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COGNITIVE FACTORS : THEIR IDENTIFICATION
AND REPLICATION

g

RUTH B. EKSTROM, JOHN W. FREN(II and HARRY H. HARMAN
Educational Testing Serwce

INTRODUCTION

This monograph summarizes a study designed to provide a
reference basis for researchers who study measurable areas of
human performance or attempt to conceptualize and develop &
theory and structure of abilities. Specifically, this study was «i-
rected toward the identification of tests that can serve as markers
for well established cognitive factors.

Following background material discussed in Chapter I, the
monograph is composed of four parts: Chapter I, background and
overview; Chapter 11, a review of analytic studies in the cognitive
domain; Chapter III, a study of the development of “factor-refer-
enced” or “marker” testa for factors related to divergent produc-
tion; and Chapter IV, a.study to develop “factor-referenced” or
“marker” tests for several recently identified cognitive factors
and to investigate the relatlonshlp of these newer factors to factors
already established.

These studies culminated in the publication, in 1976, of tho
Kit of Factor-Refevewed Cognitive Tests. The purpose of the Kit
is to provide research workers, with a means of identifying certain
aptitude factors in factor-analytic studies.

The work reported in this monograph was supported by a con-
tract from the Office of Naval Research. The Navy Personrel
Training Laboratory in San Diego, California, provided assistance
in the field oxperimentation. ... *:




CHAPTER | :

BACKGROUND AND OVERVIEW

By the beginning of the 1950’s, it was evident that factor
analysis was becoming an increasingly popular tool for the study
of human aptitudes. The number of empirical studies was so great
that it was difficult to obtain a comprehensive picture of the field.
Moreover, it was becoming increasingly difficult to compare fac-
tors from one study to another or to select, from among the many
tests which had high loadings on similarly named factors, those
which might best serve as factor markers.

In 1951, two events took place at Educational Testing Service
which opened the way to an orderly solution to this growing confu-
sion. These were the publication of the Psychometric Monograph,
The Description of Aptitude and Achievement Tests in Terms of
Rotated Fectors (French, 1951), and the convening of the Confer-
ence on Factorial Studies of Aptitude ahd Personality Measures.
These two events led to the publication of The Description of
Personality Measurements in Terms of Rotated Factors (French,
1953) and, in 1954, of the first edition of the Kit of Selected
TestsforReference Aptitude and Achievement Factors.

The 1954 Factor Kit provided three tests for each of fifteen
factors: Aiming, Flexibility of Closure, Speed of Closure, Deduc-
tion, Induction, ldeational Fluency, Associative Memory, Mechani-
cal Knowledge, Motor Speed, Number Facility, General Reasoning,
Spatial Relations and Orientation, Speed of Symbol Discrimina-
tion, Visualization, and Word Fluency. It also provided six teats
for the Verbal Knowledge factor. Many of these tests were copy-
righted by their authors and could be used only with permission.

By the late 1950’s, it became apparent that a revision of this
Kit was needed. The major reason for this revision was the con-
tinued expansion of research on cognitive factors. New factors
had been identified and the conceptualization of the nature of cer-
tain other factors had been modified. Additional reasons for this
revision, however, were to provide tests which had a uniform for-
mat and two parallel parts and to make it possible for researchers
to use the Kit tests without having to obtain the author’s per-
mission.

The second conference on Factorial Studies of Aptitude and
Personality Tests was held in November 1958 with the support
of the Office of Naval Research. This led to the identification
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of twenty-four aptitude factors which were considered to be sulfi-
ciently established for inclusion in a revised Kit. These faclors
were: Flexibility of Closure, Speed of Closure, Associationsl IFlu-
ency, Ideational Fluency, Word Fluency, Induction, Length Estima-
tion, Associative (Rote) Memory, Mechanical Knowledge, Memory
Span, Number Facility, Originality, Perceptual Speed, General
Reasoning, Semantic Redefinition, Syllogistic Reasoning, Spatial
Orientation, Sensitivity to Problems, Spatial Scanning, Verbal
Comprehension, Visualization, Figural Adaptive Flexibility, Iix-
pressional Fluency, and Semantic Spontaneous Flexibility.

The Kit of Reference Tests for Cognitive Factors was pub-
lished in 1963 (French, Ekstrom, and Price). It included tests
for each of the factors listed above. Most factors had three marker
tests developed by Educational Testing Service with uniform for-
mat and with two parallel parts. However, for certain of tho fac-
tors identified first in Guilford’s laboratory, Guilford's own tests
were included or recommended. The ETS-developed tests were tried
out to ensure that the items were homogeneous but no factor analy-
sisof these tests was performed.

Thus, the 1963 Kit differed from its predecessor by including
many tests which were newly adapted for the purposes of the
Kit. Aswas indicated in the manual, “it was felt by the participants
of the conference that, except for tests of some of the more esoteric
factors, this could be done without running the risk of allering
the factor composition of the tests.”” The manual goes on to say,
“Of vital importance to researchers is the question of wlhether
an adapted test should be used as a factor reference test prior
to its own repeated use in factor analyses. For some simpler tests
the adapted form’s parallelism scems obvious. For other tests simi-
larity of factor content seems highly likely but not obvious. Such
tests need trial as reference tests in repeated factor studies, bul
there is justification in predicting factor content even before such
trial. ... If we find so little psychological meaning in a factor
that it is impossible to develop parallel test forms for it, we prob-
ably should not consider the factor worth marking with reference
tests.” A subsequent study (Ekstrom, 1967) found coefficienls of
congruence ranging from .90 to .93 for tests of five factors in
the 1954 Kit and tests of these Same factors in the 1963 Kit.

By 1970 it became apparent that it might be time to consider
the preparation of yet another Kit. The work of Guilford and
his students, which had led to the development of the “structura
of intellect” model (1967), made it necessary to consider the stalus
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of ‘raany newly identified factors as well as to review some re-
conceptualizations of the cognitive processes underlying some well-
established factors. At a conferencein March 1971, the participants
agreed that a third edition of the Kit should be developed and
that ETS would, with the support of the Office of Naval Research,
provide the tests to be included and conduct the necessary research
and development work. It is this work which is the subject of
this monograph.

The work was divided into four major phases: (1)a review of
the analytical literature on cognitive factors, described in Chap-
ter II, which identified the current status of the established factors
included in the 1963 kit and also identified new factors which
seemed sufficiently well established to be considered for the third
revision of the Kit; (2) development of tests for several factors
in the “divergent production” area and a factor analytic study
of them, described in Chapter III; (3) development of tests for the
newly identified factors and a factor analytic study of them and
their relationship to several already established factors, described
in Chapter 1V; and (4) the revision of the tests which had been
demonstrated by this research to be suitable to add to a Kit of
reference tests.
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REVIEW OF COGNITIVE: FACTORS

ABSTRACT

This chapter is based on a review of analytic studies in the cognitlve
domain published in the decade 1963-1973. The main purposes of the review
were to consider the status of the factors included in the Kit of Reference
Tests for Cognitive Factors and to consider what additional factors might be

added to a revised Kit.
The Tirst section of the review describes the edrrent status of each of

the twenty-four factors included in tho 1963 edition of the Kit.' The need to
reconceptualize many of the factors in light of research findings is diseussed,
Major recommendations include the removal of the length estimation and
mechnnical knowledge factors from the revised Kit, ‘the development of new
marker tests for speed of; closure and for adaptive .flexibility, the develop-
ment of better scoring procedures for originality and spontaneous flexibility,
and further study of the:expressional fluency, semantic redefinition, and
sensitivity to problems factors which have not been as clearly demonstrated
as is desirable for inclusion in the Kit.

The second section of the chapter describes new factors which huve
appeared in the literature, Recommentlations are made to include factors of
concept formation, figural fluency, integration, visual memory, and veibal
closure in the new revision of the Iactor Kit since each has been fairly
clearly demonstrated in several studies.

Introduction

This chapter describes one aspect of a study intended to pro-
vide a reference basis for the identification of tests that can serve
as markers for well-established factors. The results of such re-
search should go a long way in providing a structure for the
cognitive domain of: human abilities and a beginning for a com-
parable structure for the temperament domain of personality. Such
theoretical structures are founded on empirical evidence and are
amenable to continued challenge and verification. Researchers
would be expected to use the resulting Factor Kits by selecting a
small number of tests as markers for testmg conjectures about
factors intheir studies. ‘

To help set general guidelines for procedures to be used in
the study, a conference was convened which included twenty promi-
nent persons in the area of factor analysis and human assessment.
Three guidelines that!emerged are as follows: (1) A factor will
be considered as “established” and markers for it will be included
in the Kit if it is possible t0 identify it in at least three analyses
performed in at least two different laboratories. (2) At least threo
tests will be provided as markers for each established cognitive
factor; at least four measures will be provided as markers for an
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established noncognitive factor, two for each of the opposite poles.
(3) Newly developed tests and other measures for both the cogni-
tive and noncognitive domains will be field tested in order to deter-
mine some of their basic statistical properties and to check their
factorial content.

This chapter, based on Ekstrom (1973), is aimed at the identi-
fication of “established” factors in the cognitive domain from a
search of the literature. Such factors serve as the basis for the
development of marker tests in the study. The literature search
for the establishment of noncognitive factors is in a parallel report
(French, 1973). Psychomotor factors are not included. Analyses
sestricted to second-order and often higher order factor analyses
are generally omitted.

Earlier work (French, Ekstrom, & Price, 1963) concluded
that twenty-four cognitive factors had been sufficiently well estab-
hished to be included in the Kit of Reference Tests for Cognitive
Factors. This review will consider the status of these factors as
well as considering what additional factops might be added to
arevised Kit.

As in earlier studies, the criterion for deciding that a factor
is “established” is that it is reported in at least three separate
studies and that these studies be done by at least two different
researchers or laboratories. Thus, no one researcher’s factors are
considered established unless they have been replicated by others.

The matching of factors across studies is dependent, not only
upon the researcher’s interpretation, but also upon the reviewer’s
analysis of the tests or tasks which load on these factors. The
search here is for ,the psychological meaning of the factors, not
a mere matching of semantic terms used to name the factors.
It has been necessary to omit a number of studies from this review
because either too few or too many factors were extracted, because
of inadequate rotations, or because there were too few tests to
allow adequate factor determination.

The number of factor analytic studies attempting to isolate
new factors has diminished substantially since the period of the
last review (1952-1963). A major source of research into new
cognitive factors has been the laboratory of J. P. Guilford. Addi-
tionally, the Structure of Intellect model developed by Guilford
appears to have been the stimulus for alternative models developed
by other researchers (Cattell, Guttman, Royce, etc.) as well as ex-
tensive testing of the SI model. There has also been some reanaly-
sis of Guilford’s work (Harris, Eindhoven, etc.). The other re-
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search emphases during this period have included the confirmalion
of the already established factors in other cultures, the determin:a
tion of the degree t0 which factors are affected by culture and
environment, and the relationship of established factors to differ-

entkinds and stages of learning.

Status of Established Factors

This section reviews the literature pertaining t0 each of the
twenty-four factors included in the 1963 Kit of Reference Tesls
for Cognitive Factors. This review covers the period 1963 through

1972.

Flexibility of Closure
The 1963 Kit manual defined this factor as “the ability to
keep one or more definite configurations in mind so as to make
identification in spite of perceptual distraction.” Since that time,
there have been several studies which suggest that this definition
be revised. It now appears that the subject usually keeps only
a single configuration in mind at one time when making the per-
ceptual search; moreover the nature of the perceptual distraction
is always some other design in which the given configuration is
embedded. Royce (1973) defines flexibility of closure as “ability
to ‘hold in mind’ a particular visual percept (configuration) and
find it embedded in distracting material.” There iS now some ques-
tion as to whether or . not Guilford’s Convergent Production of
Figural Transformations (NFT) is the same as flexibility of clos-
ure. The best markers for NFT according to Guilford and Hoepfner
(1971) are the Penetration of Camouflage Test, where the subjcct
does not know the configuration for which he is searching; Hidden
Figures, a five-option embedded figures test similar to Ci-1; and
Internally Consistent Figures, which requires subjects t0 trans-
form a representation from two-dimensional to.three-dimensional
in order to detect inconsistencies. There is a great need for further
research on the flexibility of closure €actor in order to increaso
_our understanding of this ability. Wardell (1973) has suggested
that flexibility of closure and figural adaptive flexibility may be

the same.

The markers for flexibility of closure in the 1963 Kit were:
(1) Hidden Figures, which requires the subject t0 decide which
one of five figures is' embedded in a more complex design, (2)
Hidden Patterns, which requires the subject to decide whether
or not a sample figure‘is embedded in a more complex design,
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ahd (3) Copying, which requires the subject to copy a simple
figure onto a matrix of dots.

The Hidden Figures Test has proven to be less clearly related
to the two better established types of flexibility of closure testa,
Hidden Patterns (Cf-2) and Copying Tests (Cf-8) than is desira-
ble. (See, for example, Ekstrom, 1967 or Kropp and Stoker, Note
7.) It is hypothesized that this is because of the multiple-choice
nature of the Hidden Figures Test which requires the subject to
decide which one of five stimuli is embedded in a complex pattern.
While this multiple-choice version has been shown to be useful
in the selection of individuals for jobs such as military photo
interpreter (Johnson, Note 6), it is planned to revise this test
so that a single stimulus figure is searched for in each item.

Another major question for further research is the relation-
ship of flexibility of closure to the cognitive style of field-inde-
pendence or field articulation as described in the work of Witkin
and others. As was mentioned above, Royce (1973) considers flexi-
bility of closure one of six factors which combine into a second-
order visualization factor which then combines with two other
second-order factors, scanning and reflection-impulsivity, into the
field articulation factor. Hettema (1968) has suggested that field-
dependence may be a separate factor lying conceptually between
flexibility of closure and speed of closure. Witkin et al (1971)
have stated that “some of the well-known dimensions earlier identi-
fied in studies following a factor-analytic approach are very likely
the same as, or at least very similar to the field-dependence-inde-
pendence dimension— for example, the adaptive flexibility dimen-
sion of Guilford and his associates and the flexibility-of-closure
dimension of Thurstone.” Cattell (1971) calls this factor restruc-
turing closure and thinks that it is an aptitude component of the
personality trait,,critical practicality. Kropp and Stoker (Note 7)
have found flexibility of closure to be a significant predictor of
the cognitive processes described by Bloom (1956) as knowledge,
comprehension, application, analysis, synthesis, and evaluation.

Several researchers (Nasca, 1965; Kropp and Stoker, Note 7;
Ekstrom, 1967; Adcock and Martin, 1971) have used the Hidden
Figures and Hidden Patterns Tests and obtained factors inter-
preted as flexibility of closure. Frederiksen (1965) used all three
marker tests to obtain this factor. EI-Abd (1970) and Reed (1966)
used the Hidden Patterns and Copying Test and found a flexibility
of closure factor. Other studies which obtained flexibility of closure
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factors are Carver et al (Note 2), IHettema (1968) and Messick
and French (1975). .

However, in at least two studies (Holmberg, 1967; Ohnmacht
et al, 1970) the two closure factors, Cf and Cs, are combined.

Speed of Closure

This factor was defined in the 1963 Kit as “the ability v
unify an apparently disparate perceptual field into a single per-
cept.” Royce (1973) has defined it as “ability to ‘take in’ a per-
ceptual field as a whole, to “fill in’ unseen portions with likely
material and thus to coalesce somewhat disparate parts into #
visual percept.” Guilford and loepfner (1971) have raised two
questions about the nature of this factor: (1)how much emphasis
should be placed on acts of closure which require the subject to
fill in gaps in objects in order to interpret them as unitary wholes,
and (2) whether closure against distractions is a necessary part
of this factor. )

As was mentioned above in the discussion of flexibility of
closure, there has been some evidence that these two factors tend
to combine. As was suggested in the 1963 Kit manual, a major
distinction between these factors may be whether or not the sub-
ject; knows the configuration for which he is searching. A second
problem is to determine whether there is a significant difference
between the process of disembedding and of location of a figure
amid perceptual distractions.

Frederiksen (1966) has shown that speed of closure is posi-
tively identified with the ability to recognize ambiguous visual
stimuli due to the inference effects which are required for ecarly
identification of out-of-focus pictures. Hoffman et al (1968) found
a task requiring the identification of close-up pictures t0o load
on speed of closure. Wardell (1973) suggests that speed of closure
may be related to extensiveness of scanning.

Cattell (1971) considers that speed of closure is an aptitude
component of the personality factor, restraint-timidity. Adcoclc and
Martin (1971) have posited the existence of separate divergent
and convergent forms of this factor. Both Adcock and Martin and
Messick and French (1975) suggest that there may be both w-
mantic and perceptual speed of closure factors.

Frederiksen (1965) used Gestalt Completion (Cs-1) and Con-
cealed Words (Cs-2) and found a speed of closure factor. How-
ever, he questions the status of this factor “as a separate, unitary
cognitive ability.” e suggests that “tests for speed of closure
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may potentially involve the same interference effects which are
observed in experiments in perceptual recognition.”

The 1963 Kit included Gestalt Completion and Concealed
Words as the reference tests for this factor. The former requires
the subject to name the object or action which is being portrayed
in black blotches which form an incomplete representation, The
latter requires the subject to identify a word which has been partly
erased.

There was some hesitancy about the inclusion of Concealed
Words as a marker €or this factor since there was some evidence
that it might better represent the then inadequately researched
verbal closure factor.

While fairly clear speed of closure factors involving both ref-
erence tests have been found by some (Kropp & Stoker, Note 7;
Ekstrom, 1967; EI-Abd, 1970), evidence since the publication of
the 1963 Kit has more often shown that Gestalt Completion and
Concealed Words have failed to combine into a single speed of
closure factor. Messick and French (19752, Haynes (1970), Adcock
and Webberley (1071) and Adcock and Martin (1971), and Harris
and Harris (1971) all found these two tests to load on separate
factors. Gestalt Completion loaded with Word Patterns and Circle
Reasoning Tests in Haynes’ study onto a factor which he describes
as “the ability to organize incomplete stimuli into meaningful cate-
gories.” Messick and French (1975) found Gestalt Completion to
combine with Guilford’s Hidden Picture Test on a factor they
interpret as “speed of perceptual closure.”” Harris and Harris found
their Gestalt Completion Test combining with a Spatial Relations
Test which also requires “visualization of missing portions of fig-
ures.” The Harrises found Concealed Words to load with Omelet
and Spelling Tests on a factor which they interpreted as word
fluency. Haynes described the factor on which Concealed Words
loaded as “the ability to group symbolic material inta class struc-
ture.” Adccck and Webberley identified the factor on which Con-
cealed Words loaded as “Word Gestalt Completion.”

It is obvious that these two tests are not reliable markers
for the same factor. More work needs to be done to determine
if there are separate speed of perceptual closure and speed of
semantic closure factors and to see how these and other tests
relate to the factors.

The work by Frederiksen and by Guilford has suggested that
identification of objects photographed at very close range and/or
out-of-focus might be new marker tasks for speed of perceptual
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closure. Guilford has also used a speed of closure test called Ilidclen
Print, which requires the subject to identify a letter hidden in
a field of dots. A similar test was tried out for the 1963 it
and was found wanting, perhaps (it now seems) because of Lho
inadequacy of the other marker tests. A more detailed discussion
of verbal closure will be found in the section on newly established
factors.

Associational Fluency

The definition of this factor in the 1963 Kit was “the abilily
to produce words from arestricted area of meaning.”

Pawlik (1966) has pointed out that this factor is not “simple
fluency of word productlon but requires “quality rather than
fluency of word production.” This would suggest that a task requir-
ing the selection of the “best” synonym might load o11 an associa-
tional fluency factor: Royce (1973) defines associational flueney
as “facility in producing English words having somewhat similar
meanings.” There appears to be no evidence to suggest that this
factor is confined to the English language. It would be interesting
to determine whether the ability to produce an appropriate word
when translating a well-known foreign language would involve
associational fluency.

The four fluency factors—associational fluency, expression:l
fluency, ideational fluency, and word lluency —are, of course, closely
related. Royce (1973) hypotheS|zes that they combine into one
second-order factor. * '

The flueney factors are also closely related to flexibility and
originality factors. There have been a number of discussions {such
as Cropley, 1966; Fee, 1968; Murphy, 1973; & Ward, 1967) of
the role fluency, flexibility,”and originality play in various “crea-
tivity” tests, such as those of Torrance or Wallach and Kogan.

Cattell (1971) statesthat all of the fluency factors are related
to such temperament factors’as exuberance.” He also points out
the relationship between fluency and memory factors, since “ease
of retrieval” plays asignificantrole in fluency.*

Taylor et al (1967) have found associational fluency relaled
to ability’to perform such activities as instructing others, conduct-
ing conferences and interviews, and writing reports.

Factor-analytic studies of the word association process provide
some further insight into the nature of associational fluency. Nun-
nally and Hodges (1965) found separate factors for associations
of antonyms, synonyms, and “spatial relations” (objects frequentiy
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seen together); additional hypothesized factors of active functions
and passive functions were not found, however.

* The tests recommended in 1963 as markers for associational
fluency were: (1) Controlled Associations, which requires the sub-
ject to write as many synonyms as possible for each stimulus
word; (2) Associational Fluency, which also requires producing
as many synonyms as possible, and (3) Associations 1V, which
requires the production of a word associated with two given words
but which has a different meaning. Guilford now feels that Associ-
ations 1V is a better marker for the originality factor than for
associational fluency.

Controlled Association and Associations 1V have been used
in three factor analytic studies (Kropp & Stoker, Note 7; Reed,
1966; Ohnmacht et al, 1970). Only the last named study yielded a
clear associational fluency factor. However, lack of enough mark-
ers to determine all the expected factors was a problem in each
of these studies. In many cases the associational fluency tests tend-
ed to load with vocabulary.

Other studies (Bereiter, 1960; Christensen & Guilford, 1963;
Guilford, Fulgosi, and Hoepfner, 1970; Hoepfner & Guilford, 1965)
have used Controlled Association or similar tests and Simile In-
sertions, a test which requires the production of a variety of adjec-
tives 10 complete descriptive phrases, to mark associational fluency.
Bereiter did not obtain an associational fluency factor but found
that, for his sample of girls, Controlled Associations loaded on a
factor which included Object Naming, Form Completion, and Brick
Uses and which he interpreted as a personality factor arising
from “differences in looseness or rigor with which Ss interpret
the given restrictions.” The Guilford studies found a clear associa-
tional fluency factor. In two of the Guilford studies, a test called
Inventive Opposites, which requires producing two antonyms for

a given word, also occurred on this factor.

Taylor et al (1967) also obtained an associational fluency

factor which included Suffixesand Firstand Last Letter Tests.

Getzels and Jackson’s Word Association Test has also been

used in factor analyses (Cave, 1970; Haag & David, 1969). Un-
fortunately, neither study included enough other tests of associa-
tional fluency to allow this factor to emerge.

Expressional Fluency

This factor was defined in the 1963 Kit as “the ability to
think rapidly of appropriate wording for ideas.” It requires pro-
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ducing connected discourse in contrast to the production of isolated
words required in associational fluency and word fluency. Expres-
sional fluency differs from ideational fluency in requiring rephras-
ing of ideas already given instead of the production of new ideas.
Royce (1973) defines expressional fluency as “facility in find-
ing an appropriate word or set of words to make a proper English
expression.” Pawlik describes expressional fluency as lhe ability
0 “supply; proper verbal expressions for ideas already stated or
to find a suitable expression which would fit a given semantic
frame of reference” and suggests that it is related to Cattell’s
temperament factor “Surgency vs. Desurgency.” Pawlilc ‘considers
the Naming factor which has been found in studies by Carroll
(1941) and by Guilford 0 be a sub-factor of expressional flueney.
Taylor et al (1967), found expressional fluency to be related lo
editing ability. Their Naming Facility factor appears to be a sub-
factor of expressional fluency. P e
Guilford and Hoepfner, (1971) state that the production of
short sentences of about 4 words in length, with the initial letter
of each word specified, is the optimal method of measuring ex-
pressional fluency. The Expressional Fluency Test (Fe-1) in the
1963 Kit meets these requirements exactly. The:other two tests
suggested as markers for this factor were Simile Interpretations
(Fe-2), which requirethe subject to complete, a,sentence in as
many ways as possible, and Word Arrangements,,(Fe-3), which
requires the subject to;write as many sentences as possible, each
containing four specified words. These tests suggest the need for
some revision of the factor definition since none of the markers
require an approprlatewordmg foragiven idea.

All three of these tests were used in studies by Bereiler
(1960), by Christensen and Guilford (1963), and by Mullins
(1967). In the Bereiter:study, Simile Interpretations failed to load
as heavily as;expected on a factor with the other two expressional
fluency tests. Simile Insertionsand Object Naming Tests loaded
on the factor with Expressional Fluency and Word Arrangemenl
In the Guilford study;! a‘clear expressional fluency factor was
obtained. Mullins also obtained: a fairly clear expressional fluency
factor, but Simile Interpretations had nearly!as high a loading
on another factorwhlch mcluded inductive and deductive reasoning
teats. vodee

Hoepfner and Gmlford (1965) and Brown et al (1966) buth
found the factor with Expressional Fluency and Simile Interpreta-
tions, but the loadings .were not completely’clear. Taylor et al
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(1967) found an expressional fluency factor marked chiefly by
the Letter-Star Test.

Kropp and Stoker (Note 7) and Reed (1966) used Simile
Interpretations and Word Arrangements. Neilher obtained a clear
expressional fluency factor, perhaps due {0 an insufficient number
of marker tests for the factor.

In view of these studies, the expressional fluency factor ap-
pears to have little support. Certainly Simile Interpretations should
not be used asamarker for this ability.

ideational Fluency

This factor was defined in the 1963 Kit as “the facility to
call up ideas wherein quantity and not quality of idea is empha-
sized.” However, the definition was focused on the semantic aspect
of this factor. There is a major question as to whether or not
there is a separate figural ideational fluency factor or if the two
factors are essentially comparable except for the content of the
input and/or response. .

Royce (1973) defines ideational fluency as “ability to quickly
produce ideas and exemplars of an idea about a stated condition
or object.” Pawlik (1966) describes ideational fluency as “the abil-
ity which provides for rapid production of ideas fitting a given
specification.” Taylor et al (1967) have suggested that individuals
with very high or low ideational fluency may be less effective
in transmitting information than those with middle range scores
on this factor.

The tests included in the 1963 Kit as markers for ideational
fluency were Tépics (Fi-1), which requires the subject to write
as many ideas as possible on a given subject, Theme (Fi-2), which
asks the subject 10 write as much as possible about a topic, and
Things Category (Fi-3), which asks the subject t0 list as many
items as possible that are alike in some way. Cattell (1971) also
suggests Topics as a marker test for this factor. Other ideational
fluency tests which he recommends are Riddles, Plot Titles, and
Uses. Guilford,,and Hoepfner (1971) found Consequences, ldea-
tional Fluency,” Plot Titles, and Utility Test to be good markers
for this factor. With both authors the scoring of these tests focuses

on total production of responses, not on the number of unusual
responses (probably an indication of originality) nor changes in
response categories (an indicator of flexibility).

All three ideational fluency markers from the 1963 Kit were
used by Kropp and Stoker (Note 7), Locke (1963), and Reed
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(1966). Only Locke obtained a clear ideational fluency factor. ile
found that Consequences, Categories, Pertinent Questions, and
three sections from the AC Test of Creative Ability also loaded
on this factor. Reed, however, found that the three ideational flu-
ency tests did not combine on a single factor. Topics and Theme
combined with Word Arrangement (I'e-3) and the Utility Test
(scored for flexibility) while Thing Categories appeared on -
other factor also with the Utility Test. Kropp and Stoker (Note
7) used Topics and Things Category. The ideational fluency and
expressional fluency factors combined at each grade level of the
Kropp and Stoker study; the Apparatus Test (Sep-1) and Plot
Titles (0-1) also loaded consistently on this factor.

In studies from Guilford’s laboratory (Christensen & Guilford,
1963; Hoepfner & Guilford, 1965; Brown, Guilford & Hoeplner,
1966; Hendricks et al, 1969; and Guilford, Fulgosi, & Hoepfner,
1970), Thing Listing (also called Ideational Fluency), Brick Uses,
Plot Titles, and Consequences were important markers for the
ideational fluency factor. In the 1963 study the Brick Uses Test
produced a doublet on which both its flexibility and Eluency score
loaded. The 1969 study included idea production factors in the
behavior areas as well as ideational fluency. In the 1970 sltudy,
tests of Agent-Action Relations, Class-Member Relations, and
Whole-Part Relations, load ‘on ideational fluency as well as the
two marker tests. However, the Ideational Fluency Test loaded
as strongly on the associations1 fluency factor as on its own.

Taylor et al (1967) found ideational fluency factors using
tests such as Plot Titles, Brick Uses, Topics, Similes, and Conse-
quences. Messick and French (1975) used Thing Categories, Brick
Uses, Unusual Uses, and Object Naming and obtained a clear idea-
tional fluency factor.:May and Metcalf (1965) used a number
of “Uses” and “Improvement” type tests adapted from materials
by Guilford and by Torrance. They found two ideational fliency
factors, one specific t0 fluency scores on uses tests and one specific
to improvement scores on both fluency and flexibility tests. Similar
factors have been found by McKenna (1968) using a test similar

to Theme and by Adcock and Martin (1971) and Adcock and Weh-
berley (1971) using a test calling for verbally stated ideas about
ambiguously shaped ink blots.

An ideational fluency factor has also been found in two studies
with six-year-old children (McCartin & Meyers, 1966; Orpet &
Meycrs, 1966). The Uses Test, the Monroe Language Classificalion
Test, and an Action-Agent task loaded on this factor in both stu-
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dies. The Monroe Test asks the child to name all the objects he
can think of in a given category. The Action-Agent task asks
the child to name as many examples as possible of agents which
perform an action, such as sleeping, cutting, etc.

There appears to be a good deal of confusion still surrounding
this factor. Because of the nature of the tasks used, it is often
confused with flexibility. To some degree these must be considered
correlated abilities since the more ideas the subject generates in
his response the more opportunities occur for spontaneous flexibil-
ity. The confusion with other fluency factors has been explained
by Guilford to be related to the degree of restrictiveness in the
stimulus material. He suggests that the more restrictive the stimu-
lus, the greater the loading on associational fluency instead of
ideational fluency. Guilford also suggests that failure to specify
an initial letter on word listing tasks could shift the factor loading
toward ideational fluency and away from word fluency.

As was mentioned earlier in this discussion, there have been
attempts to find one or more factors of figural fluency (Bereiter,
1960; Gershon et al, 1963; Guilford and Hoepfner, 1966). There
is limited information about the nature of a figural ideational
fluency factor but the evidence strongly suggests such an ability
or group of abilities. Tests such as Guilford’s Sketches or Decora-

tions, which require adding lines or elaborations to basic shapes
or objects, may be markers for figural ideational fluency. This
factor will be further discussed in the section on new factors.

Word Fluency )

This was the first of the fluency factors to be identified.
It was defined in the 1963 Kit as “facility in producing isolated ,
words that contain one or more structural, essentially phonetic,
restrictions, without reference to the meaning of the words.” Royce
(1973) defines it as “facility in producing words in accordance
with structural restrictions but without regard to meaning.”” It
is similarly described by Pawlik (1966) who states, “this factor
accounts for the ability to rapidly produce words fulfilling specific
symbolic or structural requirements.”

Taylor et al (1967) found that word fluency was more predic-
tive of communications skills than the other fluency factors.

The tests recommended in the 1963 Kit as markers for this
factor were the Word Endings Test (Fw-1), which asks the subject
to write as many words as possible ending with certain letters,
the Word Beginnings Test (Fw-2), which asks the subject to write
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as many words as possible beginning with certain letters, and
the Word Beginnings and Endings (I*w-3), which imposes restric-
tion regarding both the’beginning and ending of‘the words to
be produced. Guilford and Hoepfner (1971) suggest that tests of
word fluency should be limited to the specification of only one
letter if contamination from verbal comprehension isto be avoided.
They also suggest that shorter time limits for each item and mere
different items would offset any advantage obtained from a large
vocabulary. When more than two letters are specified, the task
approaches verbal closure rather than word fluency.
© Two studies (Bereiter, 1960 and Dunham et al, 1969) have used

Word Fluency, a test which requires the subject to write as many
words as possible, and Suffixes, a test similar to Word Endings,
as markers for the word fluency factor. A clear factor was obtained
by Dunham and by Bereiter for his sample of girls but not for
his sample of boys. In' the:latter case, the two tests split with
Word Fluency loading on a factor with associational and expres-
sional fluency tests while Suffixes formed a separate specific fuc-
tor. The Suffixes Test has also Been used in other studies (Chris-
tensen & Guilford, 1963; EI-Abd, 1970). In both cases clear word
fluency factors were found. In the Christensen and Guilford study,
Word Listing and Rhymes Tests also loaded on thisgfagtar, in
El-Abd’s study, a First Letters Test similar to Word

also loaded on word fluency, Taylor et al (1967) obtained a factor
which may be word:fluency marked by First and Last Letters;
Abstracting, and Letter-Star Tests.

Harris and Harris (1971) have interpreted as word fluency
afactor including Spelling, Concealed Words, Disenvoweled Words,
and Omelet Tests. This appears to be more nearly a verbal closure
factor. Ao

ok
Induction ARENEE S

As was discussed in the 1963 Kit manual, this may well bq
a second-order factor:with several sub-factors such as figure classi
fication and concept formation. The definition of induction in the
1963 Kit was “associated abilities involved in the findings of gen-
eral concepts that will fit sets of data, the forming and trying
out of hypotheses.” *#& s

Royce (1973) has defined induction as “ability in forming
and testing hypotheses directed at finding a principle of relation-

ship among elements and applying the principle to identifying
an element fitting the relationship.:” He hypothesizes that indue-
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tion, deduction, syllogistic reasoning, and spontaneous flexibility
combine into a second-order reasoning factor. Waxrdell (1978) sug-
gests that inductive reasoning is largely synthesizing, unifying,
or constructing a largely unstructured array, while deduction in-
volves analyzing, abstracting, or composing essential features from
alargely structured array.

Pawlik (1966) is uncertain as to whether or not induction
and reasoning are separate factors. This position seems difficult
to justify since a number of studies have been reported in which
both Induction and General Reasoning factors appear. Pawlik de-
fines the induction factor as “reasoning from the specific to the
general, in the sense of discovering a rule or principle in a given
material and subsequently applying it correctly.” Cattell (1971)
also assumes that induction and general reasoning do not represent
separate factors, although he thinks that induction could possibly
be a figural reasoning factor. He points out the “relation-percep-
tion” lists in a classification task include: (1) looking for differ-
ences, (2) looking for similarities, and ($) comparing similarities
and differences.

Guilford considers induction in the area of cognition in his
schema “because of its discovering properties.” He states that there
are sixteen kinds of inductive ability represented in his structure
of intellect model. Dye and Very (1968) suggest separate inductive
reasoning and symbolic-inductive reasoning factors in addition to
deductive reasoning, verbal reasoning, arithmetic reasoning, and
general reasoning. In young children, higher error scores and fast-
er response times on inductive reasoning tests have been found
to be associated with impulsivity (Kaganetal, 1966).

The tests used in the 1963 Kit as markers for induction are
Letter Sets (I-1), which requires the subject to find the rule which
relates four groups of letters to each other and then marlk a fifth
group which does not fit the rule; Locations (I-2), which requires
the subject to determine the rule for the location of a mark in
each of four rows of dashes and spaces and then to choose the
correct locatioq for amark in the fifth row; and Figure Classifica-
tion (I-3), which presents the subject with two or three groups
of figures each of which are alike according to some rule and
then asks him to assign test figures t0 the correct group.

Several studies (Bunderson, 1967; Kropp & Stoker, Note 7;
Manley, 1965; Mullins, 1967; Reed, 1966; and Singer & Roby,
1967) have utilized all three of these induction marker tests. Only
the Bunderson study showed a clear induction factor. The induction
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factor was found in the Kropp and Stoker subjects at grades L0,
11, and 12 but not at grade 9. In the other four studies, the
results were less clear.  The induction and syllogistic reasoning
tests combined on a single factor in Reed“s study; however, this
factor was separate from a general reasoning factor. Both Manley
and Singer and Roby found that the Letter Sets and Locations
Tests loaded on the same factor while Figure Classification loaded
on another factor, but Mullins found that Locations and Figure
Classification loaded on the’same factor, one that also igg}m}‘g,l
Syllogistic Reasoning, while Letter Sets had significant
on three different factors. Two other studies (Dunham & Bunder-
son, 1969; Lemke, Klausmeir, & Harris, 1967), which used only
two of the marker tests, do not clearly distinguish induction from
the other reasoning factors. Dunham and Bunderson found that
Letter Sets and Locations combined into a single induction factor
but that two tests developed in Guilford’s laboratory, Logical Rei-
goning (Rs-2) and Ship Destination (R-3), also appeared on this
factor. Lemke et al found that Letter Sets failed to load on a
factor with Locations but appeared on a separate factor while
Locations appeared on a factor which included Ship Destination
(R-3), Necessary Arithmetic Operations (R-4), and Nonsense Sy|-
logisms (Rs-1).
Induction factors have been found by several other researchers
(Dye & Very, 1968; Dunham et al, 1969; Follman et al, 1969;
Harris & Harris, 1971; and Very & lacono, 1970) using other
tests. The Harrises point out that their induction factor is limited
to tests which do not employ semantic content. “Instead, when
they are used, numbers and letters are used as symbols and words
are used as forms rather than semantic units.” Dye and Very
(1968) have found a separate factor for symbolic reasoning ay
separate from other reasoning factors but this factor appeares|
only for male subjects. They comment that the induction factor
becomes clearer with age and also is more differentiated in males
than females. Both Dye and Very (1968) and Very and Iacono
(1970) used tests from the Very Developmental Battery of Intel-
lectual Abilities. .. ¢ ;.

Dunham et al (1969), like several other studies by Guilford
and his associates, found at least two distinct factors, cognitian
of figural classes,and cognition of symbolic classes, that appear
to be related to induction. Tests of Figure Classification and Figure
Class Inclusion were the major variables on the figural classes
factor while Number Classification, Number Group Naming, and
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Letter Classification TestsJiad significant loadings on the symbolic
classes factor. These authors discuss the possible relevance Of these
factors t0 concept learning tasks. The question of a separate con-
cept attainment or concept formation factor will be discussed iy
a later section. The existence of two comparable common factors
involving classification, in addition to an induction factor, in the
Harris (1971) study supports the existence of multiple first-order
factors in this domain.

It seems likely that the induction factor is relatively easy
to break down into two or more separate factors. Redefinition
needs to be done and particular attention focused on the non-
semantic quality of the tests which seem to be the best markers
for induction. Further research also needs to be done to clarify
the nature of the induction sub-factors as well as to determine
the relationships among these factors and other reasoning factors.

Length Estimation

This factor, which was included in the 1963 Kit, has been
criticized because of its narrowness and failure to fit into most
models of cognitive abilities. T is recommended that it be dropped
from the next edition of the Kit.

Mechanical Knowledge

This is another relatively narrow factor and is the only factor
in the 1963 Kit which is more nearly an achievement factor than
an aptitude factor. For these reasons it is recommended that this
factor be dropped from the Kit revision.

Associative Memﬂn-y

This was one of two memory factors included in the 1963
Kit. AssociatiVe, or rote, memory was defined @S “the ability to
remember bits of unrelated material.”

Royce (1973) defines this factor as “upon presentation of
one part of previously associated but otherwise unrelated material,
ability to recall another part.” Pawlik (1966) points out that this
factor may relate “to memory for non-meaningful material only”
and, if so, that a corresponding factor for meaningful memory
should exist.

On the other hand, Cattell (1971) states that meaningful mem-
ory is only a projection of intelligence into memorizing perform-
ance. “Our assumption is that rote memory represents a basic
capacity to commit to memory and retain, which operates regard-
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less of meaningfulness and complexity of material. Later researcli
should probably separate the general effectiveness of committing
to memory from the general retentivity, but at present they are
probably confounded here.” This factor is one of those basic to
Cattell’s Ability Dimension Analysis Chart.

Guilford and Hoepfner (1971) state that tests with other than
paired associates formats, such as a numerical operations lest
and a digit-symbol test, appear on the same factor and suggest
that this is because “implications rather than relations are proh-
ably emphasized” in such learning. It may simply be that the
numerical content of these tasks is sufficient to make them load
with tests which require the pairing of numbers with other
material:

Lumsden (1965) obtained separate factors for unrelated role
memory and related rote memory.

The tests used in the 1968'Kit as markers for the Associative
(Rote) Memory factor "were the Picture-Number Test (Ma-1),
which requires the subject to learn pairs of pictures and numbers
and then write the appropriate number when presented with the
picture, the Object-Number Test (Ma-2), which pairs words and
numbers in a similar manner, and the First and Last Names Tesi,

(Ma-3), which presents full names and later asks the subject to
recall the first name when the last name is presented.

All three of these tests have been used together in several
studies (Bunderson, 1967; Duncanson, 1966; Mullins, 1967; Traub,
1970). In each case a clear associative memory factor was obtained
although Duncanson found that First and Last Names also had
some slight variance on memory span and on a different factor
which was specific to some of his verbal memory tasks. The Dun-
canson study suggests that different memory strategies may be
employed with verbl and nqnovelbal (oifarisahang Tt
as the meaningful memory_factor which has been found by others.
The fact that Duncanson paired nonsense syllables with real words

may suggest that the verbal rather than meaningful element is
important, or it may mean that there are different memory pro-
cesses used for abstract’and for concrete imagery.

Several other studies (Dunham & Bunderson, 1969; Flores
and Evans, 1972; Kropp (& Stoker, Note 7; Lemke et al, 1967;
and Manley, 1965) employed two of these three marker tests.
Again, each study showed a cleazassodiative memory factor. Van-



denberg (1967) found a ,memory factor marked by Word-Number
Memory, Number-Number Memory, and Figure Recognition.
Tenopyr (1966) conducted an extensive study of symbolic

memory abilities. Although she obtained all six of the structure
of intellect symbolic memory factors hypothesized by Guilford,
there was a need for redefinition of several of these factors. She
suggests that paired-associates tasks define Guilford’s memory for
symbolic implications factor but disagrees with Guilford that nu-
merical operations tests also belong on this factor. However,

Hoepfner et al (1970) obtained a factor which included both a
number-letter association test and a numerical operations test.
Tenopyr also suggests that list-learning tasks define the memory
for symbolic units factor and that tests involving meaningful rela-
tionships define memory for symbolic relations.

Adcock and Webberley (1971) also found a factor which seems
to be associative memory. Holtz (1971) has a factor based on
learning radio codes and on memory €or pitch; this may be an
associative memory factor since it requires the association of sym-
bols with other stimuli. .

Considerably more work needs to be done to clarify the nature
of this factor. However, the marker tests in the 1963 Kit should
continue to be adequate.

Span Memory

This factor was defined in the 1963 Kit as “the ability to
recall perfectly for immediate reproduction a series of items after
onIy one presentation of the series.” Royce describes it as the

ﬁauty inn mb_er of distinct elements that can be maintained
within the spar {of immediate awareness.”

It has been suggested that span capacity and long term mem-
ory storage may be independent abilities (Jensen, 1964; Adams,
1967; Ryan & Whimbey, 1968; Ellis, 1968). However, it is difficult
to define just what differences might exist between these two
kinds of memory. Two kinds of processes have been distinguished
in long term memory: (1) reproductive processes, which are con-
cerned with retrieving stored facts, and (2) reconstructive process-
es, which involve the generation of material based on stored rules.
Ryan and Whimbey attempted to determine whether the type of
test used would explain the lack of correlation between the span
and long-term memory systems. In earlier studies, these authors
had noted, “without exception, the materials used as stimuli dif-
fered, the format of presentation differed, and the possibilities
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of 'individual differences in strategy differed from one test to
another.” They concluded that there is n strong relation betwceen
the two systems and that material gets into long term memory
via short term memory. A similar conclusion was reached by Iillis,
who has described long term memory as selecting material by
attention from the environment moving it to primary memory,
which is perceptually dependent, where it must be acted upon
through rehearsal strategies to prevent rapid loss. Other discus-
sions of various memory systems may be found in Atkinson and
Shiffrin (1968), Kumar (1971), or Norman (1970).

Cattell’s Ability Dimension' Analysis Chart, as discussed earli-
er, places considerable emphasis on the importance of memory.
Three distinct processes related to memory are considered: (1)
the amount of committing to memory (grnmming), (2) the amount
of retentive activity involved, and (3) the amount of retrieval
activity. Cattell suggests that research should find factors which
separate (1) and (2). He considers span memory too narrow Lo
accept as a separate factor. Guilford and Hocpfner (1971) have
stated that memory span factors are fairly test specific. They
also describe the need for research to determine if recognition
and recall memory are separate factors. The.tests which were
used in the 1963 Kit as markers of the memory span factor were
auditory number span, digitpan-visual, and letter span-auditory.
All three of these tests were used by Lumsden (1965) and by
Bunderson (1967). Both obtained a clear span memory factor.
Bunderson also obtained a second factor involving memory span
on tests of Binary Digit Span and Three Letter Span which he
had hypothesized would measure a chunking memory factor. The
chunking process is used to group material into bits which can
effectively increase the capacity of immediate memory.

Other studies using some, but not all, of the Kit marker tests
include Dunham and Bunderson (1969), Lemke et al (1967), Dun-
canson (1966), and Traub (1970). All except Duncanson obtained
a clear span memory factor. In the Duncanson study, the two
memory span tests loaded on a factor which also included vocabu-
lary tests as well as significant loadings on most of the Stanford
Achievement Test subtests and the KuhIman-Anderson IQ Test.

A span memory factor has also been found by researchers
using other tests (Arnold, 1967; Games, 1962; Orpet & Meyers,
1966; Adcock & Webberley, 1971; Tenopyr, 1966). Adcock and
Webberley concluded that “span memory is distinct from medium-
term memory in the case of semantic material, but both load highty
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on a common factor with figural material,” though their data
do not seem to demonstrate this clearly. The possibility of a
separate memory factor for figural material will be discussed in
the section on new factors.

Number Facilitv

This factor was defined in the 1963 Kit as “the ability to
manipulate numbers in arithmetical operations rapidly.” Pawlik
(1966) defines this factor as “facility in performing elementary
arithmetical operations (typically under speeded conditions)” and
points out that “the factor does not determine higher mathematical
skills or complex mathematical reasoning.” Royce (3 973) defines
number facility as “speed and accuracy in doing the basic opera-
tions of arithmetic” and thinks that this ability may combine with
the perceptual speed factor to produce o second-order intellectual
speed factor. Werdelin and Stjernberg (1971) have shown that
the N factor is associated with easier visual perceptual tests.

As was pointed out earlier, Guilfard thinks that numerical
facility is a part of the memory factor, memory for symbolic impli-
cations. He bases his argument for this on two studies of the
Wechsler scales (Davis, 1956; de Mille, 1962) where a numerical
operations test loaded on a factor including the Digit-Symbol Test
and upon two later studies (Hoepfner et al, 1979; Guilford et
al, 1965) which showed a numerical operations test loading on
the same factor as a number-letter association task.

In a study of simple, single-digit addition problems, Groen
and Parkman (1972) discovered that two types of approaches are
used. They conclude that adults usually use a memory look-up
approach while children usually and adults occasionally use an
incrementing counting process. This points out the need to deter-
mine the type of process or strategy a subject chooses to use
in solving any test or problem. The possibility of more than one
strategy being employed by subjects to solve even a simple addition
problem indicates the folly of attempting to design tests without
knowing the variety of approaches which may be used and also
the problems resulting from analyzing the data as if the task
necessitated a single approach.

Keats (1965) has suggested the existence of an automatic
process factor that might include numerical facility as a sub-factor.
Werdelin and Stjernberg (1971) also suggest that number facility
is really an “automatization” factor. Flores and Evans (1972)
found an automated learning factor that includes both numerical
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facility and perceptual speed, as well as a separate numerical ficil-
ity factor. The tests used as markers for the numerical facility
factor in the 1963 Kit were addition, division, and a test wilb
both subtraction and multiplication problems. All of these tests
are highly speeded.

v Several studies (Duncanson, 1966; Kropp & Stoker, Note 7;
Manley, 1965; Mullins, 1967; Tenopyr, 1966; and Traub, 1970)
have included both rote memory tests and number facility tests,
allowing an opportunity to determine whether or not these factors
are the same, as Guilford has suggested. In none of these six
studies did the two groups of tests load on the same factor. This
evidence clearly supports the existence of the number facility fac-
tor as separate from associative memory. However, the antomatud
learning factor of Flores and Evans (1972) includes a moderate
loading for an associative memory test as well as larger loadings
for numerical facility and perceptual speed.

The question of numerical facility as a sub-factor of a larger
automatic process or learning speed factor has not been adequately
explored. Werdelin and Stjernberg (1971) suggest that automali-
zation involves problems in which rules nre applied to a symbol.
Such an explanation would clarify the appearance of digit-symbol
tasks on the number facility factor. 1t is also possible that the
automatization factor could be defined as speed of response to
over-learned material. This is partially suggested by the tendency
of the numerical facility factor to combine in some studies with
measures of perceptual speed (Duncanson, 1966; Strowig & Alexa-
kos, 1969; Mukherjee, 1962; Dye & Very, 1968; Pounders, 1970;
Very & lacono, 1970; Khan,, 1970; and Flores & ‘Evans, 1972).
Numerical facility factors have also been found by other research-
ers (ElI-Abd, 1970; Flores & Evans, 1972; Harris & Harris, 1971;
Nasca, 1966; Osborne &,Lindsey, 1967; and Vandenberg, 1967).

It is possible that this factor should be more broadly conceptualized
than merely numerical facility.

N
Originality e

This factor was defined in the 1963 Kit as “the ability to
produce remotely associated, clever, or uncommon responses.”

Royce (1973) defines originality as “facility in conceptualiz-
ing phenomena in ways that in our culture are judged to be unusual
and clever.” Pawlik (1966) statesthat the originality factor “loads
tests in which the subject is to invent uncommon and clever re-
sponses.” He calls attention to its relation to Cattell's personality
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factor U.LT. 25, Tense Inflexidia Vvs. Less Imaginative Realism
and to Eysenck’s Psychoticism factor.

Guiiford and Hoepfner (1971) have described originality in
terms of the uniqueness or uncommon response, remoteness of
association, and cleverness of response. They describe this factor
as being limited to semantic tasks and suggest Plot Titles (clever),
Quick Responses, Figure Concepts (uncommon), and Consequences
(remote) as tests which would represent the several aspects of
this factor and serve as markers.

A number of studies (Ward, 1967; Fee, 1968; Cropley & Mas-
lany, 1969; Murphy, 1973) have re-analyzed the Wallach arid Ko-
gan (1965) data; they fail to obtain separate factors for number
of responses (ideational fluency) and unique responses (original-
ity) on creativity tests.

Originality may be the same as Cattell’s factor U.l. (6), Flexi-
bility vs. Firmness. Cattell points out that this factor has associa-
tions with several personality factors.

Two of the tests mentioned above, Plot.Titles and Consequenc-
es, were recommended as markers for the originality factor in
the 1963 Kit along with a test of symbol production. The latter
seems now to be a poor marker for the originality factor if the
factor definition is, as the evidence now suggests, restricted to
the semantic domain. Kropp and Stoker (Note 7) used both Symbol
Production and Plot Titles in the three analyses based on 10, 11,
and 12th grade students. In each case, the two tests failed to
load on the same factor. Plot Titles tended to combine with the

fluency tests. An,originality factor did appear in Hoepfner et
al (1970) with the Consequences Test having by far the largest
loading on this factor probably because of the scoring approach.
Two studies in Guilford's laboratory (Brown ct al, 1966; Hendricks
et al, 1969) obtained a good originality factor with Plot Titles
and Consequences. Hoepfner and Guilford (1965) have what seems
to be two originality factors, one with Plot Titles and one with
three figural tests. The latter may be a figural fluency factor.

One problem In finding the originality factor is its relationship
to ideational fluency. The more responses that are produced, the
more likely is the subject to give a response that is clever or
unusual or remotely associated. Harvey et al (1970) correlated
scores on the Torrance Tests of Creativity and found that original-
ity and fluency scores correlated from .50 to .62. A factor analysis
of the Minnesota. Tests of Creative Thinking (Madeus, 1967) re-
sulted in factors of verbal and non-verbal divergent thinking, rath-
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er than separate factors-of fluency, flexibility, elaboration and
originality.

" It seems safest to limit the definition of this factor to semantic
originality. Whether or not it is possible to develop adequate test
scoring criteria to insure replicable measures of either semantic
or figural originality remains to be demonstrated.

Perceptual Speed
This factor may be, as was pointed out in the 1963 Kit manual,
the centroid of several sub-factors (including Form Discrimination
and Symbol Discrimination) which can be separated but are more
usefully treated as a single concept for most research purposes.
The 1963 definition of ‘the perceptual speed factor was “speed
in finding figures, making comparisons, and carrying out other
very simple tasks involving visual perception.” This factor probab-
,ly involves iconic memory, the relatively short persistence of a
visual image after the stimulus has been terminated (Neisser,
1967). L '
Other definitions of perceptual speed are “speed in identifying
specified, small elements of a visual pattern” (Royce, 1973) and
“fast speed in comparing visual configurations” (Pawlik, 1966).
Pawlik points out that the factor is “restricted to speed of per-
formance on tasks emphasizing quick apprehension of a visual
pattern and/or its identification among similar and therefore dis-
tracting configurations.”. He also stresses that, unless the task
is relatively simple, the testswould load on a closure factor. Cattell
(1971) notes that this factor is sometimes called “Figure Identifi-
cation.” Some additional hypotheses about the nature of the per-
ceptual speed factor have-been presented by Werdelin and Stjern-
berg (1969). They state that “the perceptual speed factor is defined
by tasks involving the visual perception of space” and that “the
perceptual speed factor is a measure of capacity to automatize,
by means of practice, the solution of perceptual problems, which
have originally depended on tho visual perception factors.” It is
possible that perceptual speed:is analogous to flexibility of closurc
(restructuring closure) except for the disembedding aspect of the
closure factor. In both :cases the subject must hold a *“model
figure” in mind to compare with other figural material. Whether
or not it is also the perceptual counterpart of numerical facility,
with both factors representing the “automatic process” developed
from earlier learning, remains for further research.
A stndy by Kunnapas (1969) further indicates the complex
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nature of the perceptual speed factor. e obtained three factors
which he feels account for variability in perceptual activities in-
cluded in the Identical Pictures and Identical Numbers Tests: (1)
perceptual fluency, or the “readiness with which the subject oscil-
lates between alternating percepts,” (2) decision speed, or the
“readiness with which the choice is made when the response is
not completely determined by sensory input,” and which may be
similar to Thurstone’s speed of judgment factor, and (3) immedi-
ate perceptual memory.

Royce (1973) has suggested that perceptual speed may be
a sub-factor of the cognitive style factor called scanning.

The tests which were included in the 1963 Kit as markers
of the perceptual speed factor were Finding A’s, which asked the
subject to check each of five words containing an “A” in columns
of 41 words; Number Comparison Test, which asks the subject to
indicate whether pairs of multi-digit numbers are the same or
different; and ldentical Pictures Test, which asks the subject to
check which of five similar figures is identical to a given sample
figure.

These three tests have been used together in several studies
(Khan, 1970; Duncanson, 1966; Traub, 1970). As was mentioned
earlier, the number facility and perceptual speed factors combined
in the Duncanson and Khan studies using children at grades 6,
7, and 9 although Khan did obtain two separate factors at grade
11. But Traub, who also used sixth grade children, obtained two
distinct factors, numerical facility and symbol discrimination; he
found that Identical Pictures failed to load significantly on any
of his factors. /

Other studies’(Adcock & Webberley, 1971; Lemke et al, 1967,

El-Abd, 1970; Orpet & Meyers, 1966) have used one ox more of ~

the Kit marker tests for perceptual speed. Adeock and Webberley
found that the Identical Pictures test loaded on a factor which
also included flexibility of closure measures. They concluded that
«perceptual speed is primarily symbolic and verbal measures are
just more contaminated forms which are of doubtful value.” They
also suggest that perceptual speed may be merely preferred speed,
since accuracy tends to decline as speed is increased. Orpet and
Meyers were unable to separate symbol discrimination from form
discrimination in their sample of six-year olds; both groups of
tests combined into a single perceptual speed factor.

Guilford and his co-workers use 51m11ar tests and obtain two
perceptual speed factors, evaluation of figural units and evaluation
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of symbolic units. Gershon etal (1963), nnd Hoepfner and Guilford
(1965), include a figtral aspect of this factor, Tenopyr et al
(1966) includes the symbolic aspect of this factor, while Hoepfncer
et al (1964) includes’both in the same analysis. Hoffman et al
(1968) found that a Judgment of Size Test loaded on the same
factor with Identical Figures. They suggest that perceptual accu-
racy may better describe the process measured by this factor than
perceptual speed.

Several researchers (Weiner, 1964; Droege & Hawk, 1970;
Strowig & Alexakos, 1969) have found a perceptual speed fuclor
in the GATB, although in one of these studies (Strowig & Alexa-
kos), the perceptual speed and numerical facility factors tended
to combine. Perceptual speed factors have been found in the analy-
sis of other well-known tests (Mukherjee, 1962; Singer, 1965;
Pounders, 1970). In the test battery developed by Very, perceptual
speed and number facility factors combined at the seventh grade
(Very & lacono, 1970) and ninth grade levels (Dye and Very,
1968) but were separate for subjects at grade 11 and college-
level. ,

Other studies which have included a perceptual speed factor
are Cardinet and Rousson, 1967: Harris & Harris, 1971; Hettema,
1968; Meyers et al, ’1964 Messmk & French, 1975; and Vanden-
berg, 1967.

The nature of th

thought. There is not only’the problem of understanding the rela-
tionship of the perceptual speed and number facility factors which
have been found to combine in many studies using subjects younger
than mid-adolescence,’ but there is also the question of whether
‘ornot more than one perceptual speed factor exists. One possible
explanation would be the major role of speed in this area. Numeri-
cal facility and the several kinds of perceptual speed may represent
different aspects of an automatic process factor that is best meas-
ured by simple but hlghIY Speeded tasks

thiSl factor is less clear than was formerly

General Reasoning j": f" o

There has been a good deal of difficulty in differentiating
between this factor and other kinds of reasoning as well as between
this” factor and numerical facility. The 1963 Kit manual defines
‘general reasoning as “the’ability to solve a broad range of reason-
ing problems including those of a mathematical nature.”

Royce defines general reasoning as “ability in organizing the
relevant aspects of problems’ having an algebraic quality and rea-

31




soning through to find solutions for them.” As was mentioned
earlier, both Pawlik (1966) and Cattell (1971) have expressed
doubts as to whether or not General Reasoning and Induction
are separate factors. Cattell assumes that these are not separate
because “general reasoning is nothing more than a partial percep-
tion of fluid intelligence, gf, in the first order.” While Pawlik
is “inclined to regard the two factors as different” he points out
the difficulties of interpretation. *““It may simply represent a gen-
eral convergent reasoning factor the way Thurstone conceived of
it; alternately R may constitute a principal determinant of general
intelligence at the first-order level.” Guilford and Hoepfner (1971)
consider general reasoning to be “the ability to conceive of struc-
tures.” They suggest that tests which are “designed to show what
information is needed or relevant” should be good markers for
this factor. However, in the re-analysis of an earlier study (Guil-
ford, Kettner, & Christensen, 1956), the Necessary Arithmetic Op-
erations Test appeared on their memory for symbolic implications
factor with their Numerical Operations Test instead of appearing
on general reasoning. Guilford and Hoepfnér suggest that the abil-
ity to handle complicated procedures and/or trial-and-error ma-
nipulation may also play an important role in general reasoning.

The tests recommended in the 1963 Kit as markers for general
reasoning were two mathematics aptitude tests, which required
subjects to select an answer to word problems requiring arithmetic
and/or very simple algebra; Guilford’s Ship Destination Test,
which requires the subject to utilize several pieces of information
to compute effective distance of a ship to port: and Necessary
Arithmetic Operations, Which asks the subject to determine what
numerical operations are necessary to solve a problem but does
not require computation.

Guilford‘s reanalysis raises a question about the appropriate-
ness of the Necessary Arithmetic Operations Test as a marker
for this factor. Another concern is the relationship of this factor
to estimation ability and/or category width. Messick and Kogan
(1965) have discussed the relationship between category width
and quantitative'aptitude, This cognitive style may be functioning
as a moderator variable in tests of general reasoning.

One or more of the reference tests for general reasoning have
been used in a number of studies (Adcock & Webberley, 1971;
Bunderson, 1967; Duncanson, 1966; Dunham and Bunderson, 1969;
Kropp & Stoker, Note 7; Lemke et al, 1967; Locke, 1963; Manley,
1965; Messick & French, 1975; Reed, 1966; Traub, 1970). Since
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several of these studies also included tests of deductive or syllogis-
tic reasoning, they provide an opportunity to test Cattell’s hypothe-
sisthat these factors are essentially the same. A clear and separate
general reasoning factor was‘found by Bunderson; Dunham and
Bunderson; and Reed. However, Dunham and Bunderson found
the Ship Destination Test loaded almost as heavily on another
reasoning factor, which'included two tests of inductive reasoning
and one test of syllogistic reasoning, as it did on the general rea-
soning factor. Since two of the four tests on this factor were
developed in Guilford’s laboratory, it is possible that variance due
to authorship may have played a role here. In three other studies
(Manley, Lemke et al, Kropp & Stoker), however, the general rea-
soning factor seemed to be confounded with syllogistic reasoning.
Both Kropp and Stoker and Manley found that two syllogistic rea-
soning tests, Logical Reasoning and Inference, tended to load on
the same factor with general reasoning tests, but Lemke found
that Nonsense Syllogisms, but not Logical Reasoning, appeared
with the general reasoning measures. Obviously, the answer to
the relationship between these two reasoning factors cannot be
resolved on the basis of these data. It is interesting to note that
there is more difficulty in differentiation of factors using the
tests developed or suggested by Guilford’s worlc than using those
closer to the Thurstonian measures for these factors.

Other tests have also been used in studies which sought to
differentiate among the,reasoning factors. Dye and Very (1968)
found an arithmetic reasoning factor which appeared to be distinct
from both numerical facility and from general reasoning. Their
arithmetic reasoning factor included tests which “commonly re-
quire mathematical solution of verbally-stated problems” whereas
their general reasoning’factor was “a relatively undifferentiated
reasoning factor with a quantitative emphasis” which became
somewhat more spec_if)ic; with college-age males than with females
or with younger subjects. In tha eallana male group this general
reasoni n)g; fa c?or inv oiv ed both quantitative and verba reasor%ng.

A general reasoning factor has also been found in factor analy-
sis of other tests (Cave, 1970; Flores & Evans, 1972; Keats,
1965; Montgomery, 1968; ,Pounders, 1970; Smith, 1966). Guilford
and his associates interpret this factor as cognition of semantic
systems; the factor was found by Nihira et al, 1964; Brown et
al, 1966; Dunham et al, 1966; and Hoffman et al, 1968.

The relationship*between difficulty and factor loadings has
been explored by Werdelin and Stjernberg (1971) and sheds some
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light on the nature of the general reasoning factor. They found
that the more difficult a test was made, the higher the loading
on R. The tests included arithmetic problems that could be solved
by logical reasoning, a non-mathematical logical reasoning test,
and a number series test. It is possible that the general reasoning
factor represents an upper difficulty level of another factor or
group of factorsand is not a separate factor.

Semantic Redefinition

This factor was defined in the 1963 Kit as “the ability to
shift the function of an object or part of an object and use it
in a new way.” This may be a bi-polar factor with the opposite
pole being “functional fixedness.” It is probably closely related
to the flexibility factors.

Royce defines this factor as the “ability to imagine different
functions €or objects or parts of objects and thus use them in
novel ways to accomplish stated purposes.” He hypothesizes that
semantic redefinition combines with sensitivity to problems and
verbal comprehension to produce a second-order verbal factor. This
factor is not discussed by Pawlik (1966) or by Cattell (1971),
which is surprising in view of these authors’ other work and the
relationship that must exist between this factor and personality.

Guilford and Hoepfner (1971) present three hypotheses re-
lated to the redefinition factor: (1) that it involves perceptual-
reorganization ability, (2) that it involves a shift of function,
and (3) that it involves moving a part from one whole to another.
Their analysis supported the second hypothesis as the most defensi-
ble and concluddd that Gestalt Transformation, Picture Gestalt
and Object Synthesis were the best markers test for this factor.,
These three tests were included in the 1963 Kit as markers for
this factor.

Only a few studies using any of these tests have appeared in
the last decade (Adcock & Martin, 1971; Adcock & Webberley,
1971; Fleishman & Dusek, 1971; Kropp & Stoker, Note 7; Reed,
1966) and in almost all of these factor underdetermination Was
a problem. Consequently, it is impossible to decide whether the
failure to obtain a clear redefinition factor is due to the tests
or to the experimental design. In the two Adcock studies, redefini-
tion and spontaneous flexibility tests tended to combine on a single
factor but this did not occur in the other studies. The redefinition
tests split onto different factors in both Reed’s study and in three
of the four grade levels in the Kropp and Stoker study. Only
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the studies from Guilford’s laboratory showed a clear redefinition
factor, A factor determined in part by these Kit tests appeared
in Nihira et al (1964); Hoepfner and Guilford (1965); Brown
et al (1966); Dunham et al (1966); Hendricks et al (1969); and
Hoepfner et al (1970); it was usually interpreted as divergent
production of semantic classes.

Inlight of this evidence, the status of the semantic redefinition
factor must be considered somewhat tentative. It may be a sub-
factor of spontaneous flexibility or of a larger redefinition factor
not restricted to the semantic domain. Much more research needs
to be doneinthis area.

This is probably a sub-factor of the ability called Deduction
by Thurstone. It was defined in the 1963 Kit as the “ability to
reason from stated premises to their necessary conclusion.”

Royce (1973) considers deduction and syllogistic reasoning
separate factors. He defines deduction as “reasoning from the
general to the specific; the ability to test the correctness of a
meaningful conclusion by applying general principles to the indi-
vidual case,” and syllogistic reasoning as “ability in formal reason-
ing from stated premises to rule out nonpermissible combinations
and thus to arrive at necessary conclusions.” As was mentioned
earlier, Pawlik (1966) feels that deduction is the only distinctly
separate reasoning factor. He defines it as involving “reasoning
from the general to the specific, the ability to test the correctness
of a meaningful conclusion by applying general principles to tho
individual case.” IIe points out that, while syllogistic reasoning
tests are markers for deduction, figure classification tests show
minor loadings on this factor. :

Cattell (1971) suggests that deductive reasoning might also
be called logical evaluation. He also points out that there are de-
ductive steps in every inductive reasoning act. Guilford and Hoep!-
ner (1971) point out that the ability called for in many syllogistic

~ reasoning tests is not deduction, since the subject is not asked to

provide an answer, but’the ability to evaluate the correctness of
the answer(s) presented. They suggest that there may be two
kinds of deductive reasoning factors, involving relations and impli-
cations.

The tests included in the 1963 Kit as markers for syllogistic
reasoning were Nonsense Syllogisms, which asks the subject 1o
determine whether the conclusion logically follows from the prem-
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izes; Logical Reasoning, which asks the subject to select the conclu-
sion that can be correctly drawn from the premises; and Inference,
which asks the subject to select the conclusion that can be validly
drawn from earlier statements.

Several studies using these marker tests have appeared in
the literature during the past decade (Bunderson, 1967; Dunham &
Bunderson, 1969; Kropp & Stoker, Note 7; Lemke et al, 1967;
Manley, 1965; Mullins, 1967; Nihira et al, 1964; Reed, 1966). Only
the Bunderson and Nihira and, to some extent, Lemke, Studies
yielded a clear syllogistic or logical reasoning factor. Bunderson
prefers to call this factor verbal reasoning and to define it more
broadly than does the Kit. In the remaining studies Nonsense Syllo-
gisms tended to load on factors which also included induction tests,
and Logical Reasoning and Inference tended to load on factors
with vocabulary and/or general reasoning tests. This suggests that
these tests do not function similarly and that the markers for
this factor should be reviewed.

Studies of other tests have also found’deductive type reasoning
factors (Dye & Very, 1968; Keats, 1965; Smith, 1966; Very &
lacono, 1970).

Spatial Orientation

There has been extensive discussion attempting to differ be-
tween this factor and the visualization factor. Spatial orientation
was defined in the 1963 Kit as “the ability to perceive spatial pat-
terns or to maintain orientation with respect to objects in space.”

Various hypotheses have been presented to account for distinc-
tion between the spatial orientation and visualization factors. In
the 1963 Kit manual it was suggested that spatial orientation in-
volves “perception Of the position and configuration of objects in
space” with the observer himself as a reference point whereas
visualization required the observer to manipulate the stimulus and
alter its image. Werdelin (1961) pointed out that the entire figure
is reacted to in spatial orientation but the figure must be broken
into parts for visualization. In more recent studies, Werdelin and
Stjernberg (1969 and 1971) have suggested that spatial orientation
is dependent upon the perceptual speed factor and represents a
more difficult or less practiced aspect of that factor. This partially
confirms Zimmerman’s (1954) hypothesis that item complexity
accounts for some of the differentiation between spatial visualiza-
tion test factors. lan Smith (1964) has argued that the distinction
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between spatial orientation and Visualization has not been clearly
demonstrated. B

Royce (1973) defines spatial orientation as the “ability to
put together by visual imagination parts that are out of place
in a visual pattern and to identify such ‘out of place’ percepts.”
Pawlik (1966) points out that some authors have considered that
there may be two similar factors, spatial relations and spatial
orientation. He defines the spatial relations factor as requiring
the identification of an object when seen from different angles or
positions. He describes spatial orientation as involving problems
“in which the body orientation of the observer is an essential part
of the problem.”

Guilford (1967) considers spatial relations and spatial orienta-
tion to be a single factor designated in his structure of intellect
model as the cognition of visual figural systems. He hypothesizes
that this is a sub-factor of a broader ability which also includes
kinesthetic and auditory systems. The kinesthetic sub-factor is
based on the ability to make right-left discriminations while the
auditory sub-factor involves perceiving similarities and differences
in rhythms and melodies.

The tests included in the 1963 Kit as markers for spatial ori-
entation were Card Rotations, which requires the subject to detect
whether or not cards of various configurations have been turned
over as well as rotated; Cube Comparisons, which requires the
subject to determine whether or not two cubes are the same but
rotated to different positions; and Spatial Orientation, a test from
Guilford’s laboratory which requires the subject to select the cor-
rect new position for the prow of a boat given the motion indicated
in two pictures. The latter test would represent what Pawlik calls
the spatial orientation factor, while the first two would represent
his concept of a spatial relations factor.

Two of these marker tests, Card Rotations and Cube Compari-
sons, have been used in *several studies (Ekstrom, 1967; Frederik-
sen, 1965; Mullins, 1967; Nasea, 1965) all of which found fairly
clear spatial orientation factors. Card Rotations and Spatial Rela-
tions marked a clear factor for Flores and Evans (1972). Hoffman
et al (1968) also used the Spatial Orientation Test and obtained
a factor which seems clearly dependent upon relationship of the
stimulito the observer and his bodily frame of reference.

Four studieq (Arnold, 1967; EI-Abd, 1970; Messick and Frencl,
1975; Vandenberg, 1967) have employed the Thurstone tests for
this factor. Arnold, EI-Abd, and Vandenberg all obtained clear
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spatial orientation factors, but in the Messick and French study
spatial and disembedding skills combined.

Several other studies (Anderson & ILeton, 1964; Droege &
Hawk, 1970; Keats, 1965; Strowig & Alexakos, 1969; Very & Ia-
cono, 1970; Weiner, 1964) contain factors which may also repre-
sent this ability but which are difficult to interpret due to under-
determination of factors and/or inadequate descriptions of the
tests.

Sensitivity to Problems

This factor was defined in the 1963 Kit as “the ability to
recognize practical problems.”

Royce (1973) defines it more broadly as the “ability to imag-
ine problems associated with function or change of function of
objects and to suggest ways to deal with these problems.” The lat-
ter part of this definition may be questioned since two of the three
marker tests do not require the subject to suggest changes or
improvements, only to point out the problem. Royce hypothesizes
that sensitivity t0 problems combines with verbal comprehension
and semantic redefinition to form a second-order verbal factor.
Pawlik (1966) describes this factor as “recognizing the existence
of a problem” and comments that “no direct temperament corre-
lates of the Sensitivity to Problems factor are known, although
broader personality associations seem rather likely.”

The tests selected as markers for the sensitivity to problems
factor in the 1963 Kit were the Apparatus Test, which asks the
subject to suggest improvements for common objects; Seeing Prob-
lems, which asks the subject to list problems that might arise in a
given situation; and Seeing Deficiencies, which asks the subject,
to point out the fault in a plan of action.

Only two studies (Kropp & Stoker, Note 7; Nasca, 1965) out-
side of Guilford’s laboratory have attempted to find this factor.
These were only partially successful. In both studies, the Apparatus
Test and Seeing Problems were used. The two tests did load on the
same factor in the oldest group of students studied by Kropp and
Stoker, although this factor also included tests of ideational and
expressional fluency. The Nasca study had a factor with loadings
for Seeing Problems and a test called Seeing Science Deficiencies.

In the two studies done in Guilford’s laboratory (Hoepfner
& Guilford, 1965; Hoepfner et al, -1968) Seeing Problems was a
strong marker for this factor once and the Apparatus Test was
astrong marker once.
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.. In’light of the above data, there is some question as to whether
the sensitivity to problems factor has been adequately enough dem-
onstrated for inclusion in a revised Kit.

¥

Snatial Scanning fapo i
The spatial scanning factor was defined in the 1963 Kit as
“speed in visually exploring awide or complicated spatial field.”
. Royce (1973) defines this factor as the “ability to quickly
survey a complex field to find a particular configuration represent-

ing a pathway through the field.” e considers that it is a con3’ ?
a

ponent of a second-order visualization factor. Spatial scanning m
also be a sub-factor of a broader factor of planning ability.

The tests developed as‘markersfor the spatial scanning factor
in the 1963 Kit were Maze Tracing Speed, which requires tho
subject to complete a series of pencil-and-paper mazes; Choosing a
Path, which requires the subject 10 select the pair of wires which
will complete an electric circuit; and Map Planning, which requires
the subject to find the shortest route between two points without
encountering any road blocks.

Several factor analytic studies have used two or more of thcsc

marker tests but only Bunderson (1967) and Lemice et al (1967)
found a clear spatial scanning factor. Moreover, in the Bunderson
study, Guilford’s Planning Air;:Maneuvers Test, supposedly a mark-
er of adaptive flexibility, loaded on the factor including two spatial
scanning tests. Khan (1970) found that the spatial scanning factor
was not differentiated at.the grade,7 level but did appear clearly
at grade 9. Frederiksen (1965) found that the Map Planning Test
failed to appear on the same factor as the other two spatial scan-
ning markers. Haynes (1970) used similar tests from Guilford’s
laboratory and did not obtain a spatial scanning factor, but a
study by Hoffman et al (1968) in Guilford’s laboratory obtained
a factor which appears to be spatial scanning.

It must be concluded that the marker tests for this factor may
have 10 be revised. Maze Tracin %pd%%aresl ;uﬁhmﬁs some variance
on perceptual speed, espéCIa“Y wi & jee

‘h TR A
Verbal Comprehension .. .

- This factor was defmed in, the 1963 Kit, manual as “the ability
to understand the English language.” The specificity of the factor
to the English language:is based on Guthrie’s (1963) study which
found separate verbal factors in both English and Tagalog with
subjects who spoke both of these languages.
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Royce (1973), in defining verbal comprehension as “facility
in understanding of English words, sentences, and paragraphs,”
also considers this factor to be language specific while Pawlik
(1966) defines it as relating to the “knowledge of words and their
meaning as well as to application of this knowledge in understand-
ing connected discourse.”

A question regarding the breadth and language specificity
of the verbal comprehension factor can be raised since Harris
and Harris (Note 5) found a similar factor which includes “com-
prehension of information including induction of classes when ver-
bal and pictorial semantic content is employed.” This finding sug-

gests a more general factor of verbal ability or it may represent
the overlap between verbal comprehension and induction. Still an-
other possibility is that this is Guilford’s CMR, Cognition of Se-
mantic Relations.

Two studies (Haag & David, 1969; Messick & French, 1975)
have suggested a factor related to “availability and flexibility in
the use of multiple meaning words” orsflexibility of vocabulary
which may be a sub-factor of verbal comprehension, a confounding
of verbal comprehension with one or more flexibility factors, or
a separate ability. Several of the factors in Nihira et al (1964)
could be interpreted as sub-factors of verbal comprehension; these
include verbal relations and verbal implications.

The tests selected as markers for the verbal comprehension
factor in the 1963 Kit are all vocabulary tests. Since other authors
(Pawlik, 1966; Cattell, 1971) have suggested that the factor could
also be marked with tests of reading comprehension, verbal analo-
gies, matching proverbs, grammar and syntax, it may be valuable
to reconsider havingthis factor marked solely by vocabulary tests.

Verbal comprehension factors have appeared in many studies
during the past decade (Arnold, 1967; Brown et al, 1966; Cave,
1970; Droege & Hawk, 1970; Duncanson, 1966; Dunham & Bun-
derson, 1969; Dunham et al, 1966; Dye & Very, 1968; EI-Abd,
1970; Flores & Evans, 1972; Gershon et al, 1963; Hendricks et al,
1969; Guilford et al, 1970; Hoepfner et al, 1964; Hoepfner et
al, 1970; Hoffman et al, 1968; Khan, 1970; Keats, 1965; Kropp

& Stoker, Note 7; Lemke et al, 1967; Locke, 1963; McCartin &
Meyers, 1966; Manley, 1965; Mullins, 1967; Nihira et al, 1964,
Pimsleur, 1962; Pounders, 1970; Rankin & Thompson, 1966; Reed,
1966; Singer, 1965; Strowig & Alexakos, 1969; Tenopyr et al,
1966; Traub, 1970). Many of these appear to be broader than
simply “the ability to understand the English language” and some
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seem to include verbal reasoning or to represent a confounding
of verbal ability and.reasoning. Vandenberg (1967) found both
a factor for native language and a verbal comprehension factor
marked by tests in English. This suggests for individuals fluent
in more than one language & separate verbal comprehension factor
€oreach language.

Taylor et al (1967), in a study of communication abilities,
found that a vocabulary test appeared “to be one of the most
factorially complex scores in the study” in contrast to most other
studies which have found this type of test a relatively pure measure
of verbal comprehension.

Khan (1972) has explored the relationship between vocabulary
learning and the development of verbal ability.

Visualization

This factor was defined in the 1963 Kit as “tho ability to
manipulate or transform the image of spatial patterns into other
visual arrangements.”

Royce (1973) postulates visualization factors at both the first-
order and second-order levels and suggests that visualization may
be linked to field articulation. He defines visualization as the “abil-
ity to manipulate visual percepts (to image change in forms) and
thus to ‘see’ how things would look under altered conditions.”
Pawlik (1966) describes visualization as “the ability to imagine
properly the movement,or spatial configuration of a configuration
or some of its parts.” '

As was mentioned earlier, there has been frequent difficulty
in differentiating between spatial orientation and visualization fac-
tors. Hypotheses have been made which suggest that visualization
is simply a more difficult or complex type of spatial orientation,
that the relationship of the stimulus to the observer is less impor-
tant in visualization than in spatial orientation, or that visualiza-
tion involves reacting analytically to the components of the stimu-
lus rather than to the figure as awhole.

Cattell (1971) does not accept visualization as a primary fac-
tor, and concludes that the work by Horn (1965) has demonstrated
that it is a higher-order factor. This second-order visualization
factor includes spatial ability, adaptive flexibility, speed of closure,
and flexibility of closure.,

The marker tests for visualization in the 1963 Kit were Form
Board, which requiresthe subject to indicate which pieces will fit
together to make a given outline; Paper Folding, which requires
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the subject to select the drawing that correctly shows where holes
will be in an unfolded sheet of paper which has previously been
shown folded and punched; and Surface Development which re-
quires the subject to indicate on a flat form, which can be folded
to make a solid figure, the points corresponding to those on the
solid.

Apparently there has been very little interest in the visualiza-
tion factor; only three factor analytic studies using these marker
tests have appeared in the past decade (Frederiksen, 1965; Ek-
strom, 1967; and Hoffman et al, 1968). All of these obtained a
relatively clear visualization factor.

Figural Adaptive Flexibility

This factor, which has appeared primarily in Guilford’s work,
was defined in the 1963 Kit as “the ability to change set in order
to meet new requirements imposed by figural problems.”

It has been defined by Royce (1973) as the “ability to try
out in imagination various possible arrangements of the elements
of a visual pattern and thusto converge on one arrangement which
satisfies several stated criteria.” Royce hypothesizes that adaptive
flexibility combines with several other factors to form a second-
order visualization factor. As was mentioned earlier, Wardell
(1973) thinks that adaptive flexibility is identical with flexibility
of closure.

Cattell (1971)also believes that adaptive flexibility is a pri-
mary factor which is associated with the higher-order visualization
factor. Pawlik (1966)points out that the emphasis in both flexi-
bility factors “is not on quantity but diversity of ideas produced.”
Guilford and Hoepfner (1971) defines adaptive flexibility as “the
ability to change set in order to meet requirements imposed by
changing conditions.”

There has been considerable controversy over the nature of
flexibility and its relation to fluency and originality. Harvey et al
(1970) and Madeus (1967) found that the fluency and flexibility
aspects of Torrance’s tests combineinto a single factor.

The tests selected for the 1963 Kit as markers for adaptive
flexibility were two Match Problems Tests, which require the sub-
ject to indicate different patterns in which matches can be re-
moved to leave a given number of squares or triangles, and Plan-
ning Air Maneuvers, which requires the examinee to select the
most direct path for skywriting pairs of letters. Guilford (personal
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communication, 1971) has recently expressed doubts about the suit-
ability of Planning Air Maneuvers as a marker for this factor. If
only Match Problem TestS can mark this factor, it is probably
too test specificfor inclusion in a new Kit.

Five studies (Adcock & Martin, 1971; Bunderson, 1967;
Hoepfner & Guilford, 1965; Hoffman et al, 1968; Kropp & Stoker,
Note 7) have used two or more of these tests. A clear adaptive
flexibility factor appears in the Hoepfner study and in the Adcoclc
and Martin study although, in the latter, the authors interpret
it as figural fluency. In the Bunderson study, three Match Prob-
lems Tests loaded on the same factor but Planning Air Maneuvers
loaded on a factor which was dominated by spatial scanning tests.
The two adaptive flexibility tests (Match Problems and Planning
Air Maneuvers) tended to load on the same factor at most grade
levels in the Kropp and Stoker study but this factor also included
tests from several of the reasoning factors as well, suggesting
that there may be more than one type of strategy which can lead
to high scores on these tests—creative or logical. The Hoffman
study concluded that Planning Air Maneuvers is a convergent rath-
er than divergent type-task: since the subject does not suggest
new solutionsto the problem:’

. It thus must be concluded that the nature of this factor has
not been clearly demonstrated and that, if it is to be included in a
future Kit, new types of marker tests will have to be developed.

Spontaneous Semantic Flexibility
This factor was defined in the 1963 Kit as “the ability to

produce a diversity of verbally expressed ideas in a situation that
is relatively unrestricted.”

Royce (1973) defines spontancous flexibility as “facility in
imagining diverse functions and classifications for objects” and
hypothesizes that it, with induction, deduction, and syllogistic rea-
soning, forms a second-order reasoning factor. This conceptualiza-
tion seems at odds with most other views of this factor that stress
its set changing aspects. Pawlik (1966), for example, describes
spontaneous flexibility as “the facility of producing a diversity
of ideas.” He also points out that “it differs from ideational flu-
ency in that emphasis.is not on quantity but on diversity of ideas
produced.” R

Guilford and Hoepfner (1971) have suggested that spontane-
ous flexibility is the opposite of perseveration. They define this
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factor as “the ability to produce diversity into ideas generated in a
relatively unstructured situation.”

Cattell (1971) does not discuss spontaneous flexibility and
considers that his ideational flexibility vs. firmness factor is com-
parable to originality. It seems more likely that Cattell’s factor

gory (Biggs et al, 1971; Cave, 1970; Singer & Roby, 1967). How-
ever, factors were undetermined in most of these studies. Singer
and Roby found that the USeS test loaded on a factor which also
included scores on the Adventure and Self-Reliant scales of the

D-F Opinion Survey.

may be a combination of flexibility and originality.

The tests included in the 1963 Kit as markers for spontaneous
flexibility were the Utility and Alternate Uses Tests, which require
the subject to list different uses for an object and which are
scored for the number of times the class of uses changes; and
Object Naming, which requires the subject to name as many ob-
jects as possible that belong to a given class.

Scoring of the tests which are based on class changes is diffi-
cult. Although categories for the classes of uses can be developed
prior to scoring, it is necessary to have scorers read through each
set of item responses before scoring to develop a "feel” for the
subject’s thought pattern and to sense the rare case when the
a priori categories are inappropriate. The ethics of not telling the
subject that he is to be scored for category ahanges has also been
questioned; however, if the criterion of category change was re-
vealed, these changes would no longer be “spontaneous.”

One or more of these marker tests have been used in several
studies during the past decade {Adcock & Martin, 1971; Brown
et al, 1966; Dunham et al, 1966; Haag & David, 1969; Wendricks
et al, 1969; Hoepfner & Guilford, 1965; Hocpfner et al, 1970;
Holtz, 1971; and Reed, 1966). A fairly clear spontaneous flexibility
factor appeared only in the studies from Guilford’s laboratory. A
test called Multiple Grouping, which asks the subject to produce
as many different logical groupings of a list of objects as possible,
was found by this laboratory to be a better marker for spontaneous
flexibility than Object Naming.

In the studies done outside of Guilford*‘s laboratory, the spon-
taneous flexibility factor did not fare as well. Adcock and Martin
(1971) found that redefinition and spontaneous flexibility tests
from the Kit combined into a single factor. Reed (1966) was unable
to obtain a clear spontaneous flexibility factor although he used
all three marker tests. Neither Holtz (1971) nor Haag and David
(1969) clearly determined this factor due to underrepresentation.
The Haag and David flexibility of vocabulary factor is probably a
confounding of verbal comprehensionand semantic flexibility.

Several other studies have employed Uses-type tests and ob-
tained a flexibility score by counting the number of shifts in cate-
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May and Metcalf (1965) looked at the effects of different

“instructions and scoring procedures on tests of spontaneous flexi-

bility. They concluded that:

1. Spontaneous flexibility is probably not a factor which is
independent of scoring system, mental set induced by test
instructions, and examination task.

2. Spontaneous flexibility probably should be measured with
tests of uses rather than improvements, under a mental
set of fluency rather than flexibility.

3. Spontaneous flexibility probably should be scored either
by the “unconventional uses” scheme or the “categories”
scheme, but not by the “principles” scheme.

It seems necessary to conclude that this factor has not been
well-demonstrated outside of Guilford’s laboratory. Object Naming
should be dropped as a marker for this factor and the possibility
of using a test such as Multiple Grouping as a marker explored.
The problems of set as developed by instructions and of scoring
need further research. Additionally, it seems important to deter-
mine whether or not the “spontaneous” aspect of this factor is
important. If not, there seems little to differentiate it from Re-
definition.

Possible New Factors

During the past decade, several new factors have been demon-
strated clearly enough to warrant consideration for inclusion in
a new Kit of Cognitive Factors. ‘The criteria for inclusion of a
new factor in the Kit is :that the factor has been found in at
least three different studies and by at least two different research-
ers or laboratories. In addition, ,this review will discuss factors
approaching but not attaining these criteria.

. These factors include: Automatic Processes, Cognition of Be-
havioral Systems, Concept Formation, Estimation, Experiential
Evaluation, Figural Fluency, Figural Illusions, Figural Relations,
Integration, Meaningful Memory, Memory for Order, Visual Mem-
ory, and Verbal Closure.
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Automatic Processes

The existence of some type of automatic processes, automatiza-
tion, or automated learning‘factor has been suggested in three
studies (Werdelin, 1958; Keats, 1965; Flores & Evans, 1972). Each
of these has suggested that this factor is related to the number
facility factor and most suggest that it is also related to perceptual
speedand possibly to other areas as well.

Werdelin and Stjernberg (1971) have described the automa-
tization process as occurring on “problems which involve the appli-
cation of rules to a symbol. The rules become automatized and the
problems get loadings on the N factor.” Flores and Evans stale
that their second-order factor is defined by “individual differences
in processes that are susceptible to a high degree of automatiza-
tion.” This type of process clearly characterizes the elementary
arithmetic operations, which are usually drilled. Simple clerical
tasks such as checking A’s or matching diagrams may also involve
a quickly learned automated response. Coombs (1941) also inter-
preted the numerical facility factor in a similar manner.

There seems to be adequate evidence O’ suggest the existence
of a factor which is based on response t0 overlearned Material. A
major question is whether this is merely a reconceptualization
of the factors of numerical facility and/or perceptual speed or
has broader implications. At present, the evidence for an auto-
matic process factor does not warrant its inclusion in the revised
Kit. There is also the question of the relationship of an automatic
process factor to the automatization cognitive style which has been
defined as “greater or lesser ability to perform Simple repetitive

tasks than expected from the individual’s general level of ability”
(Broverman etal, 1964).

The studies which suggest an automatic process factor again
raise the question of the relationship of difficulty to factor struc-
ture. This has been discussed by Guilford (1941), Zimmerman
(1954) and Werdelin and Stjernberg (1971) among others. It
seems likely that, to the degree that increased test difficulty
changes the subject‘s strategy or approach to the test items, diffi-
culty can be amajor determinant of a factor.

Behavioral Relations and Systems

Behavioral relations can be defined as the ability to judge the
interaction between two individuals so as to indicate how one of
the individuals feels about the situation. The behavioral relations
factor has been found in three studies (O'Sullivan et al, 1965;
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Tenopyr et al, 1966; Hendricks et al, 1969) in Guilford’s labora-
tory. The tests which appear to be the best markers for this factor
are Social Relations, which requires the subject to_select the state-
ment that would best indicate the thoughts of & marked figure
in a pair; and Silhouette Relations, which requires the subject to
select the picture that shows the expression suggested by the rela-
tionship of the two figures.

A behavioral systems factor has also been found in three stud-
ies in Guilford‘s laboratory (O'Sullivan et al, 1965; Tenopyr et
al, 1966; Hendricks et al, 1969) but not elsewhere. This factor
involves “a temporal sequence of events in which human inter-
actions are the important links between events.” The tests which
have been the best markers for the factor are Missing Cartoons,
which requires the subject to select a scene to fill the gap in
a series of four pantomimes; Missing Pictures, which is similar
to Missing Cartoons but in photographic form; and Facial Situa-
tions, which requires the subject to select the best alternative to
explain the expressions on the faces of a pair of figures.

Very little work on behavioral €actors has been done outside
of Guilford’s laboratory. Other factor analyses of social intelligence
(Thorndike, 1936; Woodrow, 1939; Wedeck, 1947; El-Abd, 1963)
have produced behavior-type factors but none are clearly related
to either of the Guilford factors ,which are discussed here. There
may be some relationship between this factor and the Picture
Arrangement task of the:Wechsler Intelligence Test. However,
it must be concluded that behavioral factors, while promising, have
not been adequately enough demonstrated €or inclusion in the re-

vised Kit.

Chunking Memory

" The capacity of the memory to use a limited number of sym-
bols to represent larger amounts of information has been called
“chunking” (Miller, 1956).

The existence of a chunking memory factor was hypothesized
by Bunderson (1967). He developed two tests, Binary Digit Span
and Three-Letter Span, which because of patterns and redundan-
cies in the content were expected t0 encourage the chunking pro-
cess. A clear chunking memory factor did emerge in his analysis.

"+ Moreover, this factor bore’an important relationship to learning

measures and “is quite central to much high-level thinking.” This
factor appears to offer great promise for investigators interested
in memory because of its:correspondence to a process that has
appeared in laboratory studies of memory. Unfortunately, it has
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not been replicated in other factor studies and so cannot, be included
in the revised Kit.

Concept Formation

This factor is a sub-factor of induction. Despite this, it is sug-
gested that it be included in the revised Kit as a separate factor
to allow researchers to differentiate between the two steps in the
inductive reasoning process: (1) the attainment of the concept
from the stimuli, and (2) the selection of other stimuli which do
or do not exhibit the concept.

A concept formation factor was first found by Adkins and
Lyerly (1952). This factor had its major loadings on tests of Pic-
ture-Group Naming, which requires the subject to assign to a group
of objects that are alike in some way a name under which all the
objects could be subsumed; Word-Group Naming, which is a verbal
counterpart of the preceding test; and a verbal analogies test.
Since a separate factor readily identifiable as induction and load-
ing on different tests also appears in the same study, there is

support for presenting concept formation and induction as sepa-
rate factors.

A similar factor, initially called abstraction naming and later
renamed convergent production of semantic units in the Sl
schema, has appeared in studies in Guilford’s laboratory (Guilford
et al, 1952; Guilford, Kettner, and Christensen, 1956; O’Sullivan,
Guilford and de Mille, 1965; and Dunham et al, 1966). Guilford
(1967) reports that the strongest tests for this factor are Picture-
Group Naming, Word-Group Naming, Verbal-Relations Naming,
and Number Group Naming. However, the similarity among these
measures suggests that this could also be a method-of-testing fac-
tor. It would be interesting to determine if the concept formation
factor is related to Halstead’s (1947) abstraction factor.

Several of Gulliksen’s students have studied the relationship
of concept learning to abilities (Allison, 1960; Bunderson, 1967;
Duncanson, 1966; Manley, 1965). The concept formation tasks in
these researches are more complex than the naming tasks, making
their relationship to the previous studies somewhat uncertain. Dun-
canson obtained a factor on which only the concept learning tasks
had significant loadings and which did not include any of the
factor marker tests from the Kit. Allison’s four verbal concept
learning tasks loaded on a single factor which was related to most
of the reference factors, especially those identified as intellectual
and numerical ability. He also found a spatial concept learning

48

T

4

factor. Manley found three concept learning factors, one each for
verbal tasks, for card sorting tasks, and for Goldstein tasks. 1lis
verbal concepts factor appears to be identical to Allison’s but no
reference tests were strongly related to his concept learning fac-
tors. Bunderson found that different kinds of abilities were impor-
tant at different stages of concept learning.

Lemke et al (1967) also found a concept attainment factor
which had its main loadings on tests requiring the ability to pre-
sent or state a given concept. Again, marker tests for induction
and for other reasoning and memory factors did not load on the
concept attainment factor.

The components of concept learning have also been studied
by Dunham et al (1968). They concluded that there were “common
variances represented by the learning task scores that were not
common to the tests” and that “there are factors common to both
tasks and tests.” They point out that the NMU factor can only
appear in learning studies if the learners have mastered the con-
cepts.

While some of these factors could be explained as being at-
tributable to the testing method employed, it seems at least equally
likely that they represent a concept attainment factor. Unlike Paw-
lik (1966), we do not consider the ability to name a concept to be a
sub-factor of expressional fluency. It seems important to differ-
entiate between Carroll’s (1941) factor of facility in attaching
appropriate names of symbols to stimuli and this concept haming
factor. This factor may also be related to the feature extraction
or iiaming process which occurs when material is being transferred
among the memory systems. A discussion of this process may be

found in Atkinson and Shiffrin (1968) or in Kumar (1971).

The above material supports the inclusion of a conccpt attain-
ment factor in the revised Kit. The concept attainment factor
will be defined as “the ability to cognize an abstract class or
relation, usually by naming.” It is suggested that tests similar
to Word-Group Naming, Picture-Group Naming, and Naming

Meaningful Trends be used as markers for this factor. However,
the method of testing needs to be varied more than is currently
the case with these tests.  *

Estimation
Three studies have found a factor which seems to be related
to estimation-ability (Dye & Very, 1968; McKenna, 1968; Very
& lacono, 1970).
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McKenna found a factor which involves quantitative aptitude,
category width as determined from an estimation questionnaire,
and accuracy of spatial judgment. This may be an estimation fac-
tor or may be more closely related t0 cognitive style or to general
reasoning. As was mentioned earlier, Messick and Kogan (1965)
have discussed the relationship of cognitive style to estimative
solutions to quantitative problems. The estimation factors in these
studies are considerably broader constructs than the Length Esti-
mation factor in the 1963 Kit.

Dye and Very (1968) and Very and lacono (1970) both found
an estimative ability factor which appeared to involve two tests
requiring an estimative approach to quantitative problems and
the ability to evaluate hypotheses. This may be a confounding
of estimative ability and other factors.

The evidence from these three studies does not seem to be
clear enough to warrant the inclusion of an estimation factor in
the revised Kit.

Figural Fluency '

Figural fluency factors have appeared in several studies (Be-
reiter, 1960; Gershon et al, 1963; Hoepfner & Guilford, 1965;
Hoffman et al, 1968; and Cave, 1970). There may be several dis-
tinct sub-factors in this area; for example, Guilford and Hoepfner
(1971) describe a figural elaboration factor, divergent production
of figural implications, and a factor of divergent production of
figural systems, while Bereiter hypothesized separate factors for
figural and structural ideational fluency.

The tests which have been used to mark this factor require
the subject to elaborate on an existing figure, such as in Guilford’s,
Decorations or Production of Figural Effects tests, to produce a
number of figures in response to a given stimuli, such as in Guil-
ford’s Alternate Signs Test, or to produce as many different fig-
ures as possible from a limited number of elements, as in Guilford’s
Designs, Make a Figure, Make a Mark, or Making Obijects tests.
In each case, the ease of producing many different figures in
response to the‘situation is the essence of the process. As is the

case with ideational fluency, quantity is emphasized, not quality,
set shifting, or innovation.

Figural lllusionsand Perceptual Alternations

Two different factors or sub-factors which appear to be re-
lated have been found. One has to do with susceptibility to optical
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illusions, the other with perceptual alternation in tests of reversi-
ble perceptions. LR

Both of these were originally found by Thurstone (1944).
More recently, an illusion factor has been found clearly in a study
by Hettema (1968) and much more tentatively in a study by Af-
tanas and Royce (1969). A perceptual slternations factor found
by Kunnapas (1969) and defined as the “readiness with which
the subject oscillates between alternating percepts,” may be similar
to Thurstone’s perceptual alternations factor.

These factors are important because of their relationship to
personality. Hettema (1968) has described the relationship of his
illusion factor to the cognitive styles of field dependence and level-
ing-sharpening. Allport (1956) has also suggested that there may
be a relationship between illusions and field dependence by his
statement that illusions are “situations in which a part embedded
in the context of the whole appears different from itS appearanco
when it isperceived separately.”

More work is necessary to'establish the nature of these factors
and to learn more aboutitheir relationship to the closure factors
and to cognitive styles. They are not yet clearly enough established
for inclusion in the revﬁ’»ed Kit.

e
Figural Relatlons i

In a number of studies, primarily in Guilford’s laboratory,
it has been suggested that the induction factor’would be better

handled as several sub-factors, one of which would be a figural
relations factor. It was earlier argued that concept attainment,
also probably an induction sub-factor, should be treated indepen-
dently because it represents a step in the inductive reasoning pro-
cess which can stand by itself and which can be demonstrated with-
out the presence of other steps'in the inductive process. Does figural
relations also involve a’separate and distinctive reasoning process
or is it the same process ‘as is applied in solvmg problems of
symbolic or semantic relations?

Separate figural relations factors,‘such as cognition of figural
classes and cognition of figural relations, have appeared in thrce
recent studies in Guilford’s laboratory (Gershon et al, 1963; Hoepf-
ner & Cuilford, 1965; Dunham et al, 1966). Additionally it has
appeared in the Harrises’ (1971) reanalysis of two of Guilford’s
earlier studies (Guilford et al, 1952; Guilford et al, 1956). The
comparable common factor technique yielded in each study a factor
which appears to be a figural relations factor, with major loadings
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on tests such as Figure Analogies, Figure Classification, Figure
Matching, and Figure Matrix, as well as a separate factor involv-
ing similar tests in the verbal and pictorial domain. This suggests
that a figural relations factor may be independent of the methodo-
logical techniques used in Guilford’s laboratory, although perhaps
dependent on the same tests. A figural reasoning factor was found
in preschool children by Meyers et al (1964).
However, there does not seem to be sufficient evidence as
yet to justify inclusion of a figural relations factor in the revised
Kit.

Integration

This factor was defined by French (1951) as “the ability
simultaneously to bear in mind and to combine or integrate several
conditions, premises, or rules, in order to produce the correct re-
sponse.” It firstappeared in the Army Air Forces study (Guilford
& Lacey, 1947). It was more clearly identified by Lucas and French
(1953). More recently Traub (1970) has also obtained an integra-
tion factor marked by one of French’s following directions tests
and by another similar test. Rankin and Thompson (1966) found a
factor which they interpret as “non-intellectual following of direc-
tions” which may be related to integration but their factor is
not determined by an adequate number of variables.

A similar and possibly identical factor, identified as internal-
ization, appears in Droege and Hawk (1970). They describe the
tests on this factor as having in common “a requirement of inter-
nalized rules, internalizing useful approaches to doing the items,
or memorizing materials.” These authors suggest that this factor
is similar to Guilford’s memory of symbolic relationships and that ,
it supports Coombs (1941) and Werdelin (1958) in “the theory
that numerical ability is characterized by a facility in manipulating
asymbolicsystem according to a specified set of rules.”

It is recommended that a factor called integration and marked
by following directions tests which require the retention of rules
be included in the revised Kit. Further research is necessary to
determine the nature of this factor.

Meaningful Memory

This factor was found by Kelley (1954) and by Jones (1954).
As Lumsden (1965) has commented, the term meaningful memory
seems too general since in both these studies the factor was re-
stricted to verbal material. Tests loading on the meaningful mem-
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ory factor in these studies:included Memory €or Words, Sentence
Completion Memory, and- Memory for Limericks. “Other tests
using material which was apparently equally meaningful (e.g.,
Memory for Relations, Picture Memory, Paragraph: Memory) had
Iowloadlngs on the factor” (Lumsden, 1965).

- Brown et al (1966) suggest that Kelley’s meaningful memory
factor is either memory 'for semantic systems or a confounding
of that factor and memory for semantic implications. This inter-
pretation seems doubtful in,light of Brown’s later definition of
memory for semantic systems as “the ability,10 remember the
ordering of meaningful material.” Brown’s memory for semantic
relations appears close to Kelley’s meaningful memory €actor.
Order does not appear to be atrelevant aspect of either Kelley’s
or Jones’ meaningful memory factor. None of the studies of mem-
ory done in Guilford’s laboratory have found a factor which ap-
pears identical to meaningful, memory although Dunham’s et al
(1966) memory for semantic classes seems close.

Cattell (1971), as was earlier mentioned, has stated that mean-
ingful memory represents only a projection of intelligence into
memorlzmg performance

. Lumsden (1965) suggests that the meaningful memory factor
mlght be better conceptualized as a related rote memory factor
defined as “the ability to retain substance related to existing con-
tents of memory.” He obtained a related rote memory factor in
his,study as well as other memory factors which suggest a splitting
of meaningful memory as it was hypothesized by Kelley. Tenopyr

(1966) has also suggested, that, there might be an associative (or
rote) memory factor whéch involves “relations more meaningful
than contiguity” in addition toa memory factor defined in terms
of paired associates learning. i . i I

McKenna (1968) found a ‘factor interpreted as memory for
emphasis which may be related to meaningful memory.

Arnold (1967) attempted to obtain a meaningful memory fac-
tor. She did so, but the results are unclear ,because of too few

tests to determine the ﬁactor. The markers appear,on only a very
weak factor of their OWH: while’ they have higher loadings on
a verbal factor. Sl
, Petrov (1970) has found both a verbal memory factor and a
factor of long-term retention of verbal material.
- This evidence does not support the existence of a meaningful
memory factor. It does suggest that there may be a somewhat
similar factor involving the rote memory of related material. Per-
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haps it is a memory for concrete (asopposed to abstract) material.
More research needs to be done in this area.

Memory for Order

This factor, called memory for position temporal succession,
was first found by Christal (1958). In this study, the factor was
marked by tests of Sequence Memory, Position in Succession, and
Position Recall.

As was mentioned previously, Brown et al (1968) consider
that the factor memory for semantic systems involves the ability
to remember order. Tenopyr (1966) obtained a memory for sym-
bolic systems factor, which also involves order asamemory system.

In a study of six-year-old children, Orpet and Meyers (1966)
found a factor which includes the Knox Cube Tapping Test, which
requires the subject to tap cubes in the same sequence as the
examiner, and the WISC Digits Forward. Although the authors
consider this factor to represent visual memory for figural units,
it is suggested that it may be a memory forswrder factor.

This evidence is not strong enough to recommend the inclusion
of a memory for order factor in the revised Kit, More research
needs to be done to ascertain whether this factor might be a sub-
factor of rote or meaningful memory.

Visual Memory

Thiis factor was first suggested in a study by Carlson (1937)
which was later re-analyzed by Humphreys and Fruchter (1945).
It also appeared in several studies conducted by the Army Air
Force (cf. Guilford and Lacey, 1947). Later studies by Guilford,
Fruchter, and Zimmerman (1952), Roff (1951, 1953), and by
Christal (1958) helped to confirm it.

However, there has been considerable debate as to whether
or not the visual memory factor was due to test content. Thurstone
(1946) believed that *"the memorizing factor transcends the nature
of the content™ while others (for example, Humphreys & Fruchter,
1945) have stated that "*memory factors can probably be multiplied
almost indefinitely by relatively slight changes in the format and
contents of memory tests.” Recent work in memory (for example,
Neisser, 1967) has demonstrated the existence of iconic memory,
which is used to store visual impressions. This suggests that visual
memory is not simply the result of test content but also involves
a cognitive process different from that used in other memory

factors.
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o . Guilford and Hoepfner (1971) describe six visual-figural
memory abilities. These were investigated in Bradley et al (1969).
However, only the factor memory for figural systems has been
replicated in their laboratory (Hoffman et al, 1968). It seems
likely that this is the same aspect of visual memory involved in
the Air Force (Guilford & Lacey, 1944) and Christal (1958) stud-
ies. Other studies in the past decade which include factors that
may be visual memory:are Duncanson (1966) and Orpet and
Meyers (1966). Petrov (1970) has found both an iconic memory
factor and a factor for short-term retention of visual material.
The tests which appear to be the best markers for the memory
for figural systems sub-factor are System-Shape Recognition,
which requires the subject' to recognize the positions and orienta-
tions of simple figures studied earlier; Monogram Recall, which
requires the subject to sketch arrangements of groups of three
letters studied earlier; and Orientation Memory, which requires
the subject to recall the locations of buildings on a previously
studied map. The tests which seemed to be the best markers for
visual memory in other studies include Map Memory, which re-
quires the subject to select the one of five small maps that is
an accurate reproduction 'of a section of a large map previously
studied; Plane Formation, which requires the subject to indicate
the sections of a grid where planes were seen in a study picture;
Position Memory, which requires the subject to recall the items
as they appeared on a study page; and Space Memory, which
requires the subject to identify the symbols that were located in
each section of astudy page.
It is recommended that a visual memory factor be included
in the revised Kit. Research is needed to determine whether there
ismore than one factor in this domain.

Verbal Closure
This factor. which can be defined as the ability to solve prob-
. lems requiring the identification of words when some of the letters
are missing, disarranged, or mixed with other letters, was first
found by Pemberton (1952) and by Mooney (1954). It appears
to be similar to Guilford's factor called cognition of symbolic units.
Messick and French (1975) have suggested that there may be
separate factors or sub-factors for speed of verbal closure and
for flexibility of verbal closure.
In the past decade verbal closure factors have appeared in
studies by Adcock and Webberley (1971), Harris and Harris (Note
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§), Messick and French (1975) and, somewhat less clearly, in
several studies’in Guilford’s laboratory (Gcrshon et al, 1963;
Hoepfner et al, 1964; Hoepfner & Guilford, 1965; Tenopyr et al,
1966; and Hoepfner et al, 1968). Additionally, three factor analytic
studies of the cloze technique (Carver et al, Note 2; Ohnmacht
et al, 1970; Weaver & Kingston, 1963) suggest that this procedure
Isprobably related to semantic or verbal closure.

Tests which are suggested as markers for the verbal closure
factor include Anagrams, which requires the subject to rearrange
the letters of one word to form another word; Incomplete Words,
which requires the subject to fill in the missing letters of common
words; Four Letter Words, which requires the subject to locate
four-letter words in a line of letters; and Scrambled Words, which
requires the subject to unscramble four-letter nonsense words to
make common words.

The evidence for this factor is sufficiently strong t0 recom-
mend its inclusion in the revised Kit,

&6

L L a2 N S et il

* CHAPTER I1I

PROBLEMS IN :REPLICATIP. G DIVERGENT
PRODUCTION FACTORS ~
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A battery of twenty-three tests, designed to measure the factors of asso-
ciational fluency, expressional fluency, originality, semantic redefinition,
sensitivity to problems, figural flexibility, and semantic flexibility were ad-
ministered to fourteen groups of naval recruits. More than 860 subjects took
each test. Factor analysis indicated that the associational and expressional
fluency factors and the figural flexibility factor had been replicated. A new
factor, called object flexibilit?/, combined parts of the redefinition and seman-
tic flexibility factors. Originality was found to be a combination of expressional
fluency and object flexibility rather than a separate factor.

. ¥

Factors and Reference Tests

As part of a project to revise the 1963 Kit, it Wes necessary 0
develop new “factor-referenced)’ or “marker” tests for several cog-
nitive factors related to divergent production. This portion of the
project included developing twenty-two new tests, conducting a
field try-out of these tests, and, from the data obtained, revising
the tests and revising the definitions of the factors.

Divergent production is the term used t0 describe cognitive
processes which involve the ability to produce a variety of words,
phrases, or ideas in response t0 a stimulus. Tests of this type
have many possible responses to a question rather than a single
correct answer. The seven cognitive factors involved in this study
are: (1) associational fluency, (2) expressional fluency, (3) orig-
inality, (4) semantic redefinition, (5) sensitivity to problems, (6)
figural adaptive flexibility, and (7) semantic flexibility. The litera-
ture relevant 10 each factor reviewed in Chapter II is a part of the
process of clarifying the definition of each factor and of developing
hypotheses about the kinds of -tests which would best mark these
factors. BN TR

Associational fluency (FA). The tests developed for the asso-
ciational fluency factor in this study ask the subject to write syno-
nyms or antonyms for words, to provide words or phrases to corn-
plete figures of speech, and to list examples of objects in specified
categories. The tests for this and the other factors in the study
arelisted in Table 1.

Expressional fluency (FE). The tests developed for this factor
require the subject to make sentences of a specified length when
,the initial letter of some words is specified, to write as many
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. ‘"Table 1 .
Summary of Test VarlablesTn tl\e Divergent Production Study

# of of

TFest Factor lItems* Mean _ S.D. Subjects
11 Controlled Associationt 8 2%0 00 — a1
12 Opposites FA 8 5.0 83 731
13 Figures of Speech FA 10 0.0 67 746
14 Examples EFA 8 0.4 15.2 752
% %akin _SeWnc S FE 20 101 37 792
rrar_ﬁ_lng ords FE > a1 > e
28 Rewriting FE 6 ot 5 S
31 Repartee . 0 10 145 57 oy
32 Cartoon Captions 0 6 108 119
33 Story Continuations 0 8 DA 6.7 728
34 What Would Happen 0 8 12 4.7 742
41 Finding Useful Parts REg 20 21 46 757

42 Combining Objects RE % 194 36 734 -
43 Substitute Uses RE 50 wa 71 710
51 Improving Things sp 20 155 4.0 697
62 Planning sp 0 > 6.6 362
53 Improving Laws and 21 719

Custom sSp

61 Toothpicks XF ig g? 3_72 3230
62 Planning Patterns XF 12 1.7 93 e
63 Storage XE ) 17 o
71 Making Groups XS 3 ]11)5 38 o
% Piffersnbnises ¥ 0§ B 82 o
*Since divergent production is ir ed, POSSI It

exceeds the number of stimulus items
tThis test from the 1963 Factor Kit was included for comparison purposes

sentences as possible using four specified words, and to rewrite
sentences in several different ways.

Originality (O).The tests for this factor required the subject
to rewrite a conversation to make it more interesting, to think
of captions for cartoons, to write surprise endings for stories,
and to think of the possible consequencesof a described situation.

Semantic redefinition (RE). The tests require the subject to
select the object which has a part that can meet a specified nced,
to name two objects which could be combined and used together
to meet a specified need, and to think of common objects that
can serve assubstitutes for a given object.

Sensitivity to problems (SP). The tests require the subject
to think of innovations for improving common objects, to point
out logical deficiencies in plans, and to suggest improvements in
laws and customs.

Figural adaptive flexibility (X#). The tests require the sub-
ject to provide different solutions for problems requiring the ar-
rangement of toothpicks to form a specified number of squares,

;

to arrange a certain number of letters in different ways on a
matrix of dots, and tosarrange in different ways: a number of
small boxes in a larger container.
Semantic flexibility (XS): The tests developed for this factor
require the subject to combine the objects in a list into different
roups, to think of different .i1ses .far common ohjects, and to
?ist oFl):)jectsthatmight beifOung in’% iven fotAeish. O

Subjecté and Experimental Design

The subjects were male Naval Recruits being processed through

the Navy Training Center at San Diego, California, during the

spring of 1972. The subjects were tested on fourteen different

days with three or four:companies peing tested on a particular

day. Data on the General Classification Test scores of the subjects

‘ indicate that the sample was probably representative of the Naval
recruit population at the time of the study.

Since it was not feasible to administer all twenty-three tests
to all subjects, an experimental design was developed in which
daily samples were administered a selected subset of tests. Each
test was given on several days to different subjects so as to mini-
mize sampling bias. The number of subjectstaking each test, shown
in Table 1, ranges from a low of 350 to a high of 757. It should be
noted that the design does not allow a complete matrix of inter-

correlations among all tests.

Factor Analysis

The intercorrelations among the tests, based on tests taken
by a common group of subjects, is shown in Table 2. All correla-
tions are based on more than 350 subjects and on samples obtained
on more than one day. As was expected, the highest correlations
occur among tests for the same factor with slightly lower correla-
tions among tests for factors which are hypothesized to combine
into higher-order factors (such as fluency or flexibility). An excep-
tion is the Planning Patterns test which doesn't correlate well
with anything, probably because of its low reliability (alpha co-
efficicnt .49).

The Minres method was used to obtain direct factor analysis,
and, after determining the fit was adequate, derived orthogonal
and oblique factors were obtained by Varimax and Oblimin rota-
tions, respectively. Because the experimental design precluded ob-
taining a single solution for the entire group “of tests, several
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Table 2 '

- : Intercorrelation of Divergent Production Tests
ERmaaEeES S

Test 11 12 13 14 21 22 o3 31 32 33 34 41

73

\W%

42 43 51 52 53 61 62 63 71 72 .

11 1.00 .64 .48 .45 - 40 44 42 - .23 24 14 08 24 40 43
12 -.64 1.00 51 63 .48 47 .47 .38

OIqEUOSPOL SUwoas yoqrw
UL "¢ 9qr], ur paztx

¢

> $

- ;

g ‘

] 13

3 ¢

; 51 .38 - 27 19 20 48 .46 58 bt N

13 ~ 48 51 1.00 49" 43 45 .37 33 49 97 07 18 14 24 41 -45. 3 £
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7 0 49 100 53 . ‘
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43 ‘ 46 57 1.00 .51 .48 38 01 40 42 48 54 - & 2 §
51 100 .36 g °5
52 - ' ' ‘ 3G1.00 50 87 00 .41 83 39 g = Ze
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Expressional fluency can be clearly differentiated from as-
sociational fluency and semantic redefinition but not from orig-
inality. The Making Sentences and Arranging Words tests appear
to be the best markers for this factor. The Rewriting test has
considerable variance on semantic redefinition.

Originality appears to be differentiated from associational
fluency and figural flexibility but not from expressional fluency
or semantic flexibility. During analysis the Cartoon Captions test
was dropped because it seemed to be measuring something differ-
ent from the other originality tests.

While semantic redefinition is clearly differentiated from ex-
pressional fluency and figural flexibility, there is a definite ques-
tion as to whether or not it can be separated from semantic flexi-
bility.

It is difficult to make any decisions about the sensitivity to
problems factor from the current analysis. The correlations among
the pairs of tests are not high. The factor analyses for these tests
show a tendency for them to combine with Semantic redefinition
or flexibility tests.

The figural flexibility factor appears to be clearly differenti-
ated from most of the other factors. The Planning Patterns Test
is omitted because of low reliability.

While it is possible to differentiate between semantic flexi-
bility and figural flexibility, it is more difficult to decide if the
associational fluency and semantic redefinition factors are really
measuring something different from semantic flexibility.

IDiscussionand Conclusions

It seems likely that the divergent production factors which
are being studied here were too narrowly conceptualized by Guil-
ford.

The difficulty in separating associational fluency and semantic
flexibility may be related to individual differences in the breadth
of defining a word; Bereiter (1960) suggested that this may be
part of a broadet personality factor arising from “differences
in looseness or rigor with which Ss interpret the given restric-
tions.”

The problem of separating expressional fluency and originali-
ty may be related to the subjects’ level of fluency. It seems likely
that there is some minimal level of expressional competency which
is necessary before creativity or originality in expression is pos-
sible.
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. Other researchers (Ward, 1967; Fee, 1968; Cropley and Mas-
lany, 1969; Murphy, 1973) have found it impossible to obtain sep-
arate factors for the number of responses (fluency) and unique
responses (originality) ,so the problems in obtaining an originality
factor inthis study are hardly unprecedented. - - :»:

These findings tend to confirm*the statement in Chanter I
that there is little basis for ,differentiating between semantic re-
definition and semantic flexibility, especially if the element of
“Spontaneous” Changlng of Clasqu 1 not a critical vart of the

latter factor. satatly
It might be possibln ta interpret the data in this study as

comprising three larger factors:
I. Fluency of Association which includes the factors pre-
viously defined as associational fluency, semantic re-
: definition, and; possibly, semantic flexibility
I1. Fluency of Expression which includes both expres-
‘ sional fluency and originality and, possibly, semantic
flexibility
and 111 Fluency of Figures which includes figural flexibility
and possibly other factors not part of thisstudy.
Howevel, this approach seems to be describing these factors too
broadly g
. Thefollowing factors appear falrly clear:
I. Associational Fluency which should be redefined to
e include all types of *grouping responses and to involve
w tasks which require the recognition of common or as-
o sociated properties: . .
11 Expressiona| Fluenev which should be redefined as
the ability to think of word groups or phrases
111, Object Flexibility which should probably be concep-
tualized as the kind, of mental set changing required
o to think of dlfferent usesfor objects

.and V. Figural Flex1b111ty Whlch may be a figural form of
L object flexibility ;.

" There is some evidence to suzeest that the kinds of mental
processes required in listing specific components of a class or in
listing objects that might be found together may constitute a cur-
rently undefined factor or be a part of object flexibility. Semantic

" originality seems to be a combination of expressional fluency and

object flexibility rather than a sep=rate factor.

"
vl i



CHAPTER IV

AN ATTEMPT TO CONFIRM FIVE NEW
COGNITIVEREFERENCE FACTORS

ABSTRACT

The review of factor analytic literature indicated that the factors of
concept attainment, verbal closure, figural fluency, integrative processes, and
visual memory mlght be well- enough established to be considered as reference
factors. Testa were developed to serve as markers for these factors. These
testa were included in a battery of thirty-three tests which was designed to
measure these five factors and also the factors of speed of closure, numerical
facility, general reasoning, logical reasoning, spatial orientation, and figural
flexibility, This test battery wae administered, using a matrix sampling
experimental design, to more than 2,600 male naval recruits. Factor analysis
indicated that the verbal closure, figural fluency, and verbal memory factors
were successfully replicated, that there is some confusion between the inte-
grative processes factor and some reasoning factors, and that the concept
attainment factor could not be replicated.

Factors and Reference Tests

In conjunction with the revision of the 1063 Kit, the literature
on cognitive factors was reviewed in Chapter II to determine what
new factors had been found or had appeared in a sufficient num-
ber of studies to meet the criteria for a reference factor. The
standard for a reference factor is that it has been found in a
minimum of three studies done by at least two different research-
ers or laboratories. As discussed and described in the last section
of Chapter 1I, five factors, not included in the earlier editions

of the Factor Kit, met this requirement: (1) concept attainment,
(2) verbal closure (3) figural fluency, (4) integrative processes,

and (5) visual memory.

The purpose of this study was to construct new tests similar
to those which the literature described as having heavy loadings
on these new factors and then, for a given sample of subjects,
to determine the extent to which these factors could be substan-
tiated and differentiated from other factors.

This section ¢ontaing a brief description of the types of tests
developed or selected for each factor.

Concept attainment (CA). The tests which were developed
for this factor required the subject to find and mark two groups
of four consecutive numbers which have some similarity or rela-
tionship, to describe how one group of three complex figures dif-
fers from another group, and to decide whether or not five words

64

in a list are conceptually irelated. The factors and the tests for
each are shown in Table 4 &

Verbal closure (CV). The tests require the subject to select
from an array of letters the one lettcr which will begin a commeon

vyl TR T N O

Pt 7

Table 4.,
Summary of Test Variables in the New Iactors Study

.. No_ of No. of
Factor Test Name Number Items __Mean S.D. Subjects
CA~ Finding Number Groups 011 20 6.26 2.84 460

Figure Group Naming * 012 20 6.90 '+ 2.83 680
Recognizing Word Groups 013 48 30.60 7.91 667
i 3.66 544

¢S Gestalt Completion** - 031 20 16.24
Concealed Words** , 032 GO* 23.67 6.44 644
1 Snowy Pictures 4033 24 6.67 3.03 562
CV  Scrambled Words , . 04L 50 27.06 9.92 563
t Hidden Words Py 0430 114 63.98 16.87 663
Incomplete Words . 044 100 2647 1861 663
FF  Ornamentation 071 48 2194 10.00 542
Elaboration 072 40 24.21 8.96 546
Symbols . 073 bt 9.06 3.76 646

IP  Calendar . 111 20 8.84 3.84, 674

ts 10.39' 3.79 562
Following Directions ! 112 20
Languagg Rules <b o113 (30 1722 -7.48 558

21.40 4.28 662

MV  Shape Memory : ¥y 3% 1090 4.73 564

. Building Memory I ' 1712 390 563
Map Memory , 143 24* : e

N Subtraction &

Multiplication** 163 60 19.30 1%% ggg
Alphabet Distance Speed 154 120 20.73 .

Addition & Subtraction 166 120 42.72 14.29 663

S Correction P it
.RG. Mathematics Aptitude** 181, 15 g?g ggi o0
** it Deciphering Languages' 183 24 . .
f.0+ Necessary Arithmetic *
Operat%/ons** i 184 16 4.80 3.09 544
RL Nonsense Syllogisms**:;i' :201 1 . 15* 646 212 657

' ! 6.21 b667
Diagramming Relatxonshxps 202 E 30 12.13
Letter Group Reasoning ** 204 48 36.80 7.09 b41

o Cal ot .
‘S  Cand Rotatxons" ' 211 100 4396 ° 24.60 5v0

: v 560
Cube Comparisong**. 1 1212 5 21 618 . 611

" Gpatial Aspects ., . m8 40 787, 64 60

XF oothpic Fitiid 261 bt 411 2.62 861,

rawing ,Z\ssembly 262 2t 6.03 .8.27 649

——tara e 263 1} 202 ° 266 561

g ¢

*One item not’‘scored

+The number of etimuli;. scom is the total number of correct responses to
these stimuli .
+*Test{from the 1963 Factor k it
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word when all of the’lettersare rearranged, to find and circle one
or more four-letter words in each of several apparently random
lines of letters, and to provide one or more letters to complete
common words.

Figural fluency (FF).The testa require the subject to make
as many different decorations as possible on two common objects,
to supplement the existing decorations on two objects with as
many different additions as possible, and to draw several different
symbols for each of several words or phrases.

Integrative processes (ZP). The tests require the subject to
select certain dates on a calendar by following fairly complex
instructions, to determine the point in a matrix of letters that
would be reached following a complex set of directions, and to
make translations from English to an artificial language by fol-
lowing a complex series of rules.

Visual memory (MV). The tests developed for this factor re-
quire the subject to identify which irregular forms were previous-
ly seen, to indicate the location of certain bujldings on a previously
studied map, and to identify those maps which were previously
presented.

In addition to these five new cognitive reference factors, six
other factors were included in this study. These factors, (1) speed
of closure, (2) numerical facility, (3) general reasoning, (4) logi-
cal reasoning, (5) spatial orientation, and (6) figural flexibility,
were selected primarily because of the possibility of confusion
between these established reference factors and the new factors.
For example, it seemed desirable to determine whether figural
fluency and figural flexibility could be separated since other re-
searchers have sometimes had problems in distinguishing between
fluency and flexibility. In some cases, because recent literature
had modified the previous conceptualization of these established
factors, new tests for these factors were developed.

Speed of closure (CS) is the ability to unite an apparently
disparate perceptual field into a single gestalt. This factor was
included in this §tudy to determine if the Concealed Words test,
a marker for this factor in the 1963 Kit, might tend 10 load on
verbal closure instead, A new test for this factor, requiring the
subject to identify objects partially obliterated by snow-like spat-
ters, was developed.

The numerical facility factor (N) is defined as the ability to
perform basic arithmetic operations with speed and accuracy. This
factor was included to determine its relationship to the kinds of
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reasoning required in concept attainment and integrative pro-
cesses. Additionally, two new tests were developed for this factor
to determine if it might be more broadly defined. These new tests
require the subject to count as rapidly as possible the number
of letters intervening between letter pairs and 0 indicate whether
or not simple arithmetic problems have been completed correctly.

General reasoning (RG) was defined in the 1963 Kit as “the
ability to solve a broad range of reasoning problems, including
those of a mathematical nature.” This factor was also included
primarily to study its relationship to concept attainment and in-
tegrative processes. One new test, not related to mathematics, was
developed for this factor. It requires the subject t0 use reasoning,
from a few cues, to determine which of several possible transla-
tions of an artificial language is correct.

Logical reasoning (RL), which was called syllogistic reason-
ing in the 1963 Kit, is the ability to reason from stated premises
to their conclusions. This factor was included t0 determine its
relationship to concept attainment. Two new tests were developed
for this factor; one requires’the subject to select the diagram
which best illustrates the relationship among three objects, while
the other requires the subject to determine whether conclusions
drawn about the relationships among groups ‘of letters are true
or, false. :

Spatial orientation (S) is the ability to perceive spatial pal-
terns or to maintain spatial orientation with respect to objects in

space, This factor was,included chiefly to determine its relation-
Sh|p to the figura| f]ex]bllity factor. A new tlest developed for

this factor involves rather complex determinations of how the

. viewer’s orientation has changed in relation to an object pictured
in two different positions. .

Figural flexibility is defined as the ability to change set in
order to meet new requirements imposed by figural problems. Two
new marker tests for this factor had been developed in an earlier
study (Ekstrom, French, and. Harman, 1974). An additional new
test was developed for this factor, requiring the subject to use
a limited number of figural elements in as many different ways
as possible. This factor was included to determine if it could be
differentiated from figural fluency since difficulty has occurred
in separating semantic factors of flexibility and fluency.

The final test battery consisted of the thirty-three tests listed
in Table 4. S
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The Minres method was used to obtain direct factor analyses.
The criterion of using the number of principal components with
roots greater than one lead to eleven common factors (fortuitously
matching the number of factors designed in the experiment). How-
ever, despite the fact that unities had been used in the diagonal,
the last four roots became negative. This indicates that this is
probably an improper, non-Grammian, matrix and that the number
of factors indicated by this criterion is almost definitely an over-
estimate.

When the eleven €actors were rotated to orthogonal final fac-
tors by varimax and to oblique final factors by oblimin and or-
thoblique methods, it became apparent from the number of in-
stances of a factor being identified by a single test that, indeed,
too many factors had been extracted. Consequently, six, seven,

. ~ Table6
Varimax Solution for New Factors: 6 Factors

Test 1 II 1II IV—w V Al he
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and eight-factor solutions were then computed. Only the six-factor
solution, shown in Table 6, did not produce Heywood cases.

None of the solutlons was very satisfactory in clearly iden-
tifying and delineating the'factors that had been hypothesized.
While the new factors of figural fluency, verbal closure, and visual
memory appeared fairly clear, the integrative processes factor
seemed inextricably intermingled with number facility, general
thascstiny \and tivgieahovastiosely Bincdteiecdffattorpuymises thé

new tests, would match the intended factor structure, it was de-
cided to obtain the best orthogonal and oblique solutions to the
desired targets. As can be'seen from the orthogonal solution in
Table 7, the resulting procrustean rotations are much closer to
the hypothesized factors but are not as clean-cut as would be if

all the intended markers were truly effective.

. Table 7
Orthogonal Procrustes Factox_' Solution foﬂw_@ﬁ”i i
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Discussion and Conclusions

Of the new factors, verbal closure, visual memory, and figural
fluency seemed to be clearly distinctive. The integrative processes
factor seemed to be somewhat indistinct and difficult to separate
from some of the reasoning factors. The concept attainment was
not adequately replicated.

The verbal closure and speed of closure factors separated much
more easily than had been anticipated. It had been thought that
the verbal content of the Concealed Words Test might make it
load with tests of verbal closure. This did occur in the eleven
factor orthogonal solution but did not occur in the six factor solu-
tion; it was also insignificant in the targeted solution. This im-
plies that speed of closure requires a search of the visual memory
store for objects or words which might fit a given configuration
while the search in verbal closure requires the subject to focus on
the lexographic properties of the stimulus.

The figural fluency factor also proved to be very distinctive.
While this factor might have combined with the figural flexibility
factor, as has sometimes happened with semantfe factors of fluency
and flexibility, such a combination did not occur in any analysis.
These data suggest that figural fluency may be a projection of
the semantic ideational fluency factor into the figural realm and,
as such, it should be clearly distinguishable from flexibility. In
both ideational fluency and figural fluency the extent of set-break-
ing required is trivial compared to that demanded for the flexi-
bility factors.

The visual memory factor split in the original eleven factor
solutions but was clearly distinct in the six factor and targeted
solutions. The Building Memory test appears to be a less satis-
factory marker for this factor than the other two tests but Shape
Memory shows more variance on other factors in the target so-
lution.

As mentioned earlier, a major problem in this study was the
tendency of the integrative processes factor t0 combine with sev-
eral other factors, especially general reasoning. Even in the tar-
geted solutions, the data supporting this factor are weak. One
possible hypothesis is that general reasoning involves the ability
to organize and use information systematically when problem solv-
ing. If so, then when the set of data to be integrated is or can be
organized in some systematic fashion or when the systematic or-
ganization of the data is a strategy which may be employed by a
significant proportion of subjects, it may be difficult to obtain
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separate factors of general reasoning and of integrative processes.
if it were not that similar tests have worked well in other studies,
it would be difficult to recommend that they might work better

as markers for the integrative processes factor in other samples
of subjects. e

Of the new tests tried out as additional markers for estab-
lished factors, Snowy Pictures, Addition and Subtraction Correc-
tion, and Diagramming*Relationships seemed to work well. De-
ciphering Languages, which had been designed to be a marker
for general reasoning, appears to be a better measure for logical
reasoning, Several of these tests need to be simplified if they
areto be used with secondary-school age subjects.

It can be concluded' that the attempt to replicate the verbal
closure and figural ﬂueiféy factors was successful, that the visual
memory factor was adequately confirmed, that there is some con-
fusion between integrative processes and some of the reasoning
factors, and that the attempt<to replicate the concept attainment
factor failed completely.
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