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CHAPTER 1
INTRODUCTION

_ The purpose of the present study is to determine
whether a.relationship exlsts.bétween certain faotors of
creativity and intelleot and some apecifiéd ﬁeaaures of
achigvement in high schoo) and college, Specifically, the
factors in the first grouping are 1ngehu1ty,~vlsualization
in two dimensions, visualization in three dimensions, and
reasoningt those in the achievement classification are high
school science, high school mathematics, high school science-
related courses, college sciencse, college mathematiocs, and
college science-related courses, Stated differently, the
purpose is to determine whether any relationship exists
between the several combinations.

Background of the Study

For many years, psycholpglsts have relied largely on
measures of intelligence or scholastio aptitude as a pre=-
dictor of achievement in academic pursuits, Recently,
however, the thinking has been that traditional intelligence
tests have showmm pronounced limitations such as inadequate
attention to divergent thinking as contrasted with much em-
phasis on convergent thinking. This view was expressed by
Torrance (1962) who also noted that the populatr multiple-
cholce tests denlied the opportunity for creative answers and
penallized those who were perceptive of subtle points., Getzels

and Jackson (1962) comment that the development and usage of



1ntolligence tests 1s vory commendable. but that the IQ«
metric 1§ not the onlj meosure which éhould be considered
in assessing the abilities of the student, It has become
inoreasingly apparent that 1ntelligenoe 13 a multidimensional
afra;r yheroin oompononts of creative talent can be regarded
as eomponents of 1ntelligeﬁoo.‘(Cﬁllford,'1959)

The above is one of many reasons for the 1ntensive
studies of oreativity being oarrled on currently by Guilford,
Getzels and Jaokson, Torrance, Taylor, MacKinnon, Lowenfeld,
and others in an attempt to define oreatlvity, measure it,
and relate it to other faotors and areas,

Leese (1961) has compiled a group of attributes of the
ocreative mind, some of whioh.are fluency, flexibility, origine-
ality, capability of restruotuiing and reorganizing, sen-
sitivity to problemé, extending and elaborating. Canisia
(1962) has stated that scientifioc and mathematical thinking
gseens to be oharaoterized by fluency and flexbility.
Brandwein (1960) characterizes the sclentist as intelligent,
_originai, imaginative and analytical. Taylor (1963) has
:ecognizod the 1mpo:fanoe of creativity as‘it is related to
science and has organiied several conferences on creativity
in general and on oreativity in science specifically.

‘ Sclentific activity has been defined as being basically
.creative by Mooney. (1954) Mallison (1960) has stated that
,ooienoo goes further than loéioal analysis of holes in know=-

ledée, further than loglcal searches for logloal materials

to be'logically ordered. Sclence involves broader dimensions



of analysis, synthesils and rscombination--all of which are
& part of creativity, The atmosphere in science would be
sterile without creativity according to Mallnson,

From the foregoing statements it can be concluded that
ths attributes of persons in sclence are similar to those
attributes 1nvolved in oreativity. Research has not yet
shown that these attributes are identical, but surface in-
spsotion does show simllarities._
| " Research 1n creativlty 1s takins many avenues in ad-
dition to those mentioned above. Personality Qevelopment,,
lnterests, values, attitudes, memory,,thdgght processes, and
motivation are being probed to determine what effects or
relations are present with creativity,

| Focus of the Study
A The main question of the present study concerns the

re;ationship of creativity and achlevement in science and
related}areas. Specifiocally, does the ingenious persén, as
determined by certain measures, excel in high school and col-
lege soience, mathematics and science-related courses? Does
the'person(with two- and three-dimensional visualization
abil;ties. as determined by certaln measures, likewise excel
1nvthess areas? Also, does the person with reasoning abllities
similarly determined excel in these areas?

These questions lead to a question of predictability,
such ast Would knowiedge of ingenuity, visualization ability,
and reasoning ability ald in predicting achievement in sclence
and related fields in high school and college? As will be



more fully explalned in a late: chapter, the principal

questiona'of this atudy willvbe examined in the light of

dataIAeriving from the Project Talent etudy.
Qegingtions.

;ngenuitx is the ability to find ingenious solutions
to. practical problems as measured’ by the Creativity test in
the ProJect Talent battery. - (Flanagan, 1962)

Visualization in two- and three-dimensions 1s the ability
to visualize how an object,: pattern. or configuration would
appear when viewed from various angles in various positions
as,measured by the test or Visualization in Two Dimensions and
the teat of Visualization in Three Dimensions in the Project
Talent battery, (Flanagan, 1962)

easoning is the ability to determine a loglcel re-
lationship among elements of the pattern and to apply this
relationship in order'to identify an element that belongs
in the pattern as measured by the test of Abstract Reasoning
in the Project Talent battery. (Flanagan, 1962)

Science courses include all-pnysical and blological

course:ofrerings.
,;gnathematics goufaes include all mathematics courses.
| Science-related courses refers to all such courses as
have a relationship to any applied or technical field of
solence and/or mathematics such as health, industrial arts,
engineering, archlitecture, pharmacy, dentistry, logio,

sclentific languages, accounting, statistics, etec.



Relevyance of the Study

. Ih 1960 a battery of tests was administered to a large
group of high school students throughout the United States.
This.tgsting, Project Talent, was aimed at determining the
atatus'of'Amerlcan youth, at assessing thg educational
situations in which they were involved, and at determining
how ¥a1ehts could be most effectively utilized for the
nationallwelfare. (Planagan, 1962) Indludediin this battery
were méésures of ingenuity, visualizatlon énd reasoning
which are considered to be factors in thélstfucture of the
tqtai abilities of the individual. Little 1s'kn§wn of their
erregtﬁ on success in educafiqnai pursuitsf |

- The person with ingenuity, visualization and reasoniné
abilities may oicel in his classroom endeavoré or he may
tehd to think too deeply, see more than 1s7aotua11y involved
and de awére of other possibilities to the extént that his
slassroom performance 1s interpreted as béing below that
of high achlievers, Studies have shown that the more creative
students tend to be more out of favor with teachers, (Get-
zels and Jackson, 19623 Torrance, 1962) and subjective
grading procedures would tend to reflect lower achievement
for these students.

Restatement of PurposeA
The purpose of the present study, as indicated above,
13 to determine whether a relationship exists between measures
of ingenulty, visualization, and reasoning and measures of

achlievement, The measures of achievement include the areas



é

of high school science, high echool mathematics, high school
sciendeérelated'oourses, college science, college mathematics,

and'collége science«related courses,



CHAPTER IIX
REVIEW OF RELEVANT LITERATURE

The f.oplo of creativity, as a topiec Dr research,.is
relatifely new. Among those who early gave attention‘to
~ the importance of the topic were Poincare (1§13) and Spear-
man, (1931) the latter devoted a book to the toplo.

Wertheimer (1945) explored the area of pfoductive“
thinking. producing an initlal idea for increasing creative
thought., Terman's work with the gifted indlcated some aspects
of oreativity in conneotion with giftedness.

In 1950 Guilford.(1950) set the stage for the current
trend of research ;n ihe area of creativity when he stated
hia'hypotheses abodt Lreativity and 1ndioated the necessity
of research to determine the factors involved. During the
ensuing years writérsland researchers havq concerned them-
selves with several areas pertaining to the subject. Some
addressed their persu&ls to defining creatlivity and theorizing
as to 1ts attributes. (Wilson, 19583 Stoddard, 19593 Anderson,
19593 Maslow, 19593 Guilford, 1950, 19563 Hilgard, 1959;
MacKinnon, 1962; Lowenfeld, 1958) Others have attempted
to develop and validate instruments to measure creativity.
(Guilford, 19533 Torrance, 1962} Getzels and Jackson, 1962;
Flanagan, 1963) Still others are concerned with the relation
of creativity to various fields of endeavor, perception,
and personality. (Getzels and Jackson, 19623 Torrance, 19623
Cline, 19633 Boe, 19593 Cattell, 1959)



This review will be limited to definitions and theories
of oreativity, measures of oreativity, and creativity related
to achievement, and also the relevant writings on Project
Talent,

Definitions and Theo;ies _; ;eativitx
Many writers on the topio of cre&tivity choose to define

the ;erm before procgeding with further discussion of theory
- or reaearch 80 as to have a definition which will give sup-
porf to their elaborations. Thus definitiéhs of creativity
abounds' In general, these definitions have a common im~
plication of aomething new, novel, or an innovation. Several
representative definitions are presented below. It will be
noted that various approaches to the term are employed.
Some discuss creativity as an entity, others call it a
product or process, while others refer to it as thinking.
Creativity as an entifyyis defined bj’Haimowitz and
Haimowitz (1960) as a capaoifyAto innovate, to invent, to
place elements together in a way in which they have never
before been placed. Fromm (1959) extends this idea by saying
that ocreativity is an attitude and can exist regardless of
whether or not anything is added to the world of things.
Creatlivity as a process has items of sensing gaps or
disturbing missing elements, forming ideas or hypotheses
concerning them, testing these: hypotheses, communicating
the results, and possibly modifying and retesting the
hypotheses as defined by Torrance (1962). Stein (1963)



also calls it a process which results in a novel work that
1s accepted as useful or satisfylng by a group at some point
in time. Trow (1950) states that the creative process is
very elusive and compares it to lnsight. The taking of
oomponénts from a familiar pattern and recombining for a
new organization would be a creative act even_though the
outcone ls not a work of art according to Trow.

" A" product-oriented definition is expressed by tlanagan
(1963) as he terms it the bringing of something new into’
being. May's (1959) definition of creativity is only slightly
different from Flanagan's. May substitues the word "birth®
for Planagan's "being." Drevdahl (1956) defines craative
capaclty as the production Qf compositions, products, or
ideas which would have been previously unknown to the
producer,

Wilson (1958) has compiled a listing of several defe
initions of creativity which include these ideas: an out-
flow of energy through which a product 1s struotured (Rasey)j
an action of the mind to produce a new idea (Gerard);
manipulation of envirorment by mentaliprocesses in the
production of new ideas (O'Brien); rearrangement of past
experiences into new patterns (Arnold); and a process by
which something new is produced (Harmon),

Stoddard (1959) proposes an unusual definition:

To be creative, in short, is to be unpre-
dioctable; 1t 1s to be decidedly suspect in the

world of affairs. The creative aspect of life
is rightly viewed as aotion. Never simply
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contemplative, the creative act at its highest

brings about notable differences in things, thought,
works of art, and social structures. What is to

be changed fights back, perhaps with success.

Even 1ln sclence, the truly novel or radical person
has & hard time of it. (p. 183)

Anderson (1959) compiled a paragraph which summarizes

many of the ideas of creativity:
e o o Creativity is 1life itself. . . . it 1is

‘a8 way of 1ife. « « o 1t is optimum growth in social
interaction. . . . it 18 maximum of self-actualizing,
We could extend the range and fill in detalls with
examples from others., If ocreativity 1s a broad

way of life, then the characteristics of the crea-
tive person would be those characteristics which

describe a person in the full vigorous adventure
of living. (p. 237)

The definitions of creativity are many and varied,

with some common ground of originality. Each authdr, ho&ever,
has choseh to define it as hisldefinition will meet ﬁis
needs, Implioclt in each defintion is the theory of the author
ebnoerning creativity., It is the definition and the implied
theory which form the structure of the research and writing
each author does on the toplo. |

| In regard to theories of oreativitx, credit must be
given to Guilford who stimulated ourrent emphasis on the
subjeot and who has done ex;enaive writing and research to
arrive at a meaningful and operative theory. Guilford's
early theory 1nolﬁded the following: 1) all individuals
possess to some degree all abllitles 1nc1ﬁd1ng that of
oreativity, 2) ocreativity is bound to intelligence, and
3) oreativity is one of the factors of the total personality.
(Guilford, 1950) |
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In 1953, a report was made of the results of an attempt
to develop an instrument to measure originality where
originality was placed on a continuum of the uncommon, the
remote, and the clever. (Wilson, g&i‘gl., i953)-'0ne year
later, a factor analysis of creativity was presented by
Guilford and his associates. (Wilson, gg; 8l., 1954) The
factors found included verbal comprehensibn;fhpgﬁerical
facility, perceptual speed, visualization, géneral reasoning,
sensitivity to problems, word fluency, associationalfrluency,
ldeationaljfluency,'adaptive flexibility, spontaneous flex-
ibility, originality, closure, redefinition, and judgment.

Gullford (1956) then prooceeded to tle his ideas and
factors of creativity 1n£o-a'8tructure‘of intellect. He
felt that previous views of intelleot were too narow and that
it should include two major parts, Thinking end Memory.,

The thinking category was divided into 33 areas grouped under
cognition, production and evaluation. Memory contained

seven areas., Creativity was included in the area of productive
thinking,.

- A cubleal model developed by Guilford (1959) of 120
intellectual faoﬁors included the above structure on one of
thé faces. This face was labeled dpérations; the other
féoes. oontent and products. He then stated that creativity
arises from the intellect, Thus Gullford has proceeded
to show‘how the speglfio idea of creativity fits into the
broad perspective of the total intellect.
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Gough (in Hilgard, 1959) has been doing work similar

to Guilford's in factor-analytic studies of creativity.
His list of faotors is as follows: intellectual oompetenoe,
inquiringness of mind as a habit, cognitive flexibility,
aesthetic sensitivity, sense of destiny. Hilgard (1959)
calls attention to Gough's last two factors as being im-
portant beoause Guilford does not include them. Hilgard
states that the discovery of factors is limited by the
battery of tests used and the people tested, therefore,'
Guilford's work should be viewed as limited and ‘evidence of
these limitations are found in Gough's factors. Hilgard
also states, however, that although Gough found additional
items, this doesnnot mean they are important factors in
creativity until further research is aocomplished.

Several of Guilford's comments are pertinent to the
present study. Considerinz the factor of visualization
in creativity, he says:

There is a factor of visualization which seems

to be to the figural column what redefinition is.

to the conceptual column. The factor of visual-

ization is the ablility to think of changes or:

transformations of a figural kind in visually
perceived objeots or in objects visually thought

of. The relation of such an ability to work

in the visual arts can be readily imagined.

(Guilford, 1957, p. 116)

In consldering the various cubes in his model of
intelleot, Guilford states this of two of them: 1) "To
visuallize what a percelved pattern would look like if
rearranged,” (Guilford, 1963, p. 104) and 2) "To use logleal
relationships to test the correctness of a solutinn.” (Guile

ford, 1963, p. 106)
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MacKinnon (1962) identified eight characteristics of
the creative person, They are intelligenoe, originality,
independence, highly developed interests. open to experience,
intuitivenese, theoretical and aesthetio intereets, and a
strong sense of deetiny. Lovelace (1963) has drawn on these
characteristics for the formation'ot his theory of,creativity
empheeizing tne aepeots of independence;‘originaiity,-ber-
oeptivenees and curiousity, intuitivenees;’and valnee.“
Cook (1960) theorized that‘creafivitj is not different from .
problem solving in that it;must‘be_an.original accomplishment
of tne mind and a deliberate attemnt.to create. He believes
that most peraons.do noﬁlhave a etrong desire to create and
often their attempts at free-wheeiing thought are stiffled
by mathematics. Guilford (1964) also believes creativity is
much like pronlem solving, but ne.warne that all creativity
i8 not prodlem solving. |

Taylor (1963) belleves that a certain group of traits
are involyed in creativity, especially as related to scien-
tifio creativity., These are 1) a high degree of autonomy,
2) preference for mental menipulations, 3) high ego strength
and emotional stability, &) liking for method, precision,
exactness, 5) personal dominance._6) control of impulses,
7) liking for abstraot thinking, 8) independence of judgment,
and 9) superior intellect. '
_ The process of.oreativity is viewed as an important item
in the theory of oreativity. Two major methods in the
process are listed by Sinnott. (1959) One is deductive,
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direot»frontal assault. The other is olosely'akin to insight
wherein a new idea might rise almost spontaneously in the mind.
Sinnott believes this second method to be the most common,-
but he hastens to comment that such inspirations do not

appear unless the individual is well immersed in a subJect
with a rich background of knowledge and experienoe. This
,brings Sinnott to the postulation that the unconsoious mind

18 at work selecting. arranzing, and correlating ideas and
images into a pattern,~but he follows this with the caution
that true unconsclous creativity 1s relatively rare.

Dienes (1961) puts the creative process into the role
of mathmatical thinking and gives three stages. These are:
1) begin with a structure, 2) construct a super structure
using abstractions, and 3) analysis to evaluate work, ‘Here
agaln, the apparent relation of creativity‘and the sciences
is theorized., | |

 Lowenfeld (1958) summarized the current thinking in

the area of creativity by ennumerating eight attributes of
oreativity., Tnese are: 1) sensitivity-to problems, 2)
fluenoy of idéas. 3) rlexibility. L) originality. 5) redef=
irtion or ability to rearrange, 6) analysis or ability to
abstract. 7) synthesis or closure, and 8)'coherence of
organization; IMost.of tne theorists, regardless ofitbe
direction of thelr work!_have arrlved at postuldtions that
inoluds ons 1f not several of the attributes 1isted above.
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Measuring Creativity

Development of instruments to measure creativity has
been done by several researchers, but the work of four has
attalned préminenee. The four are Torranoe,lceﬁzels and
Jackson, Guilford, and Flanagam. The instruments of Torrance,
Getzels and Jackson, and Guilford are simiiaf in many respects.
These present a stimulus situation and require the subject
to respond acocording to instruotions. The response consists
of an oral or written statement or a performance which is
unique to the individual subject. No sample responses are
provided from which the subject could choose.

Typical items in the instrument developed by Torrance
(1962) are a Pioture Construotion where the individual is
glven paper shapes from which to assemble a ploture; In-
complete Figures which are designed to meaéuro ¢losures
a Circle Task in which 35 oircles would be presented and
the subject must sketch objects of which the circles would
be a parts Askeand-Guess in which a pioture is shown to the
subject who must ask questions about it, then guess as to
the situation involved; Produot Improvement in which the
subject 18 1nstructed to state what ocould be done to make
the product betteri and Unusual Uses in which the subject
is agked for other uses of an‘object.

Some of Torrance's items appear to be adaptations of
Guilford®'s which inoclude such items as 1) COnsequencgs in
which a sample question yould be *What would happen if all
the iron in the world would disappear?'! which involves the
factors of originality and 1deational'r1uenoyi 2) Word
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Association involving synonyms to measure the factor of
associational fluencys; 3) Brick Uses test calls for the uses
for a brick to measure the factors of ldeational fluenocy

and spontaneous flexibility; 4) Hidden Figures measures the
flgurﬁllrederinition factor by the seleotion of & simple
figure'in a complex.one; and 5) Match Problems which presents
mﬁéoﬁea in a configuration with instructions to remove a
certain number to leave another configuration to provide a
measure of the factor of adaptive flexibdbility.

Getzels and Jackson (1962) inolude items of Word
Association, Uses for Things, and Hidden Shapes which are
similar to those of Guilford, Tney also use an item called
Fables in which a fable is presented with the last line
missing and the subject is required to provide lines for
a moralistioc, & humorous, and a sad solution respectively.
Another item is Make-Up-Problems wherein a paragraph is
presented which contains many numerical figures,” The subject
is required to make up as many7ar1thmétio'problems concerning
the figures as he can in a time limit,

‘ Torrance, Guilford, and Getzels and Jackson have developed
1natruqn§ta'vhioh are similar in many wﬁys,'including the

itens tkéﬁ;elves and the response mode required, Flanagan's
telﬁ'bf creativity is somewhat different from these,

Flanagan (1963) outlined his method for measuring in-
genuity as providing problem situatiohs'for ihich”ingenious
solutions can be found. He feels that a'timefractbr is not

important;fbecdnse Af the subject is truly olever and
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ingenious, he will come up with an appropriatg answer, He
has é;x.criteria for the design of ingenuity items. They
ar33  f)'Presentation of a oléér-cuptproblem,which-has an
ingenious solution; 2) Deductive reasoning can be used to
deferﬁineithe'eolution;-3)~The solution must be thought of
rather.ﬁhan recognizeds - 4) The problem situation should not
be a definition of the solution; S) Detalled knowledge of a
spéoirio‘field should not be necessarys and 6) A key word
should provide pat and unique solution;‘EO'subJeot has a
feeiing;ot closure, These oriteria form the basis for the
deslgn of his ingenuity test..

 -F1anagan's FACT (Flanagan Aptitude Classification Test,
1953).battery is a twenty-one test battery which includes
measﬁrea of originality and visualization. Two of these
tests Aa desoribed by Flanagan (1957) are pertinent here..

FACT #18 Ingenuity: This test measures
ocreativity or inventiveness in devising ingenious
procedures, equipment, or presentations. Each
test item contains a desoription of a problem
situation ocalling for an ingenious solution,

Some aspeots of the solution are given in the itenm,
"but in each case the key word or words which ine
clude the orucial idea are left blank., Five cholces
for f1l1ling in this word or words are shown in
skeleton form. Each choice has a space for each
letter in the word and also includes the first

and last letter of a series of words, one of which
18 the key word, Thus the individual is required
to think of the solution rather than recognize it
but 1s usually able to get immediate confirmation
oxr correction by noting whether it fits in with
the letters and spaces given in one of the cholces.,

(p- 500)

PACT #5 Assembly:s This test measures ability
to 'see' how an object would look when put together .
acpording to instructions uithout having an agtual
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model to work with., The test samples ability to

visuallze the appearance of an object from a number

of separate parts. The items oconsist of a picture

of a number of disassembled parts required for a

small pilece of equipment, 'This plcture is fol-

lowed by a series, of plotures of ocompleted objects,

The task 1s to identify the object which is

assembled in accordance with directions given in

the first pmbture., All of the assemblies use the

-pleces shown, but there 1s Jjust one object in the

series which assembles them in the correct way,

This is a measure of the f{ype of spatlial visuale

ization required for certain types of engineering

and mechaniocal operations, (p. 500) '

Flanagan's test differs from the others chiefly in the
rgsponse_mode~1n that Flanagan's subjeot must choose the
correot response from among a group of toils presented
in skeleton form. Super:(1957) calls this a most ingen-
iously constructed test,

The response mode, however, has been queétioned. Mosing
(1959) found that items with a completion type of response
were significantly related to creativity, while items re-
'quiring the selcation of responses were not’rela;ed to
oreativity.

“All of these persons have done and are doing validation
studies on their instruments. Because of the relative youth
of the measurements, anple data 18 not yet avallable as to
the validity of then,

'~ Thorndike (1963) expressed some doubts as to the
worth of oreativity tests., His basio premise is based on
the low.ocorrelations between the tests themselves. He,
therefore, 18 not certain that all the tests are measuring
the same thing and research using these tests may not be

meaningful. Thorndike's emphasis ia that the field is young
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and he wishes to warn that research has not yet proven the
value of the oreativity tests.

- Various other tests of creativity are being devised,
.eome to be used in epeoific areas., . Some of these which are
related to sclence and technical fields include a measure
of oreativity in engineers by Sprecher (1958, 1963) and
Harris;'(1960) a test for creativity in industzal engineers
by Harris, (1955) and creativity predictors for industrial
ecientists by Jones, (1964) ‘ .

C;eativitx as’ Related to Achiezement

In comparative research with creativity, muoh work
has been done with intelligence, the theory being that
creativity ie as important to determining eoholastio ap-
titudes as is intelligence. (Torrance, 1962 1963; Get-
s and Jackeon, 1962) A logical area for comparison is
creativity and achievement in variome areae. This has been
'approached in many waysj some ot the more pertinent will be
reviewed below, , .

‘ In conneotion with validation etudiee on Guiltord'e
teets, some oomparisons have been made of creativity and
achievement. Guilford (1959) etated that a great deal of
predictive validity for teet acores representing the factor
of originality should not be expeoted in conneotion with
.oourseﬁsrades. Hille (in Guiltord, 1959) found an average
roorrelation of -.02 for an originality test in oonnection
_with grades in several emall claeeee in upper division and

graduate mathematice. Guilford (1959) found an average
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Getzels and Jackson made many comparisons of the - two
groups ‘including a comparison of scholastio achlevement.
Standardized achievement tests were uéed in the investigation,
and the results showed that the highly creative group was
equally superior in achievement to the highly intelligent
groﬁp. Getzels and Jackson expressed concern over this
;finding because the students in the highly creative group
wouid.be.those classed as 'overachlievers.,' As such, Getzels
and Jackson felt this group might be influenced by some
questionable counseling procedures., Also, they noted that
the achievement of this group gives a clﬁe as to the motiva-
tion involved in a highly creative student,

- The investigators, Getzels and Jackson, also surveyed
the attitudes of the teachers of the subjects of the study.
The results showed that the highly intelligent students
were more favored. by. teachers than were the highly creative
students,

Torrance (1963) investigated creativity and intelligence
is much the same manner as did Getzels and Jackson, His
subjeots were Minnesota school children who were divided
into groups of the highly creative and the hihly intelligent
by~the same procedure as Getzels and Jackson. The resulfs
of this study were similar to Getzels and Jackson's results
shuilng that intelligence measures are not the total answer
'for_éohlévghgnt prediotion, and that the highly creative student
is less févored by teachers than the highly intelligeént..
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correlation of .27 between a test of originality and average
grades in sclence and hathematics for two groups of en-
gineering students of about a hundred_each. These results
tend to confirm Guilford's hypothesis that there 1s little
relation between originality and achievement,

Guilford (1959) continues to state that little evidence
haé been presented to show that factors of verbal fluency
have gemeral predictabllity for academic or techniocal per-
formances. Gullford (1959) found a score for expressional
fluency correfated e25 with grades in an astronomy%course.

A factor of adaptlveg;flexibiliti has shown consiéfent small
relationships to perforhahce in mathematics. (Gullford,‘1959)
Hills (in Guilford; 1959{ffound the average correlation
with achievement in mathematics and‘adaptive flexibility

to be .33'and Guilford (1959) found the relation to grades
in physios to be ,23.

Getzels and Jackson (1962) selected 292 boys and 241
girls in gfades 8ix through twelve from a private school
in Chicago. Their purpose was to compare the highly intelli-
geht student with the highly creative student. The average
IQ in the selected school was 132,

Getzels and Jackson selected the highly creative students
as the top twenty percent on their creativity measures and
.bexpw the top . twenty percent in intelligence. The highly
intelligent group was chosen similarly, in the top twenty
percent by intelligence and below the top twenty percent in
creativity.
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Torrance also showed that those 1n the highly in-
telligent group wefe better in study skills and arithmetio
while the highly creative students were better in reading
end English, Torrance (1963) makes the comment that if
students are termed gifted on the basis of intelligence alone,
seventy percent of the top twenty percent on the basis of
oreativity would be miaéed.

Richards, et. al. (196&)'stud1ed 119 high school students
with respect to intelligence and creativity and the students®
self=judgments in this area. A major purpose of this in-
vestigation was to obtain data on teacher favoritism for
dreativity or intelligence., No evidence was found to con-
firm Getzels and Jackson's and Torrances findings that
teachers prefer the highly intelligent over the highly
oreative,

A study by Cline, et. al. (1963) attempted to answer
the question, Does a creativity battery predict performance
in high school sclence as well as or better than conventional
intelligence tests? Their subjects were 114 students in
a Salt lLake City high sohool., As predictor measures of
creativity, Guilford*s oconsequences, word assoclation, hidden
figures, brick uses and match problems were used. The students
must have completed two courses in sclienece and the criteria
was the grade point average in the ocourses with no adjust-
ment made for the number of courses. The Sequential Test
of Educational Progress (STEP) science achievement score

was also used,
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The correlations in Cline's study were as followss
sclence achlevement and word association .273 sclence
achievement and hidden figures .47; sclence achievement
and consequences (immediate) .,02; sclence achlevement and
oonsequences (remote) o353 science achievement and brick
uses .24; science achlevement and match problems .47;

STEP and word assoclations .43; STEP and hidden flgures .39;
STEP and consequences (immediate) .03; STEP and consequences
(remote) .43; STEP and brick uses .13; and STEP and match
préblems 036,

The conclusion arrived at by Cline was that the
creativity battery has predictive validity for the criteria
which 18 in disagreement with Guilford's hypothesis. Ap
earlier study by Cline, et. al. (1962) using the same
experimental approach and conditions found the same results.,

A study by Ornstein (1961) in an experimental physics
course using an analytical intuitive thinking approach, found
that those students with average School and College Ability
Test (SCAT) scores made gradually higher scores on physics
tests and that they were considered more 'gifted.,' Ornstein
hypothesized that students with high SCAT scores that did not
correlate with thelr physics test scores were much better
at memorizing faots and formulas and learning by authority,
therefore, they were unsuited for the more ‘creative' ap-
proach in the physlcs class,

Morgan (1959) investigated the reasoning abilities of

students as compared to their achlevemnts in sclencs,
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Her subjects were 80 Westinghouse National Science Talent
Search finalists who were administered the Morgan Test of
Logical Reasoning. She conocluded that the abillity to reason
at a high level is a distinguishing characteristic of students
who have'demonstrated high achievement in science.

Danghart (1963) used a group approach in the teaching
of some olasses in the new mathematics and compared these
students with a control group that studied the same materlals
but were restricted to doing all their work individually.
The purpose in this investigation was to determine the in-
fluence of group work on creativity, and the results showed
the group approach to be overemphasized and not too effective.
The subjects were administered Guilford's tests for crea-
tivity. A Fearson "r" for oreativity and achievement in
the mathematics course was .£6 with 180 students involved.

Project Talent

Project Talent originated in 1958 at the University of
Pittsburgh and received the support of the United States
Office of Education in 1959. Seven areas of inquiry were
included as followst 1) avallable talent, 2) relations
emong aptitudes, interests and other factors, 3) limiting
effects resulting from lack of interest and motivation, 4)
faotors affecting vocational choice, 5) predictors of
creativity and productivity, 6) effectiveness of various -
types of educational experience, and 7) procedures for realizing

individual potentials. (Flanagan, 1960, 1962)
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John C, Flanagan developed the design for a natlonwide
investigation to determine the information necessary in the
above areas., In March, 1960, 444,000 students in 1353
private, parochial, and public schools were administered
the tests, (Flanagen, 1962) -These tests would provide
2000 items of information per student. The zelection of
schools was made'fo include a random sampling of schools .
of all sizes and in all areas of the United States, The
tests were specifically constructed for the Project Taleqt
battery to include general information, interests, motive
ational factors, attitudes, noninformation areas, memory,
use of knowledge, comprehension, creativity, reasoning,
aptitudes, personality, vocational aims, and background
experiences. (Flanagan, 1962) Reglional coordinators were
appointed to assist with the administration of the tests.

Data were processed by the use of the Jowa Electronic
Tegt Scoring Machine and the Iowa Document Resader. (qunagan,
1961) Extensive plans were made for the use of the data
and much of this 1s currently in proccess., Raw scores and
percentile ranks of the students are avalilable to the
‘8chools concerned and other authorized persons. Results of
studies will be avallable concerning descriptions of the
American students and follow-up studies at intervals of
‘one, five, ten and twenty years. (Orr, 1961) The scope of
the study 1is one of the largest ever attempted,

While one of the purposes of Project Talent was to

investigate creativity and related areas, the investigation
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involves general factors and is not yet completed., It is
.the purpose of the present study to relate creativity and
other factors of intellect to the specific area of sclence
and related fields of study. MNMore specifically, the present
study is attempting to show the correlation between creativity
and factors of intellect as measured by Project Talent and
‘achievement in high school and college science, mathematics,

and sclence~related courses.
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CHAPTER III -
METHODOLOGY OF THZ STUDY

Tﬁe purpose of this stﬁdy, as earlier indicated,
is to*determine whether a relatiohship exlsts between
measures of lngenuity, two- and three-dihonsional visuale~
’izétion, and reasoning on the one hirdjand measures. on the
other hand, of aohievement in high school soience. in high
school mathematics, in high school soience-related ooursea,
in college soclence, in college mathematics, and in college
scienoe-related oourooss o

As défined sarlier, the soience-related courses oover
a wide voriety of flelds. Because this is so, it 18 not
expected that meaningfhl results will be found in the science-
related categories, particularly at the college level where
a large diversity of courses are involved, but the sclence-
related'oategory is inocluded to give a perspective to the
total field of sclience,

The questions of concern in this study are inocluded
in twenty«four hypotheses, Earlier mention of the variables
to be examined indlcated ingenuity, visualization in two
dimensions, visualization in three dimeosionQ and feasonins
as measured by the Creativity, Visualization in Two Dimensions,
Visualization in Three Dimensions, and Abstract Beasoning
tests in_the ProJect Talent battery.

- o | Ezpoiheses

The hypotheses in this study have been constructed in

the null form. They arei
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2.

3.

4.

5

6.

7.

8.

9.

10.

11.
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There is no significant relationship between lngenulity
and achievement in high school science courses.

There is no significant relationship between ingenulty
and achlevement in high school mathematics courées.
There 18 no significant relationshlp between ingenuity
and achievement in high school sclence-related courses.
There 1s no significant relationship between ingenulty
and achievement in college sclence courses.,

There is no sigrificant relationship between ingenuity
and achlevement in college mathematics courses.

There is no significant relationship between ingenuity
end achievement in college sclence-related courses.
Trhere 1s no significant relationship between visuallzation
in two dimensions and achlievement in high schocl sclence
courses.,

There 1s no significant relationship between §1sua1-
ization in two dimensions and achlievement in high school
mathematiocs courses.,

There 1s no signlficaht relationship between visual=-
1zation 1n two dimensions and achlevement in high school
science-related courses.

There 1s no significant relationship between visuallization
in two dimensions and achlevement in college solence
courses.,

There 18 no significant relatlonship between visual-
ization in two dimensions and achievement in college

mathematics courses.
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12. There 18 no signifiocant relationship between visual=-
1zation in two dimensions and achievement in college
sclence~related courses.

13, There is no significant relationshlp between visuallzation
in three dimensions and achievement in high school
sclence courses.

14, There 1s no significant relationship between visual-
ization in three dimensions and achlevement in high
school mathematics courses,

15. There is no significant relationshlp between visual-
ization in three dimensions and achievement in high
school science-related courses,

16, There is no significant relationship between visuale
ization in three dimensions and achlevement in college
sclence courses.

17. There is no significant relationship between visualization

| in three dimensions and achievement in college nathe- .
matics courses.

18. There is no significant relgtlonship between visuale
ization in three dimensions and achievement in college
sclence-related courses,

19, There 1s no significant relationship between reasoning
and achievement in high school sclence.

20. There 18 no significant relationshdp between reasoning
and achlevement in high school mathematlces courses,

21, There 1s no significant relationship between reasoning

and achievement in high school science-related courses,



30

22, There is no significant relationship between reasoning
and achievement in college science courses.

23. There is no significant relationship between reasoning
and achievement in college mathematics courses,

24, Thers is no significant relationship between reasoning
and achlevement in college science-related courses,
Subjects

The members of the graduating class of 1960 at Lincoln
High School, Lincoln, Nebraska comprised the group from
which the sample was taken, All mgmbers of the class had
taken the Project Talent battery of tests and their scores
were avalilable. From this class 97 were chosen on the basis
of their completing four or more semesters at the University
of Nebraska., All 97 had completed high schooi sclence and
mathematics courses, 95 had completed high school science-
related courses, 84 had completed college science courses,
62 had completed college mathematics courses, and 78 had
completed college science-related courses,

Testing Instruments

The data from four tests in the Project Talent battery
were used. These four tests were Creativity, Visualization
in Two Dimensions, Visualization in Three Dimensions, and
Abgstract Reasoning.

The Qreativity test was patterned after Flanagan's
Ingenuity test in the FACT battery. It was designed to
measure the ability to find ingenious solutions to problems,

The examinee is given a problem situation and required to
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devise the solution, The response mode in this test is
unique among creativity tests. The test offers .cholces in
terms of.the first and last letter of possible right answers
with the proper number of blanks for letters between the

two given letters, By this method, fhe‘examlnee can not
simply choose the correctcanswer, but must think of a
plausible solution, then find the letters and blanks 1n which
the answer would fit. This response format has the advantage
of being machine s#orable.

Flanagan suggests that this test titled Creativity 1is
to be interpreted as a measure of oreative ingenuity. (Flan-
agan, 1962) This measure is herein referred to as Ingenuity,

The tests of Visualization in Two Dimensions and Visusale
ization in Three’ Dimensions were assembled specifically for
the Projeot Talent battery., Their purpee was to measure
spatial .visualization., Care was taken to insure that spatial
visuglliation was measured, not visual acuity. In the
Visualization in Two Dimensipns test there were two types
of items, 1) figures rotated in a plane, and 2) figures
reversed for mirror images,

In the Visualization in Three Dimensions'test, five
abilities were measured, including 1) conversion of a twoe
dimensional figure to a three-dimensional figure, 2) con-
version of a three-dimensional figure to a two-dimensional
flgure, 3) rotation of solids, 4) solids from various pro-
Jections, and 5) hidden parts of solids (as oubes in ir-
regular solids). (Flanagan, 1962)
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The authors of the visualization tests suggest that
the results of these: tests would be helpful in determining
which students would profit in technical, mechanical, and
engineering training. (Flanagan, 1962) Howevef, some
theorists have specified visualization as a factor of '
Cfeativit& (Wilson, Guilford, et. al., 1954) and the scores
‘derived here will de considered as a factor of creativity.

' The Abstract Reasoning test was designed for the Projeot
Talent battery to measure nonverbal, abstract, inductive
reasoning. The fype of item used was the pattern mattrix,

The solution of such an item depends on the finding of a
loglocal relationship among the elements of the'pattern.
Generaliy, this'tipe of item 18 included in a test of
scholastic aptitude, (Flanagan, 1962) Wilson, Guilford,

et. al. (1954) specified genefal reasoning as a factor of
oreativity, and Guilford (1963) also includes finding logical
relationships in creativity. In this study 1t will be
‘regarded as an aspeot of creativity and referred to as
Réasbhihg.

Sources of Data

The Ingenuity, Visualization in Two Dimensiohs.
Visualization in Three Dimenslons, and Reasoning raw scores
of the subjects were available to the writer from data sheets
furnlshed to the Llnooln Public Schools by Project Talent.
Grade records of the subject's high school science courses,
high school mathematics courses, and high school science-
related courses were avallable from the Ofr;ce of the Principal,

Lincoln High School. Grades in college science ocourses,
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college mathematiocs courses, and college science-related
courses were avallable from the Reglstrar's Office, University
of Nebraska. The science-related courses that were selected
were those relating to health, industrial arts, statistics
in business or economics, engineering, architecture, logic,
scientific Greek, geography,. pharmacy, dentlistry, accounting,
agriculture, and miscellaneous others related to applied
sciences, applied mathematica,'and technical fields,
Method of Data Analysis

Since the testing of the hypotheses of this study re-
quires, without exception, a determination of correlaton
between different pairs of variables, the method of data
analysis is correlational throughout. The Pearson Product
Moment correlation method was employed.

The statistical formula for the Pearson Product Moment
Correlation iss

SXY - ._iff..

r =
J [fxz i L@sﬁ] [gxz xs_n_]
N

where ZXY is the summation of the products of the two factors

X and Y, €X 18 the summation of the factor X, £Y is the
summation of the factor Y, and N 1s the total number in
the sample.

The correlation coefficient necessary to be significant
at the .05 and .01 level for each N was derived from the

following formula:
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r = t\J 1
t2 4+ (N -~ 2)

where N is the number in the sample. The "t" value for
the .05 level of significance is 2,000; the "t" value
for the ,01 level of significance is 2.66€0.

A note of explanation regarding the treatment of
students! grades in the various high school and college
courses follows. An arithmstic average of the subject's
grades in the various high school and college areas re-
spectively was found and these used as the measure of
achievement in the course areas., No ad justmant was made

for the number of courses for which grades were received,
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CHAPTER IV
PRESENTATION CF RESULTS

Twenty=-four hypotheses were presented in the previous
chapter as bases for determining the relationship of measures
of creativity and achievement in high school and college
science, mathematics, and science-related courses., The results
of the data analysis are presented in this chapter in the
same order as the earlier listing of the hypotheses,

Relationship Between Ingenuity and Achievement
in Various Subject Matter Areas

Table I shows the correlation coefficients between
ingenuity, as measured by the test of Creativity in the
Project Talent battery, and achievement in high school and
college sclence, mathematics, and sclence-related courses,

TABLE I

RELATIONSHIP BETWEEN INGENUITY AND ACHIEVEMENT
IN VARIOUS SUBJECT MATTER AREAS

Courses N Correlation Coefficient
High school science 97 T = o

High school mathematics 97 r = J4ous

High school science-related 95 r = ,21%
College science 84 T = 338
College mathematics 62 r = ,20

College science~related 78 r=,13

*3ignificant at the ,05 level,
##Significant at the .01 level,
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The correlation coefficients necessary for significance
at the ,05 level are .201, .203, .214, .250, and .224 for
"N" of 97, 95, 84, 62, and 78 respectively, For significance
at the ,01 level, correlation coefficlents of ,263, .266,
«282, .324, and .292 for "N of 97, 95, 84, 62, and 78
respectively are necessary.

Of the correlation coefficients between ingenuity and
achlevement in high school and ocollege science, mathematics,
and science-related courses, those between ingenuity and
achilevement in high school science courses, ingenuity and
achievement in high school mathematics courses, and ingenuity
and achievement in college sclience courses are significant
at the .01 level. The correlation between ingenuity and
achlevement 1n high sochool science-related courses 1s signi-
ficant at the .05 level.

On the evidence displayed above, the following comments
would appear to be appropriate regarding the data described.,
Four riull hypotheses relative to ingenuilty may be rejected.
They ares 1) There is no significant relationship between
ingenulty and achievement in high school science courses
2) There is no significant relationship between ingenulity
and achlevement in high school mathematics courses; 3) There
1s no significant relationship between ingenulty and achieve-
ment in high school sclence-related courses; and 4) There
18 no significant relationship between ingenuity and achieve=

ment in college sclence courses,
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The following hypotheses cannot be rejected: 1) There
is no significant relationship between ingenuity and achleve-
ment in college mathematics courses; and 2) There is no
significant relationship between ingenuity and achievement
in college sclience-related courses.

Relationship Between Visualization in Two Dimensions
and Achievement in Various Subject Matter Aress

Table II shows the correlation coefficients between
visualization in two dimensions, as measured by the test of
Visualization in Two Dimensions in the Project Talent battery,
and achievement in high school and college science, math-
ematics, and sclence-related courses,

TABLE II

RELATIONSHIP BETWEEN VISUALIZATION IN TWO DIMENSIONS
AND ACHIEVEMENT IN VARIOUS SULJECT MATTER AREAS

Courses N Correlation Coefficient
High school sclence 97 r = ,11

High school mathematics 97 T = JU2uw

High school science-~related 95 r = ,23%

College sclence 84 r = ,25%

College mathematics. 62 r = ,06

College science-related 78 r = ,02

*3ignificant at the .05 level.
##3iegnificant at the .01 level.

The correlation coeffiocients necessary for significance
at the .05 level and at the ,01 level are the same as for

Table 1,
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One correlation coefficient between visualization in
two dimensions and achlevement is high enough to be signi-
ficant at the .01 level. This 1s the correlation between
visualization in two dimensions and achievement in high
school mathematics. Correlations bLetween visualization in
two dimensions and achievement in high school science-related
courses, and visualization in two dimensions and achlevement
in college science courses are sufficient to be significant
at the ,05 level.,

Accordingly, three hypotheses regarding visualization
in two dlmensions and achlevement msay be rejeoted.’ They ares
1) There is no significant relationsﬁip between visualization
in two dimenstons and achievement in high school mathematics
courses; 2) There 13 no significant relationship between
¥isualization in two dimensions and achievement in high
school science-related courses; and 3) There is no signi-
ficant relationship between visuallization in two dimensions
and achlevement in college sclence courses,

The remaining three null hypotheses regarding visualizaton
in two dimensions and achievement cannot be rejected. They
are: 1) There i1s no significant relationship between
visualization in two dimensions and achievement in high school
science coursesi 2) There is no significant relationship
between visuallzation in two dimensions and achievement in
college mathematics courses; and 3) There is no significant
relationship between visualization in two dimensions and

achievement in college science~related courses,
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Relationship Between Visualization in Three Dimensions
and Achievement in Various Subject Matter Areas

Table III shows the correlation coefficients between
visualization in three dimensions, as measured by the test of
Visualization in Three Dimensions 1in the Project Talent
battery, and achlevement in high school and college socience,
mathematlcs, and science-related courses.

TABLE III

RELATIONSHIP BETWEEN VISUALIZATION IN THREE DIMENSIONS
AND ACHIEVEMENT IN VARIOUS SUBJECT MATTER AREAS

Courses N Correlation Coefficient
High school sclence 97 r= ,31%s

High school mathematics 97 r = -,04

High school science-related 95 r=,08

College sclence 84 r = ,65%*
College mathematics 62 r= 21

College science~related 78 r = 14

##Significant at the ,01 level.

The correlation coefficients necessary for significance
at the .05 level and at the .01 level remain the same as
for the entries in Tables I and II.

The correlation coefficlients in two areas are suf-
ficlient for significance at the .01 level, These are the
correlations between visualization in three dimensions and
achievement in high school science courses, and between vis-
ualization in three dimensions and achlevement in college

science courses,
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On the basis of the above evidence, the followlng
comments are presented. Two null hypotheses may be rejected.
They are: 1) There is no significant relationship between
visualization in three dimensions and achievement in high
school science coursesy and 2) There is no significant re-
lationship between visualization in three dimensions and
achlievement in college sclience courses.

The following hypotheses cannot be rejected: 1) There
1s no significant relationship between visualization in three
dimensions and achievement in high school mathematics courses;
2) There is no significant relationship between visualization
in three dimensions and achievement in high school science- ?
related coursesi 3) There i3 no significant relationship
between visualization in three dimensions and achievement in
college mathematios courses; and 4) There is no significant
relationship between visualization in three dimensions and

achievement in college science-related courses.

Relationship Between Reasoning and Achievement
in Various Subject Matter Areas

Table IV shows the correlation coefficlients between
reasoning, &8s measured by the test of Abstract Reasoning
in the Project Talent battery, and achievement in high
school and college sclience, mathematics and science-related

courses.



41

TABLE IV

RELATIONSHIP BETWEEN REASONING AND ACHIEVEMENT
IN VARIOUS SUBJECT MATTER AREAS

Courses N Correlation coefficient
High school science 97 r=,15

High school mathematles 97 r = ,28%«#%

High school science-related 95 r = ,08

College sclence 84 T = 33
College mathematics 62 T = 50%#%
College science~related 78 T - .25%

*Significant at the ,05 level.
##3ignificant at the .01 level.

The correlation coefficients necessary for signfitance
at the .05 level and at the .01 level are again the same as
for the previous tables,

Tree correlation coefflcients in this grouping are high
enough to be significant at the .01 level. They are between
reasoning and achievement in high school mathematics,
reasoning and achievement in college science, and reasoning
and achievement in college mathematics. The correlation
between reasoning and achlevement in college science-
relatgd courses 18 significant at the .05 level.,

In light of the findings described above, the following
four hypotheses may be rejected: 1) There is no significant
relationship between reasoning and achievement in high school

mathematics coursesi 2) There 1s no significant relationship
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between reasoning and achievement in college sclence courses;
3) There is no significant relationship between reasoning
and achievement in college mathematics courses; and 4) There
is no significant relationship between reasoning and achievement
in fcollege sclence-related courses.

o Two hypotheses cannot be rejectedt 1) There is no
significant relationship between reasoning and achievement
in high school science courses; and 2) There is no signi-
ficant relationship between reasoning and achievement in

high school sclence-related courses.
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CHAPTER V
DISCUSSION AND SUMMARY

Results of Project Talent tests Creativity, Visuallization
in Two Dimensions, Visualization in Three Dimensions, and
Abstract Reasoning were correlated respeotively with course
grades in hlgh school and college science, mathematics, and
science-related courses. The correlations were used to
test twenty-four hypotheses stated in Chapter III. In
summary, these hypotheses were: 1) There is no significant
relationship between ingenuity (Project Talent Creativity)
and achievement in high school and college sclence, math-
ematios, and sdence-related courses, 2) There 1s no signi-
ficant relationship between visualization in two dimensions
(Project Talent Visualization in Two Dimensions) and
achievement in high school and college science, mathematics,
and sclence-related courses, 3): There is no significant
relationship between visualization in three dimensions (Pro-
Ject Talent Visualization in Three Dimensions) and achievement
in high school and college science, mathematics, and science-
related courses, and 4) There is no significant relationship
between reasoning (Project Talent Abstract Reasoning) and
achievement in high school and college soience, mathematios,
and science-related courses.

As shown in the preceeding chapter, thirteen of the
nmull hypotheses were rejeoted at either the .05 or the ,01

level of significance. The remaining eleven hypotheses
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were not sustained, but several of the findings in these
areas indicate a trend in a positive direction.

The discussion which follows will be divided into four
categories which correspond to the four groupings of the null
hypotheses: 1) The relationship of ingenuity and achievement
in high school and collegegsoience, mathematioce, and science~
related courses; 2) The feiationshlp of visualization in two
dimensions and achievement in high school and college science,
mathematics, and sclence-related& courses; 3) The relatiohship
of visualization in three dimensions and achievement in high
school and college science, mathematics, and science-related
courses; and 4) The relationship of reasoning and achievement
in high school and college science, mathematics and science=~
related courses.

Relationship of Ingenuity and Achievement

“An Various Subjeot Matter Areas

Four correlations in thls area were found to be signi-
ficant, namely, 1) ingenulty related to high school science,
2) ingenulty related to high school mathematics, 3) in-
genulty related to high school science-related courses, and
4) ingenuity related to college science. It can be noted
that ingenuity 1s significantly related to all three areas
in high school and only one of the college areas,

The ingenuity test involved 18 the Creativity test in the
Project Talent battery. It consists of problem situations
presented with the requirement of a solution. The examinee

chooses the correct solution from among a group of skeleton
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responses., Criticisms of this type of test have been
reglstered, as that of Mosing cited in an earlier chapter,
in that requiring the examinee to select a response 1s not
as good a measure of creativity as a completion-type response.
In typical high school science, mathematics, and science-
related courses (which generally consists of health and in-
dustrial arts), the emphasis is most often on the learning
of faots and the application of these facts in rather
stereotyped situations. Achievement in these courses ia
frequently measuréd by an objective test which requires the
éelection of a response or the reproduction of a method
or explanation. Those students with interest and aptitude in
these areas generally can "figure out" which response 1is
the correct one on the basis of their classroom background,
The items in the Project Talent Creativity test which
was used as a measure of ingenuity are in some respects
very Smilar to the typlcal test given in high school science,
mathematics, and sclence-related courses. A certaln answer
is required; the student knows this and attempts to make
the best selection from among the possibilities given., This
similarity would perhaps account for the high correlations
between ingenuity and the high school courses of sclence,
mathematics, and science~related,
Ingenuity was also found to be significantly related
to achievement in college science courses. The above
dlecussibn with respect to high school courses is appropriate
also, especially for the lower Jevel courses in college

sclences,
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College science courses differ from high school science
courses in that more material is usually included, the
material 1s more difficult, and more laboratory work 1s
required. The inclusion of more laboratory work and the
type of laboratory work in college sclence courses is a
salient point in the disoussion of the relation of ingenulty
to this area., In college science laboratories, particularly
those in higher level sciences, the student is given only
a skeleton outline of what he is to accomplish, It is up
to him to determine his materlials, his procedure, and his
applications, It follows that the more ingenious student
would be quicker in determining what he was going to do,
would have his equipment assembled more rapidly, and there-
fore could go through the procedure with more care and have
time to attempt further investigations on the side, The
care with which his experiments are done and his attempts
at individual experimenting can influence his achievement in
the courses and consequently his grades,

The relatlion between ingenuity and college mathematics
is positive and is close to being high enough for significance,
In college mathematics courses, the,student i3 expeocted
to learn many mathematical procedures, egquations, formulas,
etc, Evaluation of the student's progress is often a group
of problem sBituations where the student 1s required to apply
his knowledge to work out a solution. Frequently, the exact
numerical solution carries less welght in the exam total than

does the procedure used in arriving at the answer. The
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creative student would draw upon his background to select
solution procedures which quite probably would be novel and
unique: combinations of formulas and equations to serve the
purpose. Regardless of the arithmetic involveqd, the pro-
cedure developed to reach the solution would have a large
influence on the grades received in the course. Thus the
ingenious student would perhaps be successful in some math-
ematlcs courses as the positive correlation indicates,

A rather low positive correlation was found between
ingenuity and college scilence-related achievement. Science-
related courses at the college level were chosen to include
a large number of areas. Because of the diversity of areas
included, 1t was not expected that significant relationships
would be found.

In regard to the relation between ingenuity and achievement
in the areas of high school and college science, mathematics,
and science-related courses, it can be said that the nmore
ingenious student is more likely to do better than his less
1ngen1$us counterpart. The results have shown that this
is not a rule that 1s applicable to all situations, but the
significant trend is apparent,

In general, the results described in the section Jjust
concluded confirm those of Cline, Getzels and Jackson, Torrance,
Guilford, Hills and Banghart as cited in an earlier chapter.

Relationship of Visualization in Two Dimensions
and Achlevement in Various Subjec Matter Areas

Three of the six mull hypotheses relative to this area

were rejected at the .01 or the .05 level of significance.
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These hypotheses included the relationship between visual~
ization in two dimensions and achlevement in high school
mathematics, the relationship between visualization in
two dimensions and achlievement in high school sclence-
ﬁelated courses, and the relationship between visuallization
in two dimensions and achievement 1ln college séience courses.
Concerning achievenent in high school mathematlics, oné
fact seems best to explain the relationship with visuélization
in two dimensions. At Lincoln High School where the subjects
of this study were enrolled, plane geometry is a course
required of all students selecting a college preparatory
curriculum. Since the éubjects of this study all attended
college, they completed the college preparatory coursework
including plané geometry. The course in plane geometry,
as the title suggests, deals with two-dimensional figures
with occasional references to comparable figures in three
dimensions. Those students who achieve well in thlis course
are postulated to be those who have the ability to work with
two~dlmenslonal figurés. This ability would be reflected in
the Project Talent test of Visualization in Twyo Dimensions
aend also in their course gradé in plane geometyy.
Visualization in two dimensions was also found to be
slgnificantly related to achievement in high school science-
related courses. As mentioned earlier, the science-related
category in high school included mainly health and industrial

arts courses., It is in the area of industrial arts that the
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most plausible explanation lies for this high correlatlion.
Industrial arts courses at the high school level include
such areas as mechanical drawing, blue print reading, and the
like along with the construction of simple wood and metal
objects. Drawings and blue prints involve the manlpuiation
of objects with two dimensions only. It seems probabdble
that those students who perform ably with such items would
receive higher achlevement ratings and would also séofe
higher on a two-dimensional visualization test. It should
be noted, however, that industrial arts is only one of the
course areas included in the high school science~related
dategory. Other courses, such as health, contributed to
this correlation, but their aspects lend less plausible
explanations.

Achlievement in college science courses also correlated
highly with visualization in two dimensions, One aspect
of college science courses allows a reason for this. In
college science courses, the student often finds himself
in the position of taking a text or laboratory manual drawing
and interpreting it or'making his own drawings of laboratory
objJecte for class purposes. As noted above, all drawings
are two dimensional and the student's ability to interpret
and percelve the two-dimenslonal form would be reflected in
the Project Talent test of Visualization in Two Dimensions,

The area of hlgh school science achlievement correlated

positively with the measure of visualization in two dimensions
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but was not high enough to be significant at the .05 level.
Reasons for this positive correlation in high school sclence
would be similar to those involving college sclence course
achlievement although the typleal high school science course
is not as rigorous with laboratory work as the college
courses with simllar titles,

College mathematics and college science-related courses
correlated positively but very low with visualization in
two dimensions. The result involving college mathematics
seems unusual as many of the mathematics courses above an
initial course 1n algebra contaln work with the positioning
of mathematical equations on two-dimensional graphs. The
wide variety of science-related courses at the college
level, as earlier mentioned, would be unlikely to correlate
highly with any other measures. Apparently other factors
are decislive in achievement in such areas.

Generally speaking, 1t can be concluded that students
with visualization abllities in two dimensions can expect
relative success with high school science, mathematics
and sclence-related courses, but this generalization does

not hold for all similarly titled areas at the college level,

Relationship of Visualization in Three Dimensions
and Achlevement in Various Subjeoct Matter Areas

Only two areas were found to correlate significantly
with visualization in three dimensions. These were achievement

in hlgh school science and achlevement in college science.,
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The Project Talent test of Visualization 1in Three
Dimensions included items which required the examinee to
convert three-dimensional figures to figures in two dimensions
end conversely. It also required the rotation of solid,
three dimensional figures and identification of parts of
solid, three-dimensional figures and identification of parts
of solid, three-dimensional figures, These tasks are extremely
like those involved in any course in the blological or
physical sciences., As mentioned earlier, students in
science courses are frequently required to begin with a text
or laboratory manual drawing and convert it to an actual
object. Also they are required to make two-dimensional
drawings or laboratory objects and apparatus. This requires
the ability to convert two dimensions to three and three to
two, and such abllity should be apparent not only in a three-
dimensionzal visuallization test but also in the record of
achievement of the science student.

The only negative correlation of this study appeared
in relating visualization in three dimensions and high
school mathematics. Again, 1t should be noted that a required
course of college preparatory students, the subjects of this
study, is plane geometry which deals with two-dimensional
filgures almost exclusively, The student has only rare
opportunities to deal with the propexties of three-dimensional
figures. Since the emphasis in high school mathematios
is on two-dimensional figures, it follows that the relation
of visualization in three dimensions and high school mathe-

matics would not be high,
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The area of college mathematlics correlates positively
with visualization in three dimensions, but the correlation
is not high enough to be significant at the .05 level.
College nmathematics courses differ from those in high
school in that a much broader spectrum 1s attended to. As
noted in the preceding paragraph, hlgh school mathematics
is generally limited to two-dimensional flgures, whereas
college courses in mathematios consider not only three-
dimensional solids but also the graphing of three unknowns
on three-dimensional axes. Thé broader area of content
perhaps accounts for the positive but low correlation of
visualization in three dimensions with college mathematics.

Positive, but low, correlations were also found for
the relationship between visualization in three dimensions
and science-related courses in high school and college.
Again, the wide range of courses included in this category
perhaps accounts for the low correlations.,

The test of Visualization in Three Dimensions in the
Project Talent battery has some aspects which are essentially
similar to Guilford's Hidden Figures. As such, the results
obtained using the Project Talent test compare favorably with
the findings of Cline.

Relationship of Reasoning and Achievement
in Various Subject lMatter Areas

The measure of reasoning was determined to be posi-
tively related to all areas of achlevement investigated.

Correlations significant at the .01 level or the .05 level
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were found in four areas: 1) reasoning and achlievement in
high school mathematics, 2) reasoning and achlevement in
college science, 3) reasoning and achievement in college
mathematics, ard 4) reasoning and achievement in college
science-related courses.

It may be noted that reasoning correlated positively
and significantly with all areas of college achlevement
Ainvestigated., This could perhaps best be explained by
noting that the college student who does well in these areas
18 probably inclined toward analytical pursuits, and this
inclination results in success in courses where enalytical
thinking is necessary. The analytical thinker would score
high on the Project Talent test of Abstract Reasoning and
could possibly recelve better than average grades in science,
mathematics, and sclence-related courses on the college
level,

High school mathematics achlievement correlates posi-
tively and significantly with the measure of reasonlng.
Again, the nature of a required hlgh school mathematlcs
course, plane geometry, shows a possible explanation.

Plane geometry forms a framework for the study and use of
a system of reasoning. Those students doing well in plane
geometry will be accomplished in reasoning and would do
well on a reasaiing test also.

The measure of reasoning correlated positively but not
significantly at the .05 level with high school science

achievement., This might be accounted for, in view of the
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findings, by noting that the typlecal high school sclence
course consists of faots to be learned and little thinking
1s required to ohtaln scceptable grade reports. Contrasted
with college ssience where the student 1s required to derive
more information for himself, the high school student need
not possess extraordinary reasoning powers to achleve in
sclience,

A low positive correlation was found with the measure
of reasoning and high school science-related achievenment.
High school science-related courses included mainly health
and industrial arts, both of which do not require reasoning
to any great extent., This lack of necessity of reasoning
in these courses probably accounts for the low correlation
of the reasoning measure and high school sclence-related
achlievenent,

The results discussed in this section agree with
Morgan, cited earlier, who found that the abllity to reason
is a characteristic of those who demonstrate science aptitude
and achievegent. The results of this study also show that
the ability to reason 1s a factor in science and related
achievenent, particularly at the college level.

Research Possibilities

This study has included generalized 1nvestigétions
regarding creativity as it is related to achievement 1in
sclentific areas in high school and college. Many possibilitles
exist for expanding and clarifying the findings found herein.
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A pertinent area of investigation would be a comparison
of the creativity measures used with those developed by
Guilford, Getzels and Jackson, Torrance, and others. As
Thorndike (1963) cautioned, it is possible that various
oreativity measures do not indeed measure the same thingsj
results of this study and of others would be invalldated
to the degree that there is amblguity in the measurement
of creativity.

A study similar to the present investigation could
perhaps be conducted which would involve pertinent parts
of several creativity measures to determine their relation
to achlievement in scientiflioc areas thereby determining
some validity of the varlous measures and also finding out
which measures best serve the purpose for predioting achieve-
ment in sclience. |

As was noted elsewhere in the discussion, the categories
of science and sclence-related courses contained a con=-
glomeration of coursework. A meaningful study would involve
the relating of physical sclences to creativity, the re-
lating of biologlcal sclences to ocreativity, and the re-
lating of separate appiied and techniocal flelds to creativity,
such as engineering, architecture, dentistry, pharmacy,
agriculture, etc.

Hilgard (1964) mentioned that teaching by machine tends
to suppress creativity. Thils opens speculation about the
area of teaching methods and theilr relation to creativity.
Another research possibility in this area would be to compare

teaching methods, achievement, and creativity.
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A follow-up study of the individuals involved in this
study, &s will be carried on by Project Talent, would
provide information relating the creativity of these 1n-
dividuals to thelr achlevements beyond formel educatlon.

sSummery

The research reported in this dissertation was for the
purpose of determining the relationship between creativity
neacures and echievement in high school and college sclence,
mathematics, and ecience-related courses. tAQbrief review
of the pertinent literature was presented and included
definitions and theories of creativity, messures of creativity,
creativity as related to achleverment, and Project Talent,

A sarple of 97 subjects was drawn from the Lincoln
Eigh School graduating class of 1960, The criterion
for selection was completion of at least four semesters
at the University of Nebraska.

The creativity measures used were four tests included
in the Project Talent battery: 1) Creativity, 2) Visual-
ization in Two Dimensions, 3) Visualization in Three Di-
mensions, and 4) Abstréét Reasoning. Measures of achleve-
ment included arithmetic averages of the subject's course
grades in high school sclence, high school mathematics,
high school sclence-related courses, college sclience,
college mathematics, and college sclence-related courses,

Twenty-four null hypotheses were formulated and
tested. In summary, they included: 1) There 1is no signie

ficant relationship between ingenuity, as measured by



the Project Talent test of Creativity, end achleverent

in high school and college sclence, mathematics, and sclence-
related courses, 2) There is no significant relationship
between visualization in two dimensions, as measured by the
Project Talent test of Visualization in Two Dimensione, and
achievement in high school and colkge science, mathematlics,
end science-related courses, 3) There is no significant
relationship between visualization in three dimensions, as
reasured by the Project Talent test of Visualization in
Three Dlimensions, and achievement in high school and

college sclence, nathematics and sclence-related courses,

end 4) There 1s no significant relatlonship between reasoning,
as measured by the Project Talent test of Abstract Reacsoning,
and achlievement in high school and college science, math-
enatics, and sclence-related courses,

Statistically, thirteen of the null hypotheses were
rejected, These included the null formulation of: 1)
ingenuity and high school sclence, 2) ingenuity and high
school mathematics, 3) ingenulty and high school sclence-
related courses, 4) ingenuity and college sclence, 5) vis-
ualization in two dimensions and high school mathematics,

6) visualization Ain two dimensions and high school sclence-
related, 7) visualization in two dimensions and college
science, 8) visualization in three dimensions and high
school sclience, 9) visualization in three dimensions and
college sclence, 10) reasoning and high school mathematics,

11) reasoning and college sclence, 12) reasoning and college
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mathematics, and 13) reasoning and college science-related
courses.

Although not statistically significant, a trend was
noted in the positive relationship of: 1) ingenuity and
college mathematlcs, 2) visualization in three dimensions
end college mathematics, and 3) reasoning end high school
science,

The results tended to support the findings of other
researchers that creativity and achievement in scientific

ereas are significantly and positively related.



59
REFERENCES

Anderson, H. H. Creativity in perspective. In H. H.
Anderson (Ed.), Creativity and its cultivation.
New York: Harper and Row, 1959, 236-203.

Banghart, F. W., & Spraker, He S. Group influence on
creativity in mathematics. J. exp. Psychol. 1963,
31, 257-263.

Brandwein, P. F. Creativity and personality in the sclentist.
In N, B, Henry (Ed.), Rethinking in science education.
59th Yearbook, Natlional Soclety for the Study of
Education. Chicago: Unlversity of Chicago Press,

1960, 63-81.

Canisla, Sister M. Mathematical ability as related to
reasoning and use of symbols., Educ. psychol, Measmt,
1962, 22, 105-127.

Cattell, R. B. The personality and motivation of the
researcher from measurements of contemporaries and
biography. In C. W. Taylor & F, Barron (Ed.),
Scientific oreativity, New York:s John Wiley, 1963,
119"1310

Cline, V. B., Richards, J. M., & Abe, C., The validity
of a battery of oreativity tests in a high school
sample, Educ. psychol. Measmt, 1962, 22, 781-784,

Cline, V. B., Richards, J. M., & Needham, We E. Creativity
tests and achlievement in high school sclence. J.

appl. Psychol. 1963, 47, 184-189.

Cook, R, H. A look at ocreativity. Sch. Sci. Math. 1960,
60, 417-423,

Dienes, 2. P. On abstractlon and generalization. Harvard
Educ. Rev. 1961. 31, 281"’295.

Dow, A. B. An architect'!s views on creativity. In H. H.
Anderson (Ed.), Creativity and its gultivation., New
Yorkt Harper and Row, 1959, 30-43,

Drevdahl, J. E. Factors of importance for creativity.
J. clin. Psychol. 1959, 12, 21-26.

Erying, H. Scientiflc creativity. In H. H. Anderson (Ed.),

Creativity and its cultivation. New York: Harper
and Row, 1959, 1-11.



60

Flanagan, J. C. The Flanagan Aptitude Classification Test.
Personnel Guid. J. 1957, 35, 495-50k,

Flanagan, J. C. Data processing in large-scale research
projects. H2rvard Educ. Rev. 1961, 31, 250-256.

Flanagan, J. C. Maximizing human talents. J. Teach. Educ.
1962, 13, 209=-215.

Flanagan, J. Cs The definition and measurement of ingenuity.
In C. W, Taylor & F. Barron (Ed,), Scientific creativity.
New Yorks John Wiley, 1963, 89~98.

Flanagan,'J‘WC. The effective use of manpower resources.
Personnel Guid. J. 196342, 114-118,

Flanagan, J. C. bProJeot Talent, N. E. A. J. January, 1964,
53, 8-10.

Flanagan, J. C., & Dailey, J. T. Project Talent. Personnel
Guid. J. 1960, 38, 504-505,

Flanagan, J. C., et. al. Design for a study of American
Youth. Boston: .Houghton Mifflin, 1902,

fromm, E. The creative attitude. In H, H. Anderson (Bd.)

Creativity and chu;tivatign. New York: Harper
and Row, 1959, 44-55,

Getzels, J. W., & Jackson, P, W. Creativity and intelligence.
New Yorks John Wiley, 1962,

Getzels, J. W., & Jackson, P, W, The highly intelligent
and the highly .oreative adolescent. In C. W, Taylor
& F, Barron (Ed.), Sclentific creativity. New York:
John Wiley, 1963, 161-172. . -

Golovin, N, E. The creative person in science., In C. W.
Taylor & F. Barron (Ed.), Scientific creativity. New
York: John Wiley, 1963, 7-23.

Guilford, J. P. Creativity.:Amer.-Psychplogist. 1950, 5,
Lih-lsh, . .

Guilford, J. Y. The structure of intellect. Psychol. Bull.
1956, 53, 267-293.

Guilford, J. P. Creative abilities in the arts. Psychol.
Rev. 1957, 64, 110-118,

Guilford, J. P. Three faces of intellect. Amer. Psychologist,
1959, 14, 469-479.



61

Guilford, J. P. Traits of creatlivity. In H. H. Anderson
(Ed.), Creativity and its cultivation. New York:
Harper and Row, 1959, 142-162.

Guilford, J. P. Intellectual resources and their values as
seen by scientists. In C, W. Taylor & F. Barron (Ed.),
Scientific creativity. New York: John Wiley, 1963,

0 - 1 .

Guilford,. J. P. Creative thinking and problem solving.
Calif. Teach. Ass. J. January, 1964, 60, 8-10.

Haimowitz, Natalie R. & Haimowitz, M. L. Wwhat makes then
creative? In M. L. Halmowitz & Natalie R. Halmowitz
(Ed.), Human Development. New York: Thomas Y. Crowell,
1960, 4L<5L,

Harrls, R; H; ,The development ahd validation of a test of
creative ability. Dis. Abstr. 1955, 15, 1891,

Harris, D. The development and validation of a test of
creativity in engineering. J. appl. Psychol., 1960,
Ly, 254-257,

Hilgard, E. R. Creativity and problem-solving. In H, H.
Anderson (Ed.), Creativity and its cultivation. New
York: Harper and Row, 1959, 162-180,

Hilgard, E. R. The teacher, the machine and creativity.
Calif. Teach. Ass. J. January, 1964, 12-13,

Jones, F, E. Predictor variables'for creativity in industrial
sclence., J. appl. Psychol. 1964, 48, 134=136.

Leese, J. Creativity and academioc excellence--incomﬁatible7
Nat. Ass. sec, sch Prin. Bull. December, 1961, 45
113-1200

Lovelace, We. B. Profile of the creative student. Sugégior
Student. May, 1963, 5, 31y 34.

Lowenfeld, Ve Current research on creativity. N. E._A. J.
1958, 47, 538-540.

Maslow, A H. Creativity in self-actualizing people. 1In
H. Ho Anderson (Ed.), Creativity and its cultivation.
New York:s Harper and Row, 1959, 83-93.

May, R. The nature of creativity. In H. H, Anderson (Ed.),
Creativity and its cultivation. New York:s Harper and
Row, 1959, 55-69.



62

Malllnson, G. G. Creativity in science and mathematics,
Eduoc. Lead. October, 1960, 18, 24-27,

McKinney, J. W, Identifiéatlon of creatlve persons.,
€alif. Teach. Ass. J. Jamuary, 1964, 60, 5-7.

McKinnon, D, W. What makes a ﬁerson cretive? Sat. Rev.

Mooney, R, L. Groundwork for creative research. Amer,
Psycholopgist, 1954, 9, SL44-s4u8, '

Morgan, Antonnia Bell. Selection of selentific talent.
PB;!ChOlo B.GEQ 1959. 5’ 83‘860

Mosing, L. W. Development of a multi-media creativity test,
Dis. Abstr. 1959, 19, 2137,

Ornsteln, J. New recruits for sclence. Parent's facazine,
February, 1961, 36, 42,

orr, D. B.u Project Talent. Phi Delta Kappan. 1961, 42,
237-243, .

Polncare, J. H, The foundations of sclience. HNew York:
Science Press, 1913 (Iranslation by G. B, Halsted).

Roe, Anne., Personal problems and science. Iin C, W. Taylor
& P, Barron (Ed.) Scientific creativity. New York:
John Wiley, 1963, 132-138,

Rogers, C., R. Toward a theory of creativity. In H. H,
Anderson (Ed.), Creativity and its cultivation.
New York: Haper and Row, 1959, €9- 3.

Richards, J. M., Cline, V. B., & Needham, W. E. Creativity
tests and teacher and self-judgments of originality.
:Io CXQ. Eduo. 1963. 32, 281"'2850

Ruth, Slster M. Project Tglent: a national education
inventory. Catholic Sch. J. June, 1960, 60, 22-23,

Sinnott, E. W. The creativeness of life. In H. H, Anderson
(Ed.), Creativity end its cultivation. New York:
Harper and Row, 1959, 12-29,

Spearman, C. E, Creative Mind. New York: D. Appleton,
1931,

Sprecher, T. B. An investigation of cr&teria for creativity
in engineers. Dis. Abstr. 1958, 18, 1101-1102.



63

Sprecher, T. B. A proposal for identifyng the meaning
of creativity. In C. W. Taylor & F. Barron (Ed.),

Scléntific Creativity. New York: John Wiley, 1963,
77=884

Stein, i1. I. A transitional approach to creativity. In
C. W, Taylor & F. Barron (Ed.), Sclentific creativity.
New York: John VWiley, 1963, 217-227.

Stoddard, G. D. Creativity in education. In H. H. Anderson
(Ed.), Creativity and its cultivation. New York:
Harper and Row, 1959, 1-203,

Super, Donald E. The Flanagan Aptitude Classification Test.
Personnel Guid. J. 1957, 35, 504-507.

Taylor, C. W. Some education implications of creativity |
research findings. Sch. Sci. Math. 1962, 62, 593-606.

Taylor, C. We A look 2head, In C, W, Taylor & F. Barron

(Ed.), Scientific creativity. New York:t John Wiley,
19630 53‘7 . . .

Taylor, D. W. Variables related to creativity and productivity
among men in two research laboratories. In C, W. Taylor
& F. Barron (Ed.), Sclentific creativity. New York:
John Wiley, 1963, 228-250.

Thorndike, R. L. The measurement of creativity. Teach.
Coll. Rec. 1963, 64, 422-L24,

Torrance, E, P. Current research on the nature of creative
talent. J..counsel. Psychol. 1959, 6, 309-31€,

Torrance, E. P, FEducation and the creative potential.
Minneapolis: Unlversity of Minnesota. Press, 1963,

Torrance, E. P, .Guiding creative talent. Englewood Cliffs,
New Jercey: FPrentice-Hall, 1962.

Torrance, E. P. Explorations in creative thinking in the
early school years, In C, W, Taylor & F. Barron (Ed.)
Sclentific creativity. New York:s John Wiley, 1963,
173‘1330

Trow, W. C., [Educational psychology. Boston: Houghton-

Mifflin, 1950, (second edition).

Wilson, R. C., Creativity. In N, B. Henry (Ed.), 57th
Yearbook, National Soclety for the Study of Education.
Part II. Chicago: University of Chicago Press, 1958,
108-127.



¢l

Wilson, R. C., Guilford, J. P., Christensen, P. R., & Lewls,
Do Jo A faotor-analytio study of creative thinking

abllities. Psychometrika. 1954, 19, 291-311.

Wilson, R. C., Guilford, J. P., & Christensen, P. R, The
neasurement of individual differences in originality.

Psychol. Bull. 1953, 50, 362-370.

Wert, Jo. E., Neidt, C. 0., & Ahmann, J. S. Statistical

methods in educational and psychologlical research.
New York: Appleton-Century-Croft, 1954.

Wertheimer, . Productive Thinking., MNew York: IHHarper
end Row, 19%43,

Wolf, We Co JIre, A éurvey of bellefs and practices relative
to creativity. J. educ. Res. 1964, 57, 384-385.



	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	11-1964

	The Relationship of Certain Measures of Creativity to Achievement in Selected Science and Related Coursework
	Sheryl Oberg Snyder


