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ABSTRACT

This r=search gxamined the hypothesis +that differencss 1in

tield independence can be accounted for by differences in general

]

intelligence {g) and 3patial ability (k). A previous factor

analytic study {(Vernon, 1972) supporting this hypothasis used
tield iﬁdQQEQdEQC: tests to help define the spatial ability
factor thus providing a circular definition. This study re-
e¥amined This conclusicn, A battery of ability tests was

administered to 192 subijects, the spatial ability factor bheing
defined only on non-field independences tests. It was found that
genaral intelligence and spatial abkility factors account for
almost eighty percent of the shared variance amnong Rod-and-Frame
test, Group Embedded Figures test and Block Design test, support-
ing the hypothesis.

Crossgroup research 1is important for validation of +he tfield
independence construct. A method for demonstrating gualitative

2quivalencs or psychometric ipvariance pricr to making crfoSSgroup

-

guantitative compariscons was egtablished, This confirmed the

191

field 1independence tests as invariant across age and across sex
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o
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groups, with one =2xception., Then age group differences
test were shown t¢ be accounted for by age group difterencss on g
and k, as predicted, Factors ¢ and K could not account for the
one sex diif@:@nce Optained on the Rcd-and Frame test.

The results as a group support the hypothesis, with 1mplica-

tions for future research designs cf investlgating separataly the

w0 dimensicns involved, They support thos2 who maintain that




the field independence dimensior is unwarranted, being radundant
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CHAPTER 1

INTRODUCTION

The purpcse o0f this i1nvestigation was *to detarpine whether
field 1indspendence represents a conpstruct distinct from gesneral
intelligence and spatial akility and to examine test ditferences
between age and SeX groups to determine whether group differsences
in  faeld independence tests can  be  acccunted for by grourg
ditferences 1in ge#neral intelligence and spatial ability.

More specitically, it was first determnined whether or not th
B

0]

construct of field i1ndependence, referring tc¢ the variance sharad
by several measures, represents a censitruct distinct from general
intelligence {9) and spatial apility {k}. Then the gualitativs
egquivalence cor psychemetric invariance of field 1independence
tests across age and sex groups was assessed, to determine the
validity of crossgroup guantitative c¢cepparisons on the ftests.
Firally diferences between age and sex groups on field indspen-
dence tests wers studied, to ascertain whether or 1ot thess
ditfersnces could Dbe accounted for by group differences in

general inteiligencs and spatial abality,.

STATEMENT OF THE PROBLEM
The field-dependence~independencs concept, since its intrcduc-
tion over two dscades ago {¥Watkin, Lewis, Hertgman, Hachover,

Meissner £ Wapnar, 1954) has generatsed wmuch research. This




perceptual-personality dimensiocn, later proposed to be Qaft of
"psychological differsntiaticn® by #itkin, Dyk, Faterson, Goo-
denough & Karp, {1962, was characterized as an ability to
overcome an embedding context. Recent iliterature reviews (Ver-
non, 1972; Witkin & Berry, 19753 Horn, 1976} and research
bipliographkices {(Witkinp, Oltman, Cox, Ehrlichman, Hamm & Ringler,
19735 Witkin, Cox, Friedman, Hrishikesan & Siegel, 1974#; Witkin,
Cox & Friedman, 1976) indicate that over 2500 field independence
studies had been reported up to 1976, The concept stinulated
much research, as P. E, Vernon has noted,

partly ©because 1t seems tc provide a new and far-reaching

dimensicn o©of cognition, distinct from intelligence, and

partly because this perceptual charact

(&)

ristic links, not cnly
with thinking, memorizing, etc, but also with parsonality
and child-rearing. {(Vernon, 1972, p. 3656}

Despite the extensive research conducted, "a considerable gap
stidl exists between the empirical tindings and their adeguate
conceptualizaticn” (Dubois & Cohen, 1970, p. 416). Or, as Fine
and Danforth (1975) phrase it, "what has apparently besen demon-
strated over the past 10 yr. 1is the reliability ¢cf a relation-
ship of questionable validity?” {p. 592)., Hachtel {1972) in a
re-examination ot the concepts of tield 1independence and dif-
terenptiaticn points t¢ two separate strands in ths theory. One
emphasizes style and direction of develcpment and the organiza-
ticn ot personality, the other centers around abilities and the
across-the-kcard guality ot certaln developmental limitations.

The tests themselves directly assess not a style ot functicning




but an ability tc function wall in certain types of tasks.

The concern that the empirical relationships found betwesn
tield 1independesnce tests and many cther measures may result fron
a common relaticnship between the measures =2mploved and general
intelligence was vraised by Zigler {1963a, 1963b) in raviewing
Witkin's book. Significant raelationships betwesn field
independence~-type tests and peasures of intelligence have been
reported by many investigators {Bieri, Bradburn & Galinsky, 19583
Cohen, 1957, 195%9; Corah, 1965; Ellict, 1961; Goodesnough & Karp,
19613 Podell & Phillips, 195Y; Thurstons, 1944), Host of the
research on field independence has not controlled for intelli-
gence, Yachtel =ncted a need to empirically distinguish corre-
lates of tield i1ndependence and those o¢f <c¢verall 7IT0, aand +o
examine whether supsriority in cther speciftic aspects of intelli-
gence might alsc vyield similar relationships. Croenbach {1970)
makes a related pcint, He noted +*that #Witkin m=asured field
lndependence by radically diverse methods (nmultimethod apprcach)
and showed that his teésts diverge from conventional verbal tests,
but failed to carry measures of "apility supposedly distinct fronm
tield 1ndependance” (. 2971 through his «research. Indeed,
Crontach and Drenth {1972) note that Witkin's tests corrslate so
sharply with tests of fluid ability as to suggest "that what
Witkin calls *tield difterentiaticn? 1is nothing but g, and he
ofrers no svidencs to dispel this criticism” {p. U422). If +the

stability and correlates of measures of field inderendence rest

e

on their relationship with more generalized intellsctual ability,

¢

field i1ndegpendence minus the intellectual component may have




little or no pradictive pOwar.

Contrary to Witkin’s conclusion that fiesld independence is a
broader explanatcry concspt, field inderpendsnce, as measursed by
these tests, may be part of rather than distinct from intelli-
gence. Vernpon {(1972) in a factcr analytic =study, concluded that
field andependence does not detine anything distinct from g and
kK, as detfined by his structure of intelligence model of abili=-

ties. Partialling cut intelligence and spatial apility factors

1

reduced the correlations among field independence fasts to
near=zaro., His study has been cited by others as evidence for

the "nonexistence”™ of field 1independence despite +the weal

o

0
[}

l)

(¥
o

that the spatial ability factor could just as readily be lab

0]

a treld independence tfactor, It was 1mportant therefore to
reevaluate this conclusion, defining a spatial ability factor
cnly on ncen-embedding srpatial @ tests. This ress=sarch, then,
examined whether Witkins tests have independent information,
whether field independence i1s a unique construct over and above

those o©of g and k and thus whether predictions could be made fron

1t over and aboveg those pade from more conventional constructs,

o

Field independence 1is conceived of as the result of a process
ct individual develcpment; ycung children perceive in a field
dependent fashion and with age become mnmors field independent
{Witkin et al., 1954). Intracultural research provides svidence
that encouragement c¢i rescurcetulness and independence in chil-
dren leads to greater field independence {(Hitkin =2t al., 1962).

There has been considerable crosscultural ressarch on  field

independance, #itkin's differentiaticn thecry has been ela-




torated in crosscultural context by Berry {(1Y71), Dawson (1971}

and Witkin, Price~Willians, Bertini, Christiansen, Oltman,
Raminez and Van WHesl (1974). It suggests that childrearing

practices encourading indepsndence, %ogether with a mobile hunt-
ing ecology, foster the development ¢f field independence. An
uppringing of social traditicnaliswm involving ccenformity to
tamily, religicus and political authority, together with a
sedentary agricultural ecology, produces tield dependence. The

croesscultural ressarch has generally been carefully designed and

i

axecuted, and has

4

provided psrt cf the construct validatiocn of
tield independence. The theory, thenm, is basad on observed,
predicted ditferences between varicus groups on field indepen-
dence tests,

Serious methcdological ditfficulties exist in using *ests for
comparisons Aacross groups that difter in scome respects, Quanti-
tative comparisons across different populations, ditfersnt age

groups, different cultures and

(lf)

¢ on must ba interpretable.
MacArthur (1973) xe-em?hasizes the need for carsful attention to
the construct validity of what may appear to be the same tests
when used in diftferent cultural settings, Baltes {1968) pecints

out tfor developmsntal studies that guantitative compariscns on

+3

varlables across age groups assumes tixed constriacts his 1is
reemphasized by Baltes and Nesselrode {1870) who note . age
gradients and developmental curves rvest on the crucial assump-
tion, which 15 oiften untested, of fixed constructs, It would,

then, be important +fo ascertain that the ftield independencs

scores obtained can be meaningtully and legitimately compared




D

= e

across groups. This would involve determining the degr

which the basic factor analytic descripticns remain the same when

i’)

scores  are  obtained from different populaticns., This has been
referred to as psychometric invariance by Aftanas {1971), metric
equivalence by Berry and Dasen (1974) and comparative validity by
Irvine (1966). Berry {in press) points out that "tfhe requirenpent
13 that behavicral measurenents (coservations, test data, etc.)
should be structured in similar ways within groups before

COmparisons across groups are allowable?, It could be that

certain ability constructs are qualitatively similar in different

grecups and that peaningtul guantitative comparisons can  be made

[0

on the basis of test scores and/c¢r ftacter scceres., HMost crosscul -
tural and developmental investigations of field independence havs
used only one test without tfirst establishing that such test

Scores can be meaningtully compared. This study determined th

1]

L

psychometric i1invariance of the lcading opattern of the field

independence tests across age and Sex groups and examined the

[¢)]

validity of crossgroup guantitative coempariscns of fisld indeypen-
dence test scores.

It field independsence is not a unique construct over and above
rore convaentional constructs, then diffsrences bastween grOULs On
fieid i1ndependence tests are being given a superfluous intsrpre-
tation. Specifically, such differences may te artifacts of group
ditfferences in intelligence and spatial ability. If so, then
contrclling for these +two variables should =liminate group
ditfferences on tield ind=apendence tests, The research on socia-

lization and ecological correlates of the development of field




independencs would then b

D

[0

Seen to pe a version of the research
on childhood experiences related to the development o0f intelli-
gence and the development o©f spatial ability. This research
determined whether age and sex ditferences in field independence
can be accounted for by grcup differences in general intelligence

and spatial abzlity.

THE DELIMITATIONS
This study attempted to determine whether field independence

as measured by the three particular test

i

used represents a

construct distinct from Vernon's {1950) ability constructs of g

and k, and did not attempt to deterwine whether 1t 1is distinct
frcm octher abrlity constructs such as guilfordis {1967)

structure~-of-intellect avilities, or whether it is distinct fron

other personality constructs,

~d



THE REVIEW OF RELATED LITERATURE

THE CONCEPT OF FIELD IVNDEPENDENCE

Field 1independance refers tc the apility +to overcome a
perceptunally empedding contezt and ¢ perceive items as discrete
trom background ({¥itkin et al., 1962). Witkin®s concept of
perceptual field independence is cne aspect of a gensral psycho-
logical construct which has been termed the global-articulated
dimension ot ccecgnitive functioning., The global=articulated
dimension 1is often considered a cognitive style {Witkin et al.,
1962) and 1s defined by Dyk and Witkip as follows:

#We consider perception to be articulated, as contrasted +o

global, it the rson 1s able to perceive iizsns as discrete

3
6]

from background when the field is structured (analysis), and
to impcse structure on a field, and so perceive it as
organized, when the field has relatively 1little inherent
structure ({stracturing). The concept ct articulation may be
applied to experilence of an impediately present stimulus
contiguration ({perception) and to experience 1in the Tealnm of
sympolic material {thinking). (1985, p., 22)
Tests ot field indspendence assess the analytical aspact of
the dimensicn in perception., Figure 1 illustrates the hisrarchi-
al orderihg involved in placing tield indepsndence in  the

psycholegical differentiation framework. Greater differentiation




PSYCHOLOGICAL DIFFERENTIATION

- Global~-articulated dimension Articulated » Sense of Structured,
of cognitive functioning body concept  separate identity specialized defenses
Analysis Structuring
perceptual 1ntellectual perceptual ©  dintellectual

field independence

Figure 1
The Place of Field Independence in the Psychological Differentiation Framework
(From Witkin et al., 1971, p.14)




1s assumed to be the result of a process of development toward
greater psychological <complexity, Personsg with an articulatad

cognitive style give evidence of an articulated body concept  and

a developed sense co¢f separate identity., They are said to show

b

developed differentiation. Field 1independent 0YyS  ars  BOLCS
active, resourcseful, self-directing and less atffected pyv social
norms. They show greater consistency cf behavior, use intellec~
tualization as a detfense mechanism rather than repression and
display greater clarity cf thinkirg in concepts such as space and
time {Witkin et al., 1982} .

A cognitive style by detinition represents a stable preference

1in the perceptual organization and Ccnceptual catagOrizaticn of

=13

stimulil 1n  the snvironment {Kagan, HMoss & Sigel, 19863),
person's cognitive style then would have important consequences
ior his ©behaviocx. The formation of ceognitive skill
reasonably bs conceived of as  developmental 1in  nature and
moditiable by variaticn in the envircnment, Greater diftferentia-
tion 1is assumed to ©pe the result of a process of develcpment
toward greater psychological complexity. Much Tesearch has been
dore definirg the parental child-rearing practices which relate
to differences in tield independence, Witkin and associliates
{(1962) provide evidence that enccouragemant of rescurcefulness and
independence 1in children leads to greater tield independence and
psychelogical ditterentiation,

The ftield independence concept arose from studies into consis-
tent individual diifersnces in particular situaticns, particular-

ly the Tresearch of <the Gestalt psychologists studying the

10




importance o¢f ccntextual tactors in  psrception. Gottschaldt
{1928) studied the perception ¢f simple figures contained within

complex patrterns, He constructed the Gottschaldt Figure Test and

&

found that ease o0f perception of the simple figure varied
accerding te the type of complex masking figures used.

Other researchers, using variations of Gottschaldt's tigures,
turned their attention 10 an analysis of the data in terms of

individual differences. Thurstcene {1944) raportad correlations

s

of .41 and .43 betwesn twc forms of the Gottschaldt Figures Test
and his Primary Mental Abilities Space Test., Alsc, he obtained

correlaticns of .57 and .51 betusen the two forms Of +the *est and

{

the Kohs Block Design Test, considersed o measure non-vebal
analytic and synthetic reasoning. Thus the percseptual process
involved 1n the Gottschaldt Figures Test cannot be explained in
terms oi the structure of the tield alone,

Witkin and Asch {1948) pegan experimenting with situations
involving the perceptual property ot upright. The experimental
situation tested the perception ¢t the direction of a rod in
ditfterent surrounding fields. This is the Rod=-and-Frams iest.
Again, an orthodox Gestalt 1interpretation ignoring inpdividual
difterences was unsatistfactory.  Witkin and Asch found that
although some subjects judged the direction of the rvod indegen-
dently of the position of the field, cthers perceived the rod as
upright only when it was parallel with the axes of the field.

The concept of fisld dependence enmsrged from these studies of
situaticns concerning perception of the upright. The results

indicated wide individual ditterences and field dependence was

11




detined init2ally by performance in these situations., Various
hypotheses were considered in an attempt to account for ‘these

individual difterences. One hypothesis accounted for the DELCep~

¥

tual differences in terms of differences inh ability to overcone

an enbeadding contaxt or field, Those people who sesnm to find it

B

diffticult to separate an item frem its context were termsd field

dependent. Thos

n
[0}
3

eople who were able to separate an 1item fron
its context were termed field independent, Gensral population
performances ranged in a continuum., To test thié hypothesis, and
to extend the analysis to situaticns ncet invelving perceptiocn of
the upraight, Witkin (1950) developed an Embedded FPigures Test
{E¥T) based on the CGottschaldt Figures Test. Again, wide
individual differences were observed,

An extensive study by ¥itkin and co-workers {1954) showed the
Emtedded Figures Test to be highly related to ths Bod-and-Frame
Test and %o a Body Adjustment Test involving the percepticn of

the position of the body within different fields., These tindings

supported the hypcthesis that ability to overcome an embedding
context is central to the tield derendence~-independence dimen-
510N, More recent studies have confirmed thess tindings {¥itkin
et al., 1962, p. #44), Correlations between the FEmbedded Figures
Test and a Room Adjustment Test ipnvolving the subiject sitting at
a tilt adjusting the Iield tc a positicn that he percaived as
upright, were not significant, Witkin and co-workers {1954)
suggested that 9perception 1in the Room Adjustment Test is not

based on the apility to overcome an emnédding field., Bather, the




ot

test TYequires the subj

5

ct to evaluate the position of the field
itselt and there 1s nc¢ surrcunding ccontée€xt., The test was droppead
from the battery.

One important finding of earlier studiss was that ycung

children tended to perceive in a field dependent fashion and,

with age, Dbecame more tield indegendent {Witkin =2t al., 1954).

M

This observation placed +the research within a developmental

framework and implisd that the field dependent percepticn 1is more
rudimentary. Individuals whose perception 1s relatively field

dependent may have made less progress in general dsvelopment
toward greater psychological ccomplexity, The researchers sug-
gested that the aspect of psycholcgical development involved

night be degres ot ditferentiaticun.

o

Diftferentiaticn i1s viewed 8s the rTesult of a process of

{

development toward greater psychological complexity and refers to
the complexity of the system's sitructure, to +the formal rather
than the content aspects oi a systen,
Development toward greater difterentiation involves progress
from an initial relatively unstructured state which has only
limited segregatiocn fronm the environnrent, to a more struc-
tured state, which has relatively definite boundaries, and
which is capable cof greater speciticity of tfunction. (¥Witkin
et al., 1962, p. 22)
Some of the ways in which degree of ditfsrentiation may
gxpress 1itself ain various psychological areas vwere investigated.
Characteristics of early and later functicning were taken as

indicators ©f level of diffsrentiaticn, Greater differentiation

13




ot

or more limited difrsrentiation 1s viewed as the common dencomina-
ticr of the <characteristics 1in each pattern. The hypothesis
guiding the research was termed the "differentiation hypothesis?
by Witkin and CcC-wWoIKkers:
Specifically, the differentiation hypothesis proposes an
association among the <characteristics o¢f greater or wmore
limited differentiation, 1i1dentified 1in the comparison of
early and later tunctioning in =ach of several psycholoegical
areas: degree of articulaticn of experiencs of the selt,
reflected particularly in nature of +the body <concept and
extent of dsvelopment of speciallzed, structured, controls
and defenses. Imrplicit in this hypothesis 1s the view that
greater inner differentiation is asscciated with greater
articulation ot experience ¢f the world. {(Yitkin =t al.,
1962, p. 186)

The focus of the research %as on individual self-consistency
with respect to charactéeristics of diffsrentiation. Indicators
ot ditferentiaticn included a tendency to experience the world as
analyzed and structured, a differentiated ss2lf retlected in an
articulated body concept and measured by figure drawings rated on
a sophistication-of-body <Concept scals, a sensa of separate
identity, and specialized, structured detfsenses and controls,
Fach indicator was gpesraticnalized and data were obtained frch a
pattery ot tests o©f perceptual field dependence, a serieg of
probien solving and intelligence tests, projective tests and an
interview, and support for the ditfterentiation hypothesis was

found.

14




The results concerning the perceptual and intellectual tests
pointed to the existencs of a salient cognitive dimension which

was termed the global-articulated dimension of cognitive func-

m

ticning. Difterences in the perceptual field dependenc
independence dimensicn appear to retflect differences «characteri-
sitic of the individual's general cognitive functioning, intelle-
ctual as well as perceptual. The extremes of this cognitive
dimension were labelled global field approach and analytical
field approach.

Three subtests of the Wechsler Intelligence Scale for Chil-
dren, Block Design, Picture Completicn and Object Assembly,
loaded heavily on the same factor as the +three tasts of
perceptual field dependence. All these tests according to the
researchers seen to require the ability to covarcome an embedding
context and this ability, when developed, makes possible an
analytical and articulated way of eX§eriencing,r %hen undeveloped
it results in a global way of experiencing, The researchers
defined the types of experience as follows:

We have used the term Yarticulated” for experience which
tends +to be beoth analyzed and structur=sd. In contrast, in a
"global®™ way of experiencing, a stimulus fisld that is highly
structured 1s experienced as strcngly cohesive, a stimulus
field that is amorphous is experienced as vague. {#itkin, et
al., 1962, p. 223

This observed relationship between perceptual and intellectual
tests according tc¢ vrTessarchers, supported the differentiation

hypothesis. ¥itkin notes:



Thus the fiesld-dependence dimension

mance on portions of standard intelligs

tact provides an excallent

dependence, and it has been used fcr this

of the cross-cultural studies. [1967, p.

The 1investigaticns of

tar Dpeyond the early studies ot

perceptual field dependence. Results of

indicated that an individual's general mnmods

linked to a wide variety ot perscnal characterisitics,

the patterning of the results suggested
pervaded a gresat many areas ¢ psychological

perceptual, intellectual, emcticnal,

The glopal-articulated cognitive style has besen

consistent feature c¢f aspects of an
tunctioning, and a *tendency toward a
articulated style characterizes an

certain perceptual and intellectual tasks.

FIELD INDEPENDENCE AND

The concern that many correlations between

and

the measures employed and level ¢t cognitive ability

over thirteen ysars ago by Zigler {1963a,
echoed by many c¢thears. The Emnbeaddead

correiats

as noted already, correlates well with
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Completion, Object Assembly and Mazes, which are generally
regarded as measures of fluid or analytic abilitiss and ccrre-
lates at least .50 with WISC pertormance 10Q (Gocdenough & Karp,
19615 Witkin 2t al., 1962Y. <Cronbach (1970 not=s, "Since we
kncw that his tests are substantially correlated with g, we ars
not at all certain that 'field dependence! is anything more +than

a me2asure of general adaptive apility¥ (p. 297). He adds:

joe]

i

That 1is not +to say that Witkin's tests have ng¢ independent

intormation., The datticulty is that studies have not iso-
lated and wvalidated the =significance of +he indespendent
contripution of the less-conventional kind of test., {Cron-
pach, 1970, p. 628)

In discussing validation Tesearch of the field indepsndence
construct Cronbach remarks that the blg guestion is whether wmost
0of the results are simply a function ot ability. The personality
interpretation, he2 says, could ke called superfluous, but styles

of response, Tresis

of
e}

ance to distraction, response to risky,
challenging situations, etC., are an important part of what
ab1lity tests measure. He retutes the critics who may want +to
call the_ability interpretation superfluous, stating:
EFT 1s a test of maximum pertormance; the low-scoring
subjects are decing the best they can., A style can bpe put
aside when it is distunctional. Since the Low-EFT subject
seems unable to shift to an analytical "style"™, he is showing
a deficiency in ability, {Cronpach, 1970, p. 630)
dachtel {(1972) picks up the argument on tield independence and

cognitive style by pointing to two separate strands of Witkin's

17




theory, one enphasizing style and dirsction ot davelopnment and
the organization ot personality and the Other «c¢sntering arcund
abilitieS and the across-the-pboard guality of certain develop-
mental limitations. H2 also gpoints out that what 13 npost
directly assessed 1s not a style cof functioning but an ability tc
tunction well in certain types of tasks, that is, a component of
intellegence., He points to a need to empirically distinguish
correlates of field independence and those of overall I0Q.

The distinction betwsen cognitive style and cognitive ability
in relation to th2 global-articulated dimension has been gueried
by Weisz, O0'Neill and OC'Neill (14Y75) who note that it is an

important i1ssue 1in research at the interface of opersonalit and
i

sy

intellectual development, They found that 2% O0f the childrens
EFT variance was accounted for by its correlation with nmental
age, and the strength of & second theoretically important
relationship derived largely from their mutual correlation with
mental age. They cail tor a reexamination Oof the large body of
research on correlates of tield independence cited as validation

for the glcbal-articulated ccgnitive style construct, As they

D

point out, most validation evidence has been gathered without

{

level of cognitive ability or rental age controls., Yet most of
the variables are known toc vary with mental age,

The relationships betwuwsen field independence and many other
variables, such as general intelligence, spatial ability, creati=-
vity, masculinity varsus femininity, introversion versus extrav-

ersion, etc,, have been noted by Vernon {1969) ¥ho suggested

that, given the substantial correlations tfound between field
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independence tests, performance subtests of ¥ISC and WAIS and
various tests of spatial abilities, field independence may be
supsumed under the constructs ot general intelligence {g) andgd
spatial ability (X). Dubcis and Cohen (1970) also suggested that
field 1independencs should be regarded as part of rather than
distinct from intelligence., If this is 80, it has implications
tor the wvalidaticn research of tield independeance, for if one
wishes to study tield independence per se regardad as part of
iptelligence, nc control for intelligence nesd be employed., It
is only 1if one wished to study the unique, perceptual aspect of
field 1independence distinct trom any aspects of intelligence, if
indeed there is any unigue component, that some type of control
must be emploved.

The two main structure-otf-intelligence theories today are the
hierarchial theory of Vernen (1950, 1969) and the multiple factor
theory ot Guilford ({Guiltord, 19%6, 1967; Guiltord & Hoeptner,
i971) . The hierarchial view postulates that intellectunal struc-
ture might best be understood in terms of a hierarchical ordering
of abilities, with brcad factors that account for pertormance in
a wide range of tasks and, below these, more specific task
abalities. Guiltord's model postulates a trigram of five opsra-
tions, operating on tour possible contents to produce sSiX
possible products, each of the 1Z0 resulting cells representing a
separate, crthogcnal ability factor (ses Figures 2 and 3).

The differences bestween the hierarchical and nmultiple factor

theories arise partly trom the use ot objective versus subjectivs

factor methods ({Horn, 1Y67) and the use of heterogeneous versus

4]
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nomogenscus populations, Thers 1s no specitic proced
extracting a hierarchical structure trocwm a correlation
Standard objective procedures tcogether with substantive ro
are used, Factcr warkers using standard rotational pro
could be used or a general factor could ke extracted

Guiltord uses the subjective procrustian method of rotati

L2
o)}

hypothesized target {Clift, 1966) . Horn {1978) note

L

Guiltord?s structure-or-intelligence (S.I1.) theory is

attack primarially because of overly sSubjective methods of

14

are Use

i

d to support the theory. Subjectivelv in this
refers to overtactoring and to targetsed rotation, Gui
theoretical framework 1is rejected for ase here as it can
regarded as based solidly upon sppirical evidence {Armst
Soeliberyqg, 1968; Guiltord, 1974: Horn % Knapp, 1973: Hun
Ligen, McGrath & Montanalli, 1969) and standard objective
dures such as varimax give rTesults inconsistent with pred
frem the structure-of-intelligence theory (Guilford & Ho
1969) . Pawlik {1973} notes that Guilford?'s S. I.
presupposes a subject populaticn of ?5ﬁindiv1duals {which
times the populaticn o0f the USA,) 1f factors ar= dicho
into high and low S. I. ability and =ach Mguadrant®
hyperspace 15 to be occupied by at least ons individual.
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19703 Horn, 1970, 1972; Humphreys, 1962: Thorndike, 1966) .

(T

[

In guest of the relationship between field independence and
more conventional 1intelligence or ability constructs, Verpnon'?s
{1950) hierarchial theory of intelligence was used as a medel,

Cronpach {1970) sees this model as the nost promising way to view

abilities, and 1indsed has put fcocrward his own version of a

4

hierarchial structure, The ccncerpt o general intelligence
howsver is essentially athecoreticCal and yiezslds little information

about psychological processes whereas the differentiaticn theory

¥

developed around the tests of field indapendence meeats +the
Criteria outlined by Eckensberger fcr a thesory ftor crosscultural
researchs:

In basic crosscultural research we should seek the kind of

theory that meets the foilowing demands: It should be
formulated 1independent of a special sample. It shouid

explicitly contain assumptions about interactions between

individual and his envircnment. And it should be develop-

mental in naturse. {1972, p. 104)

witkin's theory 1is developmental and independent of the
sample, Vernon {1972) notes that there 1is 1no reason why
psychologists should not use a construct which overlaps with
cther constructs provided that it constitutes a measurable,
unitary factor and leads +o fruitiul hypotheses, The field
independence construct especially in crossculture research has
led to much hypothesis testing research (Witkin, 1967: Witkin &
Berry, 1975} and most likely will be retained whether or not it

contains intormation above and beyond g and k. Nevertheless it
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is of both theoretical and practical interest to deterwmine
whether or nct +the concept of field independence is snlaly an

ability and can be supsumed under Vernon's structure of apilitiss

modei., Conversely, this subsuming wculd represent an  important
extension of Verncn's model given the extensive ressarch base and

would supply parts of the model with a more adeguate developmen-
talist toundation.

Wachtel {1972) warns that the construct ‘field 1independence?
refers +to variance shared by several measures, and Vernon (1972)
notes that any single test is only partially rseprasentative. Any
study of the construct "tield independence” should bte cognizant
of this. Most previous studies cn the relationship between field
independence and intelligence have considered only intercorrela-
tions at best, or have usad some of Guilfordi's sS. T. abilities
as reiferences {Bergman & Engelbrektson, 1973; Hos, Wardell &
RBovce, 1974).

One study 1s ot particular dimpcrtance, in addressing the
question of whether +the tield indepsndence construct is simply
identical with g and %X factors. Veraon {1972) administered
retrerence tests of g and v (verbal), five spatial or field
independence group tests, Draw-a-Person {DAP), Rod-and-Franme
{RFT) and numerous other tests of divergent thinking, granmmar,
tluency, creativity, etc., totalling 22 tests of abilities and
achievement grades, The correlations he Obtained betWeen spatial
and percaptual tests wers similar to those in the literature.
The measures fell intc three main groups on two dimensions, One

group was held to define a g tactor and when this was held



constant, a single spatial ability grourp factor accounted for all

the residual correlations among the spatial and field indepen-

!

dence tests to within + .05. Vernon concluded that, with the

possiple excepticn of the RFT, the tesits which included <eight

[6}

D

spatial or field independence msasures 4d¢ not de=fine a factor
distinct from general intelligence and spatial ability., There
wage no evidence of a perceptnal independence ability distinct
from spatial ability, Verncn noted. A further study by Hyde,
Geiringer and Yen {1975) is relevent. These researchers showed
that EFT and RFT shared negligible variance after partialling out
spatial ability as measursd by the Identical Block Test,

Vernon'’s hypothesis and research has besn cited by others as
gvidence for the Tnonexistance® o©f field independence (Hern,
1976; Jones, 1974, Satteriy, 197¢). Vernon did show that field
independence tests measured something distinct from g and creati-
vity, However a pure spatial apility tfactor independent of
embeddedness was not detined, insofar as the correlation matrix
ot all 22 wvariables was tactor analyzed, thus allowing the
critericn variables to play a rcle in constructing the factor
space 1n terms o©f which their variance has to be explained
atterwards, i.e., something 1s explained at Lleast vpartly by
itself, Vernon's eight spatial and percaptual variables were:

1 Copying Figurss
Ze Paper Fcrmboard
3. Xohs Blocks

4, Concealed Figures

5. Embedded Figures




8. DAP Dbody sophistication
0f these, variables 3, b, 6, 7, 8 and p0OssSibly 4 have been

regarded as negasures of tield independence., The variables define

one factor which Vernon labels a spatial ability group factor,
when 1t Jjust as readily could be labeled a tield independence
factor. A factor space which is defined as purely as possible by
the intended factors must be constructed, The two non-field-
independence tests, variables 1 and 2, when factor analyzed with
5 or 6 tield independence tests weould not lead to a pure spatial
abiliity ftactcor uncontanminated by field independence.

This criticisnm ¢t Vernon's method is similar to a criticism by
Van Hemert {1974) of Bergman and Engelbrektson?s (1973) study.
They also allowed their critericn variables, 1.=. BRFT and EFT to
play a role in the constructicn of factors from which the
variance of the «c¢riteria has to be =eaxplained. Van Hemert
suggests twce procedures to be followed after first defining the
ractor space as purely possible by the intended factors i.e.
without the craiterion variables. 1) One can gstimate the
tactor loadings o©of the criterion variables on +the obtained
tactors and compare the resulting lcadings with the hypothesis,
2). One can estimate scores on the cobtained factors, compute the

correlations of these factor scores with the criterion variables

S

and do a multiple regression analysls {as the factor scores will

L]

be correlated)., ©Then one can ccmpare the resulting weights with

the hypothesis and evaluate the pmultiple correlations in predict-



ing the performances con the criterion tests trom the constructed
factors.
Alternate procsdures would be: 1) Dbtain factors g and k

incependent cof the field independence tests, and exanine whether

T

3tz can be

<L
)

i

the correlations between the field dindependence s

4]

liminated by partialliing out the tactors g and k; 2) Partial out
a g factor, and examine +the correlaticn bhsetween an s factor
defined on just the spatial ability tests and a field indepen-
dence factor detfined on just the field indpendence tests,

This research retestad Vernon®s hypothesis that the construct
of field 1independence does 1ot represent a construct distinct
from g and k, using some of the wmethcds outlined above. Factors
g, kK, and v were represanted by at least four tests gach, none of

the tests of k being a field independence test,

PSYCHOMETRIC INVARIANCE OF PIELD INDEPENDENCE TESTS

Serious methodological difficulties exist in using tests for
COREATrisons across groups that differ in some respscts, Ouanti~-

tative compariscns across different populations, different ags

groups, differant cultures, must be meaningful. The c¢rucial

(U

assumption of invariant Cconstructs mest ofted remains untestead,
Part of the construct validation of field independence is

based on observed ditferences between varicus groups. The theor

i
g

of psychological differentiation {Witkin =t al., 19Y54: Witkin et
al., 962) and 1ts extension to the cultural-scological domain
{Berry, 1Y96¢, 1%71; Berry & Annis, 1974; ¥Witkin, 19867; Witkin &

Berry, 1975) has become an important quide for empirical obssrva-

&
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ti0ons. The theory has provided concepts and methods +o guide
crosscultural and crossgroup research, due largely to the struc-~
tural nature of differentiation and to its base in socialization.
Conversely, Tresults of crossgroup and cresscultural enguiries
have provided validatiocn £for the +theory. Y2t it cannot bea

Al

assumed that tests retain
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sychom2tric properties
when wused 1in new cultural settings. Denonstration of +the
validity of a particular test is never e€asy, yet most crosscul-
tural researchers do not check whether test scores are valid and
hence comparable., As Witkin and Berry (1975) nots, in most cases
the consequences ot transporting an instrument to another cultur-
al group is not established prior to the research application, so

a margin of doubt remains about hcw nuch Preal” differences

w

i

betwesn the groups are responsible for the observed differencs
on tield independence tests.

In crossgroup research it must be =established that siwmilar
cognitive constructs may be applied acress groups. MacArthur
{1973) notes the need for Careiul attention to the construct

validity of what may appear toc be the same tests whan used in

u
b
s
©
L}
o
w3
o

different cultural settings. Other researchers in a i
area express similar methodological concerns, for axample, Baltes
{1968) points out that comparisons on tests across age

assumes fixed constructs. Unfortunately no established method
exists for establishing that certain constructs are similar in
diftferent grcups and +thus that test scoras obtained can be

meaningtfully and legitimately compared. Ferry {(1972) suggests

searching for the possibility of gualitative differences in



o

cognitive competences appropriate tc  the raguiremsnits of a

B

du

e
O

pE= 2

»

particular culturs, Either difterent groups may p

different pattern of scores on all dimensions or some groups may

have access to unigue dinensicns, Berry app=ars *to eguate

e¥xamining guantitative difrerences with the existance of a single
universal cognitive abirlity dimension and assumes that otherwise
we carn only talk about gualitative difterences. However 1t could
be that certain specific cognitive censtructs are gqualitatively
similar 1in ditferent groups, and thus meaningful guantitative
comparisons involving that construct can b2 made on the basis of
tRsSt SCOores. One way *to do this is to establish the psychometric

invariance of the %tests across gro

jord

PS.

Baltes and Nesselroades ({1970} arque for establishing gualita-
tive equivalence of the behavicural dimensiocn on which compari-
sons are  to be made via dewmonstrating invariance of factors
across groups. Quantitative comparisons then could be made using
tactor scores. This approach 1s also advocated by Buss and Royce
{1975) who also suggest assessing cultural boundary conditicns of
tactors. Houwever as vVernon {1969) has noted, investigators
making quantitative cONPArisSoOns acress cultures use tests as the
dependent variables rather than factors. This certainiy is +the
case Ior crosscultural research con f£ield independencs. Therefors
estaplishing the psychcmetric invariance of tests across ¢groups
1S necessary.

The concept of psvchomeiric invariance was defined by Aftanas
{1971) as stability ¢t the pattern cf factor loadings for a test

under conditions of change, so that
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2s» SCoOTres obtained can be meaningtully and legitimately
compared ©evan vwhen & wmeasure is obtalned on persons fron
differeat )
Apo9uiatioas, different age groups, ditterent cultures etc.
and when ditfterent methods of measurement are used, different
tests measuring the same thing are used, differspt methods ot
administraticn are usad, 2tC.s {Attanas, 1971, p. 3}
Establishing the psychometric lonvariance of field independence
tests 18 a necfssary  prereguisite  for comparing tast scores

petween different Jgroups. Yrvine, an active crosscultural

3

researcher, argus

i

s for the necegsity of first estaplishing the

{

fcomparative validity? of tests, a concept similar to psychometr-
1Cc invariance in this context., Tests have comparative wvalidity
when their factor lcadings and theiry measuced sources ot variance
tor different cultures and groups agre=2 in kind and amount
{Irvine, 1966). Irvinge noted +that this 1g evidsnce *or the
construct validity of the tests across groups. Irvine (1Y6Y9) and
MacArthur {(1Y9¢e8) make subjective avaluations of factor
invariance, and dc not make quantitativse comparisons on the basis
cf factor scores. Along similar lines, Berry and Dasen {14974)
proposed that demonstrating "metric eguivalence?, by establishibg
similarity of factor loadings o¢f a test in different cultural
settings, establishes dimensional identity and hence conmparabili-
ty. Hetric eguivalszsnce sxists when the psychcometric properties
ot  twe {or more) sets of data trom twce {or more) groupsS exhibit
essentially the sams cohsrence or structur=. As Barry {in prsss)
noted, "... the reguirement 1is that behavioral msasursments

{obsesrvations, test data, etc,) shcould be structured in similar
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WAYS ¥ithin groups bators COMPATLSO
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groups are allow-
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W

able®, He notes further +that ccustruct validation 1is nada
pogsible by first esgtablishing equivalence. Most  crossgroup

investigations c¢f field indepsndence have uased only one test
without first establishing that such test scores can be nmeaning-
tuliy compared., Berry {1%976) in discussing metric eqguivalisnce of
field independencs tests, poipts to two studies (Dawson, 19673
Machrthur, 1973) that showed EFT and Kohs Blocks loaded on ons2
fractor for both African and Eskimo samples. However these

studies wers not designed for establishing eguivalence and did

&8

not examine the ssparate sources of variance £or =2ach teast,.

i

bD@monstratlng psychometric invariance involves showing that
the sources of variability of a fest are invariant under
conditions oI change. Invariance under conditions of remsasure-
ment i1ndicates reiiability. Invariance uanhder changes 1n  test
administration etc., denonstrates consistency, and invariance of
the major sources of variance 2dentified with the construct
acroess populaticn changes i1llustrates validity. De=snconstration of

psychometric invarianc

6}

of a field independence test then wculd
involve demonstirating tha degree tc which the major sources of
variabiiity associated with the test are invariant under syste-
matic changes in subjects, 1.e, Aacross groups differing in  age,
sex, cultural ©backgrcund, It 1s the complement of determining
factorial iwnvariance, differing inm the intent of determinaticu of
invariance,

Factorial invariance, generally, refers tc¢ replicating factors

across systematic variations in the selection o©f variables or

31




supjects  {Gorsuch, 1Y7/4)., It is of conc=rn as a factor can only
re considersd as an indspendent psycholcgical variaplie if it is
independent o0t Dpoth th2 sample of individuals and the zanmple of
tests. Unfcrtunately +there has besen some ambiguity in the

derinition of factorial 1invariance. Gorsuch {1974, p. 292)

)

defines separately *factorial replicaticn' as the finding of the
same factors acrogs randomr sampies. Thurstone {1947} and others
use the term factorial invariance for the concert of rTeplication
as well, Gorsuch, however, also uses the term factorial
inpvariance to refer to the concept of psychometric invariance,
the 2anvariance c¢f the factorial description of a test when it is
used 1n a new study involving the same commen factors (Gorsuch,
1974, p.  297). Thurstone (1947) alsc used the term in this way.

Harman {1967) has npoted the ambiguity inherent in the concept
and defipiticns ¢f factorial invariance, and instsad he wonld
substitute three tvpes of tactorial similarity. Typa 1 is
stabirlity of factor pattern matrices across different indivi-
duals,. Type 2 1is constant factorial description of a variable
when 1t 1s part ot =ither one battery or ancther, b»oth batteries
involving the same common factors. Type 3 is invariant factor
scores for arp indaividual when tested with differsnt batteries
anvolving the same factors. This web of definitions is added to
by otikers. For 2xample, Jackson and Mort ({1973) distinguish
between statistical reliapility cof factors, that peing stapility
of factor pattern matricas across ditfferent individuals {Harman's
Type 1), and psychometric reliability of factors, involving

stability of tactor scores across parallel test batteries {thus
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involving the same common factors, 1.€. Harmanis Type 3). Roth
Jackson and #Horf's and Gorsuch's distinctions are not as conplete
as Harman's, as they omit his Tyre 2.

It would seem usetul to consolidate these various detfinitions,
Harmans Type 2 will be refterred to as psychometric invariance, as
detined by Aftanas (1971 . It involves stability of the test
lcading pattern, whether for the same subjects and the same tests
{a reliability situvation), for the same subjects and different
tests with the same common facters {across tests), or ftor
ditferent subijects and the same variables (across groups, with
either systepatic o©or rTandom differences Dbpetween the grocurs).
Psychometric invariance then, concerns the stability of +the
pattern of facter loadings tor a test under conditicns of change
{systematic cr random variation).

Harmans?® Types 1 and 3, and Gorsuch's factorial invariance and

replication can be cross-retferenced together as in Figure 4,

3

o
the psychometric invarliance concept add factorial invariance and
tactorial replication, as the distinction between sSystenmatic or
random differences seems potentially more useful than that
between same subijects or different subjects. The differentistion
then 1s between the stability o a factor across systematic
variations in variables or subjects, and stability of & factor
across randop variations. Stability of a factor generallyv refers
toc similarity of the two rfactor patiterns but in a more exact
sense for the case of the same subijects, rsefers tce the correla-
ticn between the two sets of factor scores {Gorsuch, 19874, 248,

309). Ditfferent results across rapdcm samples sheould regresent




g

Same subjects _ Different subjects
Stability of factor scores Stability of loading patterns
for a factor

Harman's Type 3 | Harman's Type 1
Factorial systematic differences systematic differences
invariance in variables : in groups
Factorial | random differences : random differences
replication (reliability situation in groups
same Ss same Vars) ‘

igure 4

Harman®s and Gorsuch's classifications cross-referenced together




chance Iluctuaticns arocund populaticn valuss, Ditferent results
AaCross samples with systenatic differences could represent either
Chance ftluctuations or actual dittfterences, But i1f ipvariance is
tound acrecsg systematic differences in  either variablss or
samples, then the factors repressent a more useful concept. Ls
Gorsuch notas;
=em te the extent that 31invariance c¢an De found AcCIonss
systematic changes in either the variables or the indivi-
duals, then <the factors have a wider range of applicability
as generalized constructs, The subpopulations over which the
factor occurs could - and probafly would - differ in their
mean  SCores  Or VArlances acrossg the groupsS, but thes pattern
of relationships among the variatles would be the sanme. The
factors would DBbe applicable tc¢ the several populations and
could be expected to geﬁezalizé to other similar populations
as well. {1974, p. 29B)

Various methods have besen preposed for assessing factorial
invariance and tactorial replicaticn when the studies use dif-
Terant =subjects. HoSt attempt to estimate what the correlations
tetween the two sets of tactor scores would ke if one sampla was
unsed, Five main methods can pe distinguished,

1. Gorsuch {1971 raconmends as the best method, collecting a
third set of data and applying the factor score weight matrices
to get correlaticns betuwean the two sets of factor scoeras.

2o Correlaticne from one sanmple can be ussad as estimates of
correlations among variables in both samples, then +the factor

score weldgnt patrices applied to get correlations betwesn the two
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sets of factor scores. Variations on this solution have been
proposed by Ahmavaara {1954), Huriev and Cattell {1962}, Hoiser
{1938, 1939) and Pinneau and Newhonuse (1964). Ahmavaara trans-
forms the first factor matrix to the second ftactor matrix. The
transtormation wmatrix of cosines represents the degree c¢f corre-
lation petween the factoeors. A problem with this method 1s that
rotating frcm the first to the seccond matrix dees not give the
same results as rotating from the second to the first, Kaiser
{1960) maintains that the procedure is only definsd for different
orthogonal rotaticns of the same unrotated patrix.

3. The coefficiznt 0f congruence was proposed by Burt (1948) and

Wraigley and Newhouse {1905)., The coefticient is:
n

; Ia‘;F '{QJP

v - - >

(£ % )(Ex2r )
J

Pirneau and Newhouse (1964) criticize this coefficient, clainming

MY s e,

1t the facters have the same size lcadings the <cosfficient of

6]

A

congruencs wili p2  higher even if the patterns are unrelated.
Kaiser {1960) notes that the coefficient gives the angle Dbetween
the the twe vectors of factor 1oadings and to use this as a
coefficient of tactoraial invariance in  this cass of different
supbjects, involves assuming that the column of factor loadings
de2fines a factor., He notes this cannot bhe assuned,

4, EKaiser, Hunka and Bianchini {1Y71) propose a method that
involves locataing +*the variables o0f one study in space according
to their factor ioadings, projecting the variables of the sscond
study 1nto the same space, and rotatlng to ma¥ximum coSine betwesn

the same variables, The factcors frcm the second study are than
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prejected 1into this space, and the cesines of the angles betuesn

th two t

)
]
{1

6]

¢t factors represents the correlation Letween the
two sets of factcrs,
5., Cattell?®s salient variable saimilarity index {Cattell, 1949:

~>

Cattell, Balcar, Horn & Nesselroade, 1909) is a test of signi

1

i

cance tor determining whether or not two factors match in  th

(¢}

sense that +they have +the sawre salient variables, To use this
index one first regquires externald evidemce that the two 'factors
should be matched.

The research reported here examined the psychometric
invariance c©f field independence tests across systematic changes
in subjscts, 1.e. acroEs tWo age groups and across sSeX Groups.
Spurces of variability ot the tests for each group wers identi-
tied first via factor analysis and these factors established as
invariant using Kaiser's method. This methcd projects the tests
from the twe groups into the same factor space for maXimum
overlap. The cosine c¢f the angle betwesn the same test for the
two groups gives an index of its constancy or invarlance across
the two groups {Veldman, 1967). The aim was to determine what
the major sources nf variance oif the tests are, and to detsrnrineg
that thay agree in kind and amount across age and sex groups, to
establish that valid gquantitative comparisons can be made between

age and se¥ groups on field i1ndependencs tests.

FPIELD INDEPENDENCE AND AGE AND S3EX GROUP DIFFERENCES

£

It field independence 1is not a unigue construact over and apove

g and k, then group differences on field independsence tasts may

[
e




ke the rTesult of group differences 1n g and K. Controliing forzr
these *two Varlables should eliminate group differences on field
independsnce tests, It this is the case across cultural groups,
the Crosscultural research on socialiZation and ecolegical corre-
lates oif the desvelcpnent of fisld indspendence could then he
regarded as a version of the research on childhood experiences
related to the development of 1ntselligence and of spatial
apbility. Indeed, Sherman {19%7) points out that the developmant=-
al curve of field indepsendence clcsely parallels that of spatial
abi1lity. He proposed that sex differences on RFT and EFT may be
i
artifacts ot known sex differences 3in sSpace perception. This
hypothesis was tested by Hyde, Geiringer and Yen {1975). Theair
sample showed a° sSignificant sex ditfference on RFT and nce

ditterences on GEFT, Removing differences on Idsntical Blocks

<

Test, thelr measure of spatial apility, removed th

]
U
D
4
£
,..J i
[
]

ferences o©n RFT and produced sex differences c¢n GEFT. By
removing differences on Tdentical Blccks Test and on Vocabularly

subtest o0f WAIS {as a rough indicator of general intelligsace),

3

- It weuld

i

they removed sex differsnces on poth RFT and GEF
appear that spatial ability alone may not be sufficient to
account tor difterences cn field independence tests. This study
then provides some indication that sex differences on field
independence tests can bz accounted for by g and k. However
their measures o0f g and k are inadequate as thevy used only one
spatial test and a verbal test. The research reported hers
examined whether sex ditferences on fisld independsnce tests

could be accounted for by differences in g and k¥ with g and X



more adeguately definsed by  Vernon's {1950} model., This was
extended to examninse ags difrerences which have bsen shown Lo

22X

n

t on fisld indspendsnce tests {WHitkin, =%t al., 1962} tc see

1f they can be accounted for by differsnces in g and k.

HYPOTHESZIS
It was hypothesized that differences in fisld independence can
be accounted for by differsnces 1in general intelligencs and

spatial ability.
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METHOD

The hypothesis was tested by examining three sub-problems, the
opne Set of data being involved in all three and being analvzed in
different ways. The data was derived from administration to a
sarrple, of a test tattery involving tests of gen=sral intelli-
gence, tests o©f field independence and spatial ability, and

yerpbal ability tests tor factor backgrcund.

SUB-PROEBLEM 1
Sub-problem 1 involved determining whether or not *the con-
struct oif field independence, referring to the variance sharad by
several measures, represents a construct distinct from general
intelligence {g) and spatial ability [X).

Relationship cf supb-problem 1_to _the hypcthesig: The scolution

of the sub-proplem provided evidence as to whether individual
dirterencss in field independence as represented by correlations
ameng tield i1ndependence tests can be accoeounted for by dif-
ferences 1n general intelligence and spatial ability.
Subjects:The sample consisted of 192 students {95 male, 97
temale) enrolied in Introductery Psvycholcgy courses at  the
Oniversity of #Manitoba. The experinrent was outiined tc¢ subjects

betore they voluntsered, and they receivad coursse credit as a

result of their participation.
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Procedure:Subjects were administeresd three tield indere

e e <2 s - et N e i

pie)

denc

D

tests {(Group Embeddsd Figures Test, Rod-and-Frame Test, Plock
Design sup-test of the WAIS), five tests of g (Raven's Progres-
s1ve Matrices, 4 sub-tests of Cattell’s Culture Fair test), five
spatial ability tests {Space Relations sub-tsest of the DAT, 2D
and 3D sub-tests o©f MAT, Revised Hinnesota Paper Formboard,
Biocks sub-test ol AGCT), and fcur verkal tests {Lorge-Thorndike
sup-tests) to detine a v factor,

Subjects were administered tests in groups of 20 to 30, under

standard conditions by the cone experimenter, with Block Design

tn

test being administered by a seccnd sexperimenter, Instruction
for the group tests were taped for standardization. Group tests
were2 administered first, At the first group testing subjects
were administered Group EFT, Ravens, 2 vertal suabtests, Blocks,
and a Questionnaire, 1in that order. A week later a seccnd group
testing obtained data on Space Relations of DAT, Formboard, 2
verbal subtests, MAT tests, Cattell Form A, This was followed
within not wmoxre than two ¥we2ks bV the individual tests of field
independence and Cattell Form B. All tests were administered
with appropriate tipe limits and contfidentiality was enpsured.
The Questionnaire was to collect background data such as age,
sex, religion and socciometric status. Test descriptions and
guestionnaire are contained in Appendices A and B.

Data Analysis:The correlations among the non-field-

independence tests were factor analyzed, using principal factor

and Varimax rotation methods, to obtain a g and a k factor.

Factor scores c¢©n  these itWo factors were obtained for each

41




subject. The correlations betwsen the fisld indapendencs  +tests
were eXamined by partialling out the factors g and k. These
partial correlaticns {Glass 5 Stanliey, 1970) petween the field

independence tests were tested for significance. If differsnces
in g and k account for correlations among field independencs
tests, then partialling out g and k will reduce these intercorre-
lations to zero,

A Turther analysis involved using the correlations among the
tield independence tests to obtain the first principal tactor and
tactor scores On this variable for each subject. A multiple
regression eqguation with this variaple as dependent variable and
factor scores on g and k as independent variables, gave some idea

cf the relaticnship between "measured¥ and Ypredicted” field

.:g" = U

independence. E—
NIVER
S/;}’

OF MANITORA

SUB-PROBLEN 2
S L/BRARIES

The gualitative eguivalence 0T psychemetric in?gglance of
field 1ndependence tests across age and sSeX groups was assessed,
to determine the validity of cressgroup quantitative comparisons
on the tests,

Helationsiip oif sub-problem 2 to the hypothesis The solution

°
-

of the sub-problem provided evidence as to whether general
intelligence and spatial ability are +the two main scurces of
variance in field independence tests fcr each age and sax  group,
and whe2ther the amount of variancs abttriputable +to each is
COonstant acrosSs the groups.

Subjects:The same group that was used in sub-prcblem 1 was
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emyrlcyed,
Procedure:The sams data was usa2d that was collected for

s s s i, e X2 2o <

sup-problem 1,

pata Analysis: Tvc age groups were obtained by splitting the
sample at the median age to form an older group of Y8 {mean age
25.Y years) and a ycunger group cf Y3 {Mean ag=s 18.4 years). The

non field independencs tests were factor analyzed for each age
and sex group separately using principal factor and varimax

methods, to ch

(]

ck the factorial invariance of g, v and k faciors.

The factors were tested for invariance across age and Sex groups

D

s

using the Kaiser et., al. (1971) method. Then the total battery
of tests were factor amnalyzed for each group using the sams
method. For each pair of grours, the set of tests were projected
Into the same factor space using Kaiser?s method. An  index of
the psychometric invariance of each test across groups 1S then

given by the cosine of the angle between the same

[

aest  for *the

tWC groups.

SUB-PROBLEM 3
Differences between age and sex groups on tield independence
Tests were studied to ascértain whether or not these differences
can ke accounted for by group ditferences in general intelligence
and spatial abilitv.

Relationship _ctf sup-probism 3 _to_the hypothesis: The solution

Pt i .- s i . o o

of the sub-problem provided evidence as to whether group dif-
terences in field indspendence as represanted by mean differences

on tield independance tests can be accounted for by . differences
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in general intelligence and spatial ability,

Subjscts:iThe same group tiaat was used in sub-problem 1 was
emrployed,

Procedures:The same data was ased that was c¢ollected for

sub-probien 1.

Data_ _Analysis:Group differences on the field independence

tests were coempared. An analysis of covariance was pertcrmed for
each tfield independence test (as the dependent variable) with
factor scores tfor g and k as covariates. The resulting group
ditterence, atter covarying or contrclling tor difterences cn g

and k, on each field independence test was tested for signifi-

]

3

cance, If group differences on field independence tests are due
to differences in g and k, then covarving Ior g and k will reduce

the group differencas on #ach test t¢ Zero.

1y



RESULIS

Correlations among field independence tests were examined 1o
see 1f partialling out general intelligence and spa+tial ability
would reduce the correlations tc zero., The tests ware examined
to see it general intelligence and spatial ability are the tuc
main sources of variance for older and younger subjects and for

males and fepmalss, An indeyxy of psychometric invariance was

D

obtaiped tc assess the validity of guantitative comparisons
across age and sex ‘groups§ Differences petwesn age and SeX
groups on the fiesld inderendence tesits were then examined to see
1t covarying for age and sex differences in general intelligence

and spatial ability would reduce the differences to zero,

DATA EMPLOYED
One hundred and ninetytwo subjects were tested on the majority

ot the tests. Eight subijects could nect be contacted for the

!

individual testing, and seven subjects were not tested on the
RF T, Most subjects were tested on the four subtests of Cattell
Form A, but due to time constraints cnly 75 subijects were tested
cn the four subtests of Cattell Fcrm B (ses Appendix A).

The tests werse 1ntercorrelated using SPSS Psarson Corrslation
program. SPSS was usad for most analyses (Nie =2t al., 1975).

Correlations, test means and standard deviaticns, are reportad in
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Table 1

...CA 4 Blocks RMPFB

X 8D N. Ravmat. CA 1 cA2 ca 3
Ravmat 23.35 4.61 192
CA 1 7.79 - 1.46 184 41
CA 2 6.94 2.11 184 47 .28
CA3 6,06 1.42 184 43 .34 .30
CA 4 5.77 1.28 184 .35 .24 .27 .27
Blocks 29,78  4.39 192 .55 .33 .25 .27 .33
RMPFB 43,37 '8.87 192 46 .30 .29 .35 .23 49
DATSR 52,54 21,67 192 - .55 40 .31 46 .36 .54 .52
MAT 2D 19.38 4.57 © 192 .27 .21 .16 26 .16 .25 .52
MAT 3D 14.44 4,72 192 .54 30 .24 .34 .28 45 .51
Ver 1 17.53 4,40 192 .25 Alee .23 .20 .17 .28 .20
Ver 2 10.31 3.59 192 .29 .06 .25 . .29 .29 .32 .25
Ver 3 10,35 3.37 192 27 .16Ns .19 .26 .26 .21 .14
Ver 4 12,25 2.87 192 .22 .05 .17 .24 .15 .25 .17
KBDT 38.24 7.60 184 .52 .29 031NS .36 °BONS 42 .51
RFT 27,04 24,80 177  ~.29 -.20 .01 -.16 -,10 ~. 25 -.25
GEFTT 12,43 4.50

192 .52 .30 .27 41 27 .43 .55




-Table 1 (Continued)

LYy

. DATSR  MAT 2D MAT 3D Ver 1 Ver 2 Ver 3 Ver &4 KBDT RFT GEFTIT

(NS: Not significant at =,05)

Ravmat
CA 1
CA 2
CA 3
"CA &4
Blocks
RMPFB
DAT SR
MAT 2D .33
MAT 3D . 60 B YA
Ver 1 .25 .26 o 24
Ver 2 S .29 .20 .28 .69
Ver 3 .30 a7 27 .62 .50
Ver &4 © .25 .23 .22 - 64 . 54 .65
KBDT 48 .48 .59 .22NS _31Ns' .26 .26
RFT : -.33 -.24 -84 =,04 -.11 -.13 -, 14 =,37

GEFTT .56 .39 A .26 .33 .23 .23 .61 - 0




Table 1. Very generally, the fivs spatial tests and Raven's
Matrices all intercorrelate at the L40-,.60 leyel, +he verpal

tasts w1ntercorrelate with the spatial tests and Raven'!s Matrices

U

at the ,20-.40 leveli, and the verbal tests correlate with each
cther at the ,50-.70 level, The Cattell subtests, Fcrms A and B,
intercorrelate with the spatial tests at the .25-.35 lavel, and
intercorrelate with the verbal tests at the .15-.25 leval, 0t
the 210 correlations among the 21 variables, 28 are nonsignifi-
cant at the .05 level with 1individual one-tailed tests of
signiticance, and 21 of these ncnsigrificant correlations involve
the four subtests of Cattell Form B. The vast majority of the
correlations are significant at the 001 isvel, one-tailed., At
this point, the tour subtests of Cattell Form B were dropped fron
turther analysis, bas coetficients involving this test are based
on a much smaller number of cases and perhaps evan on gquite a
diiterant subpopulaticn; the four subtests of Form A wuere

retained,

TEST OF SUB~PROBLEH 1
Betore factor analyzing the 14 non-field indepsndence tests,

the relevant correlaticn matrix was tested for significance using

0]

Bartlett's test (Gorsuch, 1974, 1356) . Results, presented in
Tatle 2, indicate that this correlation matrix is significant and
suitable for factoring,

The non~-tield independence tests were factor analvzsed uasing

z

praincipal axis and Varimax <rcotation methods via SPSS Factor

%

program, with iterations on the squared multiple correlation

{
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Table 2

Bartlett's test of significance of
14 variable correlation matrix

X2 = - (n-—l—2V + 5) Log |R ! Where
6 el vv
= - 185.5 (=5.64) !R = .0034
MAY
= 1046.22 v =14
n = 192
v -1
df =
2
= 91 Significant at .01 level
Table 3
Cattell's scree test on 14 variable factor solution
Factor 1 2 3 4 5 6 7 8 9 10
Eigenvalue 5.20 2,03 1.08 0.81 0.78 0.73 0.66 0.55 0.49 0.42

Percent of Variance 37.2 14.5 7.7 5.8 5.6 5.2 4.7 3.9 3.5 3.0

X
Magnitude of T
Eigenvalue 5
4
3 X
2 o
1

l' 2 3 4 5 6 7 8 Factors
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communality estimates. Three factors had eigenvalues greater

than 1.00 when the c¢co

(]

rfelatiocon matriy was ractored tirsit with
unities in the diagcnal. Gorsuch (1Y974) notss this widely used
and theoretically ratiocnalized method for estimating number of
factors 1s more accurate where the number of variables is ‘small
or moderate and the ccmmunalities are high, the situation that
pertains here., Cattell's (1Y6b) scree test ftor +the number of
tactors also indicates a three-tactor soluticn is aprropriats for
this data {see Tables 3).

A Varimax rotaticn of three tactors gave the factor structure
in Table 4, The first factor is a main factor with 9 of +he 14
tests having lcadings on it >.20. The first factor, then, is a
genearal fractor, accounting for 47.7 percent of common variance.
The highest loading 1s Raven?s Matrices, which is a factor marker

tor g under Vernon's {1950) model. Five tests load only on the

D
jon
(@3

tirst factor: BAVEN?!s Matrices a,

the f£our Cattell tests, all

i

measures of g.

The second tfactor 1s a verbal factor. The four verbal tests
have loadings >.70 on this factor while all cther tests load less
than .20. The second factor 1s clearly defiped, and accocunts for
36.49 percent of common variance. The third factor is a sSpatial
factor with the five spatial tests having loadings >.30. A1l
other tests load less than .20 c¢n this factor, which accounts for
21,4 percent of common variance.

This tactor structure is «close +tc the hypothasized factor
structure, It 15 clear that the first and third factors define

general and spatlal ractore, Factor scores on these twe tactcers




Table 4

Factor solutions for'the_l4 variables: 1) Principal axis
with Varimax rotation and 2) Maximum
likelihood exploratory

Variables - ‘ ?actors . Communality
I | I1 IIT
1.P.A.2.M.L.| 1.P.A.2.M.1.| 1.P.A.2.M.L. |1.P.A.2.M.L.
1 Ravmat .76 .75 o .64 .62
2 CAL .53 .53 .31 .30
3 CA2 48 47 | .26 .25
4 CA3 .49 .50 .31 .30
5 CA4 46 .46 | .25 L2
6 Blocks .55 .60 .30 .24 .43 .45
7 RMPFB 42 4T .66 .61 .62 .60
8 DATSR .66 .69 .37 .31 | .59 .59
9 MAT 2D ‘ 64 .69 46 .53
10 MAT 3D .53 .58 - 49 .43 .54 .54
11 Ver 1 .84 .85 ‘ A .75
12 Ver 2 .23 .22 .| .70 .72 .56 .57
13 Ver 3 .23 .22 72 .72 .| .57 .56
14 Ver 4 .77 .75 .62 .59
Eigenvalue 2.87 2.54 1.47 6.90
Percent of Variance 41.7 36.92 . 21.37

(Omitted 10adingss¢.20\considered trivial)




wer= obtained using least sguares regression complete astimaticn

met hed using SPSS Factor progranm,

-3

To authenticarte this factor structure, the correlation matrix

o

was factoread again, using exploratory maximum likelikood factor
analysis (Joreskog & Lawley, 1968) followad by Varimax rotation

of three factors. Program UNLA {Joreskeg, 1967) was used for th

w

analysis., The results, alsoc in Table 3, indicate vary close
agreement with the princCipal axig and varimax solution. Loadings
are very similar, otften within ,07%-,02, and nearly always within
-U5. The data, then, present a clear sinrple structure.

The intercorrelaticns among the three fisld independence tests
are significant and of the size reportad 1n  the litsrature.
Correlations betwesn the iieldAiﬁdegendenC@ tests and the Factor
sceres for factors I and III were cbtainsd, then ftactors T and
IIT were partialled cut of the intercorrelaticns amcng the thres
tield independence tests, Thas provides a +test of sub-problem 13
to determine vhether the construct of tield independence, Ttefer-
ring to the variance shared by the three measures, represents a
construct distinct frem g=nperal intelligence and spatial ability.
The results are presented in Table 5 and indicate that g and &k

account tor a large propcrtionr cf the shared variance among the

e

tield independence tests (79%) .

0

The interccrrelaticns among the field independence tests wers
examinad further by partialling out *the 10 tests that loadsd on

tactors I and ITII, The partial correlations in Tarble 5 wer

6

obtained,

Prior to tactor analyzing the matrix of correlations among the
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Table 5

Intercorrelations, partial correlations and variance
proportions among the field independence
tests taking into account factors g & k

GEFTT GEFTT - RFT
and RFT and KBDT and KBDT
Zero order correlations ] rxy -.40 .61 -.37
Partialling out g and k rxy;gk - 21 .28 -.17
partialling out 10 tests -.17 .25 -.16
Proportion of total variance 2
that is common r Xy .160 .372 <137
Proportion of total variance
remaining common after g 2
and k partialled out r xy.gk . 044 .078 .029
Proportion of total
variance removed by 2 2
partialling out g & k r xy-r xy.gk .116 .294 .108
Proportion of common 2 2
variance due to g & k r'xXy-r xy.gk . W72 .79 .79
2
T Xy
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Table

6

Bartlett's test of significance of correlation matrix
8
for three field independence tests

X% = -(185-1~Z$§%1L§9 Log_ (.5108)
= (-182.17) (-.6718)
7 1000
df = 3 Significant at .0l level

. Table

7

Principal éomponent solution for field independence tests

Variable Factor I - . Communality
KBDT .84 .71
RFT -.71 .50
GEFTT .85 ' .73
Eigenﬁa}ue 1.93

Table 8

Multiple correlation between
: scores and g and k

field independence factor
factor scores

Re g,k

sz.g,k

F

1l

.73

.53

i

107.9

Il
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fieid 1ndependence tests, the matrix was tested for significance
151ng Bartliett?s test, The results, presented 1in Table 6,
indicate that this ccrrelation watrix 1s significant and suitable
for factoring,

The principal component method was us2d, and one factor was

opbtained with an eigenvalue greater than 1.00,. Results ars
presented 1n Table 7. Factor scores were obtained on this

variaple for each subject, and a multiple regression was per-
formed with this variable as the dependent variable and factor
scoras on factors I and III as the independent variables, to give
an indication of the relationship between “measured™ and4 Jpra-
dicted" field ind2pendence. Results are outlined in Tabls 8.
Contirmatory tactor apalyses ¢t the data were alsc carried out
to extract <factors with predefined characteristics {Gorsuch,
?9}@, p81y. In the exploratory solutions, the first factor,
although a general factor, 1s more heavily loaded with the
spatial tests than the verbal tests, This can partially be
attributed to the tests of g being ncnverbal tests. Furthermorse,
the Cattell tests have lov communalities due perhaps to their
short length and conseguent lower reliability, Pairwise plots of
the three factors (see Figures 5, 6 and 7) reflect this situation
of the verbal tests loading only tactcer II and the sSpatial tests
loading both factors I and IIT, The plots show a clear sinple

structure between factors I and 1I, and betwesn facters IT and

i

]
b

111, If 1loadings < .20 are considered trivial and in the
hyperplane, then for these two pairs of factors, nmost variables

that load high on one factor are in the hyperplane of the other
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Figure 5

Plot of factors 1 versus 2 for principal axis
and Varimax solution of 14 variables
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Figure 6

Plot of factors 2 versus 3 for principal axis
and Varimax solution of 14 variables
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Figure 7

Plot of factors 1 versus 3 for principal axis
and Varimax solution of 14 variables
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tactor and vice versa. The plot of tactors I and TII, how Ver,
shows the five spatial tests loading on bo*th factors,

Given these considerations, a contirmatory analysis was deone,
redefining the general first factor, Diagonal factor method was
used for the first factor, where the first factor is assumed to
be the eguivalent of one variable {Gorsuch, 197#, p67). Under
Vernon's {1950} hisrarchial model of apilities, Raven's Matrices
1s a ractor marker for g. This variable, as first tactor g, ¥as
partialled out of the correlaticn matrix. The resultant residual
partial correlaticn matrix of verbal and spatial tests with

factor g removed, was factor analyzed to obtain factors v and K,

toliowing in part the method prcposed by Vernon (1972). The

&
fodi
[

loadings of the tests on factor ¢ is given by the correlation

an's Matrices

<}
{

with Raven's Matrices divided by the lcading of Ra
on factor I {Fruchter, 1954, p54)., Their loadings on factors v
and k are given via a principal axis and Varimax analysis,
Results are presented 1n Table Y. This analysis, when comparad
to the explcratory analysis, has increased slightly the loadings
of the spatial tests on the spatial factor, and haS increassad
somewhat the loadings of the verkal tests on the general factor,
These redefined, thecretically rationalized tactors give basical-
ly the same s=imple structure sclution as  the exploratory

analyses.

TEST OF SUB-PEOBLEN 2
Separate praincipal tactor analyses cf non tield independence

tests were pertormed for sach sex group and for the two age

5Y




Table 9

Confirmatory factor solution for the 10 variables

Loadings<|.20| omitted and considered
trivial

Variables Factor Communality
I II 111
Ravmat .84 .64
Blocks .69 <42 .67
RMPFB .58 . o .70 - .83
DATSR .69 .58 .82
Mat 2D .34 «52 .40
Mat 3D .68 .60 .83
Ver 1 .33 - .84 .83
Ver 2 .36 . 68 .62
Ver 3 .34 .72 .64
Ver 4 .28 .76 .67
ﬁigenvalue 2.94 2,30 1.69
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groups., Three facters were rotated via Varimax. Pesults were
checked for equivalesnce of the g, v and k factors across the +wo
seX and the two age groups., The method used was that suggested
by Xaiser et al, {1971) using a ftactor match program written by
Veldman (1457).

For the two age groups, both unrotated and rotated tactor
solutiong are invariant., The tactors 3how excellent matches, as
indicated b the three cosines peing >.95 and the remaining
cosines being <.20 (sse Table 10). Vealdman (1967, p237) nctes
that these cosines may be interpreted as correlations bhetween the
factor variables derived trom the twe analyses. In the unroctated
solution, the order of the factors is identical also. Tn the
rotated solution, ftactor I of cne grcup has become factor IT of
the other group. The corresponding factors retain their
invariance property however.An invariant factor structure, then,
was found for the two age groups.

Fer the two sex groups, the unrotataed factor sclutions are

5 or

s,

invariant for all three factors, as indicated by cosines >,
<. 20 {see Table 11). The order ci the ftactors is iden*ical also.
The rotated tfactcr sclutions are invariant with rTespect tc the
verpal factor {factor 1 for males and factor 2 for femalies), and
this verbal factor be2ars no relaticnship with the remaining two
tactors. However, the Varimax rotation has found slightly
difterent soluticns for the remaining  two tactors. Cosines

between corresponding factors have dropped to .92 while cosines

fH]

with the remaining nonvarbal factor have risen to .38, The =an

¢

unrotated factor structure, then, was tound for the two sexy
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Table 10

Factorial invariance across age groups for 14 variables

Variables | Younger half-Varimax factors Older half-Varimax factors
I I1 ) I1I I IT . | ITT
Verbal . General = Spatial .| General Verbal ~Spatial
Ravmat .25 .58 .32 .73 12 .34
CA 1 -.03 .60 .09 .48 .00 .30
CA 2 .12 =53 .12 42 .21 .08
“CA'3 .24 44 .24 .48 .13 .26
CA 4 14 .36 11 .56 .22 .01
Blocks .23 .31 .51 . 64 .15 <23
RMPFB .04 .22 .80 <44 .09 .64
DATSR .18 .51 51 .66 .16 .37
MAT 2D .08 .06 .48 .20 .23 -68
MAT 3D .21 .45 ;éﬁ <49 .10 .50
Ver 1 .72 .13 .22 .09 .92 .13
Ver 2 - 66 »21 27 .24 73 .07
Ver 3 .79 .29 -.07 .19 .69 .12
Ver 4 .78 .04 .13 12 .76 .11
Cosines among Varimax factors Cosinés,among,principai»axis factors
Older half. Older half

I 1I III I IT 11T

Younger I .02 1.00 -.01 Younger T  1.00 .06 .02

half TI .99 -.03 ~-.16 half II .06 -.99 .13

ITT .16 .01 .99 IIT -.01 -.13 .99
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Table 11

Factorial invariance across sex groups for 14 variables

Variables | Females - Varimax factors . |Males - Varimax factors

. I ) IT ITT I IT II1

Spatial Verbal General Verbal Spatial General
Ravmat .68 19 .40 .12 .35 .60
a1 .51 .03 .32 .00 11 .50
CA 2 .31 S.12 .71 .14 .12 =37
CA 3 .57 .10 .26 .32 .07 .49
caA 4 | .28 .22 .36 .12 .21 b4
Blocks. =63 .23 .20 .10 .60 .27
RMPFB .81 -.14 .10 .21 .76 .25
DAT .78 .15 .13 .20 .51 .57
MAT 2D .56 .10 . 04 .21 .46 .09
MAT 3D .76 .17 .21 .16 .53 .28
Ver. 1 © .05 .84 .21 .79 .33 .03
Ver 2 ..ll .75 .30 .56 .38 .12
Ver 3 .15 75 .06 .73 .03 .32
Ver 4 ..10 .79 -.08 .79 -..19 .18

Cosines among Varimax factors

Cosines among principal axis factors

Males

I II ITI
Females I ‘ -.04 .92 .39

II '1.00 .06 -.06

II1 .08 -.38 .92

Females T

.98
T .17
IIT -.08

Males
IT
.18

-,98
.12

IIT

.05
.13
.99
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roups., The totatad factor structure was invariant  for the
verpal factocr, while the remaining twn factors exhibited a high
degree Of correspond=znce hut also some confounding,

The tield independencs tests were assessed for P

O

omatri

N
by
ok
¢

VA

N

invariance Aacross age groupsS and ACLOSS 56% groups. Separat
factor analyses were domne for each group, including in the tield
independence tests. Three facters were totated via Varimax and

results checked for equivalence of the factors using Kaiser's

{1871) nmethod, The factors shcw excellent matches as indicated
by corresponding c¢esines being >.95 ({see Tables 12 and 13). The

cosine ot the angle ketwesen the test vectors of the same test for
the *two groups gives an index ot its constancy, or invariance,
across the two groups. This prcvides a test c¢f sub-problenm 23
to assess the qualitative eguivalence or psychemetric invariance
of field independence tests across two groups to determine the
validity of crossgroup gquantitative compariscns on the tests. AsS
can be seen from Tables 12 and 13, field independence tests show
excellent 1nvariance across aAge groups and across sex greups
{cocsines >,90) with the exception of RFT which shows only

moderate correspondence ACross age groups {cosine =.50).

TIEST CF SUB~PROBLFEY 3
Zs a preliminary indication of the sffects of age and sex on
the field independence tasts, the corralaticns of these variaples
with the tests were examined. The sex variable has a significant
correlation with RFT only, while age correlates significantly

with all three field independence tests. Results are in Table

o
4=



Tabie 12

Psychometric and factorial invariance across age groups
with field independence tests

- independence tests

Variables | Younger half-Varimax factors | Older half~Varimax factors
I I 111 I i1 - III
vSpatial Verbal . General Spatial General  Verbal
Ravmat .33 27 .55 .42 .71 12
CA 1 - 13 -.01 =57 .33 42 .00
CA 2 .15 12 L4 ~. 04 .57 .20
CA 3 .30 24 .43 .24 .52 .12
CA 4 .12 14 .35 .18 47 22
Blocks .50 .25 .27 =35 .55 .15
RMPFB .75 . .08 .18 .57 .33 .24
DAT 54 .21 46 .50 b .11
MAT 2D .49 08 .02 .56 .55 .16
MAt 3D .60 .23 .39 .75 23 .24
Ver 1 18 .73 .10 .07 15 .92
Ver 2 .27 .66 .19 .13 .21 .73
Ver 3 -.08 79 .28 .17 15 .69
Ver 4 .12 279 .02 .12 11 .76
KBDT .49 .13 .37 .69 .33 .24
RFT -.13 . -.16 -.08 71 .00 .00
GEFTT 59 .02 .34 .67 -39 .28
’ Cosines among Varimax factérs "~ Cosines between correSpoﬁding field

Older I
half 1II
I1T

-.05 1.00 -.01

Younger half

.04 .02 1.00

I 11 II1 KBDT
1.00 .05 .04 .9

RFT

.60

GEFIT
.93
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Table 13

Psychometric and factorial invariance across sex groups
with field independence tests

Females T .94 .00 .35
IT .01 1.00 -.04
IIT -.35 .04 . 94

Variables, Females - Varimax factors Males:— Varimax factors
I I III I II T
Spatial Verbal  General Spatial - Verbal = General
Ravmat 63 .20 R .37 L1 .61
ca 1 .48 .04 .33 .03 .01 .52
CA 2 22 14 .79 .13 .13 .37
CA 3 | .52 .09 .36 .12 .31 .43
CA &4 .30 .23 .31 .08 .14 .51
~ Blocks .58 .23 .25 .39 .13 .43
RMPFB .79 -.15 .21 .56 .23 .39
DAT .70 .14 .25 .46 .21 .58
MAT 2D .57 .09 .11 47 .29 .14
MAT 3D .81 .17 .21 .63 .13 .26
Ver 1 .02 .85 .21 .31 .78 .07
Ver 2 .10 .76 .28 .39 ‘;§§ .15
Ver 3 17 76 .03 .05 .73 .28
Ver 4 .11 .78 -.07 .19 ._f_ég .16
KBDT .68 15 .14 .63 15 L4h
RET =.62 -.03 .18 -.51 -.15 .09
GEFTT .75 .16 .15 .75 .14 .29
Cosines among Varimax factors Cosines between corresponding field
independence tests '
IMale‘;’I 1T KBDT RFT GEFTT
1.00 .94 .98

66



T4,

Partial correlaticns with age, partialling out sex, and with
seX, partialling ocut age, are presented as well. Tn the sanple,
age and sex intsrccerrelate -.25, AS Sex was scored dichotcrous-

ly, 0 for femaleas, 1 for wmales, this indicates a slighter

tendency for fsmalss to b

&

orn the average older +than males.
Partialiing out sex had only a slight eftfect, whilse age seemns a
more potent variabls,

The intercorrelations among the field independence tests were

then examined for the eftects ot age and sex. As cap be ssen in

D

tr

1]

Table 15, partialling out sex has alwost no ct on the

intercorrelations. Partialling cut age reduces the intercorrela-

¢4
O]
ini

tions by .03 on the average.

Differences between wmales and fewmales on sach fisld indepen-
dence test were examined by t-tests. The tests are nonsigniti-
cant except for RFT, confirming the above analysis {see Table
16). For the age groups, t- tests for each field independence
test 1ndicates significant ditferences on these variables. Ana-
lyses of covariances yars performed cn each of these significant

ditferences, covarying for factors I and ITT. This provides a

()

test of sub-problem 3: +o determine whether differences betwsen

{

two groups on field independence tests can be accountsd fFor by
group differences in general inteliigence and spatial ability.,
Results, presented in Table 17, indicate +hat for the ange
group ditferences, covarying factors ¢ and k reduces the dif-
terence to nonsignificance. Thus age group differences on field

independence tests can be accountad for by g and k age
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Table 14

Correlations and partial correlations between field
independence tests and age and sex

RFT GEFTIT
Zero order correlations .. Ase -0.18 0.36 -0.23
Zero order correlations T s Sex N.S. -0.24 N.S.
Partialling out sex '¥?xa.s Age -0.18 0.32 -0.21
Partialling out age .xixs,a Sex - -0,17 —
Table 15
Intercdfrelations among the field independence tests
' with sex and then with age partialled out
' KBDT & RFT &
................ | KBDT & RET Gopr | gmprr
Zero order‘corrélations.gxy -0,.37 0.61 -0.40
Partiallifig out sex  xy.s -0.37 | 0.61 | =0.39
Partialling out age r~xy.a -0.34 0.59 -0.35
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ditferences, The sex difterence on BFT could not te reduced by
covarying factors ¢ and X. Sex diftersences on RFT  were not

Ey
o

accounted for by sex differences in g and
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Table 16

t tests of age and sex differences on
field independence tests

. .KBDT .. GEFTIT RFT

X. N8N t p |X N t p |X%X N t P

Sex M [38.5 93 ©.48 .63 [12.92 95 1.48 .14 |21.2 90 -3.25 .00
F o[38.0 o1 11.96 97 331 s7

Age 01d [37.1 93 -2.08 .04 [11.6 99 -2.63 .01 [31.5 91 2.54 .01
Young [39.4 91 . - 113.3 93 22.3 86

Table 17

Analysis of variance and covariance for age and sex
differences on field independence tests with
factors g and k as covariates

KBDT ‘ GEFTT ! RFT
Anova §§ df F P SS df F P Ss df F )
SV Sex 12.5 1 .21 .64} 54.5 1 2.7 .10 6238.0 1 10.7 .00

Res. {10175.6 175 3466.3 175 101978.0 175

SV Age | 263.2 1 4.6 .03|125.4 .1 6.5 .0l | 3758.3 . 1 6.3 .01

Res. | 9924.9 175 _ 3395.4 175 104457.8 175

Ancova

g and k

.covariates SS df @ F  p SS df F P sS df F P

SV Sex - —_— 6391.2 1 12.8 .00
Res. 85788.8 173

SV Age 18.5 1 0.6 .45 16.9 1 1.6 .21 1697.1 1 3.3 .07
Res. {55551.6 173 1882.2 173 90483.0 173
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DISCUSSION
The results as a group support the hypothesis that differasnces
in  field independence can be accounted for by differences in

g=zneral intelligence and spatial ability. The research has shown

that g and Xk acccunt tor approximately 80% of the

6]
9]

hared variance

among the field independence tests and approximately »0% of ths

D

total wvariance o9f the testis The thod usad provides a method
for establishing metric =guivalence cor sychometric invariance,

l-€., a method for demonstrating that behavioral measures are
pat%ern 2d similarly for two age and two Se€x groups pricr to
making COmPArisons across grcups on  the tests, This chapter
deals in more depth with this method of establishing psyChometric
invariance and the results. Then the results are discussed in
terms of thelr consequences for the censtruct validation ot the

tests

THE DISTINCTIVENESS CF FIELD INDEDENDENCE
The factor analysis of the 1intercorrelaticns among +the non-
field 1ndependence tests revealed thiee simple structure factors,
a general, a verkal and a spatial factor. The general factor is
a main factor with the majority of tests loading on it, the
high=est lcading peing £or Ravens Hatrices, which is a factor

marker tor g under Vernon’s model, The five tests of g load only
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on this factor. Only the spatial tests load the spatial factor
and only the verbal tests lcad the verbal factor., The same
structure appeared when the data were analyzed by three different
methods namely 1} principal axis and varimax rotation, 2}
expleratory maximum likalihood and 3) centirmatory diagonal
methed tor factor I followed by principal axis and varimax for
factors II and 1III., The reappearance of the same tactors over
ditferent analyses strengthens their interpretation., Harris and
Harris {1971) term this method to reduce arrors of inferesnce the
method of <ccmparable common factors (CCF). Here all thre=
iactérs replicate over different analyses and thus meet the CCF
critericn. The ractors then are adequately defined by the
non=-field independencs tests.

The construct of field independzance refers +o the variancs
shared by several measures, and the aim of sub-problem 1 was +o

determine if it

]

2plaSents A construct distinct from g and k.

The evidence 1s that individual ditferences in field indepen-

343

dence, as represanted by the correlaticns among the *tests, can be

accounted for by differences in ¢ and k. Two of thres correla-

4]

tions among the field independence tests are reduced to nonsigni-
ficance by partialling out g and k factor scores thus supporting
the hypothesis. The remainang significant partial corrslation,

betwsen Group Embedded Figures Test and Xohs Block Design test,

has ©been reduced significantly frowm .61 to .28, Further, the

15
Ao

results indicate that g and k account tor almost =ighty perc

en

¢
¢

of the shared variance, as represented by correlations, among the

field 1irndependence tests. The interccrrelaticns among the three




[
fuud
4]
el
jw)
fua
jou]
o
[
e
80}
]
(8
0]
fin)
QO
[
o
D
n
s
[ér}
b
&
4
B
=
[t
~
oF
o
[
¥ 1)
S
o

amined by partialling out

o+
=
[0]
a3
(3]
e
o
0]
9]
por
Ui
ot
=2
Ry
o
(;....
O
&
foX
]
(&%
O
fiou]
-
oY}
Q
fats
Q

rs g and K. asults  are
substantially <the same, 1indicating that the two factors are &

suitable and sutficient representaticn o

s

the ten tasts. The
multiple correlation of ,73 betwéen the first principal component
tor the field independence tests and ftacter scores for g and k
further substantiate the interence that the factors account for 2
large proportion of the shared variance, represented here by the

first principal component, of the tield independence taests. Th

D

examination of sub-problem 1, then, leads to the conclusion that
individual differences 1in general intelligence and spatial abili-
ty can account fcor all or nearly all of the shared variance among

the field independence testis,

PSYCHOMETRIC INVARIANCE

The threse tactors, general, verbal and spatial, defined on
non-tfield independence tests Were checked for factorial
invariance across age and SeX groups to first establish that
these constructs are similar in the different groups. The factor
analyses for the two age groups revealsd for both groups a
general factor with the majority of tests loading on it.
Horeover, for both groups only the verbal tests load +he verbal
facter, and the spatial tests load a spatial factor. As in the
total group scluticn, the general facter is more heavily locaded
Wwith the =sypatial tests than the verbal tests, the spatial tests
load pboth the general and the spatial tactors. The loading of

Ravens Matrices on the general factor 1s not quite so high for

73




both soluticns as 1t was tor the total group sSolution and asre it
loads s1lightly on the spatial factor, Theretore, tor the two age
groups the three simple structure tactors are vary similar to
those for the tctal group. The order of the factors is ths sane
as 1in the tcetal group while in the Younger group the general and
verrtal factors reversed order. Corresponding ftactor variatles
across the two age groups are highly correlated, as indicated by
cosines ot 1.00 or .99. Noncorrespcending factor variables wersa
not correlated, as indicated by cosines of .01 to .16, Thus,
factor 1invariance of the gsneral, verbal and spatial factors was
established across age groups.

The tactor analysis for males and tzsmales revealed a verbal
tfactor defined <¢nly by the verbal tests, and a general factor
defined mainly by the tests of g. The general factor for both
grcups 1s a weaker factor tham fer the tctal group, being the
third factor after rctation, The Spatial tests for males load a
spatial factor, and Ravens Matrices bhas a small loading on this
tactor, as was tge case ror the tuC ags grougs. Thereiore, tor
males the tactcr soluticn 1s very similar to the total group
solution, the factors being ordered differently. For tfenmales,
the spatial tests 1load only the first factor., This factor is
loaded also by the tests of g which have generally lower loadings

on the general tactor., Thus for females the general and spatial

factors are less distinct, This 135 reflected in the cosinss
among the tactors. Corresponding tactor variables across the sex

groups are highly correlated, as indicated by cosines of 1.00 for

the verbal tactor and .92 tor the general and spatial factors,
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Noncorresponding factor variables are
groups except that the spatial factor for femalss shows son2
ralationship to the general ftactcr for males as indicated by a
cosine of .39, The varimax rotaticr has produced a slightly
difterent scluticn for the tremales, and factors I and IIT could
te rotated to increase the lcadings of the +test of g on the

genaral factor and de £2as8e  them o©oR  the

D
9]
[
163]

patial factor. An
examination of ccsin2s among the principal axis factors shows
they are bhighly correlated as indicated by cosines of .98 and
«¥9. There 1is no ccnfounding present here2 as noncorresponding
principal axis factors are unrelated (cosines of .05 to .18).
This substantiates the conclusion that the same factor space is
itvolved across sey groups.

To assess the psychemetfrlic invariance of the field indepen-
dence tests across agse groups, further factor analyses were done,
this time including the field independence tests in the analyses.
The same factors were obtailned as were revealad in the factor
analyses without these +tests, The spatial, general and Vverbal
factors have the same salient variables and similar 1oadings.
The addition of the tests resulted 1ip a r2crdering of the
tactors, the spatial factor appearing first, The field indepen-
dence tests for both age groups load wmainly on the spatial
factor. The tests have small lcadings on the general factor for

j
both age groups and nons of the tests load on the verbal factor.
An exception is the Rod and Frame Test which does not load on any
ct the factecrs in the ycunger grcup, and loads spatial but not

the general factor in  the clder group. This patterning of
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tests for the two age qgroups

13

is Treflected 1n the indices of psychosmetric invariance., The

{

cosines 1for Block Daesign test and for Group Embedded Figures tast
are .96 and .93 respectively, indicating psychometric invariance
Across  age Jgroups. However, for the Hod and Frame test the
cosine 1s .60 1indicating only moederate psvchometric invariance
across  age  groups. For the twe invariant tests, approximately

b0% of the total wvariance 1s dpe +t¢ g and k3 38% can be

attributed fto th

)]

spatial factcr and 12% to the general factor.
Slaghtly less is due to the spatial tactor in the vcunger group
and slightly more in +he older grcup. For the Rod and Franme
test, 50% of its variance can be accounted fcr solely by the
spatial factor in the older group. Hewever, none of its variance
could be accounted for in the younger group.

The psychometric invariance of field independence tests across
SeX groups %Was also assessed. The factor analyses of the battery
including the tield independence tests for sach s2x grcup again
gives the same tactors <fhat were obtained <for the analyses
without those tests. The tactors have the same salient variables
anc very similar loadings, the addition of the three tests
resulting in the spatial factor appearing first, The %hres field
independence tests load on the spatial tfactor with negligible
loading on the other factors except for Block Design test which

loads moderately on the general factor for males, Again the

J

patterning of loadings of the tests for the sax groups is

!

retlected in the index of psychopetric invariance,

The cosines for Block Design, Rod and Frame and Group Embedded

16




Figur=s test are 1.,U00., - 9% and .98 respectivaly, indicating
Psychometric 1invariance across Se¥ ¢roups. Again, approximately
50% ct the total variance of the tests is due to g and k, 44% can
pbe attributable to the spatial facter and 6% to ths general
factor. The general factor was tocund to be a weaker factor for

the Sex groups than for the age groups hence +this is slightly

less than was due to the general factcr tor the age g

*]

OUD3 . For

1

L}
™

the females, slightly more is attributable toc the spatial factor
and slightly less t0 the general factor and vice versa for the
nales,

The examinaticn of sub-preblem 2 then leads to the conclusion
that the field andependence tests are gunalitatively equivalent or
psychometrically invariant across age and sex groups, with the
exception of Fod and Frame test across age groups. Thus, with
this exception, the majcr sources of variance of the tests agree
in kind and amount acrosSs ags and across SeX  groups. further,
approximatsly 50% of the total variance of the tests is due to
general intelligence and spatial ability, #40% to spatial ability

and 10% to general intelligence.

AGE AND SEX DIFFERENCES
The bycthesis that ditfferences in field independsnce can be
accounted fcr by differences in general intelligence and spatial
ability was examined in a third way. Mean difterences on field
inaependence tests across ages greoups and across S8 groups  were
tested Ior significance. Across age groups, significant dif-

ts. For

0

ferences were fcund on all the field independence te
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each test, adjusting tfor group diftferences in g and k by

5
n

covarying ¢ and k reducsd th

[}

difference

[0}

tC nongignificances,

{

thus supporting the hypothesis.

1

=

0 difterences vyare found on

™
ot
]
-

{

the Block Design test or on Group Embedded Figures test
Sigrnificant sex differences were found on the Rod and Frame test
and analysis of <covariance did ©not reducse these diftterences,
Ccontrary to the predicticn. The results tor sub-problem 3  then

lead to the conclusion that age group ditfierences on the three

o}

field independence tests can be accounted for by age group
differences 1in g2neral intelligence and spatial abilitv., Sex
differences fcund on the Rod apd Frame test could not bea

accounted for.

GENERAL IMPFLICATIOCHNS

The field 1ipdependence <construct 1s empirically based upon
shared variance., This research demcnstrated that this sharad
variance disappeais Wwhen variance due to g and kK 1is removed, and
that age differences on fisld independence tests can be accountad
for by age differences in g and k, within +the 1limits of +the
study. These limits include sample used {(Canpadian univarsity 1I1st
year students) and use of a particular model for definition cf g
and k, s0 that established factor markers were used rather than
brcader wmeasures of the copnstructs, An attempt was made %0
brcaden the heterogeneity of the sample, and thus the range of
the wvariables and the generalizability o¢f +the results, by

including part-time students in the sawmple as wall as full-tine,

fnd

The results of this factor analytic study are generalizable

78




within these limits, and therefore wenld not necessarily apply to

o

other age groups, e3pscially children, and to cther c¢ulturss or
ethnic groups. However much regorted ressarch on field indaren-
dence 13 conducted using samples and variables similar %o +those
us€ed here,

The position adopted here regarding the resulits of a tactor

analytic study 1s that factor analytic sclutions are descriptions

6]
bt
jee]
]
3]
4]
o

of interrelationshirp cf data and depend on the number

and types of test

th
in

used, the composition of the subject group
involved and the nmode of analysis adopited rather +than Sopa
supposed natural ordering of atbilitiszs, Indead abilitises them-

selves as well az the structure attributasd o +them ar

®
n
O
0}
oo}

mersly as convenient ways of classitying related pertormances
{Vernon, 1Y65), In this research, the general and spatial
factors accounted for 5»0% of the total variance of the field
ind%pendence tests. The general factor accounted for a wmincrity
cf this variance. This i5s due to the homoganeity of the subijscts
tested. Verncn {1950) notes that g i1s more marked in populations
demonstrating more wide ranging levels of apility. Thus the
percent of varilance ot field independence tests due to g is an
underestimate or lowerboeund, and would be higher for the general

population.

4

P. E, Vernon, 1in discussing the constructs of field indepen-
dence, has put forward a model {see Figure 8) summarizing the
crossgroup research, with two underlyving dimensicns separatad

out, AS he notes,

Clearly Witkin's theories and results are of considerable
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Dimensions of cultural group differences

(Vernon, 1969, p.86)
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help in interpreting certain difterences both within and
between cultures, The main *rouble is that he seems to prove
too nmuch: there are so0 wmany cross-currents and so many
possible underlying factors that 1t is hard to tell whether
the measured abllity differences sShould be attributed to
general intelligence, to social-class attributes, to sex, +*to
temperament and perscnality or tc neurclogical characteris-
tics, rather than primarily tc¢ mother-child relationships.
{Vernon, 1969, p5Y).
His model *together with the research reported hers has implica-
tions for future rasearch designs in that iﬁvestigating separate-
ly the correlates of sach dimensicn would help olucidate the
relationships involvead,

The claim that field independence varies independently of
verbal ability (Witkin et al., 1962) i1s in doubt. Significant
correlatlionrs have been Teported between fiesld independence tests
and verbal tests {e.g. Kagan & Zahn, 1975; Corah, 1965; Riley &
Denmark 1974) ., Under Verpon®s model this would bs due to +the g
factor commen to both, This leads to a research design prcoblen.
Equating grcups Ior sceres on verbal tests while distinguiShing
them on field independence tests is guaranteesd to yield groups
differing 1in overall I. Q. JWatchell {1972) suggests checking
the consequences ot analytic ability by also exawmining groups
2quated orn analytic I. Q. but differing in verbal I. §., and

groups differing in analytic I, (. but eguated in overall T.

-

Q., to discover what are the correlatss of field independence or

o
s




aralytic agility per se, and what are ths correlatss of outstand-
ing ability in gesn=sral. Cronbach (1970) made a similar sSugges-
tion. He propos=d a 2 x 2 design invelving fluid abilitv or
tield indeperdence and crystallized or verbal-educational ability
dichctomized into high and low grours. RBoth these theorists
argue that field independence 1is an ability more parsimonicusly
sutsunned under some structure of intelligence model and the
research designs they rropose would broaden the arsa of investi-
gaticn, The research reporte2d here strengthens this interpreta-
ticn and lends =2vidence to the suggestion of separating out the
dimensions involved and investigating separately +the correlates
of each.

The subsuming of the concept of field independencs under g and
k ot Vernon's model, is strengthened by suggestions that spatial
apility tests waich dc not involve perceptual disembedding, show
crosscultural variation as do fieild indepsndence tests, C(rosscu-
lture wvarliation has Dbeen demonstrated for three-dimensional
pictorial percepticn {DRawscn 1967a, 1967b, Jahoda & Stacey 1970).
Passalong NGPS {MacArtbhur 1971), Mazes {Jahocda 1969} Reproducing
Designs (Vernon 1965} and Pilagetian tasks {Varnen 1965). A
considerable number of studies have shown cresscultural variation
on Progressive Matrices {Berry 1966, Irvine, 1969, ‘MaclArthur
1975, Vernon 1965, 1967, Hober 1966, 1969) and indeed this test
has been 1nappropriately used by soRe investigators as a measure

of tield independence even though it dees not re

(o

uire parceptual
diseppbedding (Witkin & Berry, 1975%). Further indications favor-

ing the 1inpterpretation of field independence verified by this
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study came from ‘the Pclear bput as  yet largsly unsxiplainsd
relationship® {Witxin & Berry, 1975, p71) between increasing
acculturatior and improvement in  scores on fisld indepsandent
tests, Acculturation involves formal sducation and emphasis on
reasoning and thinking skills so the relationship could be due to
an increase in Measurable g.

Clearly the model ¢f apilities adopted here 1s that an ability
ig considersd as an ovarlearned acgusition or habit {Ferguson,
1954y . Intelligence 18 regarded asg a summation of the learning
experiences of an individual-the totallity of concepts and skills,
techniques, plans for coping with rgroblems, which have crystal-
lized out of an individual?’s previous sxperience (Vernon, 1965).
learning e=xperiences of individuals are to scme extent culturally

determined, and the terwm culture itseltr i

6]

generally regarded as
referring to leatned and shared vpatterns of bshavior charac-
teristic ot a grcup (Berry, 1976). So it should be expected that
pecpls rTeared in ditferent envircpments will develop different
patterns of ability (Fergquson, 19b4; Vernon, 1969). As Ferguson
states
cultural factors prescribe what shall be learned at what age;
conseguently different cultural enviroaments lead to the
development o©of different patterns of ability. {Ferguson,
1956, p121).
Thus crosscultural TesSearch imvolving spatial ability tests could
be expected to show a patterning of results similar to +that for

fi1e21d independence tests,

Sociralization practices alsc deterpmpine to sone extent the
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iesarning experiences of an individual., The relationship batween
sOcialization practices and the developmenrt of spatial ability
further strengthens the ainterpretaticn c¢f field independence in
terms of g and Xk concepts. Strict and protective child rearing
practices are knewn tc realate both tc the dsvelopment of field

independent chidren {(Dyk & Witkin, 196%; Witkin, 1967, Hitkin et

@ e

al., 1973) and tc the socialization eof childran who ars batter

fod
o}

verpal than quantitative areas {Bing, 1963). In comparison
children with a considerable degree of freedom to experiment on
their own develcp field independence and lower verbal  Thigher
nonverbal apility patterns. Furthermore a child's I. 0. is
likely to rise when the mother's encourage independence at an
early age and use democratic methods of disciplining {Sontag,
Baker & W§elson, 19Y58). This is consonant with the explication of
tield independence supported by this research.

A turther pertinent area of <Tesealch congerns relationships
tetween spatial abilities and perscnality traits., For exanmple,
Haynes and Carley (1970) report relationships ©between Spatial
orisntation and wvisualization tests and 16 PF factors of pro-
minance, cyclilothymia, sensitivity, protention. It 1is prcpesed
here that personality differences and differences in interpearson-
al behavior ©Lbetween tfield dependent people, reviswed by Witkin
and Goodenough {1977) has broader generalization to personality
differencas and interpersonal tehavier differences betwaen pecple
high and lowon ability dimensions.

The research eported here has further bearing on a line of

research c¢f the «r=levance ¢t field independence t¢ school




learning and achievament, The argument has been advanced that
knoyledge of a child?s cognitive style dis 1liksly to prove at
least as ussful as kncwledge of his I. ., in teaching the child
{Hitkin, 1967; Witkin, Noore, fGocdenough & Cox, 1977). This has
been persued by Arbuthnct and Grusnfeld (1969} and ¥Witkin, HMoors,
Oltwan, Goodenoudgh, Freedman, Owen and Raskin (1977} yho arqguad
that field dindependence is predictive of sducational-vecational
interest and that this therefore dispels +the notion that it

merely retflects ability. iHowever differences in spatial ability

{

and general abliity' are predictive of educational-vccaticnal
interest alsoc. Acheivemant and field independence was studi=d by
Kagan and Zahn {1975). They concliuded that the school achieve~-
ment gaps between Anglo-american anpd Mexican-american children in
math achievement and reading achievement can be totally or partly
explained by ditferences in tield independsnce. However they
incliuded no oth2r ability measures as predictions to comparse
their etficiancy against that o©f field independance. Ancther
study on cognitive sStyles and School achievement by Satterly
{1976) fcund that knowledge of EFT scores does not make an
appreciable additicn tc¢ the predicticn by a verbal Teasoning test
of antelligencee, o©of spatial and achievement tests. Thus tests
of tield indegendence do not make a significant contribation to
the understanding o©f school achievement beyvond that which is
predictable from the traditional reasoning tests. This conclu-
sion  is supported by Engivel {reported in Horn, 1976} who found
that EFT did not add to the multiple prediction of acadenic

achievemnent when neasures of ¢ were also allowed to be predic-
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tors. This would be hypothesized given the interpratation of

tield independence in terms of g and k factors,

Teda

ctive pouer by

B

Field independence tests then obtain their

al

e
(]

js
O]
4

measuring variablss ot than the akility to separate figures
frem an embedding context. Field 1ndependsnce tests, 1t is

argued, would not show a different pattern cof predictions than

&

i2ld independence minus

i}

what 1S shown by measures of apility,
the ability compcnent has little or no predictive power. Sherman
{19/4) 1in discussing the correlation betwesn field independence
tests and spatial visualization tests suggests the term *"analyt-
ical cognitive agpproach”™ is mislsading and unwarranted., Horn
{1976) also suggests dropping the theory "field independence®™ and

proroses instead identifying the correlates and determinants of

the ability dimensioni{s) involved, He questions whether the
tests should be <r=2garded as tield independence +tests o0r as

“representing abalities which have rather diitferent origins than

are implied by the perceptual stvie theories.? {Horn, 1975,
p449.) However, the view o©of apilities adopted here does not

necessitate nsgating the work of field independence ressarchers
on  origins and the res£arch on sccialization and abilities
suggests this i1s the case,. Indeed 1t opens up avenues of

research regarding similar origins tor the development of cther

spatial, perceptual, verpal apilities.

CONCLUSION ‘
The research repecrted here on the relationshipA between field

independence and g and k helps integrate a number of previcusly

86




upnintegrataed areas and ganerates areas for future ressarch, It

provides a method for sestablishing equivalence pricr to making

Cre8s=¢yTroup COMPBaArisSonnsS. It supports Vernon's mcdel of the
dirmernsicns of cultural group differsnces. It has important

implicatlons for tuture resSearch designs in terms of separating
cut the dipensicns of general intelligence and spatial ability,
and investigating separat=21ly the corrslates of sach. It shows
that the spatial ability literature concerning cresscultural
diifterences, perscnality differences, development, sex dif -
terences and sc on 15 relevant to the fieid independence
literature., And it supports those who maintain +that the field

indapendence dimensiocn 1is unwarranted.




SUMMAEY

This research examined the hypothesis that differences in
field independence can be accounted for by ditfersnces in general
intelligence and spatial ability. More specifically, the purpose
of this 1nvestigation was to determine whether field independence
represents a construct distinct from general 1intelligence and
spatial apbility, to assess the gualitative similarity or psy-
chcmetric invariance of field independence tests across age and
sex groups, and to exanmine guantitative comparisons between age

and sexX groups te determine whether group differences in fisld

3]

independsnce tests can be acccunted 0T by group differences in
gensral intelligence and spatial ability,

The tield dependence-independence ccnstruct has geherated much
research. Despite this, the conceptualization of field indepen-
dence as a cognitive style 1s not censonant with what the tests
appear to measure, that 1is, an ability +toc function well in
certain types of tasks 1nvolving overcoming an embedding context.
Others have raised concerns +that the smpirical relationships

found between tield independence tests ard many other measures

4]

may Tresult from a ccmmon relaticnship between the measures used
and general intelligence ({Cronbach, 1%70; Cronbach & Drenth,
19725 Hern, 19763 Watchell, 19723 Zigler, 1963a, 1963b). Vernon
{1972) 1n a factor analytic study, concluded that field indepen-

dence tests do not detine a ccnstruct distinct frem g, general
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api1lity, and Xk, sSpatial ability. However he used rield indepen=
dence tests %o nelp define the spatial ability factor, thus
failing to provide a definition independent of the phencmenon to
be explained. This study re-examined the conciusion, defining a
spatial ability tactor only on non-tield independence spatial
tests,

Part of the «ccanstruct validation of field independence is
base2d on crossgrcui and crosscultural research, raising serious
methodological difficulties involving an often untestad Assump-
tion of fixed constitructs {(Raltes & Nesselroads, 19703 Berry, in
press BCArthur, 1973). The measures should be demonstrated to

be gqualitatively similar or psychometTrically dinvariant in th

O]

different groups pricr to making guantitative comparisons across
groups. A methodclogy ftor so doing was developed further, and it

18 argued that the method 1s apriicable to studying crosscultural

ditferences as well as develcpmental ditferences. This wmethod
was used to assess the psychcometric invariance of three field

independence tests across age groufs and across sex Jgroups.
Finally, an attempt was made to account for group differences on
the tield independence tests by group differences in general
intelligence and spatiai ability.,

Appreximately 200 subjects were administered three field
independence tests (Rcd-and-Frame test, Group Enmbedded Figures
test, Block Desgign test), five tests of gensral intelligence,
five spatial ability .. tests and four verbal tests,
Factors g and k werse established as well-defined on the non-field

independence tests (thes detiping test battery). Partialling out

8%




factors g and k tfrom +the intercorrelations among +the tfield
independence tests reduced twe of the three to nonsignificance

and the third was reduced by a signiticant amount. Further, the

{

results indicate that g and k acccunt for almost eighty percent
of the shared variance, as represented by correlations, among ths
field indeperdence tests, thus supporting the hypothesis,

Factors g and k were established as 1nvariant across agse
groups and across 3eX groups using Kaiser's (1Y71) method, both
tor the defining test pattery and tor the total battery. The
cosine of the angle between the same test vectors for the two
groups, 1t is argued, can be used as an index ot 1its psychometric
invariance, and hence to establish 1its gqualitative similarity
ACTOSS (groupss The tests were demonstrated +o be invariant
across both seX groups and age groups, with th2 exception of the
Roa-and-Frame test across age groups. Thus the majcr sources of
variance of the tests agree in kind and awmount acrcss age and
ACIOSE s&X groups. Age group diifferences were found on all tests
and these were reduced tc nonsigniticance by covarving for g and
k, thus being accounted for by age group differences in ganeral
intelligence and spatial ability, as predicted. Significant sex
grcup differences were tound only on the Rod-and-Frame test, and
these cculd not be accounted for,

The Tesults as a group support the hypothesis that differences
in  field independence <can be accounted for by differences in
general intelligence and spatial ability, They support Vernon's
{1%0%) model of +the daimensicns of cultural group differences,

with important implications for future research designs in terms
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and

Q
4]

of separating out the dimensiocns ot general intelligen

spatial ability and investigating separately the correlates of

¥

each, They imply that the spatial atility literature concerning
such things as crosscultural differences, development, ssx  dif-
terences eitc., 1s relevant to the field independence literature,

The results suppert those who maintain that +the field indepen-

4
’

dence dimensicn is unwarranted,
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APPENDIX A
TEST DESCRIPTION

Description of Testing Procedure

Time
Day 1 Variable . .. .Abbreviation. .. .Items Limit
Group Embedded Figures Test GEFTIT 18 10 (2 parts)»‘;
Advanced Progressive Matrices Ravmat . 36 40
Lorge~-Thorndike: Vocabulary Ver 1 25 7
- Sentence Completion Ver 2 20 7
Blocks, Army General Classiciation Test Blocks 56 11
Questionnaire . - -
No. of Time
Day 2 Varlable Abbreviation . . Items Limit
D1fferent1a1 Aptitude Test: Space
Relations . = DAT SR 40 25
Revised Minnesota Pagsr Form Board RMPFB 64 20
Lorge-Thorndike: Verbal Cla831f1cation Ver 3 20 7
Verbal Analogies Ver 4 - 20 7
Multiple Aptitude Test: Two Dlmen81ons MAT 2D 25 8
Three Dimensions MAT 3D 25 12
Culture Fair Intelligence Test: Series CA 1 13 3
~ Classification CA 2 14 4
Matrices CA 3 13 3
- Problem Figure CA 4 10 2.5
No. of Time
Individual Testing == . . . Abbreviation Items Limit
Wechsler Adult Intelligence Scale: Each trial
Block Design KBDT 10 timed
Rod-and-Frame. Test RFT 8 trials untimed

Cattell Form B - administered only if time permitted within each individual
testing session due to untlmed nature of Rod-and-Frame

test.
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Test Seiection
The hierarchial model or Verncn {1950} provided the particular
theoretical perspective which guided test selection. The hypo-

thesized factor structure included a general intelligsnce factor,

a gpatial ability factor and a verbal ability tfactor, Four or
five tests wers elected for each facter on the hasis of
similarity with the hypothesized factor structure. Thus, teasts
yere selected to define a general intelligence factor arnd a
spatial ability factcer. Spatial tests were selected to be
independaent o©of overcoming =enbeéddedneass. Verbal ability tests

were included partly because of the theoretical model adopted and
partly as interpretation ot a tactor is based wupon variables
which do and de net telate to that factor., Particular tests were
selected On the basis of empirical findings de strating tactor
content, comnstruct validity, content validity, and reliability,
bearing 1in mind the 9particular theoretical formulations and

empirical Zfindings of Vernon {1950, 1980).

Raven's {1Y6b} Advanced Progressive Matrices werse developed to
measurs Spearman®s {1808, 1927) general intelligence or g factor.
This test is regardsd by most British psychologists as  the test
available measure ct g {Anastasi, 1961; Vernon, 19b5b).

The test Tregquires the eduction of relations among absiract

o
ifa

1tens. It consists of matrices or designs, with a part removed.
The subject must choose c¢ne frow among Si¥ or eight alternative

designs that best coppletes the matrix., Figures are altered fron
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left to right according to one rrinciple, from +top ¢ botton
according tc¢ another. The subject must identify the princirples
and use them. The fest 1involves amnalogies, permutatiocns, and
alterations o©f pattern, and cther logical relations. Manual

instructions, timing and scorin were feolillowed.,
7 p

[t

air _Int nce Test

D
fhoe

1ig

o=

Cattell and Cattell {1959} developed this test as a measure of
g, and evidence of its validity 1is i1mpressive (Tannsnbaus,

196b).The test consists of four subtests and involves eductiocn of

pasf
ot

relations among apstract 1tens. n  Series, the subijsct nus
complete a seguence ot tour drawings by choosing one from émoaq
six alternative designs, For Classification, the subijsct nust
pick out a pair frcm amcng five drawings that are different fron

the other three in some way. HMatrices involves choosing the

-

missing part of a matrix design frcm among six alternatives,
Conditzons, a dot is positioned in 2 particular relationship with
respect to different dgeometrical tigures. The subject must tind
a tigure from amcng the five answer tigures in which he cculd
place a det given the/ same principles involved in the first
placement,

Form A was administered according to the manual instructions
for directions, timing and scoring. Form B was included at the
end as an attempt to have as many factor markers for factor g as
possible, Due to time cconstraints attriputable to the untimed
nature ot some tests, less than balf the subjects were tested on
‘this s0 it was dropped trom the tattery., As this leaves factor g

st1ll with *Tive marker variables this exclusion 1s unimportant,
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as is verified by the close velaticnship between the exploratory

and conIirmatorV factor analyses.

Army_General Classiticaticn Test: Block

Pt

it

sonnel Besesarch

i

This test was developed by Stait of the Pe
Section (1947) ot the U. S, Military during W#orld War 2 tor
screeing and classitication LUrposess, It was released for
general use after the war,

The test ccntains an egual numper o¢f Vocabulary, arithmetic
reasconing and Dblock-counting spatial itemsS. The blocks subtest
measures spatial thinking and ability to visualize objects,
Subjects are shown a repressntation of a three dimensional pile

ot blocks, All blocks in one pile are of e2gual size but not all

(H

21

are  visible, Subjects are required to indicats the number of
plccks in  each pile. Items 1n ¥Foeorm 2B wers administered
following manual directions with a time limit of 2leven nminutes,

Bevised finnesota Paper Form Board Test

Likert and Quasha {1970) developed a multiple-choice format ot
an earlier paper form board test. The test measures the capacity
to visualize and manipulate objects in space and validity studies
indicate 1t is one of the most valid available instruments for
measuring this apility (&nastasi, 1961).

Fach item consists o©f twe dimensSional diagrams cut into
separate parts. For each diagram there are five tfigures with
lines 1ndicating the different shapes cut ot which they are made.
Subjects wmust choose the fiqure which is composed of the exact
parts that are shown in the originai diagram. Published instruc-

tions, timing and scoring procedures were followed, and Series AA
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administeread.

Ditrerential Aptitude Test: Space Relations

Bennett, Seashore and Weswman {(1966) developed eight ability
measures primarily for vocational guidance. The Space Relations
subtest evaluates a persons ability to think in spatial terms.
It requires mental manipulaticn of objects in three dimensicnal
space and akility to imagine hcw an object would appear it
rotated in various ways.

The 1tems consgist of patterns which can be folded into
figures. For each pattern five three dimensional figures arse
drawn and the subject must indicate whiCh of thess five figures
can pe made cut of the pattern shown, Form B was administered
following manual instructiens and scoring. The time limit was
shertenad frew 30 minutes to 25 as the test was developed for
younger students,

Muyltiples Aptitude Test

o U e . o e ek

Segel and Raskin {1955) developed this battery which is
similar in purpose and approach to the Differential Aptituds Test
and consists of nine subtests,

Space Relations: Two Dimensicns, consists of a row of figures

with a completed figure on the left and four groups of pisces to

the right, The subject must indicate which one can ke titted
together exactly tc form the figure shown on the left, Space
Reiations: Three Dimensicns alsc consisis of a row of Tigures.

The one on the lett is a completed object drawn in perspective as
a three dimensional tigure. To the right are four patteras in

two dimensions, one o0f which can form the object on the left,




The subjsct must indicate the one that would form exactly +he
Cbject on the left, Published 1instructions, timing and scoring
rrecedures were follovad,

Lorge-Thorndike Test

This congists of a series of tests, Lavel 7 Porm H of which is

suitabpl

4

tor college students (Lcrge and Therndike, 1964), This
consists of ten subtests, five verbal and five non-verpal, all
designed to measure the ability to work with ideas and the
relationships  amecng  id=as, 1.¢€. abstract 1ntelligence. In
Vocabulary test, =2acCh 1temn specities one word, It invclves

ic¥kinc trem a 1list ¢f ftive words, one with the Sape meaning or
g 7 g

most neariy the same meaning as the given word, In Sentence
Complation, one woxrd is left ocut of a sentence and subjects pust
chocose trom five answer words the one that makes the truest, most

sensible sentence, 1In Verbal Classification, each item specifies
three or four words., Subjects must figure out how they are
alike, then chocse one word from five alternatives that belongs
with that set of wcrds., In Verbal Analogies, a pair of words is
given that are ralated to each other in some way. Subjects nust
figure out how they are related, Then from £ive answer words,
they must pick out the on2 that relates to a third word in the
same wav.

This subtest cf the WAIS {Wechsler, 1955%) 15 a modification of
Kohs Block Design test {Kohs, 1923) and is used extensively as a
measure oif field independence. The test consists of nine blocks

with red, white, and red and white sides., The subject is given




four or nine blocks and requirsd tc assemble them within a tinme

limit Lo n

o0
oV

{

ke a given pattern, Ten patterns make up the test,
administration being discontipued atter three failures. HManual
directicns, *timing and scoring were tollowad,

Rod-and-Frame Test

A Rod-and=-Frame apparatus manuftactured by Polymetric . Co.
{Model V=-1260-#2) wvwas used. The apparatus allows independent
angular rotation of the square outer frame and of the inner rod
by means of remcte motor driven centrcls., A remote indication of

t1lt angles 18 provided,

-

The format o©f the luminons trame and Tod is designed to
contorm to the size developed by Kitkin, The luminous outlines
ct the frame and upright (white electroluminescent strips) may be
varied 1n braghtness, down to complete extinction. The framework
of the apparatus 1s black to reduce retlected light., Testing is
done 1n a dark room atter tive minutes of dark adaptation, and
brightness 18 set prior to testing s so there is no reflected
light from any part of the test area.

Instructions tollowed were:Have the rod and frame straight up
and down when the subiject enters, Seai the subject 12 feet fron
the apparatus. Say

I'm now g¢oing to give you a task +that will consist o¢f a
luminous sguare trame and rcd, I will darken the rcom for a
pe period of tame until your eyes become adjusted to the
luminous 1ight, I'm going tc  tilt Dboth the rod and the
trame, and I want you to adjust the rod until you perceive it

as being upright, vertical, straight up and down like a plumb




]

line {dewnonstrate). To adjust the rod vyou must use this
apparatus {show 1%} and push this lever back and ftorth to

make 1t go right Or left ([demonstrate). You may pracitics

+

with it ncw {hand it tc¢ him).

Darken the roowm and switch ¢n the luminous light. After five
minutes say "Now I'11 adijust the rod and the frams?, Tarn ths

luminous lights out and make adjustments, Switch the luminous
light on and say "Now adjust the rod to an upright position.

Tell me when you are finished. Work conscientiously but dc not

D

spent Ltoo much time on egach Judgemsnt, Record the degree of
error and procead again.

Eight trials were given, in random order, Rod L Frame R, Rcd 1L
Frame L,Eod R Frame L, Rod & Frame R, then given again in a

dirterent random order, Tilt angle was 2B degrees. Subiject

[6)]

ssocere was total degrees deviaticn from true vertical.

This 1s an adaption of the 1ndividual Enmbedded Figures Test by
Witkin, Cltman Raskin and Karp {1971). The modification makes it
practical fcr testing large numbers cf subijects. I% is modelled
as closely as possible on  the EFT with respect +to mode ot
presentaticn and format.

There are 18 ccmplex tigures in which the subject must detect
and cutline a specitied simple form. Sinple forms are presented
on the pack cover so that both simple and complex forms cannct bs
exposad simultaneously, Published iastructions, timing and scor-

ing was foillowed,
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APPENIIY E

QUESTICNNLAIRE

FACTUAL INFCRMATIOH
Information given will be used for statistical purposes

only. It will not be disclcsed in any form which wculd
i1dentify you.

Scme  of the guestions are ansyered by placing a check

mark 1n the appropriate space. Others need a brief
Wwrittan answer, Please don’t 1=2ave any questions
blank.,

1. What is vyour father's occupation? Be as specific as

c
possiple, indicating what he does rather than who he works for.

Z2s How much formal education did vour father have? Please
indicate highest level obtained.

Under 7 years scheoling

””””” 7 - % years schooling

e 10 = 171 years schecoling (part high school)
- Righ school graduate

_._Scne Univarsity sducation

“““““ University graduate - PFachelor?s dagrez
Master?!s degree and abkove

o i s v sz

3. What other formal vocational +training has he received?
Please be as specitic as possible.

4. @hat is your mcther's cccupation?
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5, Has your moeiher had steady enployment since you wers a child?

Dy Were you raised by

_Lboth parents

mcthaer cnly

father only

other (plezase specitvy)

i e s s

o s s s

7. HWkat 1s vour parents religico?
o _United .. Mennonite Jewish_____Orthodox
e Cathbolic o Hethodist ____Conservative

———_BAnglican _Presbyterian e _Reforn
_Ukrainian Orthodowx ____Lutherian
_Greek Orthodox Other (Please specify)

SR

8. Your age at last birthday

Y. Sex _____ rale

10, Marital status
——__31ingle
_married
_______ divorced
e Separated
_widowed

s o D

11, Hhat is your occupation? Please be as specific as possible,

12, In what faculty and arsa are you chtaining your dagrse?

13, What cccupaticn are  you planning upcn completion of your
university educatiocn?

14, If you are married, what is your spousels occupation?

15. ¥What 1is your rTeliglcn now?
__United —___Mennonite dewish__  Orthodonx
emCatholic 0 __Methodist e _Conservative
. _Anglican —__Presbyterian ———__Reforn
——__Ukrainian Orthodox ____Lutherian




w__Greek Ortho

e United
__Catholic

e __hnglican
__Ukrainian ©

_Greek Ortho

e o

17. How severe was the discipline vou
to cthers your age?

child, ccmpazied

v

e e s e sassn

dex . Dther {Pleasse

16, With what religion were you raised
M=anpnonite
Kethodist

_Prasbyterian

rthodox ____Lutherian

dcx ——__Other {Please specity)

=

Extremely severe

_Very Severe

Moderatealy severe
Mi1ldly severs
Not at all severe

Teceivead

__0Orthodox
_Conservative
Reform

at home as a




