility category.

“hen gchool differences are examined for England
three out of the five school samples indicated
significant differences in their contribution to
high and low scores on fluency and flexibility,
although Fisher?s exact probability test lowered
the strength slightiy in one case. In each of the
three cases the significance was attributable to

f luency.

For U,S.A. the null hypothesis can be rejected at
the .01 level in only one out of seven classroom
cases (but in both fluency and flexibility), although
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again fisher's exact probability lowers the astrength
of the rejection. VWhen school differences are
examined for the U.S.A. sample no significant
differencas occur in their contribution to high

and low scores on fluency and flexibility.

For New Zealand the null hypotheasis could not he
rejected in any of the seven classrooms (schools).
Thus the tendency of the New Zealand and Aserican
clasarcooms in thie sample to contribute scotrers
somewhat evenly to high and low scoring fluency

and flexibility groups, is to be contrasted with

the unevenness of the English classrooa contribution

in the sample.

where classroom contribution {s significantly

dif ferent within a echool it raises questions,
particularly about teaching atyle (curriculun

content and pupil ability can be loocked upon as

fairly constant in the present within-school samples).
Where differences occur between schools but within the
san¢ sample by country, a fairly wide range of variables
including curriculum content, specific attitudinal

and cognitive variablass, reward systeas and teaching
styles, would be open for conaideration. Some of
these issues will be examined further in Chapter

aix.
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Teacher and peer rating categories

Each senior science teacher nominated four pupils
from his class whoa he considered displayed: the
most original ideas in science (0); and, the
highest ability in science (A). In addition he

was asked to nominate: four pupils whom he enjoyed
teaching most (B+); and four pupils whom he enjoyed
teaching least (B-). Feer rating uominations were
obtained for: pupils who displayed the most
original ideas in science (0); and, pupils who

worked the hardest in sciencs (W).

Observed frequencies for cach of the 1bove categories
were obtained for high-low fluency and flexibility qron(s
(Appendix I ). Observed and expected frequencies

were then determined for chi-square calculations
(Appendix J ). PFProbability studies were then
undertaken to teat the null hypothesis that the number
of responses in each teacher and peer rating category
(0,A,B¢,B-,0,V) relate to high-low scorers in fluency
and flexibility on the basis of chance. The results

appear in Table 28.



TABLE 28
Teacher and Pcer Kating Probabilities (Chi-square) on the Basis of Hi-Lo Fluency and Flexibility.

(0 = most original

A = highest ability

England, U.S.A., New Zealand

W =

B+ = enjoy teeching most
hardest working)

B~ = enjoy teaching least

Country Hi-Lo

Fl.

ENG Hi-Lo
Hi-Lo
USA Hi-=Lo
Hi-Lo
NZ Hi-Lo
Hi=Lo

F1.
Fx.

Fl.
Px.

Fl.
Fx.

Teacher Rating Category

Chi-Square and

Probabilities

Peer Rating Category

0 A B+ B~ 0 W
P P P P P
2.6750 = <7919 - .9100 - .2937 - 17.0760 .01 2.021§ -
1.4388 = .5129 - .0134 - .0446 = 19.3304 .0t 13.9779 .01
1.7163 = 5.2707 .0§ .0020 - :3421 - 2i.1367 .01107.0469 .0t
.4464 = 1.8115 - .0029 - .1107 = 25.6828 .01 15.3629 .01
1.0230 = 1.9013 = .1643 - . 9402 = .5046 - 9.7259 .01
- .0435 .3488 = .6091 - 2.3537 - 24.0014 .01

.0559

Olivetti Programma 101 employing Yate= correction for continuity factor.

LET
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Teach at at

For and no teacher rating category reacled a
level of statistical significance at or beyond the
.05 level when comparing high-iow scores in fluency
and flexibility. The category which attained the
highest level of significance was toriginality?
wilenh reached the .10 level FPor fluency and .20 for
flexibility - teachorsz aagigning more pupils in the
toriginality? category to tlhie high than to the low

scoring teat groups.’

For U.5.A. only onv teacher rating category reached

a level of statistical significance at or beyond the
.08 level. This sccurred for the 'highest ability!
category where significantly more pupils in the high
scoring fluency graip were nominated by teachers as
being of the hishost ability. 3Similarly the trend for
originality nominations is in the same direction at

the .20 level.

For New Zealand no tauacher rating eatzgary reached
a lovel of statistiral significance. 'lowever, the
two eategories with the highest level were 'highest
abilityt (.20) aud ?originality?! (.30) favouring the

hWighor scoring fluenoy group in each case.

*See Popham (1967) pages $3-54 for descoriptive use
of p levels up to .30.
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Yeer rating categories

Peer ratings for 'originality! and *hardest working?'
significantly differentiated high and low scoring

groups in fluency and flexibility.

For England peer rating nomninations reached
significance (< .01) in the originality category

for both fluency and flexibility, thus rejecting

the null hypothesis. ?eers assigned significantly
more originality nominations to pupils who scored
high in both fluency and flexibility than to low
scoring pupils. (A similar but not so statistically
significant trend was observed for teachers). It

is perhaps surprising that high and low scorers on
fluency and flexibility should be differentiated by
peers (and to some extent by teachers) on originality
ratings. This raises the question as to how toachers
and peers interpret rating categories such as
Yoriginal®. ~reer rating nominations for 'hardest
working' in science also reached significance for
flexibility (< .01) ~ fewer observed frequencies being
found in the low scoring category than expected by

chance.

For U.S.A. peer rating nominations again reached

significance ({ .01) for both originality and hardest
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working categories favouring high scoring fluency

and flexibility groups in each case.

For New Zealand peer rating nominations for

'hardest worker' reached significance ( { .01)
favouring the higher scoring fluency and flexibility
groups. Surprisingly, however, the previous trend
in the English and American samples for peer ratings
in originality to reach significance did not occur
for Now Zealand, although the tendency was apparent

(.10) for the high scoring flexibility groups.

Individual analysis of high peer rated pupils
A more individual analysis of first and second highest

peer rated pupils for 'originality' and 'hardest
worker! in science was undertaken for each class."

The sample for which this information was available
comprises 53 pupils from 18 classrooms. Teacher
ratings and mean fluency (F1 M) and flexibility (Fx M)
scores were then determined for each pupil (Table 29).
This analysis highlighted a greater degree of
accordance between teacher and peer ratings than
might have been expected from the chi-square analysis,

although similar trends between teacher and peer

*Because of the incidence of some composite classes
a constant extraction of two pupils was not always
appropriate. Furthermore the same pupil sometimes
achieved a '"first! rating in one category and a
'first?! or 'second' rating in the other category.
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Analysis of Selected Sam

(0 = most original,
B+ = 1like teaching most,

141

e of High Peer Rated Pupils

¥ = hardest working)

A = higheat ability,

B- = like teaching least,

Country Class Script Peer Rating Teacher F1 M Fx M
0. w. Rating (T Scores)

ENG 01 4 1et 2nd 0,A s2 6
01 22 ist A 29 gé
02 35 and -
03 4 1st 0,A,Be+ ?% 6
03 58 18t 0,B+ %1 s2
03 51 2nd A %1
03 42 2nd 0,A,bB- %% _%
04 101 1st A 4
04 120 2ud A 49 43
06 68 1st 3nd 0,A 48 $7
06 86 3nd 0,B+ 57 67
07 122 1st A 46 47
07 121 2nd - 42 46
07 11§ 1st 0,A,Be §7 Q%
07 148 1st 0 20 ZF
09 141 and 1st 0,A,B+ s3 4
09 145 2nd A 53 57
09 128 1st - 49 5S4
10,11 Fartial information only

N = 7 classes comprising 131 pupils.
fresent selected sample = 13

USA 12 287 lst 1st - 38 36
12 200 2nd 0,4 $1 47
12 291 2nd 0,A 67 6§
13;;4’; rartial information only
16 354 1st A 59 47
16 350 ist 2nd 0,B- 47 57
16 363 2nd 0,B+ 48 s2
17 380 1st 1st A 04 60
17 373 2nd - %1 54
17 379 2nd 0,A s s2
18 405§ 1st 0,A %5 53
18 406 and - [ 59
18 420 1st= 0,A,B+ gﬁ
18 410 lsts A

N = { classes comprising 108 pupils.

sresent solected sample = 13
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TABLE 29 (continued)

Country Class  Seript ﬁggz_ﬁéking Teacher F1 M Fx M

0. W. Rating (T Scores)

NZ 19 442 i1st  O0,A,B+ 67 74
19 456 1st 2nd 0,A,B+ Si 54
19 446 2nd 0,A 45 44
20 494 1st 1st 0,4,B+ 54 §7
20 492 2nd A 46 44
20 475 2nd 0 40 49
21 507 2nd 0,A 64 51
2i 5i3 [:14 lst 0 55 50
21 S24 2nd A 26 YA
22 566 2nd 0,A 57 56
22 5§49 1at lat 0,A 32 29
32 572 and - 61 58
23 5§79 1st 1st 0,A,B+ -1 86
23 595 2nd A 56 38
23 5§88 2n4d 0,A,B+ Qé 1
24 638 1at 1st 0,A [3 $7
24 639 2nd 0 42 48
34 632 2nd 0,B+ 36 35
2§ 646 1st A 44 33
25 649 2nd A,B+ 47 44
2% 660 lst= - 39 40
25 669 lst=  B- 55 68

N = 7 classas compriaing 184 pupils.
Present selected sample = 22

—
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ratings on originality had been already noted.
Furthernore the gresent analysis is different in
confining attention to the two highest rated pupils

only - a much sharper focus.

Not only is there a strikirgly high degree of
flailarity between teacher and peer assessment for

these pupils but their expected frequencies for
assignment to high scoring (+1SD) groups (F1_M
and Px M) is higher than expected from chance for
the English and U.5.A. samples, but not for the

New Zealand.

The ten highest ;eser nominations for originality in
the English sample were matched by eight teacher
ratings for originality. This is a remarkably high
decree of parallelism when it is realized that these
eight out of ten matched pairs are drawn from a
teacher rating sample of 131 pupile and not the 18 of this
special sanmj;le. Much the same i3 seen between the
matching of the eleven highest peer nominations for
hardest worker in science and the ten teacher ratings
for most able in science. Apparently the dif ferent
wording (hardest worker?!, and 'most able!) counts for
little in altering the similarity of perception for
the two prouss., Again, teacher equivalence is based

on the larger pool of 131 pupils. VWwhen test scores
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(FL M, Fx M) for peer nominations in Lngland are

. . i .
censidered, five cases (FlL M) and eight cases (Fx M)z
fell above +1%D where the expected froquency in

ecach case is three (1/6 of 18).

The saven highest peer nowinations for originality in
the UobB.4a. sauple were matched by five teacheor

rating noviiavions when Lhie latter vere drawn from

a 1p00l of 100 pupils, The eight higlhest peer
nominaticne for hardest worker in science wero mztched
by fowr tewcher pominations. Bothh of these results
reyresent quite a high level of agreement. VWhen

test scores are corsidered for U.S.)0. six cases

(FL MLg and four cases (fzwﬁ)l £all above +iSD where

the exjected freoquency in each case is two (1/6 of 13).

The cleven highest peer nominations for originality

in the New Zealand samp les were natchied by nine

toacher raiting nominationa when tle latter were drawn
from a pool of 184 pupile. ihis represents a very
high degrez of equivalence. the sixteen highost peer
nowinations for hardest worker in science were wmatched
by eleven teacler nominations which again 1is high.
When tegt scores are considered for New Zealand asix

cases (2;»3)1 and four cases (Fx H)l fall above +13D

e e o P P—— —— s - - — - —

1 = Not significant
2 = Significant at the .01 level
3 = Significant between the .01 and .02 level
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where the expected frequency in each case is

between three and four (1/6 of 22).

This mection of the atudy, which has sharpened the
focus to the one or two most highly rated pupils
in each classrocom, has shown a high incidence

of agreement botween teacher and pupil nominations.
In many cases these highly rated pupils have also
scored in the +1SD group on the present tests.

This 1is not to deny that soms discrepancies exist
- e.g. dupil 435, *A* (Highest ability) teacher
rating, zero peer rating for hardest worker in
sclence, although third highest peer rating for
originality; Pupil €52, '0' (originality) teacher
rating, zero peer reting. Such discrepant cases
would certainly be interesting to study further.
More intensive analy=is might be profitable,
incorporating fewer claasrooms, closer parallel

of lantuage for rating categories, and more precise

statistical analyses (-.g. biserial correlations).
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CHAPTER FIVE

RELIABILYTY AND VALIDITY

Reliability

Two agpects >fF reliability have alrsady been
mantioned: (1) interscorer reliability (pp. 70-71)
and (11) equivalent-;arts reliability as deterwmined
from corrolations betwaen tesgts 2A/B and tests
3A-B/C<D (pw. 96-97). <Zoefficients of equivalence
or internal consietency were determinod for these
teats., Employing the Spearman-Brown prophecy
formula for the estimation of reliiahility, the

coefficients for test 2\/B were:

England .76 fluency .73 flexibility
U.5.A. 75 fluency .71 flexibility
New Zealand .74 fluency .70 flexibility

and for tests 3a-B/C-D
England .71 fluency .87 flexibility
U.8.A. .79 fluency .66 flexibility
New Zealand .76 fluency «77 flexibility
These resulta compuare favourably with those obtained
by ¥sllach and Kogan (1965) who reported coefficients

ranging fros .51 to .93 with the same method.
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The main emphasis in the present eection on
reliability, however, will bc given to test-retest
reliability (coefficients of astability), including
an analysis of the stability of extreme scorers, and
of sex differences. A related issue to retest
reliability will also be examincd. This involves
the degree of variability involved in the re-marking
of the griginal responses of the retest sample
after an identical time interval. Such a procedure

also tests the reliability of scoring procedures.

Three classroom samples comprising 74 pupils

(40 males, 34 fomiles) were drawn froa three

New Zealand schoole, one of which was ecoeducational,
one single £ax male, and one single scx female.

The tim: interval between retest eituations was

eight weeks.

Mgsans, standard deviations and t-tests between
means were calculated for eight wajor sets of
flusncy and flexibility scores rfor the test-retest
situation. Ko eignificant differences occurred

on any test variable, thus giving one indication of
a measure of stability of scores (3ee Appendix K).
Nor waa there any trend 7or an incraease in scores

which might reflect a practice effect.
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Coeffivients of stability were then calculated for

the eight test vasiabhles, and theasm appear in

Table 30.
TABLE 30
Coofficients of Stability for 74 Now Zealand Pupils
on_Eight Test Variables with a Retest Interval of
Bight Weeks
Test Variable Coefficient of Stability

Fl11 .68

Fx 1 067

Pl 2¥ .57

x 2M .62

F1 3M .63

Fx 3M .46

PL M .72

Fx M .63

These ure moderately high coefficients and typical

of those reported in the literature. Yamamoto (1962)
employing a test-retaest interval of ten weeks
reported coefficients of stability of .79 for fluency
and .64 for flexibility on Torrance Tests. As would
be expected, the mean of all fluwencies (FL M) and

the mean of all flexibilities (Fx M) yield the
highest reliability coefficients. Fluency tends

to be slightly more reliable than flexibility, and
Teat 1 slightly more reliable than the other tests.
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An analveia of extrons acores (:158) indicated

some Intaresting :hifte toward greater stahility,

Thesi» romlts can be smseen 1n Table 3t.

TABLE 3i

Coefficients of Stability for Extreme Scorers
(New Zealand, N = 28 for *iSD) on Eight Test

Variables with a Retest interval of Eight VWeeks.

Teat_Variabie Coefficient of Stability
Fl1 .01
Fx 1 .84
Fl 2M .59
Px 2M .67
Fl1 3M .80
Fx JM .82
F1_M .38
Px ¥ .88

Test | again appecared the most reliable single
measure, with lees difference betwean fluency and
flexibility in terms of reliability than was the
case with the teotal reliabllity saeple. The above
results are encouraging and suggest high retest

rellability for extrene scorers.

Sex differentiation in retest reliability showed no
significant (ifferences. Means, standard deviations
and t-tests between amans were calculated for bhoth
ths original teat and the retest situations. 1In

neither case was there sufficient evidonce to
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suggest significant sex differences. In the

original test situation only one sdgnificant
difference (.05 level) was observed over the

eight teat variables, while again only one at

the .05 level was observed in the retest situation.
(See Appendix L). Coefficients of stability for

each sex separately did not differ siguificantly

from each other nor from the total reliability sample.

A related issue concerning the amount of variance
resulting from the re-marking process itself was
also examined. In order to assess this the
responses of the total reliability sample (N = 109,
including those sick or absent on retest) were
re-sarked after the game eight week time interval.
Coefficients of correlation between scores from
original and re-mark occasions on all test variables
were consistently high (.95 to .99) indicating a
high degree of reliability in the scoring procedures.
Thus it would seea that most of the variance
unaccounted for on retest can be attributed to

variation of trait behaviour.

In general thess results reflect moderately high
levels of reliability for mecasures of flusncy and

flexibility of thinking, with higher stability for
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extrems scorers. Since the results are also obtained
from fairly closely related measures (fluency and
flexibility) and within a fairly restricted range

of ability, they can be considered satisfactory.
Replication over a wider range of ability(as is
customary in the sampling for coefficients reported
in many test manuals) would be likely to yield

hizher coefficients than those reported above.

Validity

In terms of psychological measurement, validity is
usually considered by way of the question: Does the
test measure what it purports to measure? On this
count tests of so-called creativity and so-called
intelligence can be readily criticised. Since both
creativity and intelligence represent complex
ooncepts, the issue of validity is involved and the
responsibility of establishing validity somewhat
onerous. If, for example, giving as many different
uses of a brick is claimed to be a measure of
creativity, or repeating five digits backwards a
measure of intelligence, then there is a responsibility

on the part of the test designer to substantiate the

claim.



The concept of divergent thinking, lreing less
inclusive than creativity, reflects a narrower
universe of mcaning on which validity is required
to be established. Extra clalms associated with
creativity need not be met, The re<uonsibility of
establishing validity atil1 remains, however,
particularly 1f several dimensional scores are
combined intc a single score and labelled

tdivergent thinking?.

The position in the present study represents an even
narrovaer universe, viz, fluency and flexibility of
thinking. There is no claim that the tests are
measuring creative or divergent thinking, or that
conclusions derived from scores are generalisable

out side the present instrusents and samples. There-
fore, in terms of validity it is not necessary for

the meamures of fluency and flexibility to meet any
total criterion-complex associated with creativity or
divergent thinking. One of the dangers of tests
related to creativity has been the assigning of titles
that encoepass a much wider universe of meaning (and
hence claim) than warranted. Sometimes investigators
have begun constructing a test confined to a particular
area, but once the study has developed, have been
tempted to change the descriptive title to a more
encompaseing one. A study which represents a good

example of the 'name-changing game' (McNemar, 1964)
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and which dieg lays a sense of anticlimax in tesua

of validlty, 1s that of “allack and Kogan (196%).
ifter designing tests zcored for fluency and uniqueness
of associatos the zuthors lmmedlately refer tn them
as 'ereativity lescrusents'., The situdy is described
as a Muethodologically rigorous investigation of

that little undorstood, varicusly lefined
poychiological sbility called creativity® (and claimad
on the :dust cover to be concerned with an "empirical
ralidation® of a diatinciion betwzen intelligence

and areativity), vet the authors make no mention

of tha validity of thair 'iastrumenta of creativity!?
sither ia the text or in the index. If such
inveatigators scors for fluency and uniquoness of
responss and theon call their results 'measures of
creativity' the responsibility of sstablishing
validity is a heavy one. +ullach and wing (1969)
have taken pains to discuss tho issue in their

later commentary.

Some investigators have queationed measures of
creativity and divergent thinking when derived from
tixmed or from 'test-liket situations (Ginsburg and
whittemore, 1963; Nicholls, 1971), but the
posltion esems to be very open, with counter

claime reported by Guilford, 1959, 1963, Kogan

and Morgan, 1969, and more recently by Vernon, 1971.
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However, no claim is being made for scores on the
present. tests to be measures of creativity, although
they are two dimensions that are commonly regarded

as part of divergent thinking.

In the light of the above comments the concept of
validity and its relationship to the present series
of tests requiree careful consideration. In terms
of what it purports to measure, "fluency’ of response
has rational seaning as the result of the total
number of words or ideas produced within a specific
time limit. The term 'fluency' has been
traditionally associated with such a characteristic
of verbal behaviour in psychology throughout this
century. In the light of what it purports to
measure 'flexibility' has rational meaning in terms
of change (or non-change) in the associative flow
of words or ideas. Categories form the basis of
scoring taxonouies for determining such change.

As mentioned earlier (p.57) the taxonoaies in the
present study represent reasoned groupings of words
and concepts based on responses from the sample.
The taxonocaies have also been examined by university
staff in soience. High coefficients of interscorer
reliability indicate that the taxonomies can be
interpreted consistently among different scorers,

a finding which further supports evidence concerning
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validity. Nevertheless, flexibility of thinking

remains a more complex measure than fluency.

It is unnecessary, in terms of validity, to prove
that a test measures a particular trait or behaviour
and nothing else. It is doubtful if any psychological
test can achieve this. Thus, to say that the ability
to repeatl digits backwarde measures intelligence and
nothing clse, or memory and nothing c¢lse, or that

the present testa measure fluency or flexibility

and nothing else, ia not mandatory. However, it is
reasonable to expect that testa, including the
present ones, represent a relatively high proportion
of the measure claimed of them. The independence

of fluency uand flexibility from intelligence
indicates separation from this domain. The
permanency of the fluency/flexibility relationship
after the use of partial r is also confirmatory of

their msore fundamental nature.

The area of validity posas serious problems for
psychometricians. Discussion of the topic customarily
centras on face validity, content validity, construct
validity, conourrent validity and predictive validity.
Fage validity is coacerned with the plausibility of
the test (oftan derived from the test title), and
motivational concomitaats aszsociated with rapport. In

this respect the gresent tests reflect a parallelisa
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between task demands (i.e. to give as many different
respyonses as possible) and nature of scoring (i.e.
word or idea count, frequency; and category change,
flexibility). Rapport was readily established

through the tests.

Content validity is usually referred to as the

watcli between test objectives and instructional
objectives. As such it has little relevance to

the present tests. If content validity, however,
can be interpreted more broadly in terms of the
sample of a specific universe of behaviour, the
current tests may be judged to have a measure of
adequacy. This can be claimed on the basis of three
tests which, including subtests, yield seven sets of
primary scores for each dimension of fluency and
flexibility. Of course wider sampling, up to a
point, would imcrease validity, but the balance

of test length, width of objectives, reliability

and validity re=mains continuously delicate.

Construet validity is generally referred to as the
extent to which a test illustrates sosething about

a meaningful characteristic of the individual.
Evidence of a test!s specific conatruct validity
is usually derived from (i) its correlation with

other accepted measures of the same constructj
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and (il) ita correlation with other characteristics
of the individual! ¢.fg. at.titudaes and intersasta.
Fluoncy and flexibility of thinking have generally
been established as meaningful aspects of divergant
thinking by such investigators as Guilford (1964)
and Hudeun (i966, 1068), and to a lesscr extent

&9 neaningful aepects of creativity by Torrance
(1966) and Gatzels and Jackson (1962)., Since there
still remains some doubit as to the nature of thia
‘neaningfulnesat, the extent of its construct
validity remains somewhat open - as of course is

the case with any other construct.

Taken by themselves, however, fluency and flexibility
of thinking are evidenced as meaningful
characteristics of an individual's behaviour in
many specific contexts by way of oral and written
language and performance generally. In terms of
the spacific construct validity of the present
teats no account can be given for (i) above,
since the investigator is unaware of other tests
eaploying science stimuli in the open-ended idiom
against which a correlation coefficient could be
determined. Such another test would also be

required to command conaiderable respect in the
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literature.’

3oma evidence of the apecific construct validity

of the tests in turms of (ii) above can nevaerthcless
be seen from high/low scorers on fluency and
Plexibllity of thinking and other cognitive and affec-
tive variables. Differentiation in terms of high
soorers exhibiting some superiority in measuroed
intelligeace and somes attraction toward certain
attitudinal factors associated with high riak,
non-conformity, disrespect for authurity and other
factora, lend support forr a thuvory of meaningful
relationships between the ocognitive and affective
domains as well as relating to other research in

the wider fileld of scilentific ereativity (pp.179-180)

Factorial validity can bo looked upon as another
agpect of construct validity. In the present

study factor analysis of both cognitive and
attitudinal variables helped to throw further light

The procedure of correlating tests against "respected'
or 'time-honowred?! tests -~ in the way that some
intelliygence tests are correlated against the Stanford
Biret - is of doubtful value if there is fundamental
disagreement over thes conceyta underlying the time-
horonmired test. In this respect the concept of
validity is more truthfully seen as somewhat

circnlar and relative, degpite assumptions of
linearity, outhoritarianism and absoiutiem in the
writings of many research workers and text book
authora. Furthermore, so-calied coerficients of
validity often mask basic reasoning about the concept
iteelf.
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on the naturce of intercarrelutions of ths tosts

and factorsz coucon to them (pi.103-107 MThe pervasziveness
of basiec Pactwr conclusicas across culiures haz been
reported by Dacey, Madaua and Allen {(1969) as

support for construct validity. Such pervasiveness

was substantially indicated in present results (p.
Howevar, factorial validity tends £o hHe inward

looking, and py itself, inzufficient (MoNanar, 1964}

Yernon, 1984).

Concurrent validity is gonorally referred to as the

test's abllity to distinguish betwsen two or more
cgroups of individuals whose status at the time of
testing is different. In the present circumstances,
for example, high/low scorers on fluency and
flexibility should be seon to perforsm Jdiffareatly
dccording to tho thinking styles reawarded in olass-
room scionce attainment tastas, and to be perceived
by teacshers and paersa aa having outstanding
charaotsristica in behaviours related to fluency and
flexibility. However, ti®m absence of a reliable

and valid msasure of divergonae/convergence bias
within the repertoire of teacher-wnade classroon
testa meant that no preciso comparison with high/low

scorers oan tle present tasts oould be made.
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Jouse ovidence of teacher and peer observation of
characteristics associated with high and iow scorers
on fluency and floxibility of tainking was nevertheless
datorained. In toras of taacher ratings only wildly
suppartive evidenve was obtained. Thls indicated
that teazhers teniiad to amsociata high acorers on
Fluanay and Pluxibility with tardginality' category,
Wi %o a 3lightly legser extent with the Yhighest
ability ia scienca' category. But the level of
significance was more often between .10 and .30

than between .01 and .05. In terms of peer ratings,
hgwever, the differaitiation butween high and low
scarars was more glgnificant (often beyond the .0t
level). again, high scorers were associatel with
the 'originality' and "hardest workesy' category.
Those canclusions were more characteristic of the
English and U.S.\. samples than of tle New Zealand
sample. It is most likely that the desire to reward,
and the abllity to perceive thinking atyles
associated with fluency and flexibility, are very

uneven amongst teachers within the overall sample.

Predictive validity is generally associated with

forecusting the future status of individuals on the
hasis of test scores or some othor moasure. One of
the difficulties in estabiishing predictive validity

i8 the establishnient of a suituble and reliable
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criterion, or criteria, against which to correlate

the dependent variable. Predictive validity again
illustrates the somewhat circular and arbitrary

nature of the concept of validity. Nevertheless,

over time, predictive validity should be attempted.
Such an investigation is contemplated for the

present teats and is referred to under *Purther Research!,
(p. 221)., Bvidence of the long-term predictive
capahilities of dimensionz of divergent thinking
comes from such studies as Cropley and Pield (1969),
Pield and Poole (1970), and Hamilton (1970). In

the study by Cropley and PField, scores on divergent
thinking tests predicted terminal grades at university

more successfully than either entering grades or I.Q.

In conclusion, the reliability and validity of the
present tests while not coamparable with some more-
counventional measures of educational attainment, are
nevertheless in line with msasures of cognitive style
and attitude. Bearing in mind the somewhat restricted
range of ability from which the reliability
coefficients have been determined, quite satisfactory
levels have been achieved. When current criteria

for evaluating the validity of tests have been
congidered, satisfactory evidence for the measures

has been indicated. In the light of the above results
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and comaentg, it may be judged that the reliability
and validity of the instruments and procedures
used are as satisfactory as might be achieved in
this area at the present exploratory stage, and
compare more than favourably with most other

work in the field.
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CHAPTER SIX

DISCUSSION

This section elaborates in 4 morce general way some

of tnu specific detaiis u. resulvs Jdiscussed in

chapter four, and relaves them to cuntemperary research.
The diacussion is organized under tlhw headingss

(i) Cognition, (B) Persunality, and (C) Educational

implications.

A.__ COGNITIOK

Three tests of open-ended thinking in science were
designed for the yresent study emphasizing [luency

and flexibility of thinking. Following Guilfordt's
(1904) fluency factor terms,Test I (Science Vocabulary)
stresses 'ward fluency!, Test 2 (Definition of
Secientitic Concepts) ‘expressional fluency', and

Il'est 3 (Uses of Chemiical Substances and ?hysical

Objects) *ideational fluoncy'.’

*word fluency: the proaiction of many word aasociates
premised on a specific letter, word, or
concept .,

Expressional fluency: the production of many short
phrases or sentences associated with
a specific word or concept.

Ideational fluency: the production of many words or
phrases associated with classss of
objects or uses of objects.
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Increasing importance is being attached to fluency
as a component of divergent thinking in contemporary
research. Renzulli (1970) claims that "fluency as
measured by a simple frequency count of relevant
responses may well be the single most important
contributor to the variance of creativity" (p.4),
and continues, "wallach (in press) has pointed out
that when the effects of intelligence are partialled
out of measures in the divergent thinking domain,

a 'cognitive disposition remains that seems most
adequately characterized as ideational fluency' ....
Assessment tasks that might tap this factor would
appear to be a highly valuable 1line of research

endeavour" (p.S5).

Related to fluency in each of the tests in the present
study is an analysis of flexibility of thinking.
Flexibility is premised on category change in the
associational flow of ideas, and is closely related

to breaking a mental set (Jackson and Messick, 1967).

In terms of Guilford's (1964) classification spontaneous
flexibility - a restructuring process in problem _
solving, was emphasized in the tests. More recently
flexibility of thinking has been stressed as an important
'modality of divergent thinking'! and as a valuable

predictor of certain personality traits (Carlier, 1970).
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In selecting pupils of high ability in science to
respond in the open-ended idiom to stimuli in the
science domain, the present study differed from
others which have presented more general stimuli

to pupils whose interests and abilities range

more widely across the arts and sciences. Evidence
(Cramer, 1968) suggests that increased fluency and
flexibility of response occur as the stimulus material
approaches the aphere of the mibject's interests

and abilitieas. Thus it would seem that individuals
have different levels of fluency and flexibility

and that what is being reported in the current study
is a specific cognitive level toward the upper and
of the productive continuum. However, differe:nces
in the appeal of stimulus test-material, and in
individual differences to produce associates,

reduce scores from any general hypothetical 'hight'.
These same influences contribute toward a range of
scores in the dimensions of thinking under study.
Indeed the range of scores in fluency and flexibility
is one of the most striking characteristics of
responses in the study. Consider for exaaple

the following range of raw scores in fluency

(Test 1)
England 11-50 (mean 27.8)
UOS.AO 9'58 (“.n 2706)

New Zealand 19-62 (mean 36.0)



166
and in flexibility (Test 1):

England 1-28 (mean 13.4)
U-s.l\. 2-28 (Q.n 1307)
New Zealand 1-31 (mean 15.5)

This wide range of individual differences is all the
more graphic when contrasted with the rather narrow
range of scores on traditionally-styled classrooa
and standardized achievement tests for such highly

streamed pupilu.’

The present study also differs to some extent from
others (Getzels and Jackson, 1962; Wwallach and Kogan,
1965) in examining fluency and flexibility as
separate dimensions of thinking and not as later
relabel led combined gingle scores representing
divergent or creative thinking. It seems unwarranted
to combine different measures into a single score
before first examining the relationship between the
specific components. Nor has the present study
employed any combined single score measure against
which a comparison with intelligence is made

(cf Anderson, 1968; Bradfield, 1969; Getzels and
Jackson, 1962).

*Some teachers remarked that there was little point
in giving these pupils science tests (including the
present ones) since pupils in their class were so
consistently bright that "there was nothing between
them". The results, in teras of fluency and
flexibility, seem to suggest that in fact there is
a great deal between them.
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wallach and Kogan (1965) paused momentarily to

examine fluency and uniqueness of associates as
separate dimensions of thinking, but then proceeded

to describe their sascores in a unified way, and to

refer to their tests as the "Ten Creativity Instruments"
(Table 7, p.46) claiming that the scores represent

a "unified, pervasive dimension of cognitive activity,
which is properly characterizable as creativity® (p.25).
wallach and wing (1969) further confound the issue

by saying that the two indices of fluency and
uniqueness were "atrongly related ..... regardless

of task context ...." (p.15). This seems to represent

a surprising misinterpretation of wallach and Kogan's
actual results which indicated intercorrelations
varying from .07 to .74. Such a range surely
represents a considerable degree of 'task context!?!.
Moreover, several intercorrelations were quite low,

as can be seen from the following:

.07, .08, .20, .22, .24 (Table 7, p.46). Again these
represent anything but strong correlations. It is

not surprising that wallach and wing (1969) then

state, "....we find ourselves facing an interpretational
problem when we seek a psychological account of what
may underly individual differences in these
characteristics" (p.15).

Several correlational outcomes between fluency and
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flexibility might be predicted from such studies
(including the present investigation): Individuals
who score high on fluency (or on flexibility)on

one test might also be expected to score high on
other tests - this could certainly be so in the
present study since all tests are centred on the
same specific subject area, science. Such an
interpretation postulates a relatively high
correlation on the cognitive style traits of fluency
and flexibility across tests but makes no prediction

between the traits within tests.

Another outcome could be predicted whereby individuals
who score high (or low) on one test in fluency might
also be expected to score high (or 1low) in
flexibility. This interpretation postulates a
relatively high correlation between fluency and
flexibility within tests but makes no prediction

about traits across tests.

Finally a third position could be predicted in that
individuals who exhibit fairly stable degrees of

cognitive style across tests might also to a degree
be sensitive to task context, the relative emphasis

either way depending on many variables.

With correlations of .6, .7 and .8 between
fluency and flexibility within tests and of .3,

.4 and .5 for fluency and for flexibility
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across tests in the present study, the third position
above seems to hold, with the weight of emphasis
favouring a task-specific theory, but moderated by
soms stability of cognitive style across tests.
wWithin this pattern, fluency was seen to correlate

a little higher than flexibility across tests. Sooce
weight can be given to these results since they

were consistent across the three samples by country

(England N = 182; U.S.A. N = 140; New Zealand N = 184).

While the pattern of relationship was consistent
across the three samples by country, differences

in cognitive behaviours were nevertheless apparent

in the present sample. With the emphasis on

divergent and creative thinking in American literature
it might have been thought that pupils in the

American sample (who were also involved in progressive
science teaching programmes) would have been

superior to the English and New Zealand samples on
fluency and flexibility of thinking. It is perhaps
surprising therefore that both the English and

New Zealand samples obtained generally higher scores

in these two dimensions of thinking.’

*New Zealand scored significantly higher than U.8.A.
in six out of seven sets of scores on fluency, and
four out of seven on flexibility; England scored
significantly higher than U.S.A. in four out of
seven on fluenoy and in two out of seven on
flexibility.
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It seems unlikely that these differences can be
attributable to differences of intelligence, for,
despite the English sample's superiority in this
respech, correlations between intelligence and fluency
and flexibility overall were low. Furthermore,
the influenc: of intelligence on fluency and
flexibility wae examined by way of a firat order
partial r, holding intelligence (AHS) constant,
with no significant changes in the fluency or
flexibility relationship being observed.' Nor can
sex differoncee in the tiree samples by country
explain the difference in scores on fluency and
flexibility, since t-tests (U.S.A. and New Zealand)
yielded no significant differences between girls
and boys in this respect. It is possible, however,
that the greater use of multiple-choice tests which
often require a simple check-type response has had
the effect of reducing attainment in fluency and

flexibility of thinking in the American sample.

Cutting across these results are some striking
individual differences not only in level of scores
but also in cognitive and response styles. Some
individuals for example, displayed highly stable

patterns of response style across all tests while

’Similar results were obtained by Yamamoto (1967),
and wallach (in press) in Renzulli (1970).
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othere (contributing to the task-specific nature
of results) were somewhat erratic. In some ways
the detailed analysis of tlese individuzls mey be
more interesting than the general results but they

are not detailed in the present investigation,

Fluency, Flexibility and Inteliigence
The results of the study generally indicate a fairly

substantial degree of independence between the
cognitive style traits of fluency and flexibility
and measured intelligonce. Zero to low positive
correlations vere obtained between (a) intelligence
and (b) Fluency, and flexibility - with elightly
hiigher coefficients of correlation being indicated
for fluency. C(ross-cultural differences were also
swall, suggosting a fairly pervasive trend. Thus
ithe correlations botwecen intelligence and the mean
of ail fluencins (F1 ) for each sample were as
follows:

England .30; U.S.A. .24; and New Zealand .01.
The correlations between intelligence and the mean
of ail flexibilities (Fx M)} were:

England .16; U.5.A. .22; and Ncw Zealand .01.
Similar findings have been recarded by wWallach and
Kogan (1965) and wWallach and wing (1969) who report
low coefficlents of correlation between (a) intelligence

and (b) fluency, and uniquencss of asasociates
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(e.g. .09, ~.04, .14, .11 etc.). Wwallach and Wing
(1969) conclude that "Ideational fluency and
fluency-dependsnt forms of uniqueness of ideas seem
to define individual-difference characteristics

that have relatively littls to do with intelligence®™
(p.18)., Oth:r studles have reported similar
correlations between intelligence and combined
acores representing creative thinking (Dacey and

Ripple, 1969; Dewing, 1970).

The charge is sometimes made of such studies that they
have been carried out within a very narrow range

of intelligence and when replicated on wider saamples
correlations as nigh as .54 between !'intelligence!
and 'creativity! have been obtained (Yamamoto, 1964).
While this may be so, the charge has less woight

than may appear at first sight. In the first place
restriction of range is always a matter of degree.
Secondly, investigators are often not interested

in ‘people in general!, nor in generalising their
findings bayond the Loundaries of their sample.

And in the third place restriction of range is often
more apparent than real. In this last respect, for
example, Cropley (1968) was surprieed by the wide
range of intelligence scores (AL/AQ) from within
what soms critics might have charged was a selected

sample (124 first yesar male university studentas,
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wustralia). YHe concluded, "small corrclations
betweon orcativity and intelligoncs tests cannot

be dismisassd a3 an artifact of raednced variaxe

in the intelligence variahlas®™ (».193). A

similarly wida range of intelligence scores (AHS)
wore ohtained from the selected sample of the present
study. In theae cirzumstances the need for
correction for attenuation may be lese necessary.
Nevertheless noa interpratation bevond the described
sanple 19 HYeins made in tha prasent investigation,
and thie lasie of rostriction of range 13 accepted

318 a warnlng against overstating the cise of
independonse of intelligence and Jdimensions of
divergaant thinkilng. Certainly no simple relationship
hetiwean 1ntelligence and high and low scorers in
Pluoncy and 2lexibility of thiaking waa seen to

exist in tlw Hresant stady. Whon high, low and a
middle contmol group of scorer=s in fluency and
€lexibility warae comparad for significant diffsrences
o acaTiros of intellipgence it was found that high
gcorinr flusnay rrroups (and to a lesser but still
simnificant avtent, hth scoring flexibility groups)
in Bngland and U.S.A. wora superior on measured
intalligance. Similar rasults were reported by
nallaway (196%). The deurea of indepsndence between
naraztivity and intslligzance raported by Getszels

and Jackson and otliers have also not beon supported
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by othar researcn workers (Rittmayor, 1968).
Several factor analysis studies winich have reworked
waliach and Xogants {1945) resultsg have alsc
painted a less drawatic piclure of iadipendence
betweon thalr 'creativity?! scorea and intelligonce
acorss. Taus Pee (1963) while supporting the
relative indepgendeune of the two cagaitive modes
added "thie lndependence ia clearly not as complete
as wallach and Kogan maintain. 'Creativity! is
¢l2arly not uanidimeasional ani there i3 a hint that
it may luya relatisnihiiys with Pastors »f ability
noi 2xg1131t1ly taken int o coasideration by Wallach
aad Kogan 3anl not specifizally reurese2ated in their
gat of taste™ (,.321). 3imilarly Croploy and
Maslany (1969) raporced thiat a factor analysis of
fallach and Kogant's study indicated the existence
of "large loadings of creativity taests on the
intollectual Pactor and of intoelligence tests on
the ercativity factor™ (.393), concluding that
TThe toa3zts measdse 4 3table and internally consistent
intellzctive uods, albait ono wilch is substantially

related to general intalligoence" {p.393).

Pagtor nalysis, Cognitive Variables

Suploylog a controid analysis with sauples by country

thres tostesgeceifle factors Hased on a composite
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fluency-flexibility component were disclosed in

the present study. The same pattern occurred across
the three cultures with the common priority of

Test 3 (Uses of Chemical Substances and Physical
Objects), as Factor I, accounting for the highest
percentage of variance. The other two test fluency-
flexibility factors were based on Test 1 (Scientific
Vocabulary), and Test 2 (Definition of Scientific
Concepts). Wwhether this suggests that the tests

can also be considered at a higher level, dividing
into a practical ecience (Uses of Chemical Substances
and rPhysical Objects) versus a verbal science factor
(Scientific Vocabulary, Definition of Scientific
Concepts), is interesting to consider. Be this

as it may, the factor analysis does refocus attention
on the nature and demands of each task within the
science domain., Apparently each test demands somewhat
different abilities despite the overriding request

to think fluently and flexibly. It is even likely
that a different interest component relevant to the
stisulus material of each test underlies the ability
differential. Thus both cognitive and attitudinal
aspects appear to be interacting to contribute to
the task-specific nature of the results.

FPinally, no factor that could be interpreted as a

general intelligence or a general fluency or flexibility



176

factor cutting across all tests appeared to result
from the analysis. These results also seem to
suggest some caution in referring to fluency or
flexibility (or divergent or creative thinking)

aa a general trait existing outside a particular
field of endeavour, or even as a unified trait

within a discipline like science.

Until recently few studies in divergenrt and creative
thinking have emphasized its task-specific nature.
The beginnings of this research-trend saw a contrast
in performance between apecific fields as represented
by the arts and sciences. More contemporary research,
however, is highlighting task specificity within

the one field of endeavour (Field and Cropley, 1969;
Getszels and Csikszentmikalyi, 19663 Dewing, 19703
and Lovell, 1906d). But apparently the observation

is not commonly regardecd in science, since Stenhouse
(1971) recently commented that “few investigators
appear to have recognised that 'creativity? is a
fundamentally heterogeneous category even within the

field of science® (p.171).

Other factor analyasis studies wlilch have relevance
for tho present investigation include those by

Shouksmith (1970) whose k, factor (creative associating)

3
contained major loadings in two ideational fluency

measures, and Sultan (1962) whoge Pactors II and IIX
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contained loadings on both ideational fluency and
spontaneous flexibility. As with the present

study, no general factor nor broad verbal factor
was reported by Sultan, his explanation being that
Grammar school pupils are highly selected for verbal

intelligence and attainment.

Employing a wide range of test variables with

New Zealand pupils, Reid (1970) first employed

an unrotated principal axes solution which disclosed
ten factors. Factor I was interpreted as a general
ability factor and Factor II a bipolar factor
contrasting intelligence and creativity variables.
However, he added that since the correlation between
the two factors reached .313 any claim that the two
dimensions are coapletely independent must be treated
with caution (see also Cropley, 1968, p.200).

Reid then applied an orthogonal rotation to the
Varimax criterion which "revealed very clearly the
pattern which had begun to emerge in the earlier
solution. Each factor was defined by a particular
test or test battery” (p.298). As within the present
study, it was noted that "the finding was presaged to
a degree by the strong within-test and weak across-
test interrelationships revealed in the correliational

analyses® (ibid. p.300).
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Since few studies have employed factor analysis
.with divergent thinking variables in a cross-
cultural setting it is difficult to find coaparisons
for the present study in this respect. However

one factorial study with American and Irigh Grammar
School pupils (Dacey, Madaus and Allen, 1969)
indicated similar factorial etructures differentiating
divergent thinking and intelligence across age

and culture. They concluded that "while the
magnitude of the scores might be unifornly

affected within a culture by euch variables the
trait itself is not affected, hence the factor

structures remain constant® (p.265).

B, PERSONALITY

The attitude scale designed for the present study
incorporated six scales which were initially seen

as being closely interrelated, and somewhat tentative
- being partially dependent on planned subsequent
factor analysis. 3eparate factor analyses for ths
three samples by country yielded four factors -~

a gomewhat more paraimonious solution than the six
empirical scales. However, there was a fairly
substantial agreement betweoen the two approaches in
moat cases. The factor analysis was nevertheless

seen as contributing toward the validity of the



original instrument and of value in a later analysis

of high and low scoring groups on cognitive variables.

Some cultural differences in pupil self-perception
were raflectod in the factor solutions, although some
marked similarities occurred between countries on

item loadings for one factor, Respect-Obodience.’

Although three nf the four attitude factors”
differentiated between high and low scorers on fluency
and flexibhility in seven cases, differentiation was
neither dramatic, generally, nor substantial, cross-

culturally. The most marked differentiation

e

*The four factors for each country were as follows!
England: Pactor I, Respect-Obedience, mainly loaded
with items from the original Respect for Authority
scale; PFactor II, Self Control, mainly loaded with
iteas from the original High Conformity, High Self
Concept and PFreedom of Emotional Expression scales;
Factor III, Self Concept; and Factor 1V, Risk-Taking,
mainly loaded with items from the original High Risk
scale.

U.S.A.t Pactor I, Respect-Obedience; Factor II, Risk-
ng3 Factor III, Self Control; and FPactor 1V,

Serious Mindedness.

New Zealand: Factor I, Risk-Taking; Factor II,

Conformity; Pactor III, Sel? Control; and

Factor IV, Respect-Obedience.

**Pactor I (England and U.S.A.) Respect-Obedience;
Factor IXI (U.S.A.) Risk-Taking, (N.Z.) Conforamity;
Pactor III (England) Solf Concept, (U.S.A.) Self Control.
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occurred with the U.S.A. sample where three out

of four factors indicated differences significant

at the .01 level. For England, two of the factors
indicated differences (both for flexibility) at the
.01 and .05 level. PFor New Zealand, only one factor-
difference in flexibility (.05) was significant.
Nevertheless, all seven differences (as well as
several others at the .08 level) were esupportive of
ma jor research trends covering relationships between
cognitive and attitudinal variables. Thus high
scoring fluency and flexibility groups were gensrally
more approving of such traits as running risks,

doing new things, doing dangerous experiments, teasing
people, making jokes, investigating the unusual,
taking the lead, arguing with people and day dreaming;
but less approving of being obedient, accepting
expert advice, working hard, getting everything
correct, having self-control, mixing well socially,
doing one's duty, and not hurting other people's
feelings. Although no factor-label or specific

item used the teras 'independence'! or 'self confidence’,
obviously the above cluster of differentiating iteas
suggests that high scoring pupils in flusncy and
flexibility may indeed be characterised by greater

independence and self confidence than low scoring

groups.
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If any general reason can be given for the present
pattern of attitude trends between high and low
scoring fluency and flexibility groups it may be
that increased fluency of associates ~ referred to
as 'cognitive energy' by wallach and wing (1969) -
together with a aimilar measure of flexibility
evidenced by enjoyment in ranging over many different
ideas, excites these individuals to adventure more,
and by so doing experiment, run risks, and at times
question established authority. However, in this
complicated network of connections, cause-effect

relationships remain complex and mostly unknown.

Flexibility proved to be more significant than
fluency in differentiating these personality traits
(cf the cognitive domain where fluency showed
slightly better discriminatory power). But the
actual amount of directional change on the attitude
scale, although significantly differentiating high
and low scores on fluency and flexibility, was small.
The difference certainly does not reflect a bipolar

change from strongly approve to strongly disapprove.

A multiple-choice type personal preference questionnaire,
with some items based on attitudinal and behavioural
preferences said to differentiate creative scientists

from non-creative ones, gave disappointing results.
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Items such as the following did not differentiate
significantly between high and low scorers on fluency
and flexibility:
1. If an experiment failed would you rather

(a) Find out why it failed?[ |
or (b) Start a different one? 1

2. If more time were given to science at school
would you like to
a) Read about science? [ |
b) Try out new ideas of your own? |_|
or (¢) work with the teacher on experiments? | |

3. Do you think pupils should be encouraged to I
(a) Reach a good even standard of work? | |
or (b) Follow their special interests? [ |
Only the following three items significantly
differentiated high and low scoring groups on fluency

and flexibility:

(a) work out theories? [ |

1. Do you prefer to
or (bz Observe results? T |

(The high scoring fluency scorers (Bngland)
favoured (a)).

(a) One or two friends? | |

2. Do you prefer to have
or (b? Many friends? | |

(The high scoring flexibility scorers (England)
favoured (.)).

3. In building socmething from plans do you prefer to
(a) Make up your own plans? | |
or (b) vork from ready-made plans? | |

(The high scoring flexibility scorers (New Zealand)
favoured (a)).

While these particular differences and their direction
may not be surprising, they are too few to indicate
anything worthwhile. It is quite possible that while

some characteristics reflected in similar items to
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those employed in this preference questionmnaire

have differentiated adult creative scientists froa
non-creative ones, the same characteristics have
either not yet crystallised out as differentiating
factors amongst young secondary school pupils or

have not been discernible on the narrower measurement

basis of fluency and flexibility of thinking.

Several other studies have relevance for the present
investigation. with a similar sample of pupils by
country (104 Japanese first year high school students)
Iwata (1968) reported that high scorers on ideational
fluency were more confident, more deminant and more
independent than low scorers. Employing flexibility
as the major cognitive variable Carlier (1970)
reported several significant differences hetween high
and low scorers on Cattell's 16 PF with a group of
undergraduates. High scorers on flexibility were
positively related with C, 1, E and Ql faotors, but
negatively witi G. Taking the G factor first, Carlier's
results indicated that high scorers on flexibility
oan be characterized as refusing to be bound by rules,
being casual and lacking in effort for group
undertakings. Low scarers can be characterized as
having a strong sense of duty, perseverence and
responsibility, and as being conscientious and

moralistic -~ preferring hard working people to witty
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companions. Other factor descriptions for high
flexibility scorers are: Factor C, emotionally
stable, realistic about life, unruffled, possessing
ego strength; Factor H, bold, independent, ready
to try new things, spontaneous and abundant in
emotional response, careless of detail; Factor Ql'
interested in intellectual matters, enquiring
regarding ideas, doubtful on fundamental issues,
and more inclined to experiment than moralise.

Some striking similarities exist between Carlier's
findings with high scoring flexibility groups on
certain factor-scores of Cattell's 16 PP, and
results between high and low scoring flexibility

groups on factor attitude scales in the present study.

Other studies, although employing single combined
scores derived from divergent or creative thinking
teats, also relate in some details to the present
investigation. Highly creative adolescemnts were
described as displaying above average self-confidence
(for boys only) in a study by Kurtsman (1967), and

as being independent, non-conforming and seeking out
change in their environment by Cashdan and welsh (1966).

Another investigation (Taft and Gilchrist, 1970) which
studied the relationship between high scorers on

creative attitudes and creative productivity found



the group to be impulsive, imaginative, and

risk-taking.

Other research on attitudes closely related to
findings of the present investigation is that of
Hudson (1966, 1968). Hudson has reported a
tendency for convergers to adopt authoritarian
attitudes. In the present investigation similar
outcomes were evident for pupils who scored below
one standard deviation from the mean in flexibility
(and was paralleled to some extent with fluency).
In other words they appeared to behave as convergers.
On the other hand similar attitudinal traits to
Hudson's divergers were seen for the present sample
of gcience pupils who scored above one standard
deviation from the mean in flexibility (and to some

extent with fluency).

Hudson (1968) also investigated two other traits

that are relevant. The first was concerned with

the question of 'yielding' to authority. In reporting
tendenciea for convergers to yield to authority

Hudaon suggested that "low mental fluency may well

be linked to a more general susceptibility to

pressure from authority: that the individual with

a taste for the 'one right answer', hoth in answering
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mental tests and in his lifets work is particularly
susceptible to information about what his elders
and betters think correct® (pp. 9-10). In so far
as high scorers in fluency and Plexibility can bLe
aligned with divergers and low scorers with
convergers, suapport for this relationshiy between
authoritarianlam and coavergent thinking comes

from the present study where Factor I, Reapect-
Obedience (with items loaded mainly from the original
authoritarian sgale) significantly differentiated
high and low scorers on flexibility (England) and

fluency (U.S.A.).

However the question of 'ylelding' and 'suggestibility!?
asgsociated with authoritarianise in Hudson's research
was not studied in the present investigation. And,

in fact, resultsa with divergent and croatire

studente {n this connection seem to vary. Fer

examsle in one study with ten-year-old pupils, those
who were higchly cresative were also more open to
suggenstion (McHenry and Shouksaith, 1970). The authoras,
however, noted the influence cof age as an important
variable in explaining apparemtly contrary conclusions
from some other studies. "So the creative child,®

they comment (p.159), "urobably becomes amauch less
suggestible by his mid teenam™. The developmental stage

of an idea, as well as age, may be an
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important variable whereby creative individuals,

as compared with non~-creative, may be more
perceptually open (in a way equivalent to suggestible)
at the bezinning stages of an idea, and more 'closed!
(in a way equivalent to resisting suggesstions froam
aathority) at the concluding stages. This may be
partly at tne basia of differences in such studies

as Hudeon's (1963) and McHenry and Shouksaith's
(1970), altihough wajor differsnces exist in terma

of age of aample, dafinition of tarms and tast

iustrusenta employed.

Hudson's second study which has rslevance for the
present lnveastigation was concerned with
tconsclentiousnasss?. He reported that girls who
wel'e convergers rather than divargers tended to he
aore conscientious, divergers more rebellicus and
intellectually independent. However, Hudaon suggested
that wider sampling was necessary before the result
could be considered in any way conclusive. Several
items froa factosrs in the present study can be
aligned with conacientiocusneea e.g. "shawing respect
for teachers'!, 'doing hoasework thoroughly!, 'doing
one's duty', 'being neat and tidy', 'working hard?,
*taking thinge seriously?!, teticking to the truth?

in Pactor I, Raspsct-Obedience, (England), as well



18%

as similar 1tems for Factor I (U.3.A.), and
tacecepting exgert advice'!, 'doing onetls duty?,

tbeing ohediantt, and tgetting everything correct!?

in Factor ITI, Self-Control (U.S.A.). In each of
these cases Jow uscoring groups in fluaeney and
flexibllity d4id tend to ayprove more of the above
traits. lowever, the very scale (Factor IV,

Serious Mindednoss (U.5.A.)) which, by title at
least, appears tou come alosest to a conacieatiousness
trait, did not significantly differentiate sxtreme

scorers. The positien therefore still secems open.

0f tuwo studies more spacifically related to the
science domain, one (F»arce, 19638) examinsd a zromp
of male high school satudents whs showed promise in
sciontific rescearch. Amongst characteriastics which
differentiated then from fellow acience students were
high levels of =elf sufficiency and introversion.
Theae findings rolate to ane of the few items on

the P'eraonal Preference Questionnaire in the present
investigation which did significantly differentiate

high and low scoring scien~e ;muils on fluency and
flﬂxibility, i.e.

Do you prefer to have (a) one or two friends? | |
or (b) many friends?| |

Similar conclusions have been reported by
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MacKimon (1§65, 19586, 1938a) and Roe (1953) with
resespesh scleatists, and by vwalberg and Wwelch (1967)
with innovative phvaies teiachera who sere seen to

have low aeeds for 'grou, affiliation?.

agsoclative responaea and personality relationships
related to introversion,/-itraversion have beaen
described by Cramor (1933) in terms cof the way the
individual i{ateracts withh 'verbal?! society. Craaer
holds that the assoclative behaviour of extraverted
individualas 1s characterized by high response
sonmonality {low flexlibility) thus raflecting social
narms, whercas the zssociative responses of
1atrsver<ced individuals ara characterlized by more
sersoaal and idiosyncratlc patterns (high flexibility).
Craaer reoports that the oreative individual not only
of fera mora raszponaes bhut also more idiogynaratic
responsos (300 also Medniok, 1992; and Wallach and

Kogan, 196§).

33:2 reaults in the broader field of social henaviour
nevertheleas appoar contradictory and difficult to
resolve in the light of the abovo findings. In part
this raflecta the complexity of variahles within the
sacial centext, and in part aroblsus of definition.

Thus while sevaral studioes (Barron, 1969; Cramer, 19683
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MacKinnon, 1962, 1966a) have suggested closer alignment
between creative thinkesrs aud introvex'eion’ , others
have indicated that creative thinkers display more
social skills and fewer withdrawing tondencies
(Motlagh, 1965), and greater social participation

and interest in helping others (windholz, 1968).

One irait, complex in itwmelf but considered only

in a reiatively simple way in tho present study,
remains to be discussed. This is riek-taking. The
tendency for high scoresrs in flexibility to approve
were or taking risks than low scorurs was evident

in the preseit study. Siuilarly Pankove and Kogan
(1968) reported "a significant relationship between

an amssociational fluency factor (one type of divergent
thinking) and personality inventory ucusures of

risk-taking (nced for adventurs) ..." (;p.421).

Relatlonshl,.s between divergunt thinking and risk-
taking in terms of conservatism, accuracy or carefulness
of responses on cognitive variables, and other aspects
have been studied by several resear:h workers {(Cropley,
1969; Hudson, 1966; Kogan and wallacl., 1964), and
sugpest similar conclusions to those cited above.

*of ifudeon (1968) who reported no asignifieant relation-
shipas on the introversion scals of the Maudsley
Personality Inventory for convergers and divergers.
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Co  EDUCATIONAL IMPLICATIONS

Tiese will be considered under two sections,
(i) educational implications of the present study,
and (i1i) wider educational implicatione and related

research.

(1) Educational Implicatien _the Present Study
within tha fairly narrow range of high science
ability in the studv, and within an area where
conventional class tests usually result in a
relativaly narrow range of scoresa, fluency and
flexibility of thinking highlighted a wide range of
individual differences. However it is necessary

to consider the value of such information. To many
sclience teachers, the present aet of acores on
fluency and flexibility - being based on relatively
unfamiliar criteria and lacking correlation with
I.Q'a and mire convergent-type powver scores in
science, may appear to represent inconsequential,
or discrepant results. But herein is to be found

part of their value.

In the first place they differentiate pupils (already
tightly clustered on more conventional tests) in
terms of idea generation,so that high scorers are
characterised by being highly productive and flexible.
Such thinking is of value in scanning widely before
arriving at a single solution, and in highlighting
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teossibalitics? before Yactualities!. These traits
arn of considerable value to the research scientist.'
CGutstaniing pupils on present test recults therefore
represent. a4 perticulrr type of sclence atudent
(quite possibly aiypical) who holds some promnise in
furtherinyg the devolopment of sclentific thinking.
In the second place scores on these dimensions of
divergoent thinking have been shown to be of vuaiue

in predicting higher stuges of acadomic perforasnce
(Cropley and Field, 1909). .although no lung-tema
Aredictive evideucu has been compiled froun the
present iuvestigation, other studies which will be
detailed later (Cropley and Field, 1969; Fiaeld and
toole, 197v) lave siiown such dimecnuions of thinking
Lo e more valuable han eiither I.9. or bepinning
grades as predictars of final succezs at university

Por entaring sclence students,

It i3 unkaovn whether scores in the uyresent study

have guch predictive power for final grades in scionce
av hdgiv schoal. And ualike groups »f university
aciznca students vwho are fairly comaitted to the
discipline, the presont sample continues Lo receive

a fairly geveral education {or some yoars. aAcadeaxic

Lias towards scicace may be 1n its formative stanoes,

*Kuhn, 1962; MacKinnon, 1962; Mackworth, 1968;
Roe, 1983, 1953a.
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but it is by no means set. Cognitive bias,
interpreted here in teras of high/low scores on
fluency and flexibility of thinking, is nevertheless
clearly evident, whereby high scorers in fluency
and flexibility can be aligned with divergent
thinkers and low scorers with convergent thinkers.
It appears that the present samsple is at a critical
period of developmsnt where style of teaching in
science may influence further bias, avay froa or
toward the subject. What begins as cognitive bias
within science can easily grow to academic bias

toward or awvay froa it.

It is interesting to consider whether those with
divergent or convergent thinking tendencies will
excel at secondary school science or whother divergers
will gradually need to change to convergers (or play
a convergent role) if they are to prospesr. It may

be that the top scholars in both arts and science

are indeed thoroughly flexible in the sense that they
know when to be concise and convergent, and when teo
be flexible and divergent. They may have the ability
to kaep one or the other mode in check for relatively
long periods, and to gauge how different teachers
rewvard each mode. On the ot her hand eome socorers
who reflect divergent thinking tendencies in science

may not wish to be so adaptive and consequently come
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to enjoy secondary school science less and less,
even opting for more arts subjects in the upper

forms.

The above discussion brings into focus differences
in trends of approval and disapproval by pupils
concerning certain attitudes and personality traits
which differentiated high and low scorers on fluenoy
and flexibility of thinking. On the whole, high
scoring groups as a result of tending to approve
rather more of running risks, questioning authority
and rather lesa of being obedient, being accurate
and mixing well socially, are likely to engender

a certain degree of antagonisam froam some teachers.
Differences of a personality kind between pupils and
teachers however should not be allowed unduly to
prejudice judgments of academic perforamance involving

either objective or relsasted affective criteria.

It would nevertheless be false to give the impression
from the previous discussion that high scorers on
fluenocy and flexibility in the present study stood in
complete isolation when judged by other attainment
criteria more well-known to teachers,or that they were
perceivad as inveterate trouble makers. 8Such was

not the case. Teacher ratings on pupil originality
and ability in science showed some alignsent with
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high and low scorers on fluency and flexibility
(favouring high scorers) although the level of
significance was generally between .05 and .30.

Peer ratings on originality in science, however,

were more significant (.01) in differentiating

high and low scoring groups in fluency and flexibility
(see also Yamamoto, 1964). Teacher ratings which
coupled both high originality and high ability

(often with the addition of 'enjoy teaching most?,
i.e. 0, A, B+ categories po. 141-2) comprise a fairly
coamon grouping. This tendency for originality

and ability to be perceived together was also

noted by Lovell (1968). Purthermore the above

teaclter groupings were often supported by peer
groupings of either 'most original' or thardest
worker?! in science (sse also Dewing, 1970). 1In
general th2n a moderately supportive network of
connections appeared to exist between high scorers

on fluency and flexibility of thinking on the one
hand, and teacher and pupil perception of those with
most ability and originality in science on the other.
There was no trend for high scorers in fluency and
flexibility or for those rated as most original by
teachers or peers to be assigned to the ‘enjoy
teachin;; least' (B-) category. This finding conflicts
with those of other studies (Getzels and Jackson, 1962)
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which have reported a tendency for highly creative
pupils to be troublesome, and to be disliked by
teachers. Perhaps the narrower dimensions of
fluency and flexibility did not reveal the strength
of irritation apjarently felt by teachers of pupils

considered Yhighly creative! in some other studies.

The extent to which particular classrocas in each
sample by countsry contributed high or low scorers

in fluency and flexibility of thinking carries with
it some educational implications. PFour out of nine
classrocas and three out of five schools yielded
significant differences in this respect within the
English sample. In some cases a particular classroom
contributed significantly more high scorers than
expected by chance, in others significantly fewer.
One classroom out of seven in the U.S.A. and none

in the Kew Zealand sample reached significance at

the .0l or .05 level, However, several cases at the
.10 to .20 level for both U.S.A. and New Zealand
indicate trends of significance in the distribution of
high and low scorers by classrooa and school in the

sample as a uholo.’

*In fact many of these are significant at the .05 level
or beyond if the conventional foramula for chi-square is
eaployed rather than the preesent one with Yates'
correction for continuity factor.
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One reason for cross-cultural differences in this
respect may be the greater local autonomy of schools
in the English sample (Public and Gramsar Schools),
and contrasting approdches taken toward teaching
science. Thus scme secondary echool science
departments reflected an anti-, others a pro-
Nuffield Foundation Science teaching philosophy.
Such tendencies were not apparent in the U.8.A.

or New Zealand samplea to such # degree, although

no doubt wider sampling would reveal similar

tendencies.

Intelligence level, attainment in science, and to
some extent syllabus coverage and socio-economic
background are fairly common factors within samples
by country, so that othsr factors such as teachin:
style (including type of queationing ssquence),
type of thinking rewarded in class discuasion and
examinations, and specific syllabus content areas
that may or may not have matched test content areas,
are likely to have accounted for some of the above
classrooca differences. The typs of classrooa
management was also found to be significant in one
study (Turner and Denny, 1969) which reported "As
scores in teacher organization increase, changes in

pupil ideational fluency ....decrease" (p.269).
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No significant sex differences were found between
high and low scorers in fluency and flexibility of
thinking in the present study. This may be partly
explained by the selective educational procedures
which have occurred over a period of time resulting
in equally high standards of science attainment for
girls as for boys in the esasple. The smaller number
of girls in the classes also attests o this
explanation. But if it still could be claimed

that the boys were of superior academic ability of
a convergent problem-solving kind in science, there
is evidence from sowe studies that girle are
superior to boys in fluency and flexibility of
thinking thus compensating for a degree of less

in science attainment (Abney, 1970; Gallagher and
Jenne, 1967; HcCutcheon, 1970; Motlagh, 168).
Purthermore, nearly all the girls in the present
sample were members of cosducational classus
receiving the same quality teaching as the boyasa.

It could be argued that differences might occaur
between boys and girls drawn from single sex schools

on open-ended tests employing science etimuli.

Other investigations, as well as the present study,
have indicated no significant sex differences in

dimensions of divergent thinking (Carlier, 1970;
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Cashdan and wWelsh, 1966; Dacey and Ripple, 1969;
Dewing, 1970; Tibbetts, 1668). Others have
indicated superiority for boys on originality
(Coone, 1969) and on fleoxibility and category

width (Field and Cropley, 1970). The complexity

of these findings secems to indicate the influence

of such variables as agse, type of test, and
selectivity of sample on sex. It also suggests that
cultural rather than biological differences may be
at the basis of differences that occur with

increasing age and specialisation.

The final implication which will be considered in
this section derives from the finding that fluency
and flexibility tend to be fairly substantially
related within tasks. There are two points to

note here. The first is that pupils who were

highly fluent in the present study were also amongst
the most flexible. The second is that although
there was evidence of a uéasuro of astable cognitive
style across tests, it was overshadowed by a
teniency for traits to be task-specific. It would
saem then that teachars should be cautious of being
influenced by hal: effects which may detemmine
expectancies towarda stable styles and set levels of

paerformance rather than being sensitive to variation
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of performance within a subjoct arca such as

sclence, according to the nuture of the task.

(1i1) wider EBducaticnal licationg and Relate ar
It has been claimed by Crutchfield (1969) that,

"of all cognitive skills the typical echool does

least with the nurturing of idea generation.
Depressingly little attention is given to the
sticulation of ideas in most schoolwork at most

levels. This i3 partly because of the deadening
influence of the cocnventional curriculum and

teaching methods with their heavy stress upon the
fauthority'! of eatablished knowledge™ (pp.61-42).
Crutchfield also holds that it reflects an

uneasineas on the part of teachers to cope with

the production of many different ideas, and of a

belief that "'ideational fluency' is a desply rooted
individual trait and not at all susceptible to
traiaing™ (p.62). Many educationimsts, however,

claim that the school gan encourage the development

of ¢fluency and flexibility of thinking, and indeed

has a responsibility to do mo (e.g. Williams, 1967).

It haa also been suggaestsed that the school offer

more autonomy in pupil thinking, and more variety and
personal choice of curriculum (Cohen, 1968; Crutchfield,
1969; Lovell, 1968; MacKinnon, 1966; Suchman, 1964).
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Questioning which focuses studeunts'! attention on
hypotheses and predictions and which offers open-
ended interpretation instead of prematurely
insisting on the 'on¢ right answer! or the answer
the teacher 'wants'!, is seen to encourage the
developmant of divergent thinking (faba, 1963;

Taba, Levine and EBlzey, (1964) in Predrick and
Klausmeier, 1970). Tcichers can often contribute more
by skilful questioning ssquences which assist

such thinking processes as clas2ifying, inferring
and hypothasizing, than in serving ready-wmade
knowledge. But unfortunately, says Karplus (1964),
"Teachers raroly ask a question because they are
really curious to know what the pupils think or
belicve or have obsarved. The pupils of course,
quickly adapt to this situation. After a few years,
answering questions is for them more a mind-reading
propoaition than a matter of reasoning about the

substance of a scientific problem" (p.10).

Several studies have been concerned with the quality
of questioning by science teachers and pupils. In
one (washton, 1967) a taxonomy of five basic types
of questions for classification purposes and for
asseisting in the growth of creative thinking was

devised. In anotlier (Solomon, 1969), an observational
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instrument incorporating a taxonomy of cognitive
behaviours of science teachers which was aimed at
stimulating productivity of ideas in terms of
fluency, flexibility and mental imagery was
developed. In the development of such thinking
not only teachers but also pupils should be
encouraged to ask questions; not only research
workers but also pupils should be encouraged to

become problem-finders and not simply problem-

solvers (Mackworth, 1965).

Nevertheless, pupils who are problem-finders,

and who are questioning, flexible and original,

run many risks in any educational system that
emphasizes passivity and conformity in learning.

Such pupils, remarks Cropley (1969), have a
"disconcerting knack of producing highly unusual
responses and completely unexpected solutions..

000C The teacher may find himself badly disconcerted
and even deflated by an apparently irrelevant

answer, at some vital point in a lesson" (p.75).
Cropley continues, "Many teachers take the easy way
out and treat all divergent behaviour as a threat and
a nuisance, imposing severe sanctions against it" (p.79).
Another unfortunate consequence for such pupils

is the close parallelism between teaching style,



educational objectives and type of examination
assessument. At no point does there appear to

be much reward for open-ended tainking; 1instead,
convergence to a sln:le correct solution is too
often accentad as the dominant, if not only mode,
In this respect “Wallach and Kogan ( 1965) highlighted
the contrast between research auch as their own
which studied and rewarded the production of many
varied and unique associates, and the conformity
and aucthoritarianism of many school examinations
(p.332). wallach and wing (1969) go so far as to
suggest ideational fluency as a useful measure

in tiwe"delineation of talent".

A nmmmher of teaching programmes and other experiments
have been concerned with developing fluency and
flexihility of thinking and nurturing creativity.

The influence of teaching methoda on ideational
fluency, flexibility, originality, wself evaluation,
and achievement in elewentary science was examined

by McCormacl: (1970) who reported that the experimental
grounp was found superior to the control group in

gains in fluency, flexibility, originality and
affective understanding of course objectives, but

that no significant differences occurred in achievement
in science nor in cognitive understanding of course

objectives.
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In a asclence teaching programre whish omlhazlzaed
divergeat thialing ,rocesses rather than specifie
content, some slgnifizant differenczes In clagzifying
with flusucy and flexibility as the oriteria
cocurred, although few significent galns in creative
thinking were reported (KRansom, 1969)., In ancther
teaching project concerned with styles of
categorization in aclence it waa ghown that
slgnifisant gains in intultive mode and in
flexibility of classification occurred for pu,ils

taught Ly the inquiry process (Scott, 1968).

Audio and video tape recordings were used by
Trowbridge (1969) to asaegs the axtent to which
divergant thinking categories ware employed by
teachers and the extant to which theas increased
as the result of a training project. Teachar
bahavicurs assaciated with divergent thinking
categzoaries rosgse from an initial eleven per cent
tao a concluding 25 per cent of total thinking
category membarsghip during a ten month period.
This rise was significant hevond the .08 level

over aatched control groups.

Experiments employing association techniquas as an
aid tc creative problem solving (Gall and Mendelsohn,
1967; Miller et al., 1970), and originality (Khatena,
1970), have not been so unequivocal. Similarly,



answers to questions concerning the degree of
structuring and non-structuring of knowledge in

creative problem solving remain open (Smoke, 1970).

It i3 noteworthy that nearly all these studies
emphasized thinking processes rather than mastery
of content. Thus Pield and Cropley (1970) stressed
the need for examining a variety of thought
processes in the study of science which included
fluency, flexibility, originality and category
width. They deprecated an over-emphasis on content
while thinking processes were often left to fend

for themselveas.

Many of the studies cited above also stressed the
complexity of the variables and a degree of task
specificity, despite a hope for generality and
transfer (Craver, 1969). They also emphasised,
often by contrast with some teachers' expectations,
that such creative productivity is achieved through
a direct consideration and understanding of thinking
processes which require a sense of effort and
discipline in the teaching-learning situation.
Creativity certainly does not appear to be tall
sweetness and light' nor does permissiveness seem
to be the dominant teaching climate reflected in the
research. "Thus far froam adopting an easy, non-

pressured learning eystem®™, remarks Shouksmith (1970),
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"the school which wants to produce creative thinkers
should ensure that each child develops to the full
his knowledge and powers of associating items of
knowledge." (p.215).

Another falrly cosmon finding from these studies was
the contribution of fluency, flexibility and
originality toward cognitive styles "which an
individual employs rather persistently in a variety

of different cognitive tasks" (Taba, Levine, Elsey
(1964) in Predrick and Klauemeier, 1970), and

which are rather stable across time (witkin and Oltman,
1967).

The academic bias of pupils towards arts or science
reported by Hudson (1966, 1968) appears to become
quite warked in wmany cases by the time pupils enter
university. Progressively through university the
recsults become more complex. In the first place it

is claimed that a great deal depends on the particular
univeraity and its degree structure. Thus Hartley

and Beasley (1969), found no significant differences
in bias between 'A' levol science students and 'A!
level arts students at Keele. However, the impact

of the case was reduced by the small sample sise

(N = 22 for science) and vague criteria. Christie (1969)
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also examining the position at Keele, reported a
less striking 4difference in bias than Hudgon, but
reported that his conclusion did not contradict
Hudson's basic findinga. Secondly, it seems that
complexity is evident in the progreseive developaent
through the degree structure with accompanying
differential emphases in teaching style and type

of thinking rewarded. For example, Pield and

Poole (1970) reported that despite the contrast

in intellectual sntyle between students entering

the acience and arts facultiea, by the end of the
first year it was convergers in both faculties

who excelled in examinations, but that by the end

of the second year divorgers were catching up in
science as well as in arts, suggesting a reversal

of bias within the science faculty for top scholars.
Field and Poole concluded that although the majority
of science specialistas entering univeraity are
convergers it is mainly the divergers among thea
who finally achieve the better results. Similarly
Cropley and Pield (1969) reported that "In a
longitudinal stndy covering the four years required
for an undergraduate honors course in science, it
was shown that men graduating with honors came
almost exclusively from among those who had been
rated highly divergent in their style of thinking on
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entry to the university four years previously” (p.134).

Neither grades nor 1.0. predicted this so well.

It is interesting to consider when and how such
aspects of cognitive style develop. Wwood (1970)
attributed it partly to the mother's feeling of
ontimism toward the infant, which in turn assiated
attituides of self-confidence and adventuresomeness.
Similarly Povey (1970) stressed the importance of
early parent-child relationships in the formation
of a child's early cognitive bias - long before
specialist curriculum cuurses appear. Povey's
study reported:
*"firm evidence that differences of cognitive
bias exist between future arts students and
scientists before thay have received any
specialist education. There is some indication
that such differences increase with age and
further academic specialization. These
findings lend support to the view advanced
by Hudeon (1966, 1968) that arte/science
differences amongst schoolboys are related
to mare general persocnality differences

which are fairly clearly defined before a
choice of specialism is mede.” (p.55)

Mackay and Cameron (1968) also pointed out that

younger pupils who *have 1little 'natural! bias to
convergence or divesrgence, having elected a particular
ocourse of study are influenced by the modes of thinking
demonstrated by their tutors.® Ihese again usually
reflect the dominant styles of thinking of the
Department (Arts/Science). Support for this thesis
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also comes from a study by Lytton and Cotton
(1969) who found '"Departmental climate' an appropriate
criterion for studying and differentiating divergent/

convergent thinking.

The studies outlined in this discussion illustrate
the constant interaction of forces representing
immense possibilities for change on the one hand
with those of increasing crystallisation and

specialisation on the other.
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CHAPTBR SEVEN

CONCLUSION: SOME LIMITATIONS AND,
SUGGESTIONS FOR FURTHER RESEARCH

By comparison with the complex network of connections
surrounding this general area of study, and the

broad educational implications derived froa it,

the setting and scope of the present investigation
may appear somswhat restrictive. In addition,
efforts to avoid the overgeneralisations which

have bedevilled studies of creative thinking, may
have resulted in approaches and conclusions that

are, at times, highly specific.

As a result of keeping the study closely centred

on two related dimensions of thinking, and on
seeking a match between the abilities and interests
of the sample and the nature of the tasks, both

advantages and disadvantages have been seen to accrue.
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The main advantages appear to have been:

(1) some harmony between the presentation of
science stimuli for open-ended thinking and the
subject's interest and ability;

(11) a wide range of individual differences on
measures of fluency and flexibility for pupils
otherwise closely grouped in teras of attainament
in science; and,

(i11) a detailed analysis of the characteristics
of the two modes of thinking including their

relationship with intelligence and certain attitudes.

Disadvantages may appear to have resulted from:

(1) Lkeeping the study rather sharply focussed;

(11) analysing fluency and flexibility in statistical
terms; and

(111) establishing only limited connections between
fluency/flexibility and the wider universe of

teacher and classroom variables.

The statistical treatment of results in the present
research design leaves on one side the analysis of

the material in terms of the richness of individual
responses, highlighting humour, aggression, and

degree of abstraction. Purthermore, it is appreciated
that pupils with similar statistical counts on fluency

or flexibility sometimes differ widely in terms of
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other qualitative variables. Quantity of response
should therefore not be confused with quality of
response in the present investigation, although
some studies have shown thea to be positively
correlated (Skager, Schults, and Klein, 196§).

The relaticonship between the production of a
gingle solution and many solutions to a problem

in teras of their rated quality has also been

considered (Johnson, Parrott, and Stratton, 1964).

The lack of soms acceptable grade or score in
science attainment that might have acted as a
bench-amark against which fluency and flexibility
and other scores could have been corrvlated might
appear as a limitation. However, no suitable
cross-cultural test in science was available at

the commencenent of the investigation, although the
I.B.A. Stwiies wmay make this more feasible in the
future. If different standardized tests were
selected for each country, difficulties would
continue to exist. And if end of year grades in
science were employed, difficulties over selescting
the specific field in science (e.g. chemistry,
physics, biology) on which the grade was to be based

would remain.



213

Conclusions which related associations of high/low
fluency and flexibility groups to intelligence

and to attitudinal factors were of limited
dimensions, and findings which indicated that
performance tended to be task-specific suggest
caution in interpreting the results of individuals.
The coamplexity and brittleness of some responses
become highlighted if individual rather than group
results are oxamined. Individuals are often
poised between balancing tensions, and are sensitive
to mood, test stimuli, and asocial context. It
would be interesting to examine the responses of
some outstanding individualis in more detail and to

relate them to aome general findings of the study.

The centroid factor analyses of cognitive and
attitudinal variables were mainly of confirmatory
value, and of some assistance in terms of construct
validity. A principal components analysis which
included all variables (cognitive and attitudinal)
in one matrix might have a different range of

relationships.

The reliability and validity of the open-ended tests
and the attitude scaie point up limitations in their
use with any particular individual, although they
are satisfactory for small group and total esample
analysis. Issues relating to reliability and
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validity, together with difficulties in establishing
satisfactory interscorer reliability levels however,
would seea to indicate that the test instruments
could not be used by classroom teachers and should

be limited to research purposes only.

Finally, in contrast to some studies on creativity
where so-called creative thinking abilities are
lauded and other thinking abilities devalued, it
is necessary to be cautious about assigning
predetermined values to high or low scorers on
fluency and flexibility of thinking. It would be
false to attribute only positive connotations to
high scorers on fluency or flexibility of thinking
and contrasting negative connotations to low
scorers. The relative value of high or low scores
on fluency and flexibility depends on many other
variables and purposes. There are times when it
may be consid:red appropriate to be non-fluent

and non-flexible.

while the task requirements of the present study
have sought maximal rather than minimal attainment
levels along continua of response-fluency and
flexibility, many other studies have sought quite
the opposite. In fact the majority of studies

in science attainment and thinking have probably
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sought a single correct response. Neither emphasis
can claim any exclusively privileged position.
Even in the wider area of creativity, Shoukeaemith
(1970) points out that a balance is required:
"The search for creativity wiil probably be most
fruitful among individuals with 4 high level of
general ability, a high degree of associative
fluency and among those who also possess certain
cognitive stylesa, not all of which dare flexible
and open. The associative fluency must involve
'meaningful! associations and not merely facility
with words" (p.2i4). and Bray (1967) also warns
that the associational flow of ideas may merely
be one precoudition awmong wmany factors that

detersiners creativity.

FURTHER RBSEARCH

Ferhaps the foremost general research need is for

a more detailed analysis of specific variables
related to fluency and flexibility of thinking.

The nature and relative interplay of these variables
could be examined through control and experimental
groups with sample size equivalent to three or four
classrooms. Q-technique and analysis of covariance

could be supportive ways of examining the data. In
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particular the following lines of endeavour seem

worthwhile:

(i) Yariation to the form of prosentation of, and
response to stimuli including comgarisons of oral

and written methods. Experiments empyloying tho

current tesis with tape recardings of resgonses
kave already in:licated eume interesting differenees
from the present method of presenting and recording

stimuli.

(ii) Vardatioen in the presentation of stimuli along
continua of seo-calied game-like and test-like
gonditions. (Kogar and Morgan, 1909; Xicholls, 1971;

Veruon, i9%7i). Variation in task demand from 2 low
key uneutral pozition to a high key test situation

will affect subjacts in diffarent ways so that the
perforanance of some individuals may increase while
others decrease, under the sama conditions. Somse
genaral concluei ons froa contemporary research in

this area are couflicting, partly because of different
definition and use of ths terms 'game-like' and
‘test-1like', and partly because of different tosts

and sample composition. Purther experimentation

with the style of presenting stimulus material,

a.g. completsly programzed in written fora or

orally by a self-chosen classmate, or orally by an
outside adminstrator simulating certain moods (Hudson,
1968), could aleo produce some interesting findings in
terms of response fluency, flexibility and originality.
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(iii) variation in test instructions_and their
influence on fluency and flexibility of response.

Experimentation with the following tlhree sets

cf instructions could proves interesting:

(a) 'Give as many responses as possible to ....!

(b) ‘'Give as many different reaponses as possible to..'!
(c) 'Give as muny different responses as poasible to..!
(iv) Variation_in the nature of the stimulus <o

that it moves toward, or away from, topics of personal

interest in the scignce domain. It could be
hypothesized that response fluency and flexibkility

will increase as tle stimulus moves toward strength
of interest and ability.

(v) Variataion in time limits for responding,
including upper endg of time limits for any one

administration. Repeated administrations over
several weeks could aiso be considered with

corregponding increase in reliability of acores.

(vi) Variatioa ip population sample including a
wider range of interest and ability level. Such

groups cauld afford the basis of comparisons for

the correlational behaviour of specific variables.
(vi1) Variation_in_scoring taxonomies. Different
taxonoales may yileld useful comparative information
and ultimately lead to more reliable and valid
scores.

(viii)The inclusion of a performance test, or at

least a mula formance test, in ence.
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Progress has already been made in this direction
as part of the present atudy. Three tests: one
in phyasics, one in chemistry and the other in
biology have been designed. (See also Kinsbourne,
1968, who suggested designing "open-ended
performance tests to elicit from scientists, less
accustomed to random generation of words and

sentences, a chain of non-verbal free associations"

(p.462)).
(1x) More detailed anal o sonality traits
iat with ow rer fl cy and

flexibility. Such a study could move beyond self-
report attitudinal traits to a more detailed
examination of such dimensions as self-control

and inhibition. From brief experimental use of
the present tests in a personal interview

situation the degree to which some subjects exercise
tight control and censorship over their responses
is striking. Such control appears to result in
long pauses between responses and, of course, in

a lowered fluency score. Such inhibition also
seems to be related to a concern (almost obsession)
for 'accuracy'! of response - which has little rele-
vance for open-ended situations - and to a loss of
face and sense of embarrassaent over suggesting a

'wrong' or 'inappropriate! response. The fear of
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'making a mistake! seems to be so deep in some
subjects that they remain fearful, even when it

is virtually impossible to make a mistake. In

this respect an index of carefulness or cognitive
error derived from intelligence tests scores or

ot her related scores, could be revealing correlate

of fluency and flexibility of thinking. Humour

and aggression are two other dimensions (not unrelated)
that seem worthwhile studying in further depth.

(x) DMore detailed examination of certain teacher
variables. The delineation of soae aspects of

teaching style including a taxonomy of questioning
categories and sequences (Solomon, 1969; Wwashton,
1967), would seeama to hold some relevance for
studying pupil fluency and flexibility of response.
It may be possible to employ audio and video tape
recordings for the sstablishment of such taxonomies
and then construct two or three contrasting
taxonomies which could fora the basis for studying
the growth of fluency and flexibility of pupil
response. Audio and video tape recordings might
also give some insight into the behaviours and cues
that teachers employ in forming judgwents about,

or assigning rating c:tegories to, pupils who exhibit
originality and other aspects of thinking. It would
be necessary to obtain pre-test and post-test scores

on many variables in such experiments.
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(x1) valuation teacher

s derived from f and flexibilit
of thinking. This is a most challenging area and
fraught with many difficulties. However, teacher
ratings on one or two categories, e.g. degree of
abstraction of pupil response or level of concepts,
could prove an interesting area of correlation with

scores on fluency and flexibility.

Apart from the above suggestions which are
premised on the general idea of a more detailed
analysis of the interplay of specific variables,
the other msajor rescarch esphasis is concerned
with a developmental or longitudinal approagh.
In this respect the following lines of endeavour
seem profitable:

(1) An_investigation of fluency and flexibility of
thinki in the ver of -

children. A preliminary study employing some of
wallach and Kogants (1965) test stimuli with three
and four year olds has been undertaken by the
investigator. A striking range of responses and
behaviour suggest that this is a most profitable

and formative stage for the study of conditions that
encourage or inhibit the growth of fluency and
flexibility of thinking. The language development
of the mother (and siblings) is likely to be a
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significant factor. But so too, are patterns
of discipline in the home - balance of praise
over punishment, encouragement over restraint,

and independence over dopendonco.*

(11) Longitudinal studies which_ follow pupils
through several years of teaching. While it

would be difficult to assign precise reasons

for any changes in scores that might occur,
evidence from outcomes of research suggested

above might at least assist in throwing some

light on the issuesa. Over and above this, an
analysis of the extent of the changes (or stability
of measures) would be war thwhile in itself.

(111) PFipall n_t f itudina

redictive validi a st of the

high an n_the present i ation,
The students in the present sample will now be

17, 18 and 19 years of age. Ths intention is to
follow up the New Zealand group in terams of:

(1) the final grades and subjects at secondary
achool}

(11) the relationship between original scores on
the open-ended thinking tests and current re-test
scores, and/or between original scores and soores
derived from some other parallel series of questions;
(114) the university subjects taken and proposed -

particularly whether there is any relationship

*In this connection some relevant questions for a
parent interview questionnaire have been devised
by the investigator.
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betwaen extreme scorers on fluency aud flexibility
and the type of course anrolled for, whether, for
oxample, the highly fluent and flexible scorers in
science show any indication of moving toward the
blologlical and ewcial sclences; and

(iv) the relationahly between scores and academic
attainment - bearing in mind the tendency for

regression to the mean.

In conclusion, the investigation has, aa antici;ated,
thrown up more probisus for research than were
originally formulated. The network of connections
betwoen variables ia intricate. But it is precisely

becuatise of this that further reasearch is enticing.
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APPENDIX A

Taxonomies for Scoring the Remaining Respon for
Test 2, 'TIME'; Test 3, VACIDY, foxvﬁku%, '%ACNﬁT'
JWHEELY

Test 2. Guide Lines for Scoring Responses to 'TIMB!

1A Measurement methods
e.g. oclock

watch
sundial
candle clock
time amachine

1B Measurement units

e.g. day
week
month
year
decade
purely a aade-up measurement
light year

1C  International time
e.g. different times in different countries

international date line
Greenwich

1D Astronomical ti
e.g. time in space

earth orbits

2A Derivation_ of word
e.g. Greek - Chronos
oontains four letters
tempus

3A Set times as sayings
e.g. spring time

wartiie

daytise

3B FProverbs and sayings
e.g. time waits for no =san
time is money
in no time
up with the times
time and tide
time flies

3C Specific hours
e.g. 12 noon lunch time
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APPENDIX A contd

4A Proper names

e.g. '"Time Magazine"'
*Time Tunnel'
'Time Square!

SA Travel and direction
e.g. travelling in time

can't go back or forwards in time

5B Ass ated with ra
e.g. race against timse

6A pPersonification
e.g. 01ld Father Time
old man and scythe

7A runctuality

e.g. on time
timetables

8A School timetable
e.g. 40 minute period

interval in 10 minutes

9A Agﬁ
e.g. life time
age span
old in time
9B History

e.§. gives us history lessons
flistory - dates to learn
Christ born year 0
AD. BC.

Ice age

9C Point in time

e.£. p..t,
future
late
early

10A Psychological

e.g. loneliness
lost
time drags
very iaportant to 1life
it almost controls ocur lives
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APYENDIX A contd

.

11A Metaphysical

e.g. intangible
invisgible
relative
infinite
never ends
abstract

12A Dimensgional

e .g..—fourth dimension
fifth dimension

Test 3. Guide Lines for Scoring Responses to

vACID!
TOXYGEN!

‘EAGNET'
WHEEL?

1. Ch al anges_an roce
e.g. neutralizing alkalines, bases

neutralising a base to form a salt
+ water

for making salts

combines with baaes for cheamical
reactions

liberates chlorine from bleaching
pownder

2  Industrial chemistry

3 Torture, violence, death
e.g. burning skin

acid thrown in face of policeman
disposing of bodies
getting rid of an enemy

4 Batteries
e.g. activator in battery

acid and water - electrical charge
to conduct electricity in

SA  Durning
e.g. burning clothes
burning =metals

5B Destructor
e.g. as a destructor instead of fire
as a weed killer
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L{o Cleaning
e.g. cleaning metals
SD Cutting

e.g. cutting glass
atching glass

SE  Degomposing, decaying

6 ¢_characteristics agg defig;t%gng
e.g. disassociates into positive hydrogen ions
what 1is 4its usual chemical and atomic
structure
turns litmus paper red
what does man need them for?
why do they have different colours?

7 dicinal
e.g. ueed in some medicines
digestive pruomoter

8  Foods and beverages
e.g. in fisay drinks (carbonic acid)
flavouring foods
citric acid
vis.egar

9 As_an_additive
e.g. used in antifreese

10 Explosives
e.g. plcric acid -~ trinitrophenol

11 For experimenting with

OXYGEN

1 For breathing, for life support
e.g. we breathe it

foras about 20% of the air we breathe
plants breathe it

given off by plants
supports life in ocuter space
respiration

deep~-sea diving

oxygen tents in hospitals
high altitude breathing

as a stimulant for athletes
used in our blood stream

in water for fish
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3B

4A

4B

6A

6B

10

11

12
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APPENDIX A contd

n_air, water

Industrial cutting equipment

e.g. oxy-acetylene cutter

welding
Compressed

e.g. compressing for tools
compressed for submarines

As basis for combining with ot her compounds
and elements
e.g. combinas with hydrogen to make water

for making water, for making air
helps make heavy water
making compounds, bases
exploding with two parts of hydrogen
creating new materials
making radicals
helps form hydroxides
used in many coumpounds e.g. lead oxide

Rusting (spe~ifically, oxidation, fermentation,
photosynthesis)

Common_use in laboratory, used in_chemistry
experiments, used in cheamical reactions, to study

For blowing things up
e.g. blowing up balloons
blowing up tyres

Explosives
e.g. used in INT
for shattering bananas!

Named as_a_component of gases
e.g. carbon dioxide

Source of_ power, as_a propellant for rockets

Combugtion, burning
e.g. to keep fires burning with

supports burning
used for starting fires

Liquid oxygen
e.g. liquid oxygen can be used for deep
freezing

Physiological/humour
e.g. for takinz away from someone I knowt

For spelling tests
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MAGNBT

1A

1B

2A

2B
3A

3B
3c

Electrical motor_ equipment
e.g. electric motors

to manufacture electricity
dynamos

generators

electro magnets

Electrical radio and telegraph

e.g. telephonas
radio
T.v.
loudspeakers
electric bells

Definitions and explanationsg |
e.g. a metal object which attracts

certain objects '

can reverse poles on to other magnets ‘

Testing the validity of metzls |
Attracting metals

e.g. picking up iron filings, scrap iron,
clips, pins

As_a method of ioining metals

Looking for something lost
e.g. finding lost pins

finding things in nooks and crannies

In compasses

Experiuent s
e.g. seeing what things they attract and

what they don't

W n
e.g. wreck colour T.V. cathode ray tubes with
wreck watches
wreck helicopters
wreck a tape

For particle acceleration
e.g. alter the course of electron beams

deflect course of rapidly moving
metal objects

Attaching things to a wall or notice board with,
hanging things on the refr at h
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94  Amueement
e.g. in toys
in games
as a plaything
keeping a child busy with
attracting boys with

9B Cheating with
e.g. fixing roulette

cheating at bowling with

10 Household uses
e.g. magnetic door catches

soap holders
keeps lids on tins out of the way
after they have been opened

11 Making other magnets with

12 In outer space
e.g. in boots for spacemen

13 Psychological
e.g. an attractive likeable person

a business "magnet®
shipping "magnate"®

14 Medical, surgical
e.§. removiiyg metal splinters from eye
removing pins from stomach

WHEEL

lA  Bagis for transport, f oV, objects, to roll
or move heavy objec r

1B Specific paming of vehicles

a.g. CAIrs
trucks
buses
bicycles
planes
roller skates

1C  kheelbarrow
ID Steerinz wheel
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1F

2A
2B

7A
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Category based on number of wheels
e.g. two wheeler
three wheeler
four wheeler
eight wheeler

Transport agsociated with water
e.g. paddle wheel

propellor
Machinery (generic)
Gears, cogs, pulleys, flywheel inding wheel,
conveyor belts, escalators

Tools
e.g. electric saw
wallpaper roller
glass cutter
cutting wheel
pilzza cutter

Clocks, watche al wheel a
Measuring and recording devices

e.g. map measurer
ground distance measurer

Sport an terta t
e.g. ferris wheel

roulette
for gambling
fireworks - catherine wheel
tops
making a swing out of
a3 a monocycle for a clown
winding things on to
discus throwing
as a target
as a shield
for rolling down hill
hulahoop
for playing quoits
making patterns with
drawing around
potter?s wheel

t
e.g. wheel rack
torture in the latin club
for punishing Christians
spiked wheel for running people over with
break over somecne's hesad

As a trade mark, name of a motor magaszine (Wheels)
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9
10

11
12
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AP: ENDIX A_contd
As_a_symbol in the Greek alphabet

Phrases
e.g.

birds wheel about in the sky

Gyroscope
Providing work for mapn

e.g.

garages

For coins and money
Such specifics as

©.&.

for a locoamotive turnabout
(drawing supplied §51)

for a ro>indabout

as a protection for trees when stacked
upon each other

as a seat, as a table

as a man hole
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Test 1 : Test 2 E Test 3
- No. Fluency Flexibilityi Fluency Flexibility.| Fluency Flexibility
B 165 33 32 33 14 17 17 |19 18 19 18 14 13 12 11 12 10 9 9
13 14 13 11 8 8
11 11 11 & L 6 16 iy 19 13 12 13
180 12 12 12 5 6 6 8 10 10 L 6 4 2 8 3 2 2 2
6 8 7 3 4 3
L 5 5 53 Lk 3 5 6 5 3 4L 4
- 195 36 34 35 26 27 1 igls I8 31 1210 L 5 5 z2 b5
10 11 11 8 10 10
e 0l 10 7 10 8 g 92 ¢ 6 7 6
— 2L0 1%, i b 40 B 7 e % g 5 B TN O 0 O
2 4§ ¢4 G 3 B
5 B3 2 2 2 3 3 3 2 2 2
) 225 18 18 18 9 9 7 |40 11 10 8 9 8 3 Lk S 8 3
7 91 5 4
9 6 6 8 L &4 5 6 6 L 4 4
240 26 25 26 20 22 21 9 9 9 7 A 8 8 8 ¥ 8 7
6 7 8 9 9 &
8 910 7 Iy sy il 9 7 8
245 30 30 30 20 14 17 |16 17 16 11 10 11 13 13 13 12 9 12
10 15 16 & 8 7
B 16 15 16 6 5 6 15 15 15 14 12 14
260 17 17 17 87 7 5 ' 7 3 L4 T T 3 2 4
L 5 4 5 3 B
B 3 4 4 23 2 7.7 7 2 3.2
275 42 39 42 25 17 22 |11 10 11 8§ 6 8 10 11 11 9 3 9
10 1S 17 7 6 6
- 11 10 10 9 6 8 14 15 14 11 10 9
200 41 41 L1 18 24 20 |25 19 25 12 10 13 8 8 8 7 & 7
29 14 29 17 17 16
16 14 16 11 9 9 7 6 6 6l_B 5
297 20 30 30 18 22 17 (13 13 13 6 7 7 3 3 3 2 2 2
6 6 6 3 3 3
10 10 10 9 7 9 L 3 4 52 3
304 39 39 39 22 26 25 [19 17 19 17 12 17 |10 8 8 9 &
9 8 9 5 4 6
N A 7 L 5 4 L L 4 Bl B »

Interscorer Reliability Data:

Raw Scores

for Three Tests by Three Scorers
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Test 1 | Test 2 s TelEt B
No. Fluency Flexibility| Fluency Flexibility.i Fluency Flexibility
304 20 20 20 9 12 12 A 6 5 b6 2 B B m 2 i
14 15 15 L 5 5
| 9 7 8 6 5 5 8§ 8 8 5 6 6
402 35 35 35 16 22 18 |14 16 16 7 5 9 9 8 11 7 7 6
6 7 7 b bk
12 11 12 ¥ o 8 13 13 14 9 7 8
409 26 20 26 11 12 12 14 4 14 B e 12 12 12 9 &8 9
19 17 18 7 &
;18 15 18 6 10 7 1% 12 12 11 10 11
416 27 21 21 15 17 16 [ 15 12 15 6 4 7 - T L 5
17 16 16 2l 2 2
13 11 12 6 6 5 13 14 14 5 7 8
423 23 23 23 17 19 17 |11 10 11 9 9 9 gl 8 @ 7
11 8 10 S 5 &
' A1 1o 74 & Bl ° 11 10 10 9 E .9
127 L3 43 L3 16 20 14 |26 23 2k 17 11 20 12 9 11 6 4 8
25 24 23 10 7 10
26 26 23 7 a5 S 15 12 14 T K 8
439 27 27 27 18 15 1k 9 6 & 7 2 5 6 6 6 3 2 3
6 6 6 3 2 2
2 1 2 0O 0 O 8 6 6 L &4 s
451 356 36 36 17 %8 17 8§ 8 9 5 5 6 & 6 6 L 3 &k
9 5 9 8 8 8 11 9 9 7 6 7
9 10 8 8§ 8 7
463 36 36 36 20 20 21 |17 18 18 16 10 1k 0 9 9 5 6 6
17 16 16 11 11 11
{14 14 14 10 8 7 8 6 6 5 4 5
475 S o8, e w112 7 8 B 6 5 6 g 8 B 6 3 b
i 9 910 8 & 19
9 8 8 72 5 7 8 7 8 7 L 7
487 37 37 37 P15 W 3§ 10 00 13 S 5 b 7 5 & 2 2 9
9 9 9 7 6 6
11 8 9 L L 6 8 6 6 8. b
4990 30 30 30 12 17 11 |12 B 0 5 & & F 12 % 7 & 5 ©
13 10 11 3 3 3
& 7 7 L 3 3 11 8 & 3 3 5
512 Lo 40 Lo 25 20 2% [ 13 10 13 11 8 19 W 97 14 9 6 10
9 9wl 8 7 8
1%.32. 1% 7 7 F 4 12 10 11 Pea D
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Test 1 ! Test 2 i Test 3 _
No. Fluency Flexibility!| ¥luency Flexibility | Fluency Flexibility |
524 50 50 50 23 17 27 18 16 18 19 @& %2 l 16 14 14 10 9 12
16 15 17 ¢ © i
| 20 12 17 205 50 ’ 27 17 25 1 5 10
536 37 37 37 17 18 17 |21 18 18 9 710 |12 10 1 o 5—9
| : 11 11 11 7 B F l
16 13 14 6 5 6 |11 11 10 7 6.7
548 38 38 38 19 22 18 16 15 15 7% 10 13 | 12 11 11 9 7 9
10 8 9 6 & 7 |
18 16 16 72 =5 90 | 267525 23 18 21
T60 [2 42 42 16 13 15 [20 17 19 17 1217 |11 9 11 2~ gD
20 15 20 1311 13 113 10 10 6 6 7
15 13 13 12 11 12 |
372 LL L4 44 18 23 19 18 16 16 12 11 13 15 14 15 10 10 13
16 49 15 5 2 6
_ 27 9 13 6 3 6 17 16 15 12 10 11
584 29 29 29 Te Mo-12 1 5 F 5 2 1 2 [101010 5 7 7
| |15 %@ 13 6 5 7 |
! 13 13 13 8§ 8 71 9 9 9 0O 1 2
506 25 26 26 16 20 15 [11 9 9 ? 3 6 |11 B 9 2 & D
= 132 11 13 L 4 4
| 16 14 16 7 5 2 |1k 11 9 6. 5 &
qUS 29 29 29 16 17 16 18 17 18 8 810 | 6 5 5 2 3 &
117 15 14 2 2 2
12 11 11 7 4 7 11010 9 5 &5 3
020 3L 3L 3L % 13 2 97 171 13 25 %] 9 8 5 6 7
13 & 92 5 4 6
113 9 11 8 7 91 7 5 5 L 3 3
032 26 25 25 1M 1012 | 9 9 8 & 5 5 L L5 8% 9
12 11 10 5 2§
2. 8 S 4 61 6.5 5 Lo 4 4
644 L1 41 41 T 77 15 41 11 & 8 9 & 6 6 % B 9
6 6 6 6 3 5
110 11 10 5 6 6 | 8 8 8 Lok ok
656 26 26 26 18 17 17 14 1% 1% 9 & MM - 7 7
11 11 11 5 5 5 |
s S 9 9 9}t 2 72 7 6 5 6
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APPENDIX C

Computer Information and Statistical Formulae

Computers used in the investigation
I.B.M. 16/20

Olivetti rrogramma 101

Statistical formulae

t tests (emploging b‘?wmtailod tests of significance)

s 2 S
t = '- ———

i 2
/le + ang— N « N
-2

(Pooled variance)

/ 1 2

w/ 1 * Nz Nluz

MI/Mz = means of two samples

Exf;’!‘.xg = sums of squares (variance)

N.N

1Ny = number

-

Lm T-Z(lo + 50)

= geparate variance)

where 2 --x__:___l!

G
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Correlation Coefficients

(rearson Product Moment with normaliged

T scores for fluency/flexibility
test/retest and original/re-mark

XY
™" Nexgy

x = doviation of any X score from the

mean in test X

y = deviation of the corresponding Y score

from the mean in test Y

Ixy « sua of all the products of deviations,

237

each x deviation times its corresponding

y deviation.

i %;¥y = standard deviations of the distributions

of X and Y scores.

//' (l-rfa) (l-rgs)

“u

Spearman~-Brown_ Prophecy Formula

2rhh
rte = t+rhh

The problea of speedédness on equivalent forms is

not relevant in the present circumstances since

thia dssue is preaised on a right-wrong difficulty

gradient.
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Chi-Sqnare (including Yates'! correction for continuity

factor)
. ([fo-fe]-o.s)"‘+ [fo-f]-o.s’
¥ £, £,

fo = observed frequencies

fa = oaxpected freguencies

Fisher's Exact_Probability Test
(a+b)t (ced)t (aec)t (b+d)l

e ——

Nt at bt ¢! dt

Factor Analysis

Centroid prograame on I.B.M. 16/30 employing
orthogonal axeg, with Tuckerts 2hi for the termination
of factors.
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APPENDIX D
F tests for Homogeneity of Variance on 15 test Variables
or Three Countries, England, U.S.A. and New Zealand.
Test Group F ratio Si icanc
Variable P
AHS ENG/USA 1.0115 N.S.
BENG/NZ 1.1279 N.S.
USA;NQ 1.1408 N.S.
F1 1 ENG/USA 1.1950 N.S.
ENG/NZ 1.1320 N.S.
USA/NZ 7 .05
Fx 1 ancfusA 1.0046 N.S.
ENG/NZ 1.2335 N.S.
USA/NZ 1.2278 N.S.
P1 2A ENG/USA 1.4591 .05
ENG/NZ 1.6574 .01
USA/NZ 1.1359 N.S.
Fx 2A ENG/USA 1.0000 N.S.
ENG/NZ 1.0341 N.S.
USA/NZ 1.,1278 N,S,
F1 2B zscéusa 1.1974 N.S.
ENG/NZ 2.0492 .01
USA/NZ 15711 201
Fx 2B ENG/USA 1.251 NS
ENC/NZ 1.8835 .01
_ yga;xz 91_ .01
F1 3A ENG/USA . N.S.
ENG/NZ 1. 5075 .01
____UsA/Nz 1.3900 .08
Fx 3A ENG/USA 1.2008 N.S.
ENG/NZ 1.0623 N.S.
USA/NZ 1.1304 N.S.
F1 3B ENG/USA 1.5076 N.S.
NG/NZ 1.2128 N.S.
_ USA/NZ 1.2430 N,S.
fx 3B BNG‘USA 1.0772 N.S.
ENG/NZ 1.1392 N.S.
USA/NZ 1.0876 N.S.
F1 3C ENG/USA 1.2573 N.S.
ENG/NZ 1.1640 N.S.
. .08
Fx 3C ENG/USA 1.919 .01
ENG/NZ 1.0953 N.S.
USA/N; g .01
F1 3D ENG/USA 4.4172 .01
ENG/NZ 1.6993 N.S.
_ USA/NZ 7,8063 .01
Px 3D ENG/USA 2.0737 .0S§
ENG/NZ 1.5056 N.S.

USA/NZ 3.1221 .01
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Between-Count Differences Analysis of Significance_ of

Difference between Means ]t-teatni on 45 sets of Scores

for Test Variables (Intelligence = 1, F]Luency = 7, Flexibility = 7)
for ’I‘hree Countries, England, USA, New Zealand,

Country Test Variable t. d.f. _LS'VB]. of Significance pe
ENG-USA  Aii§ 7.4324 317 .001
ENG-NZ " 5.2680 262 .001
USA-NZ " -2.3370 321 .02
ENG-XNZ n -10.0688 364 .001
USA-N2Z n -8.1238 322 .001
ENG-USA  Fx 1 TTTTIU5543 320 0 NS,
ENG-NZ n 3.9511 304 .001
USA-NZ " -3.1250 322 .001
ENG-NZ " -6.,1303 363 .001
USA-N2Z n -5.1088 322 .001
ENG-NZ " -3.0364 363 001
USA-NZ " ~3.939%4 322 001
ENG-NZ " -5.1230 364 .001
USA-NZ n -0,3559 322 .001
ENG-USA  #Fx 28 1.2453 320 N.S.
ENG-N2Z " 5.1201 364 .001
USA—NZ n —505287 322 0001
ENG-USA F1 3A 2.0866 232 .02 to .05
ENG—NZ n ‘07951 281 NQSQ
USA-N2 " -2,5516 239 .02
ENG-USA Fx 3A 0223 232 Naide
ENG-N2Z n 1.0260 251 v,.S3,
USA-NZ n . 3206 239 NeSe
ENG-USA Fl 3B 2.9703 54 .01
ENG-NZ " . 3447 80 N.S.
USA-NZ " 2.6582 78 .01
BENG-USA Fx 3B 2.8725% 84 .01
ENG-N2Z n 1.0608 80 N.S.
USA-NZ B 1.7851 78 .10, N.S.
ENG-USA F1 3aC 4.2262 252 L 0ul
ENG-NZ L -1.3303 237 .10, X.S.
USA-NZ n -5.2910 265 .001
ENG-USA Fx 3C 3.9403 252 .001
ENG-N2Z " . 5443 237 N.S.
USA-N2Z " -3.5440 265§ . 001
ENG-USA  F1 30~ 1.2543 64 .10, N.5. b
ENG-NZ n .8933 75 N.S.
USA-NZ 1] -01617 53 »!03.
ENG-USA Fx 3D .1427 64 Ni, 82
ENG-NZ " 1.0705§ 75 N.S.
USA-NZ L .8207 53 N.S.
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i e

Sex Difference and Probabilities (Chi-Square) for
Hi-Lo Score n Fluen and Flexibilit U,8.A.,
New Zealand

Country Chi-squares and probabilities
FL +1SD F1 -1SD  Px +1SD  Fx -1SD
x" < xt e XTI AN 23
USA .043 - .070 -  .001 -  .001 -~

N2 319 - 416 - .002 - .038 -
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APPENDIX I
OBSERVED FREQUENCIES FOR TEACHER AND PEER RATING CATEGORIES* FOR HI-LO FLUENCY AND FLEXIBILITY GROUPS

(England, UoSvo' Nozo)

enjoyed teaching most,

hardest working)

highest ability, B+
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ost original, A
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Appendix J

Observed and Expected uencies for Teacher and Peer Rat Categories’ -Lo Flue
Flexibility Grou land, U,S.A., N

*(0 = most original, A = highest ability, B+ = enioyed teaching most,
B- = enjoyed teaching least, ¥ = hardest working)
Country Hi-le Fl, Fx Teacher Rating Category Peec ’\eq*mc‘lj CO\"eggg_
o ., A B+ B- w 0
o] [ o -] o e o e o ] () e
BENG H.F1. 5 5.08 © 6.29 § 4.37 2 3.45 37 35.98 55 35.73
L.Fl. 1 5.24 6 5.830 2 4.49 3 3.18 27 35.90 17 32.91
H.Px. 6 5.24 8 5.80 S5 4.49 3 3.18 31 35.90 48 32.91
L.Fx. 1_3.84 4 _4.25 3 3.29 2 2.33 7 26.30 6 24.11
Total Sample 28 31 24 17 192 176
USA H.F]l. S 2.4 7 2.72 3 2.45 Ut 1.77 72 23.26 36 17.95
L.Fl. 2 2.45 2 2.72 2 2.45 3 1.77 10 23.26 9 17.9%
H.Px. 3 2.45 S 2.72 3 2.45 1 1.77 4¢ 23.26 39 17.95
—aFX, 1 _2.57 _ 2.86 2 2.57 _2 1.86 16 24.45 12 13.88
Total Sample 18 20 18 13 171 132
) 1 4 H.Fl. 7 4.40 8 4.56 4 2.93 3 2.44 65 43.85 43 35.14
L.F1. 4 3.24 3 3.36 3 2.156 O 1.80 33 32.28 29 28.08
H.Px. S 4.54 S 4.70 4 3.02 4 2.52 65 45.19 46 39.31
ko Fx- 3 3.97 5 4.12 4 2.65 1 2.21 65 _ 39.54 27 34.40
Total Sample 27 28 18 15 269 234

**e = proportion of H.F1/L.F1/H.Px/L.Px aultiplied by sample

on each category (0,A,B+,B-,w,0.)

E.G. "0" = H.FP} = g? x 28 ®A" = H.F1®= gz x 31
132 182
182 182 @
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AlFENDIX
———

Msans, Standard Deviations and t-test its for
Retest Data. N = 74 (New Zealand) d.%. = 146

Yar. Mean  3td. Devn. ésn& I=Ragio 24
OU

Pl 1 36.6 7.934 Original -1.3491 .18
38.5 9.386 Retest
S O SR 4 - 7314 .53
F1 2M i::i fj;ﬁ; g .8316 .59
= ng 52233 " 1.2217 .22
F1 3M g:g g::gg . .§501 .59
Px 3M g;g g:ggg " .3950 .70
e+ T Y . ~-go8s
Px M ;:g ::égg . 1.0313 .30
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APPENDIX L
?mg, Standard Deviations, and t-test Results
for Males (N = 40) and PFemiles (M = 34) on Retest.
New Zealand) d.f, =72 -
Yar. Mpan  Std, Devn. gug T-Ratio p
Lroup

F1 1 35.3 7.652 Male -.8651 .60

37.5% 5.372 Female
Fx 1 11.2 4.790 "

16.9 6.496 " -1.9774 .05
F1 2M {5.0 4.986 "

14.5 5.296 " . 3980 .69
Px 3M 7.4 2.348 L

6.6 2‘469 ” 1'3900 017
Pl 3" 9-3 2'977 n _

9.4 3.441 % .1564 .87
Fx 3M 5.1 2.426 "

5.5 2.639 " -.7678 .55
Fli M 16.9 3.728 . )

17.0 3.506 " .2087 .83
Ex M 7.8 2.052 " _

8.2 2.270 " .7686 .55

i
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