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ABSTRACT

ATM
To consider the nature of creative thinking and its relation to
mathematics teaching, and to provide some objective assessments of the
effect of a discovery approach on children's creative thinking. Al so
to contribute some further evidence on the nature of creativity and its
relation to other modes of thinking.
PROCEDURE
Tests of intelligence, creativity and mathematics were zdministered
to 297 fourth year children from three carefully matched Junior Schools, in
one of which the children had been taught for four years by a discovery
approach to mathematics.
Means, standard deviations and intercorrelations were calculated for
all 31 test scores within each school and for the complete sample of 265.
In each case a factor analysis was carried out by both Principal Components
and Varimax methods. A separate analysis was also carried out for the
High 1.G. population.
RIESULTS

1. . Overall Analysis

Over the whole range of intelligence there was evidence of a dimension
of creative thinking which, thouéh not independent of intelligence, existed
as a consistent complementary activity.

Furthermore, given a minimum I.Q. of 115 tkhe creativity dimension and
that located by the academic tests were relatively independent.

There was also evidence, however, that the ability to perform well



on creativity tests while consistently loading a 'creativity' factor is
not entirely confined to that factor.

2. Discovery Approach Effects

'Six hypotheses, cévering.attitudes, creative thinking, understanding
of mathematics, concept formation, srithmétic, and flexible and logical
thinking suggested results which have been thought likely to arise from
following a discovery approach. Five were rejected, and the other was
upheld by only one of five creative thinking tests. In many ways bowever
the experimental séhool's successful perfo;mance on the ons creative
thinking test was of greater importance than its proportion of the hypo-
theses suggests., The very satisfactory results from one of the control
schools gave weight to the headmastei's policy of 'keeping a balance',

The study implies that teachers should be aware of the limitations

of a discovery approach and should appraise the relative values of

' methods they adopt.
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CHAPTER 1

T TRODUCTION

One of the most encouraging features in the field of education today
is thought, by many, to be the way in which creativity and discovery have
* been adopfed as ideals in the education of fhe child. The Plowden Report

in particular is not only strong in its plea for a discovery based curri-
culum in the Primary School but also in its conviction that such methods
would be beneficial if extended into the middle school years. The basis
of such opinion is the belief that children involved in discovering rela-
tionships and active in exploring their enviromment are likely to derive
not only more vivid and efficient a store of knowledge, but also a sense
of perscnal involvement which is instrumental in developiﬁg a self-
sufficient attitude towards learning, both critical and creative.

To what extent this teaching approach ié well=-founded will be dis~
cuésed more fully later though in part it is an answer to the growing
demands for cregtive persommel in science and technology and a belief
in education as a means of developing an individual's capacity for

_creativity.

Much of the initiative for current innovation in education has arisen
in America, where a great deal of finance has been provided b?th fdr.
curriculum development and educational research.' In particulasr publi;
cations on creative thinking have grown exponentially since the time of
Guilf'ord's famous Presidential address on 'Creativity' to the American
Psychological Association (1950). Unfortunately as Yamamoto (1965a) has

pointed out in an analysis of the literature of creativity, there is at
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present a 'confused abundance' in publicatiors on creative thinking, with
diverse definitions, theories, and means of evaluation. After presenting
an introductory view of the evolution of the present concept of creativity
and its relevance for education, the present study will devote some
attention to this question, especially as it relates to the interpretation
of studies of creative,Adivergent and productive thinking and their relation
to mathematics and problem-solving.

4ds a result of this analysis a number of creativity tests will be
selected or adapted and others will be specially constructed for use in
the experimental part of the study.

It is becoming increasingly recognised that the conventional intelli-
gence test. assesses only a very narrow range of easily examinable 2bili-
ties, chiefly tied to the candidate's ability to coﬁverge in his thinking
1o the one correct answer. '~ Abilities at the other end of the spectrum,
indicative of a subject's power to think flexibly, to depart from wel;—
trodden paths and rigid methods, and to contribute his own original ideas
are less easily evaluated and have heen omitted from standardised tests.
Dissatisfaction with the traditional I.Q. tests has resulted in the use of
'divergent thinking' tests, and some experimenters claim that they reflect
a dimension of creative ability distinct from that of intelligence. 1In
general however most experimenters appear to believe that if 'intelligence'
is conceived as broadly as it should be then it would include creative
abilities. The relationship between creative thinking ability and intelli-
gence is discussed in Chapter 4 of the present study and paxrt of the

experimental evidence should be very relevant.

!
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Whatever the tinal outcome of the Creativity/Intelligence debate,
it has certainly had the effect of bringing out into the open the fact
that creative abilities are present to some extent in all children and
that education can play a large part in either inhibiting or stimulgting
their development.

Novel ideas and individual patterns of behaviour are often thought to
characterise the gifted, creative child who is not bound by convention but
who seeks a more personal and unique means of communication. Unfortunately
such behaviour tends to be neglected or even stifled in an atmosphere of
strict formal teaching, in which the child is credited only with repro-
ductive abilities or accurate application of a rule. As a reaction against
this form of teaching the progressive elements in education have emphasised
the importance of a fuller educational ideal more in tune with theories of
child development and the belief that a child's intellect is best developed
by active exploration in his environment. '

In many cases the discovery approach has been thought to be the means
best suited to tkis ideal, the child being encouraged to follow his initia-
tive and actively exploré situations under the guidance and encouragement
of his far from authoritarian teacher. Seeing such methods in operation,
especially as Plowden notes in the 'best' Junior Schools, one cannot but
feel that a child's creative thinking abilities are more likely to develop
in such an open-ended atmosphere than in that of a more formal approach.
Children are certainly known to have enjo&ed such an approach and to have
reached high levels of attainment, understanding and personal creative work.

The latter, however, are not corollaries of the discovery approach, and

there are dangers that proper educational objectives might be lost sight of
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among subjective impressions, or that the approach might be too readily
accepted as an end in itself. |

It is unlikely that all the necessary educational objectives are
best learned in a permissive atmosphere, that all children are capsble of
: disciplining their own efforts, or can grasp theoretical concepts or
formal academic structures by means of discovery. The most likely outecome
will be that there are some areas most efficiently learned by formal means,
and others by active exploration. Assertions that "sound and lasting
learning can be achieved only through active participafion (Schools Council
1965 Pg.XVI) are open to question, and it would be more honest, as well as
beneficial to education, if projects were infroduced not with millennial
assertion but as an ‘'experiment', in order to find out, as Young (1965)
suggests "whether the innovation is in practice as desirgble as it may
sound in theory".

Some of the theory and experimental evidence relaxing to the effects
on children's abilities of various teaching approaches and conditions,
particularly in maﬁhematics, are discussed in.Chapter 4, and the remain-
der of the study is devoted to the experimental investigation of some of
these effects.

Numerous brojects have been set up at various levels to develop
pupils' abilities to think logically and creatively, and to understand
mathematics. The present investigation focusses on a Junior School which
has been camitted for four years to such a project based on the discovery -
approach. The schooi is situated in a pilot area, affiliated to the .
national project by the County Authority, and is therefore not a special

volunteer school. Testing was carried out in June 1969, and as the school was
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set up as a pilot area in 1965, the fourth year pupils wefé consequently
among the first groups in the country to have experierced such an organised
discovery approach for the whole of their time in the Junior School.

A great deal of preliminary investigation was carried out prior to the
testing and two comparison schools were found, similar to the experimental
school in as many ways as possible except that they put no special emphasis
on mathematics., In particular they were chosen so that there was no signi-
ficant difference in their mean levels of I.3., nor in the social class of
their pupils. Details of the schools were compiled over g numbsr of visits
and full descriptions are given in the text.

The County authority gave the writer a good deal of help in selecting
the schools, and in allowing him access to their records which included the
results of two I.Q. tests which had besn administered to %ﬁe pupils as part
of the counties' 11+ selection procedurs.

In addition to the reéults of the I.Q. tests a testing baftery was
designed to include measures of attitudes, creative thinking, problem
solving, computation and understanding of mathematics. In particular the
design of the tests had to keep in mind the need to do justice to both
the traditionally taught children and those working by discovery methods,
and to keep a2 balance between the tests in the interests of the subsequent
factor analysis.

After a statistical analysis of the levels and pattern of performance in
each.school, the findings will be discussed in terms of the hypotheses con-
cerning the effects of the discovery approach and the modes of thinking

indicated by the testing battery.




Chapter 2

CREATIVE THINKING: AN OVERVIEW |
Speculation reéardins the nature and process of creative thinking is
nothing new to psychology. - Although traditionally man’dtitributed.the
creation of works of Art or Scientific principles to a mental process
which was beyond comprehension, many constructive attempts to: understand.
'creative power' have been conducted since the pioneer :investigations
of Francis Galton (1869) at the end of last century.: The acceptance
of creativity as some ultimate truth howevéf was still in vogue at the
beginning of the century; ocreative products were viewed with a serise . of
awe and it was common to regard the creators as possessing some innate
power of genius whichlsomehow enableg them to think in a way quite dif-
ferent from that of everyday thought. This view of ‘genius' was
approved by Ward (1918) who according to Speerman (1930) speaks of
creativity as something 'that only transéendent genius displays®.

Spearmsn himself was not content to take ‘creativity! as beipg it-
self the last word of explanation, and though he acknowledged that there
| -is nothing necessarily wrong in so doing, he expressed the belief that
it might be more profitable to investigate feasible alternatives in an
effort to 'understand' the nature of ‘creativity'. Theories to explain
creative thinking have heén suggested by'several school§ of thought; in
terms of intellectual ability, the faculty of imagination, by a process
of ‘combination' of ideas:énd,images, and by an appreciation of 'form' or
'gestalt’'. M&e recent .expla.na.tions often incorporate the better aspects

of several of these earlier approaches.
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Attempts at mental measurement early this century were of a far more
comprehensive nature than the convenient, practical adoption of a single
intelligence score might suggest. Bi;;et in particular held a very com-
prehensive view of intelligence and his later acceptance of a single
score as a means of convenient administrative eleétion was, both
Spearman and Wynn Jones (1950) and Guilford (19673 )suggest, in obvious
contradiction to his own convictions. Guilford (1965) sees creativity
as an aspect of intelligence when the latter "is conceived as broadly as
it should be" but suggests that research findings over the past 25 years
indicate that the conventionsl conception of intelligence, with its single !
I.Q. score, is extremely narrow. N

Although the.latest findings of Terman's famous longitudinal study of
e group of gifted children with I.Q.'s of 140+ shows that s high I.Q.'is
fairly adequate in predicting a successful career in later life, it fails
to identify those who attain the highest levels of achievement. (Terman and
Oden (1959)). As Goldbeﬁrg (1965) points out,' an analysis of the achieve-.
ments of the superior adults in ’J.'érman' population, though including many
people named in 'American Men of Scianée‘ and 'Who's Who in America; sﬁows,
few people who ax-'e of the highest scienti_.fic sfanding or have m_a.&e an aut-f-
standing contribution in any of the arts ar letters. She suggests that
this questions the adequacy of the I.Q. as a sole measure for determining
potential giftedness and points to a new longitudinal study of the gifted
which would include not only measures of intelligence, but also of

creativity, curiosity, and achievement.
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The studies of Mackinmnon (1962) and Roe (1953a)raise the same doubts
concerning the predictive value of I.Q. alone., Given a mininum level
of I.Q. of about 120, Mackinnon reports that his studies of eminemnt men
and women found no relation between I.Q. and outstandingly original work
" and concludes that "It just is not true that the more intelligent person
is necessarily the more creative ome." Similarly Roe in her three year
study of 64 first class research scientists interprets the results of an
I.Q. test as showing that "It is then, not essential to have this sbility
at _the highest level in order to°become an eminent scientist”. The infer-
ence of these studies is opposed to an umitary concept of intelligence;
Roe and Mackinnon suggest that the answer lies largely in the field of
personality and motivation, while others, such as Guilford and _his school,
see the explanation in a broader conception of .intellectual ability
including factors of direct relevance to coreative activity.

~ Guilford (1956) has constructed a Structure-of-Intellect model which

postuates 120 potemtial intellectual abilities grouped in various ways.

Using his model to generate hypotheses regarding wnique intellectual
abilities and using 'a,ppu.'opa_'iately designed tests and methods of factor
analysis, he and his co-workers in the ."Aptitude Research Project at the
University of Southern California have so far identified over 80 such
abilities (Guilfard 196Ta). ﬁis model effectively redefines intelligence:
80 as to include factors of @ea.tive;_a.bility, the class of such creative-
thinking abilities being labielled ‘'divergent-thinking', with a set of

parallel gbilities under the title of ‘convergent-thinking'.
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Divergent thinking moves away from sterotyped responses to gemerate
diverse and original ideas.and is measured by testing procedures. which
assess originality, fluency of ideas, flexibility, and the ability to
elaborate on and redefine the given data.

Convergent thinking on the other hand moves towards responses that
are known to fit the problem; it is the sort of thinking ;mpha.sied by
conventional intelligence tests in which the subject proceeds to the one
tcorreot! a'.nswer which is fully determined by the information given.

Pests of divergent thinking are currently adopted by many as measures
of creativity, and call for the production of new ideas, orig:l;nal and .
unconventional responses and departure from the ome well beaten track,

This is a d.eij’inite departure from the role of the common type of intelli-
gonce tests which as Burt (1962) observes "tend to select cﬁildren of an

. analytic or reproductive type ré.ther.- than those of an intuitive or produc-
tive type*". It is interesting to speculate on the extent to which
Perman's (1906) study of seven bright and seven dull children might have_
influeﬁced intelligence tests towards ‘creative imagination' had he inter-
prre;ted his results differently.

From a population of 500 school children Terman obtained two sets of
1 children, rated by their teachers as being the brightest and dullest
respectively. Headiinistered a large battery of tests, including one wl_xidh
he designed as a test of ingemuity in order to assess a measwure of inventive
and creative imagination. It was the only test of intellectual ability
that did not clearly discriminate between the two groups. The other tests.

all correlated highly with the supposed 'intelligence' rating of the chil-
dren and took their place in an intelligence test battery which excluded the



- 19 -

measures of more creative qualities.

For some time after the establishment of tests of ‘general intelligence'
with their single score and implied monarchial view of intelligence,
investigations of creative thinking continued in terms of an underlying
group factor of 'imagination'. Hargreaves (1927) used a number of
tests of imagination remarka.bly simllar to contemporary tosts of diver-
gent thinking. (Giving such tests as ‘unfinished pictures’', 'ink-blots',
and story completion' to 151 children he found, ma.rking the tests for
‘fluency', that intercorrelations existed between all the tests and con-
cluded that "imagination tests, marked for that aspect called 'fluency'
had some group factors distinct.from. 'g'." .A similar conclusion was
reached by Spielman and Gaw (1926). Giving similar tests of 'creative
imag:i.nation_' they reported that althoneh the tests carrelate with gemeral
intelligence "Nevertheless there seems also to be a specific factar in
imagination which is to soms extent independent of inmtelligence". Karvé .
(1929) employed seven 'open-ended' tests in an investigation of a group
factor of ‘fluency' and concluded even more forcibly that "We have proved
the existence of a 'fluency' factor, independent of intelligence, in tests
of :I.ma.gina.fion and gssociation.” Karvé's testing battery would serve
well as a mode:r."n test of divergent thinking: Noums (as many as possible
beginning' with P, T, ... otc.), Unfinished Stories, Controlled Association
(write down things made of leather), Picture Completion, Prediction (what -
might happen if it beca.me nnnecessary for people to eat and drink?), Ink-
blots (what objects or pictures can you see in it?) and Free Association

(write down as many different words as you oan).
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The concept of imagination wa‘s also used in attempts to explain the
'springs and mechanisma' of creativity. In particular the doctrine of
‘combination’ or 'association' of images or ideas is still present in
many explanations of creative thinking, though usually with a greater
emphasis on the .part played by preparatory and evaluative abilities.
Creative combinations of ideas have rarely been regarded as occurring
purely by chance alth@ the moment of 'illumination' is often related
in terms of a sudden combination or recombination of ideas. Giselin
(1962) provides ample illustrations and a classic example is .thal.t related.
by Poincaré (1968 (1906)) explaining his discovery of Fucksisn:functions..
After many wnsuccessful é.ttempts at proving their existence.Poincaré
retired to bed one night but could not sleep "ideas rose in crowds; I
felt them collide until pairs interlocked, so to speak, making a stable
combiriation. By the next morning I had established the existemce of a
class of Fuchsian functions.” The essentlial question is beautifully
expressed by Dryden who asks what is it moves "the sleeping images ....
toward the 1ight" (In Giselin (Bi) (1952)). N

The relevance for creative thinking. of the ‘Gestaltists' approach
lies in their concei:tion of 'pu:oduct;lve’ j:robl solving'as a process in
which ideas are reorganised and onebk perception of a problem restructured
go that one is able to see into its structure in a new way, perceive-its
8aps and inadequacies and appreciate its nature as a whole. Recognising
the whole 'farm' of. the problem in this way is to achieve an 'insight'

which is the most important contribution to a '‘creative' solutiom.
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Wertheimer (1961 (1945)) relates the decisive steps in the develop-
ment of Einstein's theory of-:-ela.tivity in terms of a search for a new
tgeatalt' ~ a neu-r way of :eorganiing.the traditional structure of
physics. Einstein was first troubled by a feeling that he "kmew some;-
thing was wrong", then after seven years of rethinking, of perceiving
ga‘ps in the whole structure of the problem, and in attempting solutions,
he at last oamé to question the customary concept of time. From that
moment it tock him only five weeks to write his paper on relativity.

Experiments indicating a 'fluency' factor of imagination and
explanations in terms of menta.l_ images and ideaé were however not accept-
able to the Behaviourists and as their thecries beca.'lhe increasingly
dominant the concept of any 'mental' capacity for cn:eafiv;i.ty received
little attention. As Burt (1962) observes "Concepts like 'imagination!
or 'productive thinking' -sa.vom-ed.too much of dj_.scredited introspectionist
doctrines, and were deliberately excluded from behaviourist text-books".

Although some investigators cling to the product as the only valid
oriterion of creativity, investigations of the creative process are faci-
litated by considering the types of thinking which might lead to a worth-
wh;ﬂ.e product. Once iuvestigations are conceptualised in terms of the
process of cr.eative thinking and not the overwhelming excellence of a
product, it becomes more natural to believe that the thinking process
which leads to a commonplace result might not be too far removed in kind
from that which produces a work of genius, and that orea:tivity like most
other buman traits occurs in varying degreés in the whole population.

If a characteristic process of creative thinking does exist however,

it is reasonable to suppose that it might be mare readily investigated by
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studying those persons who have shown themselves:to be highly creative.

It is also likely that the achievement of greatness demands more than a
mental ability for a high level of creative thinking, internal and exter-
nal motivation and personality characteristics are no doubt just as
essential. Although the latter are not the direct concernm of the present
study it is _impor:bant $0 acknowledge how much they are likely to supple-
ment the thinking abilitieés in achieving the creative activity whiéh many.
gsee as being "more than a rational rrocess" Gutma-.n (1967).

Among their researoh'a.t' the Institute of Personality . Assessment.and. ..
Research of the University of California, Mackinnon and Barron have shown
charscteristic personality patterns in studies of highly creative writers,
architects and mathematicians and indicated that non-cognitive factars
are closely related to individual differences in creativity (Barron 1958,
1959). The personality research of Cattell (1959) is equelly relevant.
In a study of 144 leading research physicisis, biclogists and psychologists
he found that the personality profiles of these research subjéct differed
significantly from that of an average group and from & group of equal
intelligence who were outstanding in administration or teaching.. In the
latter case the researchers were more schizothyme, less emotionally stable,
more radical, and uniformly lower on all primary personality factors.
measuring extroversion than the- group of teachez_-s and administrators.

Comparisons of the personality and behaviour of children when grouped
according to their performance on I.Q. and ‘'Creativity' tests bave also
reve#led -pattez-ns of functioning that are relevant to 1_>oth the theoretical.

and practical study of creativity and carry a host of implications for
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education which will be discussed later (Getzels and Jackson 1962,
Wallach and Kogan 1966, Hudson 1966, 1968).

The last twenty years has seeh a revival of interest in creativity,
Parnes.: and Brunelle (1967) reviewing the literature of creativity.
arrived at the startling statistic that in the eighteen months from
Janmuary 1965 to Jume 1966 there were as many publications on creativity
as in the previous five years, the ten years from 1950 to 1960, a.nd in
the hundred years prior to that. Guilford's presidential address to
the American Psychologioal Association heralded the revival which has’
been fired by national concern for the development of creative talent and
- far a revision of educational 6bjectives centred on the individual child.
The time has been ripe too fér a concept of ability wh:fch ‘does not tie
itself to the conventional intelligence test.

Reacting against the limitations of I.Q. tests in predicting the
‘creative soientist or artist, and recognising the need to nurture scien-
tific talent, some educatidnal paychologists particularly in America ha.je
seized on the .concept of creativity "as a diétmglﬁhing oharacteristic
of the outstanding contributions in almost every field" (Terrance (1963).
Education is seen as the means of developing this 'creative characteristic!
both for the individual's personsl fulfilment and to satisfy the growing
needs of society for creative initiative. A formal, passive, authori-
tarian approach to learning is consi'da'ed,. however, to be antithetical to
the approach needed to foster a child's ability to think creatively, for,
as Torrance (ibid) maintains "_A ohild—lea:ms creatively by questioning,

inquiring, searching, manipulating, experimenting, evem by aimless play;
in short, by always trying to get at the truth.”



- 15 -

The discovery method snd the 'play-way' in education are not new ideas
but they have never been Iso extensively adopted, not the least .in
Mathematics. The Schools Council, Curriculum Bulletin No.1 (1965)
contains Ma summery of intensive work in the learning of msthematics by
discovery methods car.r_.-ied. out with children and teachers during the past
six years" and recommends in Whitehead's words that "every child should
experience the joy of disoéver ", '.l‘hé Plowden Report on 'Children and
their Primary Sohools' (C.A.C.E. (1967)) endorses this view and notes
that "The sense of personal discovery iﬁfluenoes the intensity of a child's
experience, the vividness of his memory and the probability of effective
transfer of learning". The Nuffield Mathematics Project far the ages of
5 to 13 aims "to help tﬁe children develop gradually - and not overnight -
from discovery with things to eventual abstraction with pencil and paper"
Matthews (1969).

These policies in Education, in the Primary School in particular,
are implicifly supported by Fiaget's emphasis on the importance for
intellectual growth of the child‘s-active experience of his environment,
by multi-dimensional views of the intellect such as Guilfard's,and by the
fashionable belief in education as a means of developing all the varied
abilities of the individual. The Plowden Repart makes it clear thaf
"there are certainly areas of the child's thinking which remain ursampled" -
by I.Q. tests, and it recommends that "all good teachers must work intui-
tively and be sensitive to the emotive a.nd.> imaginative needs of their
children." There is a reminder in the Bepo:rt that the new approach to

mathematics has not removed the necessity for practice in computation and
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for accuracy, but it is signifiocantly lower in the list of objectives
than it would have been ten years ago.

Neither the concept of in-eativity nor the new approaches to learning
are however without their oritics. Burt (1962) fér instance insists
that in useful creative activities, general intelligence is still the
most important constituent, and though he concedes that there is a distinct
group factor of what he terms "productive imagination"™, he questions,
with others, the criteria of "so vague a concept as 'creativity'.

Mden (1968) in a timely work on the Philosophy of Primary
_ Education sets out to bring to bear on Primary School problems some of
the 'astringent intellectual scrutiny' recommended in the Plowden report.
Although critical of the 'illiberal verbalism! of the traditional elemen-
tary school he also warns against the "reaction against the elementary
school tradition which is altogether too undiscriminating'. He points
out the discontimuity which exists between theoretical and practical
concepts, and stresses that the d.ev'alopm.ent of creative abilities in
children will be a matter not just of unfolding in é. permissive atmosphere,
but will need constructive educating.

This view is also taken by White (1968); writing on Creativity and
Bducation he attempts to show how the assumptions behiﬁ the various ideas
" that are currently propagated are radically confused. . Both he and Dearden

focus on the philosophy of creative activities and the lea:miné experience
_but are less stringent in their analysis of any characteristic mode of

thinking that might accompany discovery or invention by school children.
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It is nevertheleas true that there is a need for a great deal of clari-
fication and appraisal of the claims made for a characteristic type of
~ thinking which can be labelled creative, and of the implications for
;:shildren's thinking, of the discovery approach 'in the Primary School.
It is the intention of the n'ert; two chapters to conzider more closely

- these two aspects.



THE NATURE OF CREATIVE THINKING
The limitation of intelligence test results has led, particularly in
America, to an attempt to broadem the dimensions within which youngsters
can be identified as talented, and the conventional type of I.Q. test
is giving way to additional criteria of asasessment variousliy known as -
tests of divergent-thinking, open-ended tests or more collectively tests
of creativity; The use of the wo_rd ‘creativity' has evoked considerable
emotion on both sides of the Atlantic, particularly ﬁm it is used to
convey to governments and the public that children, perhaps with the
makings of future scientists or men of Arts, are being unrecognised and
unnurtured, even perhaps actively discouraged at ohool. -"Talented
Youth Projeots' and 'Societies for the Gifted' have been set up to identify
and encourage ﬁ-eative talent and a great dea'i of research work carried
out over the past twenty years.

| The reseai-ch results have covered a wide field, from claims that
creative thinking is necessary for success even in relatively commonplace
occupations such as sales clerk in & depaertment stare (Wallace (1961))
to Mackinnon's evidence (1962) that creative sciemtists, architects a.nd
novelists perform significantiy better on certain creativity testé than
their non-creative colleagues. There is much confliocting ev;l.d‘ence,
however, the results of studies by Roe (1953a) (1953b) for instance
report eminent research workers in physical science as being predominantly

convergent, while her results still recognise, as do Mackinnons, that
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there are abilities essential for high level scientific and creative
work which are not measured by intelligence tests.

Despite the creativity boom that has become a bandwagon for the
Progressives there are a great many questions about the process and
nature of creativity which remain unanswered. Reviewing the evidence
Wallach and Kogan (1966) note that "the empirical warrant for disting-
uishing a new comepf that would be appropriately labelled ‘creativity!
from the concept of general intelligence ﬁzrns out to be far from clear”.
Going further Hudson (1966) sees creativity as a word covering everything
from the answer to a particular kind of psychological test, to forming
a "good relationship with one's wife." He rather cynically observes
that it applies to all the qué.lities of which psychologists approve and
like so many other virtues is as difficult to disapprove of as to say
what it means. In .a similar devaluation of the concept Dearden (1968)
observes that it seems "One need only speak to be creative".

The elements of truth in their remarks should sound a warning to
educationists who have seen 'creativity' in teaching as standing om the
gide of all that is 'good!, active and én_:joya.ble, and fitting in perfectly
with the current fa.sﬁion in'e,duoation, the reaction against an authori-
tarian approach which, by implication, k:lils all the creative and |
original urges. There should be sﬁme doubts as to whether the use of
a p}easingly emotive but dangerocusly undefined word is su.fﬁcent on which
to base fundamental educ;ational beliefs. |

The difficulties of arriving at an integrated theory of creativity

which will satisfy critics and d.evotees alike stem from what Yamamoto (19653“()



-20 -

has called the "confused abundance"” of the literature in the study of
creativity; the varying definitions, the differences in assumptions and
presuppositions, and the differences in research strategies. To illus-
trate this confusion it is useful to consider some of the varying
definitions.
DEFINING CREATTVITY 5

Guilfard (1950) simply defined creativity as referring to those
a.bilit'ie that are ﬁost characteristic of creative people, but he hastens
to add that the creative abilities only determine potemtial - the power
of an individusl to exhibit creative behaviou:r to a noteworthy degree -

whether or not he does actually produce results of a creative nature

will depend upon his motivation and temperamental traits. When Guilford‘s . . .

principle of continmuity, "that all individuals possess to scme degree aJ.l
abilities, except for the occurence of pathologies" is-added to his defi- .
nition, the term ‘creativity' becomes all embracing and provides a basis
.fou.- investiga.ting_' creative thinking in all individuals not only in those
" who have distinguished themselves.

Although supporting this belief in the 'universality of creative
potential' Taylor (1964) stresses that to define creativity there must
be a distinction 'betweeﬁ the ue_ativé product and the creative process,
end, for the purpose of d;eveloping criteria for the evaluation of a
degree of creativity he takes the point of view that assessment of the
product is much more important and acceptable than assessment of the

process. In particular, he reasons that the product is far more tangible i'
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and consequently more amenable to inveti@tion.. Wilson (1958) also
argues that creativity as a process should be inferred from the'ptrod.uct.

Far the work at the Utah Research Conferences on the Identification
of Creative Scientific Talent, Taylor (1964) and his associates therefare
considered that the best definitions available to them were thoss of |
Ghiselin: "that the measure of a creative product be the extent to which -
it restructures owr universe of understanding™; and Lacklen, who in
scientific work at the Space Agenocy, defines creativity by "the extent
of the area of science that the contribution.lm;lerlies ~ the mare creative
the contribution the wider its effects". They acknowledge however that
no single definition of creativity, or even a creative produnct, would
suit all workers in the field.

In particular,' definitions via the quality of a product involve
value judgements and do not satisfy those who argue that we must comsider
not only 'social! but 'individual' creativity -~ the creativeness of the
individual who ma'kes, for himself; something .thé.t others unkown to him
might have made befare. This conception of 'everyday' creativity how-
ever is in danger of becoming commonplace a.nd‘some, for example White (1968),
would claim, confusing and meaningless.

Its justification lies in the study of the process of creativity -
in considering the nature of creéative thinking rather than emphasizing
the product of any such thought. In contrast to Taylor; Gruber, Terrell
and Wertheimer (1962), who also accept the universality of creative abili-

ties, in the preface to their “Contemporary Approaches to Creative Thinking



argue that there is an essential continuity from 'commonplace' creativity
to that judged by the quality of a sublime product - o be found not in
the product but in the creative process. It is the nature of the
thought process that they consider the essential link between the crea-
tive activities of everyday life and thoge of the great scientist or
artist. The process of creative thinking is seen as a variable which
has greater intrinsic appeal when maximised in the eminent, but is also
rresent in more modest beings.

It is, in fact, this psychological interest in the process of crea-
tive thinking that allows us to consider extensive studies of populations |
of school children, as valuable contributions to investigations of cr.ea.- |
tivity. At the same time Gruber etial note the value of studying the
varigble at its maximum when "we are more likely to d.iscov& character-
istios which sre slso presemt, though perhsps in a hidden farm, in the
usual range of the variable". (Ibid Page 22). -

Porrance (1965) puts creativity firmly in the realm of daiiy living
and defines creative thinking "as taking place in tﬁe process of sensing
difficulties, problems, gaps in infarmation, missing elements; making
guesses or formulating hypotheses-about these deficiencies; testing these
g\zesées and possibly revising and retesting them; and finally in communi- )
cating the results". TWorking on the basis of this 'process' definition |
Torrance has investigated creativity in terms of 'the type of person who
might be expected to engage most successfully in_the process and the type |
of enviromment in which he might function most effeétively. He sees

the results of his investigations as being of particular relevance to the
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fashioning of a kind of education which will provide children with the
most suitable oppomtunities to achieve their creative potential.

Bruner too is committed to the role of education in encouraging
creative development amongst children. For him the hallmark of a crea-
tive enterprise is "an act that pro&poes effective surprise" -~ the unex-
pected that strikes one with wonder and astonishment.Brumer (1962).
S;i.milarly Thurstone (1952) maintains that "an act cis creative if the
thinker reaches the solution in a sudden closure which necessarily
implies some novelty fcur him",

It is interesting to note, as Bruner emphasised, that the 'effective
surprises' need not be rare or infrequent, they are simply characterised
as having a quality of ‘obviousness' when they océ:ur which produces a
shock of recognition., This interpie'ta.tic;n is evocative of the school-
boy's enthusiasm to communicate a reéult he has just 'seen'; fhe quality
of sudden ‘'insight' explained by the 'Gestalt' Schoolé and the 'Eureka
Act' of sudden discovery described by Koestlei-.(1964). We shall look
moré clogely at these aspects later.

It has been suggested so far that considering creativity in terms
of a thinking process, which to some extent ié common to all, is likely
to be'more profitable in regard to psychological interest, teaching meth-
ods, and experimental investigations which can include wider samples of
the population,. than would be the case if creativity were confined to con-:
sideration of a product. However, even if we emphasise t_hs definition

of creativity involving the process of creative thinking, we have to
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adopt some oriteria to assess the nature of tl;e process or else be
teﬁpted to accept the- valueless concept, already m.emtioned., of 'all
~ thinking being tn-ea,t.ive'. | . .

Cattell (1947) discussing creative thinking, in terms of fﬁe artist
rather than the scisntist, suggests that it "may aim to satisfy by what
it ;s and by the emotion which it evokes rather than by where it gets
the tlﬁnker in relation to the reasl world". Thurstone too as already
néted (1952) sees creative thinking :|.n terms of what is novel for an
individual and argues th;t it does not make any difference how society
regards the idea. |

For others, however, thinking can only be called creative if it
obeys certain external criteria which are relative to the society of
which the individual is a part. Stein (1967), deriving his hypothesis
from a study of the personslities of a-ea;bive.artists, observes the need |
to clarify between internal and external frames of reference for interpretf-
ation of the word "novel' as it appears in definitions of creative think-
ing. He himself suggests that ‘novel® should mean "that the creative |
product -did not exist previously in precisely the same form". Though
some might interpret 'the creative product' as a new thought pattern of
the individusl, or as the formation of a new, 'personal, mental schema,
Stein considers that communication with self alone is insufficient and
insists on the need for some external criteria. He accepts that crea-
tive thinking arises from a reintegration of already existing materials
or knowledge, but when it is complete he maintains that it must contain

elements that are new, and not only new to the individugl. Though for
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Stein, the child who fixes a bell to his tricycl_l.e for the first time
may go th&ou@: stages that are structurally similar to those which
characterise the w_ocrk of genius, the finished product is a return to a
previously existing state of affairs ~ and is not creative :i.n terms of
any external frame of reference.

It is also possible to f£ind definitions that have feet in both
camps. Parnes and Brunelle (1967) define creative behaviour "as the |
production and use of ideas that a;'e both new and valuable to the c:rea.tom"f,'
and Mednick (1962) from consideration of anecdotal evidence of highly
creative persons, defines creative thirking as "the forming of associ-
ative elements into new combinations which either meet specific require-
ments or are in some way useful”™., Wilson (1958) who, as we have already f
noted, favours the product criterion for assessiﬁg' creativity, underlines
the nature of the individual - -éocia.l dilemma by noting that different
criteria are often adopted for adults and childrem. He observes that )
-with adults creativity is usually evaluated in texrms of a social criterion
bases on the 'newness'! of a product to society or at least new to the |
group doing the evaluating, while with childrem it is more customary to
adopt "a psychological cn-iterion- in which major emphasis is placed on the
newness of an idea or object to the individual who produced it". |

Wilson also emphasises the assumption that is made by those making |
an effort to develop creativity in children, and observes that "it is
- generally assumed that activities which promote self-expression or doing .
things which have not been done before are likely to produce adults who I
will be regarded as creative". Only in the long teér:m will this assump-
tion be readily validated but a belief that it is a sound hypothesis is
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the foundation of most of the educational developments in the field of

creativity on both sides of the Atlentic, Even Burt (1962), critical
of the concept of ‘'creativity' as a type of cognitive fumctioning dis-
tinct from that of'intelligence accepts the above assumption in his
assertion that "Education cannot create creativity; bdut it can do much
to encourage and develop it'.

At the same time it is essential to remind ourselv.es‘ef the assump-
tion and of the necessity to attempt to wvalidate it in the future.

White (1958) reminds us that "so widely bas the cult of creativity been
adopted ... that :lt':ls profitable to stop for a moment and lock critically
at some of the assumptions lying behind the various ideas which are being :
currently propagated". In particular he emp,hé.sies the need to prevent
teachers, especially in Primyry Schools, from changing tﬁeir educational
purposes to suit ideas of creativity that are\often radically confused.

It would not be profitable to contime with a multitude of defini-
tions of creativity but it is necessary at this. stage to suggest the most -
appropriate working definition from the concensus of the views already
discussed. _

Bearing in mind the age of the subjects in the present study,
putting an emphasis on thg thinking process, and adopting the criterion
. of 'newness' or 'originality' which is an element common to most defini- -
tions, the following definit:i.on appears to be most suitable:

Creative thinking is present when an individual reorganises
his thinking so as to arrive at an idea or product which is new
to him and Eodﬁéeé 'effectiw}e sm‘g.ri's.e'.. |
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Adopting this definition as a basis it is now possible to continue a
review of creative thinking within a framework which will be seen to
include a number of thearies of creative and productive thinking. -

THEORIES OF CREATIVE THINKING

Our definition of creative th:.nk:mg incoz;péiates Bruner's belief
that a creative act can be judged by its resulting in 'effective surprise’.
Although this is only part of the definition which Stein (1967) considers
necessary he puts it more explicitly, "it is suggested that when.the.
final solution is attained, that is, when there is closure for the indi-
vidual, he experiences a feeling of satisfa.ction with the final work, a
feeling of exhilaration with the good gestalt". This is indeed the
hallmark of making a new discovery even if only 'new' for the individual.
To support this cn-.itecrion,' the example is often giveﬁ of the child who
makes a discovery which, unkown to him, has already been made by
Pythagoras or Archimedes two thousand years earlier. He has certainly
made a discovery 'new for him' but to what extent can it be ranked as a
creative achievement comparable with the original discovery?

Kneller (1966) discusses this question with reference to a school-
boy who discovers the third dimension in painting - a discovery which
when made by Gio'tto formed a turning point in Western painting. He
does not see .tha schoolboy's discovery ceasing to be creative just
because Giotto revealed it before him, but ﬁe judges the creativity to
be "of an inferior order, for the schoolboy has the advantage, denied to
Giotto, of growing .up in a culture of which Giotto'.s creation is already

a part".
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The limitation of Kneller's example is that it involves the extent

to which the child's experience has already shown him the ‘discovery'.
A better example is quoted by Kneller from Margaret Mead (1959):

"to the extent that a person makes, invents, thinks of something

that is new to him, he may be said to have performed a creative act.

From this point of view the child who rediscovers in the twentieth

century that the sum of the squares of the hypotemuse of a right

angled triangle equals the sum of the squares of the other two sides,

is performing as creative an act as did Pythagoras, although the

implications of the discovery for cultural tradition is zero, since

this proposition is already a part of geometry".
Even here however one cammot disassociate the child from a society which,
as Kneller rightly points out, gives him the advantage of a cultural
traditlon incorporating this and other mathematical discoveries.
Nevertheless, Kneller's discussion seems to be in agreement with the .
definition adopted above and he gppears content to accept fhe criterion
of creative thinking as being ‘new to the individual', provided it can
be limited to a certain 'level! by appropriate description. Even if
- this rider were adopted however, it is still umlikely that all would
accept that iearning, which involved some new insight on the part of -
the child, could be regarded as creative. Burton (1943) for example
believes that though a child often discovers new lmowledge ho does not
create it, and he would reserve the term creative for the production of
something new, unique, and original.

In spite of this there are many psychologists, particularly of the
Gestalt school who have made g sound case for recognising a new pattern
of thinking as a creative act. The solution to a problem, for example,

. which necessitates, for the individual, a 'recentring' or reorga.niéing

of the elements of a situation so as to achieve an 'insight' or new
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understanding of the rglations within the task. This theory fits in
readily to the fremework provided by the defihition of creative thinking
already adopted.

It is also possible to compare the idea of 'recemtring'! with one of
the factors which Piaget (1950) emphasises as nec‘essa.ry.farvthe develop~
ment of adaptations in children's memtsl structures ar schemata. For
Piaget the term 'decentring' indicates the extent to which an orgsnism
can control shifts of orientation - as it 'sees' things in different ways
80 the childts schemata are modified, creating by accommodation the
new 'orga.nisé.tions' of adult intelligence. In this sense "life is a
continuous creation of increasingly complex forms and a progressive
adaptation of these forms to the environment" (Piaget 1953).

it was perhaps this interpretation of oreative which'- Dienes (1960)
had in mind when he maintained that "when a child has effectively
formed a concept from his own experiences he has really created some-
thing that was not there before". This contrasts with Burton's inter-
pretation noted earlier; for Diernes, the child could shout ‘Eureka’
with justification but for Burton it would be at best an exaggeration
of discovery. For a fuller acoount of some of the conditions and
criteria necessary for an 'Burekas Act' as he terms it, we sha.ll turn
to Koestler's clasaic theory of the act of &ea.tion.

KOESTLER 'S THEORY OF AN ACT OF CREATION

(1) The Eureka Act
Koestler (1964) explains the creative act in terms of what he calls

a 'bisociation' of two hitherto separate and habitually incompatible
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fra.me.s of reference or codes of behaviour. ’The. routine skills of
thinking he sees as taking place on a single 'plane' and the creative
act as operating in more than one frame of referrencé. The phrases
‘planes of thought', iframes of reference', 'universes of discourse',
or ‘associative contexts* are mtercméable thiroughout Koestler's
theory, and he adorts the word 'matrix' to denote any ability, hgbit,
skill or pattern of behaviour governed by a 'code' .of fixed rules.

The matrices will be conventionally represented as planes in the dia-
grams which will follow.

His theory is beat illustrated with the aid of one of his examples -
Archimedes' discovery of his famous 'Principle’.

Hieron, King of Syracuse suspecting that his crown, allegedly of
pure gold, had been adulterated with silver by a dishonest éoldsmith,
asked Archimedes: to turn his mind to inveétigating the problem.
Archimedes knew the specific weight of gold but was faced with the prob-
lem of determining the volume. It would have been easy if he could have
melted it down and measured t.‘:}e liquid gold by the pint, or if he could
have hammered it into a rectangular sided brick, but these and any other
such methods were impossible without ruin.ing the crown.

Koestler pictures the 'blocked' ideas increasing stress and imagines
Archimedes' thoughts "moving round in circles within the frame of his
geometrical knowledge, finding all approaches to the target blocked, and
returning again and again to the starting p&int". This is the familiar
gituation familiar to everyone who tries to solve a difficult problem and

is schematized by Koestler in the following diagrams—
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Figure 1.

*S* represents the starting point, and the ioops mi1 are the trains
of thought within the blocked matrix M1. '? represents the target
(i.e. & method of measuring the volume of the crown) t;hi_ch, unfartunately,
is located outside the plane M1,

Then one day Archimedes, while in the bath, realised in a flash that
the volume of water displaced when he entered the bath was equal to the
volume of the immersed parts of his body - and that they could therefore
be measured by the pint!

" As is often the case after such 'insights' the discovery looks child-.
ishly simple - but befare it came there had been no connection in |
Archimedes' mind, nor in anyone elses, between the coﬁonplace associgtions
of taking a bath and the scholarly pursuit of the measurement of solids.
Suddenly for Archimedes the two "planes of thought" were bisociated, and
at that instant he realiged that the amount of rise of the water-level was

a simple measure of the volume of his own complicated body. The aot of

discovery is schematized by Koestler as shown in Pigure 2.
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Figure 2

The matrix M1 is the same as in Figure 1, with the train of thought
m1, governed by the habituwal thought routines, "going round in_ciroles".
M2 is the matrix of associations related to taking a bath and m2 represents
the new train of thought which effects the comnection. The link L may
have been a verbal concept or a visual one, the essential. point being
that at the critical moment both the matrices Mi and M2 were similtaneously.
aotive in Archimedes' mind. ' Koestler explains it in terms:.of the_ creative
stress resulting from the blocked situation keeping.the.problen. 'on.the
agenda' even while the beam of consciousness was drifting along—quite
another plane., I shall note later a similar sort of unconscious mental
activity, described by Princeré'as eventually leadingto sudden -illumina-
tion of a problem. |

The sequel to Archimedes' discovery being so well known Koestler

subsequently refers to this scrt of discovery in its psychological aspect
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as the 'Eureka process' or 'Eureka Act'. Although the ingredients of
such g discovery are often very well-known as separate parts, for instance
: thé phenomenon of the rise in water level when one emters the bath,
Koostler suggests that it was probably the verbalisation or conscious
visualisation which made the implicit rule a consciously farmulated piece
of knowledge. As he notes "discovery often means simply the uncovering
of something which bas always been there but was hidden from the eye by
the blinkers of habit".
(2) Association, Bisociation and Creative Problem-Solving

Koestler's intemprefﬁﬁon -of .'I;he créative act as one‘-of "bisociation'
throws light on the interpretation of problem-solving as a process of
creative thinking. Accepting that there is also a personality aspect to
problem-solving - that some people sense a gap or refuse to tole:r;ate an
ambiguity when others are content with the status quo (cf. Guilford's
'Sensitivity to Probiems') - the process of thinking involved in problem- |
solving is well explained in terms of Koestler's theory.

He notes that in studying the problem-solving situations.of Dunker ..
and Maier he found routine solutions combined with intimations of origin- .
ality, the latter often in an embryonic shape but incorporating factars |
which he saw as part of the creative process. He is the:reforé committed
to degrees of wigi@ity, reminiscent of Knellers 'levels', and contends
that problems are usually solved somewhere between the two extremes of
‘routine method' and 'flash of genius'. In doing so he is prepared to
accept 'minor bisociative acts.' or lesser acts of creativity than his

unqualified term 'bisociation' implies.
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In terms of Koestler's .fheomy problems can be solved by means of
associative tl_x_ot_:ggf where the thinking operates among the elments of a
gingle matrix, or by means of bisociation in which hitherto autonomous
matrices are brought together into a creative act. However there is a
further criterion, for at times, even though all the information is
"coded" in one plane the data may be presented in such a form that existing
strategies in that plane are insuffi.cient far the subject to arrive at the
solution. In this case the matrix 'goes to pieces' and recombining them
requires a certain originality. Koestler suggests that "We might even
be generous and say that to combine them would be a minor bi-sociative
act". In other words originality can be measured on a qualitative scale
and any self—taught, novel solution to a problem is a minor-bisociative act.

This can be iliustrated by one of Dunker's famous problems -quoted
by Koestler as an illustration of a mincr-bisociative act. '

Two trains a bundred miles apart start moving towards one another at
20 m.p.h. A bird sitting on the front of one of the trains is frightened
when it starts and flies away at 30 m.p.h. in a straight line along the
reilway track until it meets the other train. It then reverses direction
wntil it meets the first train, then turns again and so on. What distance
will the bird cover to and fro in its flight wmtil the twc; trains meet?

The problem is to compute the distance d, flown by the bird, and some
subjects would attempt to compute the sum of the flight stretches. | This
however is a complicated task and there is a much easier way. The subject

needs to think aside, forget the distances for a moment and compute the
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iime until the two trains meet i.e. 2% hours. The bird has therefore alsoé
- flown for 23 hours so it has flown 75 miles.

For the.latte'r solution the subject needs to 'recez;tre' his think-
ing and switch his attention from the spatial to the temporal aspects
of the process. All the ingredients for solving the problem would be
readily available to most people - it is in reorganising the data to see
the'problem in a new light that the minor-bisociative act - or lesser act
of oreative thinking - takes place.

CREATIVE THINKING AS FROBLEM-SOLVING AND IMAGINATION

Koestler's description of a minor creative act taking place in .
problem-solving prepares the way for a closer lock at the part which
problem—-solving plays in attempts to explain the nature of creative
thinking. It is certain that a wide range of abilities dicfate the .
quality of creative thinking; intelligence, skill, personality, imagin-
ation, and problem-solving ability will all play their part. Vinackre

(1952) however sees the essence of creative thinking in the latter two

abilities and he suggests tha£ "Creative activity can best be understood
if it is defined as & combination of problem solving and imagination."

The importance of "imagination' or some '‘creative energy' is supparted

by nost studies of‘crea.tive abilities. -G*ut'm.-a;n (1967) sees "the ultimate:
source of creative activity" as "related to man's basic biological nature"f;
This is the 'extra something' that allows the person to conceive of and
solve new problems. "Greé,tivity", he says "is more than problem-

solving, although that is certainly part of it".
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It is worth noting at this stage that ' problem—solving'_ does not
necesserily imply 'mathematicsl' problems though this is the image that
the word ‘problem' evokes. Mathematicsal and logical problems are com=-
monly used in investigations of thinking largely because they are experi-
mentally convenient, the problem sclving need not have an 'external'
solution at all - the creative situation might arise, four example, from
some personal problem and the ‘correct' solution by one which in some
measure satisfies the internal neede of the creator.

It is worthwhile t-o lock mare olose_ly a.t ‘these problem-solving and
imaginative aspects §f creative thinking and at the theories which
suppart them.

1. Problem-Solving

In analysing behaviour in a problem-solving situation Vinackre (1952)
‘distinguishes the following three stages:-

(i) Confrontation by a Problem

A situation is present invblving a goal together with an
. obstacle between it and the individual. The individual must then
come to some realisation that the situation exists. Motivation
to overcome the d:_'Lfficulty ‘ensues, accompanied by an effort to
attain the goal.
(ii) Horking towards a Solution
Thig is the essential intermediate period where the individual
engages in activity to relieve the tension built up by the first
stage. In attempting a solution the individual engages in activi-

ties that typically include three kinds of response, mental or
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symbolic processes, manipulation, and verbalisation; all three
perhaps occurring simultaneously.
(1ii) Final Stage |
Ultimately the individual may reach the goal and schieve
understanding and relief of tension, or he may fail to reach it

and thkis recognition too may bring relief.

The exhilaration of completing Stage (iii) successfully is similar
to the satisfaction noted by Koestler on achieving a creative 'BEureka Act' ,;
and the 'effective surprise ' seen by Bruner as the result of a satisfac~
tory creative conclusion. The intermediate stage of Vinackre's analysis
is also reminiscent of the preliminagry processes to Koestler's creative
aotivity of bisociation.

Extensive investigations of the crucial 'intermediate' stage in
problem-solving have been conducted with animals, in partioular Thorndike
with his cats, Skinner with rats and pigeons,and Kohler with his famous
chimpa.nzees_. - While the former have experimented within a learning
framework which usué.lly points to a conditioning process of trial and
error or instrumental learning, Kdhler has interpreted some of his |
results in terms of real ‘understanding'. The Gestalt school in general
have developed a concept which they terﬁ 'insight' to describe a subjecti's ,
sudden understanding of- the relations witﬁin a task - as oppo.aed to blind, .
fumbling trial and error.

Kohler's experiments with chimpahzees (1957 (1927)) are well kmown

in this context, the following illustration being characteristic. .
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Nueva, a young female chimpanzee was tested soon after arriving in capti-
vi’gy. After being allowed to play for some time with a stick some’
ban;nas were placed outside the cage out of her reach. After sw&al
unsuccessful attempts at grasping the fruit the chimpanzee gives up and
throws herself on her back moaning in despair. "Thus, between lamenta—
tions and entreaties, some t'ime passes, until - about seven minutes agfter
the fruit has been exhibited to her ~ she suddenly casts a look at the
atick, ceases her moa.ﬁing, seiges the stick, stretches it out of the
cage, and succeeds, though somewhat clumsily, in dré.wing the ba.na.na.s' within
arm's length. Moreover, Nueva at once puts the end of her stick behind |
and beyond her objective. The test is repeated after an hour's intervalj;
on this second occasion, the animal has recourse to the stick much
gsooner, and uses it with more skill; and at a third repetition, the
stick is used immediatelyl as on all subsequent occasions" (KBhler (1957))

It appears that the animal achieved an original, independent solu- -
tion to the problem, and it is certainly in a different category from
a process Iof conditioning or trial and error. In Koestler's terms it
is a good example of bisociation between two hiterto index;endent matrices;
on one plane the chimpanzee knows that it can stretch out and reach for
things with its arms or legs, and on jl:he other plan it can think of the
stick in terms of playing and scraping. When the two trains of thought
are brought together to form the solution, rea.i creative thinking,
bisociation, has taken place. |

Neither Koestler nor Vinackre, howsver, are entirely happy with

the use of the word ‘'insight' to describe a form of thinking which
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implies an 'all-or-nothing' process. They see the finall attainment
as a more gradual process v}hose success is .partly dependent on the raw
materials available and is therefore a matter of degree. Nueva's
problem for example would be far more difficult for a chimpanz'ee- who had
not had the chance to acquire previously the skills of using th§ stick
and reaching for things. Hebb (1958) makes the explicit conclusion
that "a new ingight consists of a recombination of pre-existent mediating
processes, not the suddem appéarance of a wholly new process". He
agrees though that such recombinations are a frequent occurrence and that
"in a thecretical framework we.must consider them to be original and
creative'.

It is not always clear what even the Gestalt psychologists them- .
| selves réa.lly mean by 'insight' but the faregoing suggests that  Vinackre's.
definition of insight é.s a mode of attack to be contrasted with trial and
error is generally acceptable. He reserves the term for "an approach.

vwhere the inner relations, or basic principles are sought" (Vinackre 1952), .

and in this he includes both explaratory activity and a' controlled_spproach.. .. . ...

vhere a definite inner relation is being sought.. B

In connection with roblém-solving the works of Dunker (1945) and

Wertheimer (1961 (1945)) are particularly designed to.be illustrative of . .. .

the concept of ‘insight' and of the gestalt approach to problem solving.
Both concern themselves not so much with the solution of a problem as .
with the thinking process that has led to it. A solution in itself may

be arrived at by unimaginative routine methods - by what Dunker terms
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'resonance’ and Wertheimer 'B-processes'. These methods involve the
application of already learned -'.l.;echniques and are obviously not creative,
and 'productive' only in a very narrow sense. The real essence of
'productive thinking' for both writers lies in the reorganising of the
elements of a siu'_tati-on or in 'l-:'he utilization of 6bjects :.n New ways sSo
as to achieve what they describe as a 'good.'_ gestalt. Productive think-
ing for Dunker and Wertheimer is therefore the creative solution which
Koestler a.ssocia'.bes with bisociation and Vinackre with imaginative
problem-solving.

Wertheimer's book 'Productive Thinking' is of particular releva.n_ce
t0 a study of children's creative thinking as he focuses much of his atten-
tion on problems from the classroom and on the pedagogical implications
of his theory. His message for teachers is clear in his insistence on.
meaningful learning, and he emphasises that productive thinking is a
process involving structural insight and structural mastery and not blind
trial and error or the application of routine drill. dne of the tests to
be used in the present study will be designed on the basis of his
recommendations.

As a basis for his theory Wertheimer looks at an example in which '
a class of children are being taught that the area of a parallelogram is
equal to the product of the base and the altitude. The proof given by the
teacher is based on the familiar shaped parallelogram ABCD shown in Fig.3, . |

in which the perpendiculars DX and CY form. the rectangle DXYC and the

congruent triangles AXD and BYC



-41 -

(v

b 4 R

P Q
Figure 3 Figure 4

Wertheimer'!s question to the children entailed looking at the area
of the parallelogram PQRS (Figure 4). Thereactions of the children fell
into two groups; the majority claimed that "We haven't had that yet" or
made blind attempts copying the construction of the f::.'r.-st case by dropping
perpendiculars onto PQ as base, some others however changed the figure
sensibly and dropped the perpendiculars onto Qi. Wertheimer classes the
regponses in two ways; A-responses in which the figure is changed sensi- |
bly showing an understanding of its structure, and B-responses in which
the learned responses are applied blindly and umsuccessfully.

The central processes mediating a successful result to a-problem.
are seen by Wertheimer as centring, grouping and reorganising so that
the structure of the problem becomes clear. Polya (1965) has the same

thing in mind represented in the féllowing diagram:
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HOW. WE THIRK ,
Isolation

Mobiligzation

Figure 5

Combination

Pairs of opposite vertices and opposite sides represent comple-
mentary activitQ{es and 'Prevision' is the centre of problem solving
activity aimed at the solution. The 'mode of conception of the problem-'
is continually changing as the problem-solver keeps on mobilizing and
organising, isolating and recombining, reorganising and remembering all
sorts of elements, regrouping and supplementing, in order to foresee the '
solution. If prevision comes abruptly, in a flash, we are said to have
haed an inspiration or illuminating idea and for Polya the central desire
is to have such an idea.

Polya's attempt to distinguish between productive and creative
thinking is not very illuminating, except that it makes the point that
"the problem-solver may do creative w;::-k even if he doels not succeed in
solving his own problem" for "his efforts may lead him t0 means applicable
to other problems". (Polya 1965) Thinking is productive, however, if
it produces the solution to the.problem in hand. By this criterion it
is evident that, for Polya, creative thinking may not be productive and
productive thinking need not be creative. As observed earlier, however,

the Gestaltists normally understand productive thinking to involve the

TR
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degree of insight and effective surprise that makes it &eative. ‘
Wertheimer (1961), for example, in relating what he feels is character-
istic for a child facing a new task and achieving a productive solution,
observes that the child "ponders over it, then suddenly cries "lI've got
it*'." and having und.erstobd the situation, the means and the goal struc-
turally, he goes at this new task and solves it easily".

Both Wertheimer (1961) and Poly (1954) refer:to the story of the
young Gauss almost instantaneously solving a problem involving an.
Arithmetic Progreasion. The problem, simplified, involves the summation.
of g series for example: 1 + 2 + 3 + 4 + 5+ 6 + T +.8 + 9+ 10.

If the terms are grouped as shown below the sum remains unchanged

and is 'seen' to be five elevens

A 4 ¥
N7 K Z

L 2 R 4
L 4 L 4

(Y ~aamamn 4 .
14+2+3+4+5+6+T+8+9+ 10

The eésential feature of this solution to the problem is the reorga-
nisation of the elements according to the structural inner-relatedness -of
the operations. It is this type of problem which will be used in the
'Wertheimer' test in the present study, and is locked at more closely when
the tests are discussed later. '

From another aspect Wertheimer sees productive thinking as involving
processes of transformation which, by means of envisaging, recentring and
regrouping, manage to close or reduce gaps or inconsistencies in a situation.
A good solution is attained when "the gap is filled adegquately, the struc-

tural trouble has disappeared,” and "it is sensibly complete”. Bartlett (1962)
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describes thinking in much the same way, seeing it as essentially a gap-
filling process in which a gap i§ required to be filled in accordance
with whatever evidence is available. The items of a situstion have to
be "brought into specific relation, ... in such a manner that they satiafy
a requirement laid down'.

There are three kinds of gap filling processes considered by
Bartlett, and hé maintains that all thinking appears to illustrate one -
of them. The first two involve 'interpolation' or 'extrapolationt,
which respectively fill a gap betﬁeen information and then more information,
ar develop incomplete information. The third type more closely resembles
the mode of thinking of the creative problem-solver: "It requires that
the evidence given should be looked at from a.special, and often unusual
point of view, and that it should be recomposed and reinxeipreted to
achieve a desired issue". The three processes function within what
Bartlett calls a 'closed system' containing a limited number of units
with well defined properties, but which can be arranged in a variety of
orders and relations. It is neither the commonest nor.Bartlett observes
"in any sense of the term, the"simplest' form of thinking".

There is also an 'adventurous' type of thinking which takes place
w1th1n a more open system in which the thlnkar is "less detail ridden”
and "more schematic minded". Pinally, there is a rapproachment between
the freedom of the adventurous thinker and the need to obey the restrictions.
anﬁ principles'of a closed system, in what Bartlett terms the 'effective

thinking' of the original scientist.
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In one of his experiments Bartlett asks subjectsto work out.a
question of"'simp_le arithmetic in disguise" in which they are asked to

decipher the following addition sum:

DONALD
GERALD
ROBERT

The letters stand for distinot numbers from O to 9 and it is given that

+

D = 5. The subjects are required to find the numbers corresponding to
each letter. Only a very elementary mathematical knowledge is needed but
the subject needs to penetrate the 'disguise' and usé his knowledge in a
different way. Some of thé people attempting the problem were reported by
Bartlett as being. unable to give up trying to 'apply a method' even
though they found it ﬁnrewarding. |

The necessity for a subject to vary his approach and see the pmroblem
in different ways is a characteristic we have seen in other theories, and
it is often the mark of great discoveries of the past that the experimenter:
was ready to reverse his beliefs and alter radically a method of approach
which was the one commonly accepted. Whether the characteristics of 'risk-
taking' and 'flexibility' possessed by some of Bartliett's most successful

solvers in any way resembles the intellectual courage needed to challenge

currently accepted theories is only a tenuous conjecture but it is interes- .

ting to note that Polya maintains that great discoveries in mathematics often

occur '"by observation and daring guess" Polya(1954)..
Though he prefers not to use the phrase himself, Bartlett observes
that in the above type of question "we get something that comes very near

indeed to what has usually been called 'problem-solving'!". His objection

to the phrese, as Polya alsc observed 'ea:rlierr, is that it has the misleading
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inference that only a correct solution can involve the right sort of
'high-level' thinking, and he notes that very often "'efficient' thinking
opens up more questions than it closes".

It was noted earlier that problem—solv.ing is often seen as part of
a creative thinking procéss but that many writers emphasise a further
'plus' element. Russell (1956) for example interprets the 'plus' as
"putting isolated experiences iﬁto new combinations or patterns - by trial .
and error, insight or some other coperation =". Although, a..s.we?éhave seen,.
this element is implicit in the thearies of 'productive' problem solving
already discussed, it is in fact the essence-of the creative aspect of the
problem-solving process. Guilford indicates its presence by-observing
that "all problem-solving that is 'genuinely' problem-solving is creative" |
(Guilford 1967b); and Mednick (1962) in his associative theary of creative .
thinking, mentioned earlier, sees creativity in terms of new. combinations. |
which, in meet'ing specified requirements ar being useful in some. way.are.—__.
solving certain 'probiems'.

Most explanations of the process of creative problem-solving have:-
at least implied the ﬁesenoe of this 'extra something', and many experi-
menters have chosen to lapproa.ch it in terms of ‘'imagination'. The famous..
evidence of Poincaré (1968 (1906)) is very relevant. Describing ,the_.eraaez;‘
tive process from his own experience he tells of his. efforts to solve.a. . . ..
certain problem and of the "combinations which present. themselves .to the
mind in a sort of sudden illumination".

It is the lé.tter, saemingly irrational, part ‘of the process of.crea-.

tive thinking, often arising from the anecdotal evidence of creative persons,
that has received psychological attention in terms of 'imagination'. '
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2. Imagination

The role of imagination in creative thinking is cun'ently--rega::"ded
as part of the continumum of thought processes although traditionally it
was seen in terms of 'images' distinct from the other mechanisms of thoughf‘
or 'ideas'. The concept of-menta.l tstructures' developed with the associa~
tionist .sci;ool championed early in tlﬁs century by E. B. Tichener who
Vinackre (1952) quotes as saying that "thought is the verbal counterpart
of active imagination., Active imagination is thinking in images".

The images were claimed to be independent elements from which the ideas

of thought were composed. The early work of Galton, Binet and Woéd.wor.th,
however, cast doubt on the universality of imagery in mental' processes.
and though images are often present in all forms of imaginative thinking,
they are certainly not essentisl to it. Thouleds (1960) for '.exa,mple.
points out an experiment which was carried out by Betts in 1909 which
demonstrated the independence of ;, mental ability from its supposed depen-
dence on the use of imagery. _

Although the study of 'imagery' has lost its interest for psycholo-
gists (Guilford (1967a)observes that most of the g.t'tentian to the subject
went out of the window when behaviourism came in the door, and Burt (1962) .
notes that "Concepts like 'imagination' or 'productive thinking' savoured
too much of discredited introspectinrist doctrines and were deliberately
excluded from bebaviourist text t;ooks") it made clear the impartant conclu-
sion that -wha,tever the constituents of.the mental process it is not completely.
understandable in terms of "conscious" element alone. The use of the worti

'imagination' has consequently regained some credence as a description of

those internal activities of thought which contrast with more realistic

or externally directed thought.



- 48 -

Imagination, in this sense, is often included in 'Stage' theories
of creative thinking, as a phase relatively free from external strictures
prior to the incorporation of certain of its aspects in the final ‘concrete!
product.

STAGES IN CREATIVE THINKING

Although many highly creative persons show distinotly individual
characteristics in their thinking, several general aspects have been
widely identified. Wallas (1926) suggested that there were four familiar
stages which he labelled 'mreparation', 'incubation', 'illumination' and
‘verification’'. His categorising was intended for the purpose of more
conveniently eiamining the creative process and has proved fruitful for
many subsequent studies of creative individuals. Although he accepted
that the pattern of creative thinking is seldom as clear-cut as his
series of four steps, they have received a good deal of verification.

In particular s series of studies by Patrick (1935, 1937, 1938)
found evidence for the four types of activity suggested by Wallas a,r_xd in
ger;eral she put them, with some exceptions, in a similar order. Patrick's
experimental procedure, however, comes under fire from both Hadamard (1949)
.and Vinackre (1952) who, in particular, consider the time allocated to her

" subjects - hardly more than 20 minutes - insufficient for her to have
identified a period of incuba,tion anyth:.ng similar to that intended by -
Wallas or recalled in auto-blographica.l accounts of creative experiences
such as those of Helmholtz ar Poincars.

The experiences of 710 productive inventors were analysed 'b& Rossman



- 49 -

(1931) in an investigation into the creative process and he formulated
the following seven stages in creative productions-—

1. Observation of a need ar difficulty.

. 2. Analysis of the need.

3. Survey of all available infarmation.

4. Formulation of objective solutions.

5. COritical analysis of the solutions.

6. The birth of the new invention - the idea proper.

T. Experimentation to test out the idea.

With the exception of the 'incubation' stage this list can be grouped in

a very similar fashion to that of Wallas, and both lists correspond closely

with an analysis of the essential stages of problem-solving described by

Dewey (1933). Dewey's analysis consisted of fivé stages:-

| 1. Recognition of a problem:- Occurring in some disturbance of
perpelxity, doubt, confusion or recognition of a need.

2. Analysis of the problem:- A period of searching, enquiring,
and assembling of material bearing on the problem.

3. Suggestion of possible solutions:~ As a result of Stage 2 the
problem is seen more definitely and hypotheses for sol;ztion
are made.

4. Testing of the consequences:~ The possible solutions are
elaborated and tested.

Be Judgement of the selected solution:- This final stage
evalugtes the solution resulting from Stage 4 by overt

or imaginative action.
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The Incubation Stage and the role of the Unconscious

Although the analyses of Rossma.n a.nd Dewey lend support to the role
of problem solving in creative thinking, discussed in the last section,
they tend to neglect the period of 'incubation" reported by Wallas and
put more emphasis on the structural thinking of the disciplined rea.soner..
In doing so they consequently neglect the role of ‘imagination' and the
unconscious in the creative prooéss. -Hifhout extending the concept of
creativity to an entirely psychoanalytic standpoint, Rugg (1963) has |
stressed a multi-disciplinary approach and the need to distinguish the
creative acts of discovery from the concrete, reasoning acts of logical
verification.

He stresses the importance of a theory which is concerned with the
pre-logical and pre-conscious rather than the logical, analystical and the .
cénscious. He believes that the first key 'l_:o an explanation of creativity
is the fact that "the creative flash of insight takes place -in the trans-
liminal, across-the-threshold border between the unconscious and' the
conscious states"”. Both he and McKellar (1957) approach the subject
with the same belief in a continuum from conscious to unconsc:i;aﬁs and
stress the importance of not only dealing with the "tiny, censorious
conscious part" Rugg (1963). MNcKellar argues further "that it is fraitful
to regard human th:.nk:.ng as ranging from logical reasoning and scientific -
theorizing, through creative imagination, dreams and related experiences,
to the hallucinations of psychosis or 'insanity'".

This view is supported by Kneller (1966) who suggests that though

especially strong in the 'preconscious', imagination and creativity are
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present in some degree at all levels of mental activity. This is a
departure from the arthodox Preudian belief, that creativity originates
in a conflict within the unconscious, as it emphasises the importance of
a 'preconscious' origin for the creative process. The preconscious is
& halfway stagé between the unconscious influences, which are linked to
repressed conflicts and impulses, and the conscious which is conventional
and reality orientated. Its effectiveness for originating creative
thought is seen in the degree to which a person can operate flexibly

in the preconscious, assailed as it is by the opposing forces of reality
and the unconscious.

In the Freudian view (1949) the.tension in the 'id' is the driving
farce for creativity. It produces a possible solution to the conflict
which is either repressed by the ego, or, if it is compatible with the
reality orientated ego, will be expressed in creative behaviour. The
energy generated by the unconscious is therefore the motivating force of
both the creative person and the neurotic.

More modern developments of the classical Freudian theory, however,
are less prone to couple creativity with the neurotic elements of the
unconscious and some in fgct emphasise that the ego of a creative person
must be well-balanced, flexible and secure if he is to resglise his full
potential (Anderson, 1959).

There are obviously complex reasons why people with apparently
similar intellectual abilities reach quite different levels of creation
and there are widely differing theori'es. One point of departure of

psychoanalysts' views is especially interesting, however, for whereas
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in the traditional PFreudian view a person creates, just as he eats and
sleeps, in order to allay certain drives and regain a state of equilib-
rium, there is a more positive view which sees motivation in terms of
satisfactory interaction with the environment or "competence motivation"
(White, 1961). There is, in White's view, a drive of an intellectual
nature which stimulates creative exi:loration and experiment. This is
similar to the theory of creativity put forward by Rogers (1962), in which
motiwéa.tion for creativity is seen as being stimulated by a drive for 'self-
actualization' in one's environment and by an urge to fulful oneself in
solf-realisation.

'The latter views are more in line with the more 'contrete' approaches.
to creative motivation such as that of Rossman (1931) who argues that "the
assumption that the subconscious is responsible far the final condition
is no answer to the problem". Rossman supports his conclusion from his
study of inventors who were motivated by a dominant driving force which-
was the thrill of surmounting real difficulties ar being involved in tough
problem-solving. Nevertheless, although such thearies see the incubation
period as only "a charming but futile substitute for an explanation®
(Guilford, 1967b), it is part of the answer given in their accounts of
their discoveries by ma.ny men famous for their creative work. |

Hadamard (1949), for example, quotes the classical cases of Helmholtz
and Poinca.ré who stress their own experiences of the unconscious, and
maintains that his experiences accord with those of Poincaré whom, he
says, "attributes to tﬁe unconscious not only the complicated task of

constructing the bulk of various combinations of ideas, but also the
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most delicate and essential one of selecting those which satisfy our sense
of beauty and, consequently, are likely to be useful™. Hadamard reaches
the conclusion, again supporting Poi'nca.ré, that invention comsists. in the
building up of numerous combinations, oftem he says in what Francis Galton
terms the 'ante—chamber of consciousness', and choosing those which are
useful. This conclusion is very much in line with Mednick's (1962)
associative theory of orea.tiv:i.tyl in which as we have already noted, creative
thinking is seen as arising from the association of elements into new |
combinations.

McKellar (1957) quoting from the same autobiographical account of
Poincaré which has already been noted (1968 (1906)) interprets the account
in terms of creative stages and emphasises the role of the unconscious..

He observes that Poincaré found"a period of preliminary conscious work ...
always precedes all fruitful unconscious work" and regarded such thinking
as a process of recombination of ideas which he likened to 'hocked atoms'.
During the incubation period of unconscious work these 'atoms' collide to
give new combinations. The process is not mere chance however for the
ideas selected are those from which the desired solution could ressonably
be expected. The preparation period is stressed for it is during the
period of conscious work that the hoo_ked atons are liberated.

Stressing the importance of the incubation period HcKellar emphasises
that it no doubt plays a major part in the production of what he also calls -
the "Bureka experiences" or "sudden insights whose importance is often

stressed by creative thinkers". Referring direct to Poincaré however

it is worth noting that he does not give all the credit for his discoveries
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to the subconscious but notes that he "should hate to accept that ... the
subliminal self is superior to the conscious self" Poincaré (1968 (1906))

The concept of stages in creativity is brought up to date by Guilford
(1967b) who stresses its similarity to .stages in problgm solving and puts
forward a general "transfer theory of productive thinking" to account fear
both,” He formulates the theory within the framework of his 'structure of
the intellect model' and though he indicates the special role of the diver-
gent production abilities he emphasises that most of the abilities demon-
strated in his intellect model have their parts to play.

He sees the generation of creative ideas being effected by a process
of recall of infarmation - but in connections other' than those in which it
had been originally learned. This infers a 'transfer of cues' and hence
the title of the theory. There are four main stages:

1« 4n initial sensitivity to a problem situation.

2. An analysis of the problem.

3. A ‘'search' through stored information for relevant ideas.

4. Periods of evaluation (not necessarily confined to a f£inal stage).
The divergent thinking abilities are seen as playing their fundamental part
in the third stage where the effectiveness of retri.erval depends on fluent

production of information, flexibility to prevent the search from becoming

too limited in scope, and transformation, redefinition and elaboration
to achieve new insights and make new comnections. We shall look more

closely at these abilities, postulated by Guilford, later.
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3. A BI-POLAR THEORY OF CREATIVIZY

The respective roles in creative'fhinking of problem-solving and
imagination are well summed up by Thompson (1959) who considers creativity
as a bi-polar activity involving a 'switching of gears'. between-.the -
'Imaginative'pole and the 'Realistic' pole. He distinguishes the former
as being the pro&uct'of the unconscious part of the personality,- determined
by a motivational state and resulting in a free flow of ideas, while the
latter is a region of deliberate organisation and control of data, appli-
cation of skills and techniques, and the editing of one's own thought
products. DProblém-solving is seen as geared to the realistic pols with
imagination playing just as important a part in truly creative thinking.

McKellar (1957) also distinguishes similar poles of thinking which
he calls R-thinkiﬁg (reality-adjusted th@nk}ng) and Arthinking-(gﬁ$istic
thinking), the latter being repregented in 'imaginative experiences! such
as dreams, nightmares, hallucinations, fantasy and reveris. It must
be remembered, however, as Mchllar himself points out, that thinking is
more likely to range through a continuum of thought processés thah be
ooﬁfined entirely to one or other pole. Part of the éxplanation-of the . .
nature of creative thinking no doubt lies in acknowledging that creative
abilities are a matter of degree.

No great discoveries could emerge from entirely fanciful speculations,
but a relaxed state of reverie hﬁs often been the source of key concepts
which have later been orientated towards reality. Descartes is said to
have seen in a dream the basic idea of his analytical geometry, Kekuld

to have evolved the concept of the benzene ring from the pictarial content
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of a dream, and Poincare to have discovered the existence of the
Fuschian functions after a surfeit of black coffee and a sleepless night.

Perhaps it is still only a 'stop-gap' concept but for many
'imagination' clearly remains p.art o:t" the psychological expgl.anation of
creative thinking. Taylor (1959) plainly maintains that "fantasy
associations and relaxation far uﬁooncious play are so essential for
" creative thought that creativity camnot be subjected to the same inter-
pretations as logic, and scientific method“.

There are obvicusly wide individual differences both in the pattern
and degree of creative thinking, some creators being motivated dy the
need to serve extrinsic ends, other.s by internal needs, conflicts or
desires. Typically, however, it is likely that the creative process
runs an intermediate course, vai'ying between and combining the realistic
and the imaginative factors.

GUILFORD'S THEORY OF CREATIVITY AND HIS STRUCTURE-OF-INTELLECT MODEL

Guilfard, as was not'ed earlier, is not content to describe creative
thinking in terms of 'charming but futile' substitutes for an explanation,
such as incubgtion,and makes an attempt to explain creativity in terms
of a factorial conception of personality in which all individuals possess
patterns of primary abilities which govern their capacity for creative
thinking. The creative personality therefox;e is built up of a unique
pattern of traits including the potential creative abilities and .the
other primary traits such as interests, attitudes and temperamental

variables ﬁhich affect creative production.
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In his famous Presidential address to the American Psychological
Association (1950) Guilford reawakened interest in creativity and sug-
gested a nu:mber of tests and hypotheses of creative _abilities which have
had a profound effect on the subsequent developments. He expressed the
belief that creativity and creative production extend well beyond the
domain of intelligence and pointed out the inadequacies of the common,
stereotyped intelligence test which has developed out of demands for
objectivity and scoring convenience.

M@mtd to his theory of creativity is his belief that every-
one possesses all abilities to some degree and that whatever the nature
of creative talent, those pérsons who are recognised as creative merely
have more of what we all have. He maintains that "Creative acts can
therefore be expected, no matter how feeble or how infrequent, of almoét
ell individuals." This belief, together with the dqfinition of persona- .
lity as a unique pattern of traits, and the techniques of factor analysis,:
are basic to Guilfard's subsequent theory. Although there may be thous—
ands of traits, many will be interrelated, and by incorrelation procedures
Guilford suggests that it will be possible to determine the threads of
consistency that run through the various categorias and reduce the number
of Va.r.:l.a.bles.

His conception of the intellect is therefore that of & multitude of
primary abilities, different abilities being involved in answers to dif-
ferent tests. He therefore proposed that = ﬁfuitful exploration of the
domain of creativity would be through a complete application of factor

analysis, beginning with carefully constructed hypotheses and tests con-

cerning the primary abilities and other properties.
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The initial hypotheses made by Guilford on the nature of creative
thinking were derived with certain types of crea.five people in mind,.
particularly the scientist, technologist and inventor. Although any
fa.ci;ors isolated could also be relevant to the artist, writer and com-
poser, Guilford observed that there might be further . patterns of abilities
more specific to this category. The factors that formed Guilford's
initial hypothosis of creative thinking abilities (1950) are summarised
as follows:-

(1) Sensitivity to problems

In postulating this ability Guilford illustrates it by considering
two scientists, one of whom attributes a minor discrepancy in his results
to ezperime.nta.l error while the other pursues the reason and finds impor-
tant results. The question is what sort of ability challenged the
latter and compelled him to pursune the results?

As possible tests of this ability Guilford suggests asking the sub-
Jjects to compose as many questions as possible from a paragraph of |
expositary material, to suggest ;i.mprovements to common household appliances,
or to talk about a picture which has minor irregularities.

(ii) Ideational fluency

- This factor is the ability of an individual to produce a large
number of responses relevant to some stimulus, verbal or figural. As a '
test a subject might be asked to name as many obje_cts having a certain
property as possible in a given time, or to give appropriate titles to
a picture or story. '

Fluency of Inferences may be tested by asking for consequences to a
hypothetical occurrence, such as a new invention making it unnecessary to eat.
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(iii) Jdeational Novelty

The creative person has novel ideas. This might be tested in
terms of the frequency of uncommon, yet acceptable, responses to items
such as verbal associations in a word-association test, or similarities
in g similes test.
(iv) Flexibility
An individual's flexibility of mind, the ease with which he changes
'set', can possibly be indicated in several ways by means of tests -~
with its probable opposite rigidity. For example, does the examinee
tend to stay in a rut or does he .bra.nch out readily into new chamnels
of thought? Tests whose items cannot be correctly answered by adherence
to0 old methods but require new approaches, would be appropriate here.
(v) Synthesising gbility
Much creative thinking requires the organising of ideas into
larger, more inclusive patterns. For this reason Guilford hypothesized
a synthesising ability.
(vi) Analysing Ability
As a counterpart to the above, this ability is needed whenever
symbolic structures are broken down tb allow new ones to be built.
(vii) Reorganising ar Redefining ability
This ability, from Gestalt Psychology, suggests that there may
be a factor involving reorga.nisa.tic;n or redefinition of organised wholes,
and Guilford observes that many inventions have been in the nature of a |

transformation of an existing object into one of different design,

function or use.
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‘(viii) Span of Tdeation Structure

This ability has to do with the degree of complexity or ‘of"intricacy ;
of conceptual structure of which an individual is caﬁa‘ble. For example,
how many interrelated ideas can the person manipulate at the same time?
(ix) Evaluating ability

Creative work that is to be realistic or accepted must be done
under some degree of evaluative restraint, and this factor is needed
in the selection and evaluating ideas or responses.

" Quilford anticipates the question of the velidity of his proposed
tests and has two answers: firstly there is the factorial validity
which will measure each factor and its extent in the tests used, and
secondly there will be tﬁe practical relation of the factors to creative
rroductivity in everyday 1ife. The latter relation is more long term
and will need to be established but Guilford emphasised his conviction
that the hypotheses were in the right direction and that "only after we
have determined the promising factors and h&w to measure them are we
justified in taking up the time of creative people with tests". He
also noted the experimental time which would be wasted if one had to
study the practical validity of every test befare it is analysed. !

This confidence has nc':jl; been entirely misplaced for aslthough
there is still no concensus on what Guilford's tests really measure, .
they have the practical validity of being able to distinguish between
two types of thinker, the 'converé'er' and the 'diverger'. As Hudson
(1968) emphasises "We ;just::tfy the usé of open-ended tes‘t-:s not in terms

of their test-retest reliability, but of their external validity - their
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power to differentiate among varisbles other than themselves™. This
being established Budson continues to observe that "I camnot for the
life of me see why resea;réh in 1the field has placed so little confi-
dence in demonstrable differences between convergers and divecrgers'f.
Guilford hoped that once factars could be established'a.s describing

the 'domain of oreativity' we would have a basis for selecting indivi-

duals with creative potentials and for providing an education to suit

and develop their potentialities. Hawevéa:, although the open-ended

or divergent thinking tests used by most investigators owe their

origin in considerable part o Guiltord's early hypotheses, his hopes

of establishing a 'domain of creativity" have not been fully realised.

Writing six years after his ariginal address, Guilfard (1956)

reported a developing picture of tle structureof human intellect as

seen in terms of factors, the structure then containing about forty

different factars "many only recently demonstrated". Enough were known

however to éuggest the outlines of a sysfem in ﬁh:l,oh the factors fell :

into two main groups, thinking a.nd memory; the thinking group containing:

the majority of items, sub-divided into three groups of factars, cog;itim,

production and evaluation. In each of theée sub groups in turn the ‘

content of the thinking is arranged as figural, structural and conceptual.

A further principle of classificati on divided both the thinking and ;

memory divisions in.to the kinds of things produced or remembered. .
. A multidimensional view of the intellect continued to develop from

these beginnings and by 1959 Guilford (1959(b)) had demonstrated about J.

50 intellectual factors and arrived at-the structure of intellect model '

1
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in its now well-established form containing 120 cells. However, he
had already found that two cells contained two or more factors each amnd
the prognosis was of even more than 120 gbilities. It is rather alarming
" to consider how far one might take Guilford's conclusion (i§59(b)) that
"The major implication for the assessment of intelligence is that to
know an individual's intellectual resources thoroughly we shall need
a surprisingly largg number of scores."
Although he olaims that each factor is suffioiently distinct to be
detected by factor analysis, Guilford's work revealed that he could
group the factors together according to certain ways in which they resemble
one an;ather. The grouping of factors, into which Guilfard considers one
can fit "all kinds of information psychologically" gave him the following
classification:
(a). Five groups of Intellectual OPERATION:
Cognition, memory, divergent thinking, convergent thinking
and evaluation.
(b) Four kinds of CONTENT: .
Figural, symbolic, semantic, and bebhavioural.

(c) Six kinds of PRODUCT:

Units, classes, relations, systems, transformations, and
implications
When a certain OPERATION (a) is applied to a; certain kind of CONTENT (b) ‘
the PRODUCTS (c¢) can be themselves classified in six different ways.
The complete classification consequently has three dimensions which can

be represented in a three-dimensional model (which Guilford wrongly
labels a 'ctibical'! model) as shown in Figure 6.
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Figure 6 GUILFORD'S STRUCTURE-OF-INTELLECT MODEL
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In this model of 'The Structural-of-Intellect' each dimension
represents one of the modes of variation of the factors in (a), (b) and
(c) above, and each-cell, one of the 120 hypothetical factars, 82 of
which Guilford (1967a) has identified by means of appropriate tests.

Of the 24 cells in the divergent-production (DP) category, as envisaged
by -the Structure of Intellect (SI) theory, 16 had then been investigated
and all 16 demonstrated.

Although the nomenclature has changed a good deal the following

exambles should make the categories more recognisable in terms of some
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of the creative abilities hypothesised in Guilford's earlier work.,
The well-known ability of ward fluency, tested by asking the
subject, for example, to give as many words as possible beginning with
's' or ending in 'tion' is now regarded by Guilford (1959(b)) as a
"facility in divergent production of symbolic units". That is it fits
into the 'cell' designated by the operation of divergenmt-production,
the contegt being- symbolic, and the product one of units. |
The parallel semantic ability, 'in which the responses involve
verbal meanings or ideas, is known as ideation fluency and is tested, for
exaxﬁple, by calling for as many objects as possible which are round and
edible.
To illustrate the divergent production of classes one applies a
test such as the well-known 'Uses for & Brick' test. If, far example,
the subject responds "by giving: build a house, build a barn, build a
garage, build a school, build a chimney, he. would have a score of five
for the number of ideas but a very low score for production of classes.
To receive a high score the i'esponses need to be flexible and belong to
different classes; For example if another sibject gave: make a door stop,
make a paper weight, throw at a dog, use as a hammer, make a red powder,
he would also have five marks for ideation fluency but a much higher
'score for 'flexibility of classes of response. The latter ability is
therefore described by Guilford as the factor of 'spontanecus flexibility'. |
The cell for. divergent production of semantic transformations has
been showm to be the factor more frequently labelled 'ariginality!, and

defined by Guilford as involving shifts, transformations, or changes in
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the meaning of semantic material resuliting in novel, umusual, clever, or
farfetched ideas. 'The 'Plot Titles' test, when marked for clever or
unusual responses to its request fom.appropmiate titles to a short story,
is ;9, good measure of this factor.

- Although the most obvious aspects of creative thinking are related
.to problem sensitivity combined with the divergent fhinking abilities
including fluency, flexibility, and the ability to effect transfarmations,
Guilfard considers that his model is such that any or all kinds of abilities

represented can play their useful roles directly or indirectly.

Some Limitations of Guilford's Theory

Guilford's efforts to extend the concept of intelligence so as to
include his categories of convergent and divergent abilities, his interest
in Bducation, and his refined.methods of psychological measurement, have
all contributed a great deal to the resurgence of. interest in creativity.
Unfortunately, however, his Structure-of;lntellect model seems to have
become largely academic, and the increasing fragmentation of abilities .
does not 'seem to enhance the theory of creative .thinkiné or that of intelli;-.
gence, A multiple-score approach to measurement of abilities may be
- useful if some partiocular qualities are sought after for some specific
vocation, but there is only limited use f& a theory incorporating 120
factors in wh:;.ch, as Guilford himself observes, "Each intellectual compon-
ent or factor 1 a unique ability that is needed to do well in a certain
class of tasks or tests" (1959b)

Many experimenters such as Burt (1962), Vernon (1964) and Eysenck (1967)

have serious objections to Guilford's theory of intellect well beyond its
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implications for wark on creativity, and although it is the productive
thinking aspects that are the chief concern of the present study it must
be noted that there is general unease at the wider implications of his
theory.

Eysentk(1967) makes it clear that many psychologists see a psycho-
metric approach to intelligence as being too far rémoved. from psycholo-~
gical theory, and as relying too much on ptn;e test 'scores' which do not
adequately reflect individual differences on test items. Criticising
Guilford's theory in particular he suggests that the possibility of
infinite sub-divisions in such a statistical approach is almost a
‘reductio ad absurdam' of factorial studies of the intellect.

The traditionally British approach to intelligence has followed
Spearman in supporting the concept of a general 'g' factor, and is
exemplified in the hierarchical models of Burt (1949) and Vemm (1961).
Both the latter writers have criticised Guilfard's eitensions of the fac-
torial approach which is the typical American view of intelligence. In
particular, whilst Guilford has stressed the distinct differences between
the faotors which his tests measure, Burt (1962) notes that the positive
correlations between such tests and their positive correlations wi th more
conventional intelligence tests indicate that "a single general factor
would fully account for the correlations observed".

In spite of the Qifferences in their conceptions of intelligence,
however, Wiseman (1967) suggests that the end products of the American
and British views bear'-strong resemblances and that "No doubt before long

further research will bring the emergence of a rapprochement”,
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Whatever the final verdict, it has been necessary to note some
of the limitations of Guilfard's theory whilst at the same time
recognising its influence on sfudies of creativity. In the present
study, discuseion of abilities in the classroom will inevitably return to
numerous studies which have been either stimilated by Guilford's work or
which have used tests based on his open-ended tests of dive:rgent thinking.
A discussion of the effects of the Creastivity/Intelligence distinction

on Education and particularly on Junior School mathematics is the subject

of the next chapter.
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CHAPTER 4
CREATIVE THINKING, INTELLIGENCE AND THE DISCOVERY APPROACH

Underlying much of the current educational interest in creativity is
the growing dissatisfaction with the conventional intelligence test as a
means éf assessing the Wﬂole of a child's capabilities. Although the
deveiopment of Guilford's early work has become too purely a psychometric
exercise for many psychologists, his early contention (1950), that the
correlations between creativity and intelligence tests would be small
thereby indicating that many abilities important for creative behaviour
are not included in the conventional I.Q. test, is basic to much of the
current thinking., Even Burt (1962), critical of much of Guilford's
theory of the intellect, agrees that "there can be no doubt whatever that
these new tests have succeeded in eliciting supplementary activities that
are rarely tappea byhthe usual brands of intelligence test.! The relation-
ship between intelligence and these 'creative' activities is the subject
of the first part of this chapter.
(1) Creativity and Intelligence

Much of the discussion of créativity versus intelligence has revolved
around what Hudson (1966) terms a question begging approach to labels too
arbitrarily applied to the tests. There is no reason, other than for ease
and objectivity in marking, why 'intelligence' tests should include items
only of the convergent type. Hudson sees the error that was originally
made by apprlying to such tests, the word 'intelligence' being repeated by
calling divergent tests ones of.'creativity'. At the same time he values

the use of such tests for their demonstratable power in distinguishing
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between two types of thinker, the converger and the diverger. (Hudson (1968).

Other doubts of the appropriateness of the label 'creativity' as applied
to divergent and open-ended tests such as those devised by Guilfard, Torrance
and others, have already been discussed and will remain until long term
validity studies have been carried out. Nevertheless, however valid they
are as a means of predicting future creative achievement, it is necessary
to consider what such tests are measuring and whether evidence has shown
them capable of verifying the existence of =z separate domain of cognitive
abilities distinct from that of intelligence. Burt (ibid) considers that
the evidence hardly suffices to prove that there is no such thing as a
general factor underlying all known cognitive processes, though this has
been the claim of several major studies and a great number of smaller ones.
In particular those of Getzels.and Jackson (1962) and Wallach and Kogan
(1966) have had the greatest publicity and provoked the most vigorous
reactions.

The study of 'Creativity and Intelligence' by Getzels and Jackson (1962)
has been criticised as being based on an over-simplified view of the
creativity/intelligence distinction and on statistically inadequate data.

As Freeman, Butcher and Christie (1968) note however, it has served "to
illuminate, in a way which is impossible to ignore, a general dissatis-
faction with the tests of intelligence and'attainment in current use, and
has stimulated a great deal of the re-thinking about their limitations.™

The study was carried out with gifted adolescents in a private school
in the Chicago area, the greatest proportion of students coming from middle

and upper class families and having I.Q.'s well.above the average. The
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mean I.Q. for the sample was 132, with a standard deviation of 15, For

the purpose of assessing creativity the authors administered s battery of
tests of Guilford/Torrance c;igin; Uses for Things, Word-Association,
Hidden Shapes, Fables, and Make-Up Problems. Iptelligence measures were
obtained from the school records, and from the results of these and the
creativity tests Getzels and Jackson selected two groups, one of adolescents
in the top 20% on I.Q., but not in the top 20% on 'creativity', and vice
versa. ’

They then compared these groups on school achievement,'aspects of
behaviour and attitudes, and how they were regarded by teachers and parents.
To put the results in perspective hpwevér, it is essential to consider the
exact constitution of the two groups resulting from the selection procedure,
for the labels applied to them could be misleading. The investigators
labelled their groups as 'High Intelligence® and 'High Creative' respec—
tively though in a small footnote on Page 21 they do remind a reader that
"Students who were high in both intelligence and creativity were of course
also excluded". - The reader must nevertheless keep reminding himself
that not only is the wholé experiment conducted with gifted children but
that the 'High Creativity' group, implying low I.Q., will include a sub-
stantial proportion of individuals with I.Q.'s above the mean of 13235 and
that pupils in the top 20% on both intelligence and creativity are excluded.
BEach of the two groups in fact contains only about 5% of the total sample.

One reviewer writing in the 6th Mental Measurements Year Book (Buros 1965)
emphesises the statistical inadeguacies of the study and observes that by

confining their attention to the 'high' groups and by further excluding the
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'high-high' group, Getzels and Jackson used only a very small proportion
of the subjects, and that although their stated purpose was to isolate
two types of cognitive excellence, the effect of their drastic reduction
in the size of the sample was to manufactpre two fictitious types of people.

Allowing for the limitations in the statistical @gsign and in the
numerical evidence presented in their study (the authors sound a cautionary
note themselves on page 62), it is still full of sound educztional impli-
cations and their anecdotal evidence indicated two very different modes of
thinking in the experimental groups. Hudson (1966) suggests that criticisms
- focussing on the statistics and the implications of the results far the gen-
eral factor theory of intelligence, are preoccupations with technical red
herrings, and he points to the valuable features of the study, the crucial
one being its demonstration that "a lknowledge.of a boy's I.Q.is of little
help it you are faced with a formful of clever boys'".

Both of Getzels and Jackson's groups turned out to be equaliy good
at school achievement and this, they suggested, showed cregtivity to bg as
important a factcr.in academic success as 'intelligence', and.that the
divergent thinking abilities should deserve as much atiention as is
traditionally given to intelligence. Their study was seen in the light
of the increasing evolution of a society based on an examination-passing
meritocracy judged by conventional I.Q. measures, and in this context
their plea for the proper recognition of creatiye youngsters, too often
given the perjurative title of 'overachieves', has considerable educational
importance.

Torrance, (1962, 1965) who has been especiglly concerned with the

educational implications and development of cfeative potential, also sees
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a serious defect in the use of I.Q. as the sole criterion of giftedness,
and he has supported most of the findings of Getzels and Jackson. He
maintains that on the basis of I.Q. alone, selection of the top 20% of

a school population would include only about 30% of those children in the
top 20% on measures of creative thinking, and the group traditionally
regarded as containing the gifted therefare overlocks about T0% of the
highly creative.

Reporting an investigation of 320 Canadian schoolchildren Cropley (1967)
also provides some support for the academic importance of creativity by
noting that, among a group selected as above average in intelligence, those
who were highly creative were superior on tests of school achievement than
those who were low in creativity test scores. A sgimilar result emerged
from studying the performances of children in the low I.Q. group. Cropley's
population, however, was above average in I.J., having a mean of 114.3, and
less confirmation of Getzels and Jackson's results have been found ﬁith
more representative samples. Edwards and Tyler (1965) studying children
in a non-selective American Junior High School found almost entirely nega-
tive results, and they concluded that Getzels and Jackson's findings about
the relation of creativity, intelligence and school achievement were not
widely generalisable.

In a Scottish research project Hasan and Butcher (1966) also produced
results which found little confirmation of the findingé of Getzels and
Jackson. They found that their creativity measures, including four
tests which had been used in the American study, overlapped with 'intelli-
gence' to such an extent as t0 be hardly distinguishable. They even found

it difficult ;to form groupings such as those used in the American study,
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but, as far as their groups were valid, they found little indication that the
more creative children were scholastic 'over-achievers' or that their
abilities were unappreciated by their teachers.

Yamamoto (1964) provided some support for Getzels and Jackson in a
study which found a2 positive relationship between performance on creativity
tests and success in school learning not due to differences in I.Q. In
a further study (1965p )however, Yamamoto concluded that creativity and
intelligence ﬁeasures are nﬁt wholly independent and that "we should regard
creativity tests as complementary components in new and more inclusive
measures of human intellectual behaviour and not-as a measure wholly
independent and exclusive of the general factor of intelligence'". Lovell
and Shields (1968) in a study of gifted children arrived ag a similar con-
clusion after factor analysis of measures of creativity, I.q., and logical
thinking. They concluded that although their analysis indicated factors
distinguishing components of creativity, I.Q. and logical thinking, the
tests also loaded a single factor indicating a central intellective com~-
ponent common to all the tests.

These conclusions are in accord with the convictions of Burt (1962)
&nd Vernon (1964) who have criticised the concept of creativity as a dis-
tinct intellectual ability different from that of intelligence; and also
with Marsh's (1964) reanalysis of the Qitzels and Jackson data.

| It is warth noting, however, that there appears to be a much more
tenuous relationship between creativity and inteliigence as the I.Q. level
is raised. Mackinnon (1962) has found evidence for this in his studies of

creative individuals and Yamamoto (1965b )showed a consistent decrease in
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the size of the correlation between creativity test scores and intelligence
as the I.Q. level of his various groups became higher. He concluded that
his results seemed to support the concept of a 'threshold of intelligence!,
that beyond a certain minimum level of intelligence, being more intelligent
does not guarantee a corresponding increase in creativity. The results
did not suggest however that creativity is an entity independent of other
facets of human intellect.

The question of distribution of creative aﬁilities is discussed by
Guilford (1967a)and he illustrates, Figure 7, what he calls a typical
shape for the scatter of individuals when scores for divergent—production
tests are ﬁlotted against corresponding I1.Q. scores. This pattern,'which
he calls a triangular scatter diagram, is also suggested by McNemar (1964).
Guilford points out two striking features, the scarcity of cases combining
low I.Q. with high status on divergent production; and the incidepce of

conjunction of low divergent-production'ability and high I.J.

Figure 7
Typical scatter: Divergent-production ability and I.Q.

Divergent-
production
test—-score Scals
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Nunally (1964) points to the same features as Guilford by asking the
crucial question of why only some of the children with high I.Q.'s are
creative, and by noting that rarely does one find a highly creative indi-
vidual who is not also zbove average in intelligence. This recognition
of two gifted groups of children, thosq intelligent but not creative, and
those intelligent and creative is of growing educational concern.

While such distributions of creativity and 1.Q. scores support the
concept of a threshold of intelligence beyond which the relationship between
creativity and I.Q. is thogght {to break down, not all experimenters support
this pattern. Ginsburg and Whittemore (1968) a%tempted a direct examination
of the relationship between creativity and I.Q. assessed by a verbal test,
and suggested that the.relationship does not break down in the upper segments
of the I.Q. range. Rather, they claim, = relationship between the megsures
is preserved throughout the I.Q. raﬁge, though the relationship is curvilinear
and the gradient of the curve decreases above a certain lével of I.Q.

The persistence of much contradictory experimental evidénce regarding
the relationship between creativity, intelligence and other measures is
due in large part to the wide variety of tesfs of creativity and to the
varied metbods of administering and scoring the tests. Wallach and Kogan's
study (1966) is an important attempt to establish a conceptual framework
for the concept of creativity together with appropriately detailed measure-
ment tasks and procedures.

‘ Having reviewed some of the previous studies Wallach and Kogan

expressed the view thaf there was little evidence for acknowledging a

creative dimension of individual differences which was either cohesive
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and unitary or relatively distinet from general intelligence. In parti-
cular their examination of the study by Getzels and Jackson (ibid) led
them to conclude that the different types of test used were unlikely to
provide indices of a common psychological concept, creativity, and that
in that experiment the conceptual framework for a possible creativity
domain was inadeguate. In spite of the lack of success of previous experi-
ments to establish a cohesive domain of creativity, however, Wallach and
Kogan undertook to set up their experiment on a new conceptual analysis
based on an "associative conception of creativity";

Appealing to the anecdotal experience of a number of highly eminent
creative individuals, most of them reported by Giselin (1952), Wallach and
Kogan accepted Mednick's (1962) definition of creative thinkiné as "the
forming of associative elements into new combinations which either meet
specified requirements or are in some way useful". They consequently set
up a hypothesis that creativity most appropriately refers to "the ability
to generate or produce within some criterion of reference, many cognitive
associates and many that are unigue'.

This conception of creativity suggested the experimental procedure of
considering the pattern of responses of subjects to some stimulus word or
object. Two types of response patterns were suggested. Cénsidering the
hierarchy of possible responses to a stimulus word, the experimenters
suggested that the more conventional, stereotyped answers would be readily
available and the more unigque ones less readily available. Two types of
people were then hypothetically suggested, one who is low in creativity

but quick to produce stereotyped responses and another, high in creativity
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who, though likely to offer stereotypss to start with will go on longer:
with increasingly unique associatés.

In contrast to previous testing procedures, this consideration, toget-
her with a conviction that a2 relaxed and p?rmissive atmosphere is necessary
for creativity, led Wallach and Kogan to set up =n experimental situation
in which the subjects would be free from constraints of time and an-atmos-
phere of evaluation.

The experiment was carried out with 151 children comprising the whole
of the 5th grade in a suburban state school. The mean age of the children
was 10 years 7.6 montﬁs, and their background was predominantly middle-class.
Five creativity tests were administered individually in & 'playing gamesf
context by two young women experimenters who had spent some time getting to
know the children., The general intelligence meésures were obtained from
both individual ana group tests, some of them already having been admini-- -
stered by the school in its normal réutine.

The five creativity tests incorporated many of the suggestions of
‘Guilford and other experimenters, but the emphasis on a relaxed atmosphere
free from implications of examination was a significant departure from

common practice. The following are examples of the tests used:

Ingtances: 'Name as many round things as you can think of"

Alternate Uses: "Tell me all the different ways you could use a newspaper"

Similarities: "Tell me all the ways in which a potato and a carrot are alike"

Pattern Meanings: "Tell me all the things you think each drawing could be"

Line Meanings: "Tell me all the things the drawing makes you think of".

The creativity results were analysed for both number and uniqueness of

responses and an impressive series. of intercorrelations with the I.Q. tests
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led the experimenters to conclude that their measure of creativity was
"strikingly independent of the conventional realm of general intelligence,
while at the same time being a unitary and pervasive dimension of indivi-
dual differences in its own right".

Having established two modes of cognitive activity, Wallach and Kogan
continued by investigating possible correlates of -individusl psychological
differences between types of children classified according to their I.Q. and
Creativity. Differences in level of creativity ‘did not appear to contri-
bute to behavioural differences between boys, but girls showed a number of
significant correlations between their behaviour and modes of thirking. In
particular, the group high in creativity but low in I.Q. presented a very
disturbing picture, much more so than those children low in both I.Q. and
creativity. They were the lpast'communicative, most subdued, were upset
by rebuff and criticism, and ﬁere neither sought by nor sought the company
of their peers. They were the most deprecating of self and work and the
least motivated towards academic tasks.

Wallach.and Kogan concluded their study with a valuable summary of the
implications of théir findings for education, though it is now habitual to
regard studies of creativity withlsome caution and it is likely that their
study will be no exception. A number of re-analyses of their data have
already been carried out.

In an oblique factor analysis of the Wallach and Kogan correlations
between creativity and intelligence, Ward (1967) obtained four significant
factors. The first two had 28.7 and 23.8 per cent of the total variance

respectively and showed "the presence of two apparently near orthogonal

and easily identifiable sets of megsures', and Ward concludes that though
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the experiment was not intended to prove or disprove the inferences drawm
by Wallach and Kogan "the results tend to support their'choice of procedure'.
At the same time he also noted that the study indicated the multifactorial
nature of creativity in spite of the %wo ne=rly orthogonal factors.

Fee (1968) performed a lMultiple Group factor analyeis as an alterna-
tive to Ha;d's procedure in analysing Wallach and Kogan's data and concluded
that his analysis "supported Wallach and Kogan's view that they have esta-
blished a 'creativity' dimension relatively independent of general ability
as measured by the usual tests of attainment and intelligence". Fee
also noted however that this independence may not be as compiete as Wallach
and Kogan maintain and that 'creativity' is clearly not unidimensional.

Cronbach (1968) in a stringent statistical reanalysis and reinter-
pretation of the Wallach and Kogan data supports some aspects of their
study but is in disagreement with several others, particularly with what he
terms Wallach and Kogan's 'injudicious' within-sex analysis, and their
acceptance of a level of significance up to, and even beyoné, the 10% level.

Although he notes some reassuring similarities, Cronbach stresses the
differences which, derived from his more powerful statistical analysis,
negate a number of the Wallach and Kogan hypotheses regarding the psycho-
logical characteristics of the subjects. He found, for example, that 13
of their relations disappeared in his reanalysis and that seven other
relations emerged that were not found in the original experiment. His
final impression was that the 'creativity' measure "has disappointingly limited

psychological significance'.
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Regarding the Creativity-Intelligence distinction Cronbach expressed
his discontent with the 'suggestive' labels which he felt too many people
would be likely to accept at face value, and recommended the adoption of
neutral names whichlwould not invite the reader to make interpretations
that have not been validated.. At the same time, in neutral terms, he
accepted that Wallach and Kogan study" succeeded in developing a battery
of measures that cohere and yet are uncorrelated with a conventional ability
measure”, though he concludes with the opinion that an attempt to draw out
implications and applications would be premasturs.

An experiment partly replicating that of Wallach and Kogan was car-
ried out by Cropley (1968). Five intelligence tests and the Wallach and
Kogan tests of creativity were administered to 124 first-year university
men, The resulting correlations indicated that the battery of creativity
tests possessed a.hiéh degree of internal consistency, and were relatively

independent of the five intelligence tests. A principal components factor

analysis, however, revealed a large general factor accounting for 28.8% of the

total variance with high loadings from both creativity and intelligénce
tests. The second factor with 20.87% of the variance was clearly a bi-
polar factor of creativity versus intelligence. Cfopley concluded that
keeping the general factor in mind, his resﬁlts, showing internal consis-
tency in the creativity battery and usefully low cross—correlations with
the intelligence tests, lent modified support to the conclusions of Wallach
and Kogan, especially as in his experiment the tests were administered in

a group form contrary to the Wallach and Kogan procedure.
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(ii) Creativity and Teaching Methods

Notwithstanding the diversg theories and varying results of experi-
ments to assess creativity, the large'volume.of recent research has at
least compelled educationists to consider creative'potential not as a
mysterious ability confined to the peculiar few but as a valuable talent
which all children possess to some degree. More people are recognising
that the large differences in creative ability that can be observed in
real life are more due to a person's failure to realise his inherent potential
than to any original limitations, and it is becoming geﬁerally recognised
that though education cannot create creativity, it can do much to encourage
and develop it (Burt 1962).

Once this fact is accepted the implications for education and teaching
method are enormous, particularly when it is recognised, as Vernon (1964)
points out, that "some schools do much more to stiﬁulate and foster, or
else inhibit creative talent than others".

A large number of provlems, however, still face the teacher wishing
to cater for creative talent. How does one recognise and assess creative
potential? What new approaches should be adopted in order to foster its
development? How is one to judge whether existing practices are hindering
or promoting the emergence of creative thinking? There is, as yet, no
definitive theory for a new 'creative' education and there are, no doubt,
many features of existing practice that are not only essential for a general
education but also valuable in developing creativity. Even Torrance (1964),
‘who has promoted a number of experiments in teaching for creativity, is

quick to point out that it would be wrong to assume that there is need



- 82 -

for a complete reorganisation of teaching method so as to suit creative
thinking, and he suggests that "we need to determine which kinds of
information can be learned more economically by authority and which by
creative means".

One of the conditions thought most likely to foster creative thinking
however is that of a stress—free atmosphere in which, Wallach and Xogan
claim, the highly creative child '"can blossom forth cognitively". Such
a situation implies a considerable change in educational values but ideally
it would reinforce a child's ability to make his own indi§idua1 contribu—
tions. Often, as Torranée (1959) points out, creztive children will con-
tribute ideas which do not conform to the standardised dimensions, the
behavioural norms on which conventional regponses are judged, and in order
not to stifle such responses the teacher must be willihg to accept and
discuss them in an atmosphere of mutual respect. This is quite a departure
from the traditional teaching method in which the teacher's role was an
authoritarian one and the child's answer rnight or wrong in conformity with
the teacher's judgment..

Discussing the dangers which arise from pressure to conform, Crutchfield
(1964) suggests that such pressure serves to inhibit creativity and quell
motivation, and often results in an individual "assailed by doubts concerning
himself and his personal adequacy." Faced with a choice between his own
thoughts and those of others he tends to defer to the 'superior' judgment
of his teacher and becomes a conformist member of a group. For those who
rebel against such a pressure to cornform the result can be just as damaging

to their creative development, for in a reaction into 'counterformity' they
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tend to seek difference for differencé's sske and once again transgress
their personsl standards of self-reliance. In both cases Crutchfield
suggests that a person's creative powers are undermined '"by weakening his
trust in the essential validity of his own processes of thoughtand imagi-
nation".

The recognition that formal teaching is to some extent guilty of put-
ting too great a curb on children's powsrs of éelf;expression and self-
discovery, has resulte& in a greater emphasis being put on motivation which
is intrinsic to the child.

The result both in this country and in America has been a growth
in the 'discovery method' of learning in which the pupil is encouraged to
think for himself and apply his creative energy by actively following his
own ideas under the guidance of his teacher.

Even following such a method however, a degree of guidance mu;t be
given to ths child and it will always be necessary to feed children with
a éertain amount of information. The danger is that in a reaction against
formality these considerations might be overloocked, and in over-enthusiasm
it is easy to read too much into statements made with the best intentions.
Guilford (1965) for example claims that "We remember best and with the
greatest potential usefulness those things that we discover for ourselves
and that have greatest meaning and significance. The active child is
%hrilled by his discoveries. We should encourage the learner to seck
information actively, not to be a passive receiver of information that
is fed to him. .information passively obtained is not likely to be func~

tional". The possible disadvantage of this sort of appeal for active
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learning is that it might wrongly be taken to imply that verbal learning
has to be passive, and that any sort of 'formal' teaching is consequently
to be.avoided.

The effects of a movement towards a teaching method emphasising the
freedom of a child to work actively znd make his own discoveries, is
becoming increasingly evident, and nowhere more so-than in the teaching of
mathematics where, in many respects, the changes are long overdue. In
Junior Schools in particular much of the work has traditionally'focussed
on formal arithmetic, with z method of getting the correct answer to
complicated calculations all important in view of the 11+ éxamination.

With the disappearance of this examination and the advent of new approaches,
children are no longer so tied to the demonstrated method - failure to
grasp which could spell disaster for their suBsequent work and a loss of
confidence in their mathematical ability. 4s Land (1965), commenting on
the process of change in the teaching of mathematics observes,the new
approaches are more. thought provoking and h#ve an emphasis on understanding
which means that there is "less chance that children's confidence in
themselves will be destroyed by their superficial wvulnerability".

The discovery method is particularly suitable at Primary School lewvel
and projects have sprung up on both sides of the Atlantic. In America
the Madison Project: "Discovery in Mathematics"(Davis 1964), has an
emphasis on creative informal exploration by the children, and in this
country the Nuffield Foundation has sponsored an extensive Primary School:
Mathematics project with an emphasis on learning by discovery. As Ross (1969)

pointed out recently "Mathematics, quite clearly, is now one of the creative
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studies and long may it remain so". On the same occasion the Organiser
of the Nuifield Primsry Mathematics Project,Matthews_(1969),explained that
the purpose of the project is to aid teachers in. helping the children
develop graduslly from discovery with things to eventual abstractions with
pencil and paper. The centrzl message, he emphasiseq was to "Let the chil-
dren think" a motto which reiterates the aims expréssed in the Project's
first Bulletin - that the new course aimed to foster in children "a
critical, logical, but also creative, turn of mind" (Nuffield Foundation
1964). The belief that discovery methods are those best suited to p;omote
this sort of thinking is also present in the 'American School Mathematics
Study Group'; and Wooton (1965),describing their work,notes that in the
writing of the text books "Many of the exercises had to be of a 'discovery’
type that would extend the treatment in the text, and promote original
thinking and creativity on the part of the student

Technological and industrial considerations have led to a growing
recognition of the need far creative thinkiﬁg and have promoied a good deal
of the present change in teaching methods and syllabus content. Such
considerations however have been supported, if not led, by current_
theories of child development, and, in this country, the work of Piaget
has had a profound influence on Primary School work.

Piaget's work centres on his belief that thinking ability in children
develops in stages from pre-operationzl thought in intfancy, through a
concrete operational stage to the formal thought of the maturing adolescent.
While this sequence is now generally recognised, the corresponding ages at

which different children reach the stages has been found to vary widely and
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the same individual has even been found to reason at different stages in
different fields (Peel 1960). Many of the early criticisms of Piaget's?
work focussed on the age ranges given by Piaget as a guide to the stage

at which a child's thinking might be operating, and these were often taken
too literally by some experimenters.

Too great an emphasis on Piaget's position as a developmentalist,
however, heglects his view that the development proceeds via interaction
with the environment and is essentially a learning process effected in
stages by experience. Piaget has been described as "a learning theorist
without a learning theary" (Borger and Seaborne 1966) and as this inter-
pretation of his work has come to the fore his intcractionist view of
intellectual development has had its influence on education, particularly
in mathematics.  Churchill (1958, 1960) has reported that by providing
the child with appropriate materials for manipulating, ordering, combining,
dividing up and matching, the onset of the concrete stage of thinking can
be accelerated and she suggests that children also do much of their learning
from everyday situations which evoke curiosity and call for some sort of
solution to a problem. As a result children are involved in a good deal

of active learning sometimes on their own initiative and sometimes through
an experience shared with the teacher, It is this sort of experience
which has shown the relevance of Piaget's theories for a classroom situ- _.
ation, and which has also provided some of the evidence in favour of a
discovery method of learning, particularly for young children.

The essence of the discovery method lies in its contrast with passive

or rote learning and it can be regarded in many circumstances as a problem-
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solving activity. The position of the problem in the dgvelopment of
mathematical activity in children has been the subject of a report pre-
pared by the Association of Teachers of Mathematics (1966). It points
out the hard fact that our civilisation needs mathemsntical creators and
underlineé the importance of helping children to develbp their mathemgtical
abilities and of giving them the freedom to use their creative energies in
both solving problems and creating new ones. At one point the exploration
of significant problems is seen as being the only possible procedure for
the modern infant's teacher; though elsewhere there is a note of caution
lest "in our enthusiasm for providing active experience for young children ...
we run the danger of abdicating from mathematics altogether™.

As usual, the dangers lie in the extremes and at times the aims of the
discovery method are lost sight of in attempts to provide only stimulating
experiences. The Schools Council (1966) in its Curriculu? Bulletin No.1
on "Mathematics in Primary Schools" notes that the aim of the discovery
method is to achieve understanding before practice, though the latter is
sometimes lost sight of in spite of the fact that, as Bruner (1960) reports,
"computational practice may be a necessary step towards understanding con-
ceptual uses".

Many teachers wishing to encourage experimentation in mgthematics
whilst keeping in mind the mathematical éoncepts they wish the children to
learn have adopted al‘guided discovery' approach to mathematics learning
such'as that advocat;d by Dienes in his numerous publications.

To each of.Piaget's three wain stages in the formation of a concept,

Dienes (1960), has formulated three corresponding types of learning. In the
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first, a preliminary or 'play stage', a seemingly purposeless, undirscted
activity is perforﬁed and enjoyed for its own sake. Thbugh as free as
possible however, Dienes introduces, as play material, ingredients of a
concept which the teacher believes is appropriate to the level of the
child's thinking. The second stage is more directed and purposeful but
again a number of experiences are provided, of varying structure, but all
leading to the same concept. The third stage provides practice in fixing
and applying the concept that has been formed.

Dienes sees this kind of learning taking place in small groups, with
a system of assignment cards from which the children can work. The
teacher is responsible for keeping up the 'dynamic equilibrium' of the
activity, seeing that the lines of communication from the sources of
information to the child are kept open and introducing the child to
further appropriate ex@eriences. As he observes, "It goes without
saying that an authoritarian attitude would not be helpful in a learning
situation of this kind.  The essence of a creative learning situation is
keeness to inquire, and authoritarianism does not foster a spirit of inquiry."

Communication is essentizl to Dienes' ideal of creative mathematics
learning and he is echoed by Mooney (1967) in his essay on 'Creation in
the Classroom setting'. Mooney too sees as elemental the system of
communication between teacher and pupil and suggests that unlesé they can
communicate education fails, for communication is at the centre of the
educétive system.

As an aid to this sort of mutual enquiry in learning, many educators

emphasise the importance of devising appropriate learning experiences for
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the child, not only from the real world but with the aid of various types
of material. For mathematicdl experiences many different types of struc-
tural apparatus azre available to help the child discover mathematical
relationships and develop concepts; Ouisenaire Rods, the Stern apparatus
based on gestalt principles, Montessari beads, and Diened Multibase
Arithmetic Blocks and Algebraic Experience Mate?ial, are just a few of
those available,

With the aid of such materisl, and with an emphasis on the individual,
Dienes (ibid) suggests that "it is possible to establish fully creative
mathematical learning situations at all stages of mathematics learning".

He also emphasises that mathematics is nof a set of mechanical processes
to be learned but an interlocking set of complex structures. By putting
children into physical situétions which embody certain of these structures,
they are consequently led to discover what the structures are, and how they -
relate to each other and to the real world. (Dienes 1964).

This belief is in many ways an echo of Wertheimer's concern with
mathemztics learning and his empkasis, more than others of the gestalt
school, on the role of experience. He too emphasises the need for chil-
dren to grasp the structure of a situation and "not to be bound, blinded
by habits; not merely to repeat slavishly what one has been taught, ...
but to look at the situation freely, open mindedly, viewing the whole,
trying to discover, to realise how the problem and the situation are
related". (Wertheimer, 1961).

In much the same way Bruner (1957) sees discovery as going beyond

the information given, and he maintains that discovery, whether by a
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schoolboy going it on his own or by a scientist cultivating the growing
edge of his field, is in its essence a matter of rearranging or transforming
evidence in such a way that one is enabled tp go beyond the evidence so
reassembled to additional new insights.

It is almost certzainly true that profound involvement in any area
of knowledge, insight and discovery do not céme about by being given explana-
tions or handed information by the teacher. Nor on the other hand is it
sufficient to just leave children to find out.for themselves. As Moustakas
(1967) suggests, it is far more likely that genuine learning req#ires a
sense of mutuality and a feeling of encounter in learning. It is essen-
tial for the success of a discovery approach that the teacher plans appro~
priate experiences from which the children are likely to develop useful
concepts, and that he partakes in discussion with the child.

The claims for the effectiveness of the discovery approach in mathe-
matics learning are wide and varied. Skemp (1965) considers that by
leaving children free, within the guidance of the teacher, to make dis-
coveries for themselves and in their own way, we shall be giving them the
kinds of activity and enjoyment which are most likely to lead to true
originality in the tuture. Dienes (1960) considers'that by forming his
own concepts from mzthemz=tical experiences the child is building up some-
thing important into his personality, as important as from more aesthetic
precesses such as painting, writing or acting. The Mathematical Association's
(1956) report on the Teaching of Mathematics in Primary Schools bases many
of its ideas on the gasic belief that the processes of mathematical think-~

ing are the same as far all thinking, and that children learn through
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their active response to experiences that come to them. Matthews (1969)
suggeéts as an aim of the Nuffield Primary Mathgmatics Project, the policy
of letting the children think, and as a resuli he is hopeful that the -
Project's discovery approach will help produce '"happy, thoughtful and
numerate children". The motto of the Schools' Council's bulletin on
"Mathematics in Primary Schools" (1955) could well be its quotation of -
Whitehead that 'every child should experience the joy af discovery', and -
it goes on to make the rafher exaggerated claim that "the psychology of
learning pr;vides unchallengeable evidence that sound and lasting léarning
can be achieved-only through active participation”. Bruner (1961) makes
the same point but in a more qualified fashion when he observes that in
general "material that is organised in terms of a person's own interests
and cognitive'structures is material that has tﬁe best chance of being
accessible in memory". |

To what extent the discovery approach is effective in realising the
claims made for it by its supporters is, as yet, largely debatabls, though
there are some relevant experiments which will be reviewed later., Even
Dienes (1966), while generally in support of gauided discovery, clearly
points out that they have by no means resulfed in unqualified success, and
he notes that the experimental evidence is by no means unanimous in its
support of learning by discovery methods. The evidence from a variety
of sources, such as it is, leads him to suggest thatlit ig very difficult
to enginéer successful conditions for this kind of learning, and that there
may well be kinds of ﬁaterials that are better taught by more direct methods.

i
Motivational benefits of the discovery approach have received a good
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deal of subjective validation and the opinioné of many teachers actively
participating in the method testify to the fact that children are indeed
tenjoying their new experiences' and are 'no lpnger frightened of sums'.
Miss E.E. Biggs, H.M.I. who has been responsible by means of her in—sefvice
teachers courses for a great deal of the interest and enthusiasm for dis-
covery methods, writes that "Many teachers in this country have established,
beyond doubt, that the pupils can discover mathematical relationships natur-
a2lly by using the simple materials of their environﬁent"(Schools' Council
1965). Viewing children warking in such a way, it certainly appears that
their attitude to mathematics is one of pleasure and enjoyment. Children
work together investigating shapes, sizes, and densities, conduct surveys,
make models, and, it appears, are able to .explain coherently their proce-
dures and ask perceptive and vital questions. One cannot but feel that
they are gaining social, verbal and matkematical value out of their activity.
The conviction that because the children iook happy and are obviously
enjoying themselves, they are learning in the most efficient and beneficial
manner is unfortunately not necessarily valid. TUnder the old rote learning
system ‘ends' were the chief, if not the sole criterion of success; under
the new system of working by discovery one has ﬁo beware lest the means
become everything. quping the children happily occupied is a very
valuable achievement but it must be remembered that the discovery methods

also aim to produce balanced, happy, skilful and productive adults.

A major study into the learning of mathematics in the Primary School

was conducted for the N.F.E.R. by J.B. Biggs (1962, 1967) involving over
5,000 pupils of average age 10 years 3.55 months. The subjects selected
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were divided into three groups according to the types of teaching predom-
inating in their schools; a ‘traditional} category (T) aimed at mastery
of techniques, using formal methods emphasising reproduction of standard
procedures and extrinsie incentivesj; a 'structural! groﬁ@ (8) aimed at
an understanding of basic concepts by using structural apparatus such as
that by Stern, Cuisenaire or Dienes; and a 'motivational' group (M) placed
an emphasis on learning from real-life environmental activites and stressed
understanding with a ﬂsocial' bias. The latter category however did not
exclude the use of practical 'everyday' aids which might include such
things as counteré, cubes, squared paper etc., and in these circumstances
the motivational cateéory could almost use 'home-made' structurzsl apparatus
not unlike the commercial material of the Structural gréup. Biggs admits
that in such categorisation "the dividing line between structural and moti-
vational methods becomes veri thin indeed" (Biggs 1967). The traditional
group in fact needed a subdivision into a category (TT), traditional through-
out the age group, and a traditional mixed (1M) group where traditional and
non-traditional methods ﬁere mixed in one year group.

A further limitation of the group classifigation throws more doubts
on the reliability-of the basic data of the experiment., Biggs himself
raises the question of the adequacy of the structural category and notes
that the types of structural apparatus being assessed had been available
on the British market for a few years only and that many teachers were
still 'feeling their way' with the apparatus. Sqme schools had in fact
been using the method for only a year, ard the children tested had used

the apparatus only as illustrative or practice material and not at the
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cruéial stage when the concepts were introduced.

In some ways the experiment'might also have been premature in its
fcrmétion of a2 'motivational' group for although defined as incorporating
real-life, environmental :ac¢tivity methods emphasising interest but dis-
couraging premature formal reasoning; the absence of any orgasnised project
to foster such an approach, and the presence of the 11+ examination, ﬁould
suggest that headmasters would be reluctant to put too great an emphasis on
this aspect of mathematics teaching.

In assessiﬁg the degree of formailty in a school, Biggs used headmasters'
own ratings together with an index of formality derived from a gquestionnaire
which gave the hsadmastérs' opinions on the use of such things as text
books, ink, and individual assignments. This index correlated well with
the views of locazl inspecfors of schools who knew the schools concerned
and also the headmasters' own self-rating.

Accepting the limitations of the categories, Biggs' study compared
the various groups on a number of criteris including calculating efficiency,
the ability to perform standard types of arithhetic problems, understanding
of the structure of arithmetic, and attitudes to the subject. Some of
Biggs' tests will be discussed later but it is worth noting his observation
that some of his tests were "at best ambiguous and ought to be interpreted
with caution". This caution was not always noted in some of the publicity
given to the publication of his findings. It is also worth noting that
the formation of Biggs' 'motivationsl' gfoup, with its emphasis on activity,
methods, is -in .many ways -similar to that of the 'discovery' group in the

present study.
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Among the findings of Biggs most rele?ant to this study was his con-
clusion that the structurally and motivationally taught children were not
superior to traditionally taught children on tests involving understanding,
nor did they have more favourable emotional reactions to arithmetic as
measured by Biggs' anxiety scale. The inclusion of the 'TM' sub group,

a mixture of traditional and motivation, contributed significantly to the
negation of many of the hypotheses of the experiment for it appeared super-
ior to all the other groups ip both mechanical arithmetic and understanding,
though surprisingly it was the most number anxious of all.

Ifi in place of Biggs' anxiety scale, teacher's ratings of the pupils
were taken into account there was some indirect evidence tﬁat motivational
methods did create positive motivation but attaimment results for the
motivational group were still compartively poor.

Although his study investigated aspecfs of mechanical problem and
concept attainment and children's attitudes, Biggs acknowledgéd thaf there
were no doubt other implications of the different teaching methods which
remained uncovered. In particuler he noted that his study had not consi-
dered the results of the different methods on the children's enthusiasm,
nor the effects of the various approaches on the original and creative
manifestations in the children's thinking. The present study is designed
to look particularly at these latter items.

Although direct invéstiations of the effects of the discovery method
on children's creative thinking have not yet been widely undertaken, a
number of studies have considered the effects of varioﬁs teaching approaches

on the related aspect of rigidity in problem-solving.
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The concept of rigidity has received a good deal of attention from the
gestalt school in terms of 'functional fixedness' Maier (1930), and in
studies of creative thinking, in terms of its positive counterpart of
'flexibility'. Guilford (1950). The relevance of such concepts as flexi-
bility, ?edefinition or restructuring for creative thinking has heen dis-
cussed earlier and it was observed then’that Wertheimer's work on productive
thinking also contains a direct appeal for more enlightened teaching methods,
and a warning of the dangers of rigid method work. Having received from
some pupils a number of foolish and unsuccessful attempts at solving one
of his problems, Wertheimer emphasises that "the habit of thoughtless
repetition, as developed in certain school; by empbasising blind drill,
does seem favourable to responses of this kind" (Wertheimer (1961)). His
observations are borne out by a number of studies. .

The results of researches which had investigated the effects of
traditional and activity ﬁethods were summarised by Wallen and Travers (1963)
into ‘'authoritarian' and 'non-authoritarian' cestegories. They report a
striking unanimity of results aﬁd report that although ip the early grades
results in arithmetic and reading were below expectation for the activity
groups, the inferiority was overcome by the age of 12 (6th grade)., Moreover

\
the children from the progressive classes tended to be average or somevwhat
superior throughout their school years in achievement arees invoiving lgnguage
usage, and tended to be rated higher on such dimensions as initiative, work
spirit, and critical thinking.

Studies more closely directed at the effects of teaching method on

problem-solving have also shown that a higher degree of flexibility in

¢
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thinking has often characterised the progressive, non authoritarian approa-
ches as opposed to formal learning methods. Luchins (1942) investigating
mechanisation in pioblem solving put forward a conéept of 'Einstellung' as
a type of 'set' or 'rigidity' in regarding problem situations. He found
that children who had successfully applied a problem solving strategy would
refuse to discard it in repetitive situations even if it were no longer
appropriate. This tendency was particularly marked in children coming
from authoritarian and highly formal schools. They tended fo approach
problems ‘'according to the rules' and .not from thé individual demands of
the problem. Bven when hints were dropped or failure had shown the inade-
quacy of the methods subjects were still prone to keep to a 'rule'. This
tendency was much less marked in children coming from an informal, activity
based progressive school.

Luchin's findings were confirmed by Miller (1957) who in a further
study of Einstellung investigated the sffects on problem-solving of an
emphasis on rote learning and method drill, The same teachers took two
different groups of pupils.one of which was taught with an emphasis on
repetitive rule following. This group was found to be significantly more
rigid in problem-solving than the less rule-bound group.

Kellmer Pringle and McKenzie (1965) clearly defining rigidity in problem-
solving as "the inability to restructure a field, in #hich there are alterna-
tive solutions to a problem, in order to solve that problem more efficiently"
were unagble however to find a consistent overall difference bétween the
effects of a 'progressive' and a 'traditional'school. The two primary

schools which were contrasted in terms of progressive and traditional



- 98 -
teaching methods however differed somewhat in the abilities of the pupils
concerned, attainment measures in the traditional school being higher than
in the other., Even so the study did indicate that among the children of
low intelligence, there was some evidence that progressive methods did
reduce rigidity. In a recent attempt to evaluate the.effects of differing
teaching approaches on divergent thinking abilities, Haddon and Lytton (1968)
suggested the hypothesis that informal, progressive teaching would promote
these abilities more than formal, subject-centred teaching. 211 children,
between eleven and twelve years old, and.covering the whole ability range
were tested, half coming from 'formal' schools and helf from 'informal'
schools. The formal traditional schools placed an .emphasis on convergent
thinking and authoritative learning, while the informal, progressive schools
emph;sised self-initiated learning and creative a,ctivitie-s.

I.Q. scores were available in the schools and seven divergent thinkiné
tests were given, five of them adapted from Torrance's Mimnesota Tests of
Creative Thinking. The results showed that pupils from the informal schools
were significantly superior in divergent thinking abilities on five out of
the six tests completed and particularly so on the figural tests. It was
concluded that the informai schools provide an environment which develops
qualities of personality that result in a high level of divergent thinking
ability; and speculating on the qualities of the informal approach which
were beneficial, the experimenters suggested that they were based on the
teacher's confidence and expressed pleasure in the child's ability to think
adventurously and in new directions.

Sears and Hilgard (1964) arrived at a similar conclusion in their

review of the teacher's role in the motivation of the learner. They
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endorsed the valué for a child's creative>thinking of a climate of mutual
participation with the teacher; and suggested that creative thinking and
adventurousness in problem solving weré more common when the teachsr placed
an emphasis on encouragement and personal interest rather than on threats,
punishment and external incentives. One is tempted to equate these modes
of teaching with activity and formal methods respectively though, as Sears
and Hilgard also point out, motivation also revolves around thg personality
and interests of the individual %eacher. It is true nevertheless that
mutuality in learning is, or should be, a corollary of the discovery approach,
whereas it is less likely to occur in formal teaching where the teacher
presents the child with material in a more authoritarian manner,

For some years the prevailing fashion in education has been to look
favourably on the progressive and to condemn the traditional methods as
passive rote learning and parrot-like repetition. More recently, however,
as has been noted, soﬁe warnings have been given of the dangers of such a
position, | The cautions have not sought to devalue the worth of discovery
learning but have asked that it be looked at in perspective, lest, in
accepting it as a panacea one might lose sight of its valuable objectives
and its position alongside many other approaches to learning.

Putting forward a case in defence of verbal learning, Ausubel (1966)
claims that it can be a valuable and meaningful approach distinct both
from 'discovery'and 'rotse' learning. In particular he questions the
belief that verbal learning is invariably rote unless preceded by recent
non-verbal problem-solving experience, and he criticises the opinion of

Brownell and Hendrickson (1950) that all attempts to master verbal concepts

and propositions are forms of empty verbalism unless the learner has rscent
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prior experience with the realities to which these verbael constructs refer.

Ausubel admits however that verbal learning can be unsatisfactory if
applied prematurely with cognitively immature pupils, though even with
those of Junior School age he maintains that 'actual discovery' is not
necessary if- direct, non-verbal contact with the data is an integral part
of the learning situation. It is convenient at this point to remember that
a'discovery approach' need not be confined to practical activity, for often
'ideas' stimulated verbally can only be fully apprehended or ‘'discovered!
after a mental process of assimilation or accommodation wh;reby the learner
can reconcile the ideas with his existing concepts, or translate them into
a new frame of reference thereby recognising or 'discovering' a 'new’'
relationship. In common with other mathematics projects Wooton (1965)
notes that some of the expository material written into the text books
of the School Mathematics Study Group was characterised by a sense of
sharing, by the writer armd the reader, of the discovery of various math-
ematical properties. The books in particular made use of sections entitled
‘explorations' from which the children were stimulated to ask significant
questions and to work at discovering the answers to their questions.

.The values of a discovery method in learning Eave been stressed
both in principle and by practical teaching projects, amd it appears that
the discovery approach can have an essential role in developing favourable
attitudes to learning and enguiry and towards the possibility of solving
problems on one's own. The discovery approach, however, does not have.

a monopoly of such benefits, but it is likely that many advantages will arise
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both from an approach which encourages regard between teacher and pupil,

and an atmosphere in which children aré able to develop their own ideas

and feel free froﬁ the stress. of constant evaluation. These conditions

are very similar to those advocated by Wallach and Kogan (1966) for the
development of children's creative potential and it is appropriate to

end this chapter with their belief that "it should{be.evident that the
'discovery method' ..... is therefore of relevance for creativity". To
what extent this belief can be demonstrated from the effects of a FPrimary
School's commitment for four years to a discovery approach in their teaching

of mathematics, is to be investigated in the present study.



DESIGN OF THE EXPERIMENT

The background to the present erquiry has now been presented in
both theoretical and practical terms.. Creative thinking has been dis-
cussed in terms of imagina.tion, problem solving, divgrgent thinking and
productive thinking; and the meseﬁt educational emphasis on innovation
in the curriculum has been observed to have led to practical attempts
to foster 'creativity', and to projeqts designed to develop a child's
ability to think mathematically. In particular it bas been noted that
the Nuffield Foundation Primary School Mathematics Projeet, in its exten-
sive use of discovery methods and expressed aim of "letting the childrem
think" (Matthews 1969), provides a practical opportunity to consider some:
of the effects on children's creative thinking of one of the most exten- |
sive projects at present being sponsored in the Primary School.

. The purpose of this experiment is therefore to add some objective .
data to the mainly subjective assessments of new innovations in the cur-
riculum, and to contribute some further evidence in the continuing
debate on the nature of creativity and its relatioﬁ to other modes of
thinking.

Although 1.:he latter question is one that has been investigated at
length in other researches, and the particular results of the present
study lie in the result of the inter-school analysis, it is e_ssential
to consider it in relation to the present study before the patterns of
thinking within the schools_ can be fully discussed. The aims of the

experiment can therefore be expressed, in general terms, as attempts
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to answer two questions. Firstly, what modes of thinking will be indi-
cated by a battery of tests designed to test inteiligeﬁce, creative
thinking and mathematicel ability; and secondl&, bow do the patterns of
creative thinking and attitudes to Mathematics comparé between the
Yexperimental' school and its more traditional counterparts?

The first question is of an exploratory nature and would be valid
if conducted in any school_provided the Pohool variables were adequately
defined so as to permit comparison with other gamples. The second '
question, however, demands a strict experimental design, and even then
it is acknowledged that no experiment compering teaching methods or
evaluating syllabuses can bé 100 per cent valid when different groups of
children and different teachers are involved. Nevertheless, it is
believed that if the main variables are controlled and the results inter-
rreted with some caution, the second question can be validly investigated.
Hypotheses regarding the outcome of thié question will be made later in
this chapter after the initial design has been discussed.

The design of the experiment falls into three main categories:

1. The selection of the schools; to be as alike as possible in all
respects except that one of them will have followed a new
Mathematics syllabus based on the discovery approach whilst the
others will have followed a traditional approach. ﬁathar than
rely on a large number of schools t0o lend vslidity to the results,
it was decided that it would be better to rely on a small number of
very well matched schools. The selection procedure therefore

focussed on one 'experimental' and two ‘control! schools.
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In addition to investigating the methods of mathematics
teaching and the school _enviro,nment, the selection necessitated
analysing samples of possible schools so as to control for other
varisbles such as I.Q. and social class.

2. The selection and administration of a battery of tests which will
. be likely to cover a number of different dimemnsions of the children"s
ability including divergent thinking, mathematical thinking and
intelligence; and the children's attitudes to school subjects par-
ticularly Methematics.
3. An analysis of the data collected, using a computer assisted factor
" analysis of the testing battery to discover categories for classi-
fying the children's performances, and the appropriate test of
significance to determine differences between the mean scores of
the experimental school and its control schools.

The results will then be in a form which can be interpreted
in terms of the questions and hypotheses posed by the experiment.

Categories 1 and 2 are discussed in the present chapter and Chapter 6
| will be devoted to an analysis of the results.

1. Selection of the Schools

(a) Preliminary Investigations
The writer was fortunate in baving within easy reach two counties

which had been carrying out innovations in Mathematics teaching for some
years, and in having personal acquaintance with some of the developments '

iﬁ the ares.
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Schools in both counties were involved with the Nuffield Foundation
Primary School Mathematics Project. One county, being one of the four-
teen pilot areas chosen to launch the project, had schools which were
Jjust completing four years of the neﬁ approach, and the other, having
joined the scheme in its first 'proper' phase had schools which were com-
pleting three years.

In spite of their associations with the project, however, many of the.
schools involved were unable to say that they had fully committed them-
selves to the approach and the materials which had been gradually circula-
ted. Several stressed the .experiﬁental nature .of the project and the fact
that they were not changing their whole approach to that of an alternative:
scheme which had not yet been proved. Although innovation is most likely
to succeed when carried along by enthusiasm and total conviction it is nec-
essary for ‘someone to appraise its value. The uncommitted attitude of
some of the teachers would console those educationists who fear that a
project launched under the national sponsorship of the Nuffield Foundation'
and the Schools Council might become firmly established before one remem-— '
bers its experimental nature. It seems that the voice of the Schools
Council is not as widely heard in' schools as one might tend to think,

The attitudes of headteachers were therefore of major significance,
for the result of the writer's préliminary investigations made it clear
that there is less dii’ferencé between the school nomina.ll'y comx;xitted to a
project, and a school without official commitment which is nevertheless
attempting, in its own way, to keep abreast of current developments.

In particular, this emphasised that there are few schools today that have
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not been affected by the less authoritarian and more active approagheﬁ'-;
t0 mathematics, and the search for schools suitable for the present
study narrowed to County *'A*, several areas of which had made definite
committments to act as pilot schools and keep as well as they were able
to the ideals and approaches of the Nuffield Project.

In the pilot area the fourth year pupils had therefare received
" all their Junior School Mathematics along the lines suggested by the
projecf, and this ge.v;a the best opportunity to assess the effects of the
approach, after a period of four years and before the childrem left for
their secondary education. The schools involved were supﬁorted by
special financial allowances for mathematics materials, and by two full
time mathematics advisers working from two permanent and well equipped
Centres. |

ﬁe schools themselves, howéve:r, were not special in any other
respect, they were not even volunteer schools, for all the schools in a
particular ares had been affiliated to .the mathematics scheme by the
County. This aspect increases the viability of finding comparison
schools which are similar in most respects other than the approach to
Mathematics. -
('b') Final Selection

Two towns, both in the pilot area 6f County 'A',were next chosen
as being likely to provide a suitable 'experimen‘éa.l' school, and after
& number of observation visits and discussions with headmasters, L.E.A.
officials, thé County Inspector responsible for Mathematics and the

permanent staff of the Mathematics Centres, a short list of possible

schools was compiled.
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Throughout the selection it was borne in mind that it was necessary
to choose a school with a large number of pupils, whiéh was in a non-
exclusive area that 'could be readily matched elsewhere, and with an
academic level that could also be duplicated. The latter crite;.'ion was
available from the L.E.A. récords which already contazined the results of
two Moray House Verbal Rea.sohiné Tests used in connection with 11+ assess~
ment. This availability of a measure of the children's I.Q. was a fur-
ther adventege of using a fowrth year sample.

Scrutiny of the assessments and I.Q. scoares showed very different
standards of attainment amongst schools in the county. Entry to
Grammar Schools is \;tniformly graded throughout the County on the basis
of the I.Q. tests, with headmasters assessments resolving any difficult
cases. The diversity of I.Q. di,stribution ‘between schools can therefore ;
by seen by considering the proportion of grammar school places allecated.
In a high class residential area, a school, with its lowest I1.Q. in the
region of 90, will send 56% of its pupils to a grammar school, while in
a very large school in a deprived area, a very long tail of I.Q.'s in the :
low 70's might result in a pass rate as low as 10%. It was therefore
attempted to select scht;ols for the present study from the ‘'middle range'
of schools in the county.

From the schools short listed, the experimental school, which we
shall now call Soho.ol C, was finally chosen with an "average" I.Q. and
Social Class background, both of which could be matched elsewhere in the

county. The school had just over 100 pupils in the fourth year group.
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The selection procedure had therefore isolated a school which was
extremely well catered for with regard to mathematics teaching but which
in size, rate of success at 11+, and type of catchment ares, was fairly
typical of a number of other schools in the county. The overriding
difference was the emphasis on mathematics, exemplified by teachers well
versed in the new aims and approaches (who have had to attend regularly
at mathematics courses), in an abﬁndance of project material and equip-
ment, and above all, in the encouragement and freedom for the teachers
and children to play their complementary roles in the discovery approach.

The question posed earlier now has a definite basis. Will the
children from School 'C' show any significant differences in thair‘perfor-
mances on a Va;iety of thinking tasks when compared with similar children |
who have lacked the special emphasis on a discovery approach to their
mathematics?

The next task was to obtain the 'control' schools, ‘'A' and 'B', that
is, to find two schools as alike the 'experimental' school in as many ways
as ﬁossible whilst keeping a dichotomy in their approaches to mathematics |
teaching.

The discuss1ons which had taken place in choosing School 'C' had
kept in mind the need to find such control schools, and a number of possible
schools were matched in their 11+ attainment levels and visited in an
attempt to ensure similar neighbourhoods and social class background., In
order to obtain school information which could be directly compared for

facilities, organisation, staff, attitude to the new innovations in
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Mathematics, equipment end methods, a questionnaire was compiled and
used by the writer in personal interviews with headteachers. The
infarmation given in reply to the questiomnaire, and othe;r information
and impressions gained by the writer in his visits to the schools are
incorporated in the following descriptions of the three schools finally
selected. Details of the questions, and areas dealt with by the ques-
tionnaire are given in the Appendix,

School A

School A is situated on the western boundary of a city in the North
East of England. It serves primarily a post-war council estate, though
some private houses are included in its catchment area. Its present
attendance totals 390 of whom about 95% are from council houses.

The council estate is a pleasant, mature, post-war development of
semi-detached houses with moderately sized gardens, and is in demand by
families from other council estates. It is immédiately adjacent to a
private housing estate which, though once in the catchmeht area of School
'A'y is now served by another school built at the other end: of the estate.
The ares 'borders' open farmland on the side away from the city.

Built in’ 1954, School 'A?! is a bright, open building with a large

- window area. It has accommodated as many as 440 pupils and at 390 is
functioning with plenty of classroom épace and & good ove:r.;a.ll pupil/
teacher ratio of 32.5:1. The fourth year however has nearly 120 pupils
and as many as forty children in & class.

- The school is unstreamed in the first year and is then organised

into two unstreamed 'B' forms and one 'A*' form. Only five of the staff

have less then ten years teaching experience, though two of these are
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in their first year. The headmaster took over the school two years ago. .
The ethos of School ‘A' is by no means formal, it holds open evenings;
for parents twice a year and a visitor to the school sees plenty of the
children's work on displa&. There is however no special emphasis on
Mathematics although about half a dozen of the staff had attended a :
Nuffield Mathematics Course and the beadmaster is happy that they try '
| ellocating perhaps one lesson in five to *new approaches'. The teacher
chiefly 'relponslhle' for mathematics in the achool takes the top 4th year

class. There is no special mathematics centre available as there is for |
teachers in the 'Nuffield' areas.

The headmaster sums up his attitude to Mathematics as 'keeping a y
balance' and in general he aims to help the teachers encourage the children
to find interest in their work and discipline their own efforts. ‘The !
amount of formal work varies between teachers but generally there is
little *‘formal’ teaching.. In the Mathematics, however, there is still a
good deal of computation and wark on the four rules, though the headmaster{.
encourages rractical applications to measuring and the like, |

Although, generally, the wo_rk in 'i:he school is not formal, assign- |
ment cards for individual or group work are not very much used at pres‘ent.él
Some ssts of cards are being gradually built up, but the work is usually
initiai;ed by directing the- child to refer to a book or the blackboard. 0!n'e
hour per day is given to ﬁathematics.

The school has bought qnlte a lot of mathematics equipment over the

last year ‘or two but is also trying to build up a stock of science equlpment.

Shapes, construction kits, number lines and bala.nces are the main types of
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apparatus. | Structural apparatus is not much used. There is no.class
*text book' far use in Mathematics but there are some smaller sets of
books for reference. There is also a set of Nuffield Guides in the
school which can be referred to.

Each child has & rough book and a neat book and also uses large
sheets of drawing or graph paper. Neat work is done in ink, most of
the children having their own fountain pens. The teachers keep a record
book with marks of the mental and written tests which they set, and,
from the schemes of work that the teachers submit to him each week, the
headmaster sets the English and Mathematics papers for the school's
bi-annual exams, He sets three papers in Mathematics, mental, mechani-
cal and problem, and these demand a good knowledge of basic computation
techniques and their applications.

All the pupilq enter the school from the same Infants department
which has a special interest in i.t.a., but no special emphasis on
Mathematics. Their aim in preparing the childrem for the Junior School
is to give them a degree of computational ability, some tables and the
elements of measurement and money.

School ‘Bf

School 'B! is less than a mile from School 'A', situated on the same
western boundary of the city. It has an intake t;wf about 80 pupils a year
giving at present a total attendance of nearly 330. The headmaster
estimates that about half of the children live on a nearby council estate
and the other half in private houses mainly of an older terraced type.

The council houses are once again of good quality, post-war, and with a

population which is "not}.{ing like slum clearance",
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The school itself is mainly an old stone building built just after
the turn of the century, but has some newly built classrooms nearby, and
a large playing field. It can theoretically accommodate 350 children but
at 330 some of the lower classes have over forty children. At present
there is a spare classroom used as a Mathematics room but the headmaster
would divide up the large classes and absorb this room if he had his
full allocation of staff; it is not greatly used at present.

The pupil/teacher ratio is 36:5:1 but the fourth year is slightly
warse off with 77 pupils in the two streamed classes. 0f the nine tea-
chers, only ‘th:ree have had less than ten years experience and none are in
their first year; two are near retirement. Several have only recently
joined the staff however and the ﬁeadmaster took over only a year 'ago.

He is reappraising much of the organisation and is beginning to implement
some of his ideas. The present description of much of the school's
activity pre-dates the present head.

The school is most likely the most *traditional® of the three taking -
part in this inve-st'igation as regards mathematics but there have been
other attempts at immovation in the school including a team teaching
project. The headmaster considers the Ma.thexﬁatics to be "mainly tradi-~
tional" and though he is encouraging those teachers who are trying out
new methods, the approach is still chiefly 'whole class' orientated.

As was the case for School 'A', there is no special mathematics
centre for the teachers but once again, several teachers have attended 5
Nuffield Mathematics Course. The County orgasnises a number of Hathematics

courses each year when representatives are required from most schools.
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It would therefore be surprising to find any .school which did not have
several teachers who had attended such a course.

Unlike both Schools 'A' and 'C', in which the Mathematics 'specialist!
takes a fourth year class, the specialist teacher in School 'B! takes the |
top third year class. As the 11+ selection takes place early in the 4th :,
yoear there is less scope for experiment with the third year than might
take place with fourth year children after the 11+ asslessments have taken |
place. | I

Quite a lot of "basic work" is don'e in Mathematics, including methods!‘

ot computation and work on the four rules. Assignment cards are not gen~,
| erally used, nor are the Nuffield Guides, though they are available in the;v
school and refe;red to by one or two of the tea.chérs. The children usua.lly
work neatly in their books, writing in ink? but some teachers encourage :
the usé of differen'lé methods of presentation using large card and graph paﬁer.

A good deal of apparatus has been obtained far Mathematics during the;
last couple of years although the school is also trying to build up sciencé
.equ.ipment and the school library. . Structural apparatus, Dienes Multibase;
Arithmetic Blocks and Cuisinaire rods are not used very much but more gen-'f

eral apparatus, balances, number lines and shapes are beginning to be

moTe widely used. One hour per day is timetabled for Mathematics. The i
children are assessed. by the class teacher's own tests, general impressioné_,
and the work they produce. |

There is once again only one Infant School providing the Jumior intake

and it has no specizl emphasis on Mathematics though a good reading record;-.
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School 'C!

Although in a large coastal town some ten miles from the city in
which the previous schools are found, School 'C* is situated in a very
similar environment. It is on the boundary of the town and once again
takes a large proportion of its intake, about 60%, from council houses.
The standard of the council houses is also of a similar high standard to
those in the catchment area of the previous schools. A post-war develops
ment, ii is described by the headmaster as being "not easily distingui-
shable" from some of the private development.-

The school is a pleasant brick building, built in 1949 with a school
yard and playing field. With 420 pupils, howeven it is at a maximum

‘with no scope for spare rooms. The pupilsteacher ratio is 35:1 but the
three classes in a year group are divided into two 'A' classes and one 'B'
classy, the 'B' class having slightly fewer children than the others.

All but two of the stﬁfflhave had between ten and twenty years teaching
experience, the two least experiencéd being in their second jear. Four
teachers retired about two years ago but all the teachers in the school
attend the permanent Nuffield Mathematics Centre once a fartnight. Threé
of the teachers have attended regularly for the whole of the last four
yoears, all the teachers have had at least one years attendance at the
Centre, and most of them much more.

The commitment of the schools in this area as pilot schools of the
Nuffield Foundation Primary S&hool Mathematics Project has completely
changed their approach to Mathematics teaching and it is this factor thet

distinguishes this school from Schools 'A' and 'B',
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The whole basis of this school's approach to Mathematics is con-
sequently an activity one, and the héa.dlﬂaster estimates that discovery
methods and assignment card work accounts for at least 90% of the one hour
per day allocated to Mathematics. The time allocated is exactly the sa.me;
as in both School 'A' and School '3'., The aim of the scl:;ool in following
the new approach is to encourage the child to acquire a grasp of the ' '
breadth of Mathematics rather than just Arithmet:itc,‘ and the time given to :
techniques of computation is very little. For example, there has been
no teaching of multiplication of tons, cwts. gqtrs. stones, lbs., or woc:‘kiné
of 'money' sums for the past few years. |

The assignment cards are mainly produced by the teachers, the old
class ‘text-book' used before joining the project is no longer used, and

some modern boo_ks are available for reference. Every teacher has a I
set of Iffuffield. Guides. | |
On begimning the scheme, the school was ailocated a special a;llowa.nce; '
for mathematics equipment by the County authority, spread over four ye"a.rs.;
It has more than doubled what might otherwise have been available and has !
enabled the school to build up a large storeroom stocked with mathematics
equipment; four calculating ma.chines; balances, shapes, equation bala.nces';,
weights, pin boards, trundle wheels, tapes, number lines, Unifix, Cuisenaire
rod.s, Dienes M.A.B. and Algebraic Experience Material are some of_ the stocﬂé
available and all the apparatus, including the sets of structural material;
are used very extensively. |

Each child has a rough jotter, assignment book, graph book and book

for computation. They are also encouraged to use large sheets of plain
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Paper and graph paper in order to present their results. Considerable
emphasis is placed on the children writing clear accounts of their dis-
coveries, in ink, in their assignment books.

Initiative from the children is encouraged a great deal and they
are given every opportunity to work out their own ideas and discuss them
with the teacher., The teachers make their own assessments, record the
child*s progress on an assignment card grid and set questions for an
annual school test.

As in the case of Schools 'A' and 'B*, School 'C' is served by one
Infants School and in this case the Infants School too has placed a good
deal of emphasis on mathematics by activity - even before the formation
of the Nuffield Project. It also makes extensive use of Cuisinaire rods..
Further Details
(i) Social Class of the Catchment Areas

From the dascriptions of the schools, it is evident that they aie
situated in similar areas and are likely to have an intake with the same
social background. This was confirmed by a classification of the father's
occupation according to the Registrar General‘s Classification of
Occupations (1960).

Bach child was asked to fill in, on a slip of paper, his father®s
occupation, and also whether his mother worked full-time or part-time.

The father's occupation was allocated to one of the following five
social classes as designétéd,by the Registrar General's Classification:-

I Professional, etc. occupations

II Intermediate occupations
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IV Partly skilled occupations

V Unskilled occupations

The frequency distribution of these'classes within each of the three_.

schools is shown in Table 1 and figures (i) (ii) and (iii),(8 )An analysis"

of the results showed no difference between the mean social class of the

parents in the three schools.

a 15% level of

TABLE 1

Figure 8 Distribution of Social Class
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In no case did the differences reach even

significance (see Tables 2 and 3).

Social Class of parents

Social Class
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, . (1ii) School 'C' n'= 94
70, -
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Social Class

TABLE 2 Means and Standard Deviations of the Social Class Measures

School ~a|] B | ¢

Mean Social Class value | '3.11 | 3.03 3.21

Standard deviation 0.72 | 0.66 | 1.00

L

TABLE '3 Significance of Social Class differences between Schools

(Por significance at the 5% level the ratio gf_ge%_e_gcﬁ should be = 1.96)
Schools A&B|B&C |A&cC
Difference of means . 0,08 | 0.18 0.10
S.E. of differences ' 0.19 0.13 0.13'
g 0 N
Difference - | oo} 1.38 | o0.77

In each school a considerable number of children had mothers who go out



to woark. The details are given in the following table, and once again

illustrate the similarity of the children's home ba.ckgrouhd.

TABLE 4 Percentage of Mothers‘worki.r_x_g
Schools ‘A', *B' and 'C!
sohoot | Femeemiage | Zerventees
' A 28.6 58;9
B 18.9 - 52.7
¢ 26.2 56.3

(ii) Intelligence level of the three Samples

The three schools being under the same Local Education Authority,
each of them had taken part in the County's 11+ selection procedure and
had sat the same tests including two Moray House tests of Verbal Reasoning,
Tests 81 and 82. |

The results of these tests were made available to the writer in the
County records and provided the 'intelligence' measures referred to in
the present study. The I.Q. distribution for a number of schools was
analysed in the initial selection and in particular the results from
Schools 'A', 'B!' and 'C' yielded means whose differences were not-signi-
ficant. The largest difference, that between Schools 'B! and 'C' was
not even significant at a 20% level a}n_d the other two differences were
very much smaller,

The results are summarised in Tables 5 and 6
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TABLE 5 |Intelligence Quotients: Means and Standard deviation
: ' Schools ‘A, 'ZB' a.nd 101 .
School A B Cc
Mean T.Q. 103.8 | 102.5 105.0
Standard deviation 13.5 14.3 12.1
TABLE 6 Significance of School Differences in Mean I.Q.
(For significance at the 5% level, the ratio, %’%ﬂ should
be = 1.96) - N
Schools A&B|B&C A&C
Difference of Means 1.3 2.5 1.2
S.EB. of differences 2.07 2.03 1.76
Mf—?’;‘,"i"i 0.63] 1.23| o0.68

St:mmarx. and Hypotheses

The schools are situated in similar urban ereas in each case bordering
open farmland. There is a substantial proportion of children.in each
school from council estates but none of the schools are in anything like
deprived areas. Parental background in each case is essentially working,
or lower middle class. The school populations differ to no significa.-nt
extez;t in either I.Q. or social class background.

In none of the schools is the size of classes excessive and each has

a high proportion of experienced teachers. All three schools have pleasant,
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adequate buildings and a good sized playing field. Each school takes
its pupils from a single Infants' School.

The one extensive and obvious difference between the schools lies
in the new approaches to Mathematics adopted in such a committed fashion
by School 'C*'. Compared to this the othe:i- differences, already noted in
the descriptions were ones of detail. Pupil:teacher ratios were slightly
different, though not greatly so. The o0ld buildings of School 'B' were
not as attractive as School ‘A' or School 'C', bt it had several new
classrooms. The ways of étreaming varied, though all stream in some way.
v"I'he headmasters and teachers were bound to have their own peculiar ideas
and abilities, but none were observed to be excessive.

Although these minor differences will be bornme in mind when interpret-
ing the results, the overvfhelming difference remains the Mathematics
emphasis in School 'C?, Here, the great emphasis on the. discovery approach
%o Mathematies teaching, the schooi being a pilot membér of the Nuffield
Project, is a deliberate exercise to improve fhe mathematical, logical and .
creative thinking abilities of the &hildren, as well as their attitude to
mathematics., If there are significant differences between the children's
performances in this,gchool and the control schools it cannot but reflect
the effectiveness of the school's implementation of the nathematics project.

In arder to facilitgte discussion of the inter-school differences and
to focus attention on the pos-sible effects of 'l;he discovery approach, the
following hypotheses are suggested:

1. Children in School 'C! will show a more favourable attitude to

mathematics than children in Schools ‘A' and 'B'.
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2. Scores on the Crgativity tests will .'be higher from School 'C' than
from the control"schools. _

3. The performance of children in School 'C' on the N.F.E.R. Intermediate
Mathematics test, which stresses understanding and excludes routine calcu-
lation, will be greater than in Schools ‘'A' and 'B'.

4. The scores on tests designed to assess flexible and logical thinking
in mathematics will be higher from children in School 'C! than from those .
in Schools 'A' and 'Bf,

5. The attainment of children in School 'C' on the tests of Mathematical
Concepts will be greater than that of children in the other two schools.
6. Performance on the N.F.E.R. test of 'Arithmetic Progress', which .
involves mechanical and problem arithmetic will not differ -significa.ntly
between the experimental and the other two échools.

2. Testing Battery and Procedures
The dual nature of the present study, part exploratory and part

evaluative, together with the need to allow for the appearance of as many f

factors of creative, flexible or original thinking as possible, implies

a wide va.rie_ty of assessments of the children's abilities: Four main

cbnsidera.tions guided the choice of the testing battery:

1; The practical limitations in administering and marking the tests,
the need to confine the tests to those which could be administered
on a group basis, and an obliga'tion to keep the total testing time
within reasonable limits.

2. The need to make a selection of ‘'creativity' tests which would sample

as many as possible of the dimensions hypothetically associated with

creative thinking.
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3. The nee&_i for o sample of mathematics tests which would not only
measure computational ability but would also assess a degree of
problem solving ability and und.ecr:sta.nd.iﬁg, and do justice to both
the traditiohally taught children and those working through dis-
covery methods.

4., The need to keep a balance between tests in the interests of the
subgequent factor analysis.

The complete ba,tterj of tests finally comsisted of two I.Q. tests, pre-

viously administered by the County authorities in their 11+ selection pro- -

cedures; a Guttman scale designeéi to assess the children's attitudes -~
towards five areas of the curriculum incluﬁing Mathematicsy a Creativity

_booklet containing five separate creative thinking tasks, including a

Mgke-up Problems section; an Arithmetic booklet in three parts including

a concept test; and two standardised N.F.E.R., Mathematics tests, one

designed for measuring children's progress in Arithmetic and the other of

more recent origin specially intended to assess the more modern approaches
to the teaching of mathematics. The total testing time amounted to 3 hours

4 minutes, excluding the time needed for preliminary instructions.

The 'Crea,tivity booklet, ‘the Arithmetic booklet and the Attitude

scale are not available commercially and are reproduced in the Appendix

together with samples of responses. A discussion of the tests follows:-. -

(1) I.Q. Tests: Moray House Verbal Reasoning Test 81 and Test 82 (1968)
The 1968 revision of the above standard group tests bad been given as ..

part of the County's 11+ selection procedure and were kindly made available

for use by the writer. The tests are standardised to a mean of 100 and a
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standard deviation of 15, and the children's scores were adopted as the
I.Q. measures in the present study.

It is particularly suitable, considering the weight of numerical
tests in the remainder of the testing battery, that the ‘intelligence’
measures should be based on a verbal form of assessment.

(i1) Attitudes |

In his investigation of children's attitudes to Junior School acti-
vities, Sharples (1969)suggested that young children find it diffucult
to meke the comparative .judgements and responses neeessifated by many
tests of attitudes. From an extensive analysis of children's statements
of their attitudes towards school activities, he consequently developed
a Guttman scale which proved to be a reliable and effactix_re ingtrument in
his investigation, and which he ﬁas kim_ily supplied for use in the presenf
study. A copy is reproduced in the Appendix; |

Eight stateménts are presented to the subjects as being views expressed
by other children and they are asked to indicate which statement agrees
best with how they feel about each of five school acitivites. The
statements are numbered from 1 to 8, from "I hate it" to "I love it"
respectively, and th'e_.five activities considered were Reading, Mathematics,
Writing Stories, Art, and P.E.

Each child thus had five separate scores, from 1 to 8, indicating his
attitude to each of the school subjects. - His total score was also recorded
as an overall measure of his attitude to scﬁool work in general. .

(iii) Creativity Booklet

(2) Circles Game

This test is an established part of the Test of Imagination, Form D,
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of the Minnesotta Tests of Creative Thinking (Torrance 1962, 1965), and
asks candidates to sketch in ten minutes as many objects as possible which
have a circle  as their main pa.rt.'

Described by Guilford (1967) as a figural test of ideational fluency,
it was first suégested by him in a verbal form, asking the subject to
"Name all things that are _round" (Guilford (1950). Guilford has mainly
used the test with adolescent and adult populations but it has been success-
fully developed by Torrénce for use as early as kindergarten. It is a
particulerly good test for children, and to introduce a creativity battery,
as it is well suited to group administration and to children who are slow
in their verbal development.

The candidates are provided with a page of circles and told to add
their lines inside or outside the circle or both inside and outside. They

may label the object if they think it might not be recognised.

©.8. ' © o
tennis ball

In the present study the 'test' was entitled Circles ‘'Game' to further
a favourable reaction to the Booklet and to reduce.any test atmosphere that
might arise. The time limit was also modified for in a pilot study carried
out by the writer the time of ten minutes recommended by Torrance was found
to be very short. When told to stop children reported that they had "only
just got going", and it was felt that a more reliable measurement, paz'ticu-.
larly of the Flexibility and Originality categories would be obtained if the

time was extended. In the final form of the Boocklet the children were

therefore allowsed 15 minutes.



Reviewing some of the studies invblving this test, and parts (b)
and (¢) of the present booklet, Torrance (1965) reports.a good degree of
test-retest reliability, and validation based on the criteria of other
asseasments of creative thinking, attitude.flexibility, personality, and
teacher and peer nominations. Whereas the Guilfard forms of creativity
tests are usually designed to identify or assess a single factor in his
scheme of divergent production abilities, Torrance had adapted much of
the material to allow for scoring on several factors. He has in fact
gone to the other extreme and in the Circles test, for example, bas used,
among others, criteria of Fluency, Flexibility, Originality, Elaboration,
Communicativeness, and Complexity. Nﬁre recently he has revérted to
only the first four criteria, and in this study only the first three,
Fluency, Flexibility and Originality will be adopted.

Details of scoring procedures will be given later.

(b) Uses £6r Things .

Qriéin#lly designed by Guilford as a test ot ideational fluency ar
flexibility according to whether marked for number of responses or cate-
gories into which the responses may be placed, this test asked the subject -
to-give, in eight minutes, as many uses as he could for a brick. Later
Guilford used the term 'spontgheous flexibility' to distiﬁguish this sort
of shift of response category by individual initiative from his later form
of the test named 'Alternate Uses' which specifically requires the caﬁdi-
date to change to a new category with every response. (See Guilfard, 1950,.
195%b,1967a) .

With the substitution of 'tin-cans' for 'bricks' the original form of

the test was incorporated by Torrance in his Minnesotta Creativity Battery
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(Torrance 1962,. 1965), and in one of its various forms the test has
since become almost a classic in a collection of divergent thinking
tests particularly when children are being tested (Getzels and Jackson
1962, Wallach and Kogan 1966, Hudson 1966, Lovell and Shields 1968,
Child 1968).

In the adaptation used for the present battery, qubjects were asked
to write down as many different’uses as they coulé think of for each of
the three stimulus objects: ‘a newspaper, a spoon, and a piece of string.
They were given a total time of fifteen minutes, and scored for fiuency,
flexibility and originality. .

(c) Consequences

Once again used extensively since Guilfard's early hypotheses on the
nature of dfeative thinking, this test had its origin as a'test of 'Fluency
of Inferences' and wasilater incorporated into Guilford's more sophis-
ticated battery of tests of divergent.thinking as a test of the Semantic
Transformgtion or Originality factor. In the latter form it is intended
to assess a subjects ability or disposition to produce rare, remotely
associated, or clever responses. In his experiments, Guilford found that
all three criteria isolated the same factor which he termed 'originality!'
(Guilford 1950, 1959b.1967ag.

Torrance's adaptation 6f the test has been used extensively with
children -“though his time 1imit of five minutes for iesponses 40 three
situations such as "What would happen, if man could be invisible at will?"
appeared once again, from the writer's pilot study, to be too severe.

Accordingly in the present form of the test, tem minutes was allowed for
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the children to write down consequences to two hypothetical situations:

(i) "It we had no hair on our heads"
and (ii) “If we did not need to éat or drink".
The responses were scored for fluency and originality.
(d). Pattern Meanings

This test was adapted from Wallach and Kogan (1966) and incorporated
items from their test of "Pattern Meanings" and from that of "Line
Meanings". The test was designed to stimulate the child "to generate
possible meanings or interpretations for each of a number of abstract
visual designs" so as to assess his imagination and his power of making
uncommon associates. The responses are therefore scored for rlﬁency and
originality respectively, the latter being ;ssessed by the relative
infrequenéy of a response. |

‘This is the second test using a visual stimulus and with the circles
test provides a pair of tests which might aid the identification of any
appropriate factor which might appear in the factor analysis.

‘'welve minutes were allowed for the responses to the three figures

reproduced belows-

VL
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(1) (ii) (1id)
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(é) Make-up Problems

'Sensitivity to0 problems' was the first of the thinking factors
hypothesised by Guilford (1950) and as an example of a possible test
he éuggested that one might present the examinee with a short paragraph
of expository material and instruct bhim to .ask as many questions as he
can that are suggested by the statements, with relatively liberal time
allowed. Guilford himself later developed other 'Seeing problems'
tests of his factor of Semantic Implications, but his original suggestion
was incorporated by Getzels and Ja